ACCURACY OF ANTI-P IN THE DIAGNOSIS OF NPSLE

patients versus the non-NPSLE patient group, and patients
with psychosis and/or mood disorder versus either the non-
NPSLE patients or all other lupus patients. Finally, we evalu-
ated the available data to compate active NPSLE versus
non-NPSLE,

Eligible studies published in any language were re-
trieved during the stage of identification of pertinent articles
and collaborating investigators, as described above. We
updated the literature search of the 3 computerized data-
bases in November 2004 to identify additional relevant
studies published up to November 1, 2004, Meeting abstracts
were not included because the results may not be final and
may not have been subjected to formal peer review, Dupli-
cate or ovetlapping data were counted only once. The in-
clusion criteria were similar to those of the collaborative
meta-analysis, with no restriction on patient age or study
location, Nevertheless, in these analyses, we did not use the
stringent criteria regarding the method of antibody determi-
nation and classification of neuropsychiatric disease; studies
were combined regardless of the assay used to detect anti-P
antibodies and regardiess of the criteria used to diagnose
NPSLE.

Other sensitivity analyses, We also performed sensi-
tivity analyses to assess the robustness of the quantitative
estimates derived from the collaborative meta-analysis. These
analyses were limited to studies that used the ACR criteria
for NPSLE syndromes and limited to studies that specified
blinding.

Software. Analyses were conducted with the use of
the following software: SPSS, version 12,0 (SPSS, Chicago,
IL), Meta-Test, version 0.6, New England Medical Center,
Boston, MA, 1997 (Joseph Lau, Tufts-New England Medi-
cal Center, Boston, MA) and Meta-Analyst, version 0.991
(Joseph Lau, Boston, MA).

RESULTS

General characteristics. We sent inquiries to
104 investigators working on SLE. Of those 104 inves-
tigators, 65 did not reply, 18 did not have any data and
could not produce such data for the project, and 4
declined to participate, Of the last group, 2 investigators
had published studies that were included in the sensitiv-
ity analysis.

The collaborative meta-analysis considered 1,537
lupus patients from 14 teams of investigators. Of these,
1,295 patients underwent both anti-P antibody testing by
immunoblotting or standard ELISA and evaluation for
NPSLE according to the ACR case definitions. The
median sample size per study was 91 patients (interquar-
tile range [IQR] 48-162). Women accounted for 80-
97% of each study population. Although more than
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one-half of the participants were of European descent,
patients of other ancestries were also included (Table 1).
The mean age of the putients at study entry ranged from
29.8 years to 41.6 years, and the median of the mean
disease durations across study cohorts was 7.3 years
(1QR 6.2-7.8),

Most studies used a solid-phase ELISA, with
highly purified synthetic peptides of the carboxyl-
terminal 22-amino acid sequence (n = 4), a multiple-
antigen peptide format (n = 3), and purified native
{n = 2) or recombinant (n = 3) proteins as coating
antigen to detect anti-P antibodies. Seven studies desig-
nated a positive anti-P result as >2 SD (n = 1) or >3 8D
(n = 6) above the mean value obtained in a normal
population, whereas 5 studies reported results according
to the suggested threshold for the commercial ELISA
systems they used. Only 4 studies used Western blotting
on cell extracts from various sources for the detection of
this autoantibody specificity. A single study used a line
immunoassay, which is an ELISA-based multianalyte
assay (Table 1).

The median prevalence of anti-P antibodies »
18.2% (IQR 9.7-28.6%). These antibodies were m:
prevalent in lupus patients of Asian descent than amor,,
those of other racial ancestries. The study-specific fre-
quencies of anti-P antibodies were 23.8-45.5% in 320
patients of Chinese, Japanese, Taiwanese, and Filipino
ancesiry and 6.4-25.4% in 1,212 patients of other ancestry.

Approximately one-third of the 1,537 lupus
patients had NPSLE that manifested as syndromes
described in the ACR case definitions (median preva-
lence 32% [IQR 12-42%}). In 1 study (Table 1), neuro-
psychiatric involvement was determined according to
prespecified criteria other than the ACR case defini-
tions. Eight research teams provided individual patient
data; in these studies, 8% of patients had >1 neuropsy-
chiatric disorder, but only 5% had both focal and diffuss
presentations. The other 6 teams directly collected dai.
on only the most prominent manifestation. More tha:
one-half of the NPSLE patients presented with disorders
reflecting diffuse cerebral involvement (median preva-
lence 54.5% [IQR 47.6-68.2%]). The median preva-
lence of psychosis, mood disorder, or both was 24.9%
(IQR 17.1-38.4%). In most studies, NPSLE was diag-
nosed without knowledge of the anti-P antibody status,
and test interpreters were blinded to the clinical condi-
tion of the patients (Table 1).

Diagnostic performance of antl-P antibody test=
ing. Substantial heterogeneity was found in both the
sensitivity and the specificity of anti-P antibody testing
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Table 2. Sumrmary results of the colluborative meta-analysis*

317

No. of No. of Weighted sensitlvity Weighted specificlty
Comparison studies subjects (959 C1) (95% Cl)
NPSLE versus non-NPSLE 13 1,340 0.26 (0.15-0.42) 0.80 (0.74-0.85)
Psychosis and/or mood disorder versus non-NPSLE 12 1,024 0.27 (0.14=0.47) 0.80 (0.74-0.85)
Other diffuse neuropsychiatric munifestations 12 1,034 0.24 (0.12-0.42) 0.80 (0.73-0.85)
versus non-NPSLE ‘
Focal neurologic events versus non-NPSLE 13 1,110 (.29 (0.15=0.48) 0.80 (0.74~0.85)
All diffuse netiropsychiatric manifestutions 12 406 0.26 (0.14-0.43) 0.70 (0.50=0.84)
versuy foeul neurologic events
Psychosis and/or mood disorder versus other 12 228 0.28 (0.15-0.46) 0.75 {0.57-0.88)
diffuse neutopsychiatric manifestations
Patients with psychosis and/or mood disorder 12 1,322 0.27 (0.14-047) 0.80 (0.72-0.86)

versus all other lupus patients

* Weighted sensitivity and specificity were determined according to the random-effects model. Between-study heterogenelty was statigtically
significant for all comparisons (P < 0.01). 95% CI = 95% confidence intetval; NPSLE = neuropsychiutric systemic lupus erythematosus.

using ELISA (Table 2). In the random-effects model,
the overall weighted sensitivity and specificity esti-
mates for the diagnosis of NPSLE were 26% (95% Cl
15-42%) and 80% (95% CI 74-85%), respectively
(Table 2).

Diagnostic performance for neuropsychiatric dis-
ease appeared to be somewhat better in studies that
used Western blotting to detect anti-P antibodies (sum-
mary sensitivity 36% [95% CI 16-63%]; summary
specificity 84% [95% CI 70-92%]), but significant
between-study heterogeneity was still present (P =
0.0001 for heterogeneity in sensitivity estimates and
P = 0.0007 for heterogeneity in specificity estimates),
and data were too limited to be conclusive (4 studies;
424 patients). Test performance was poor for NPSLE
in Asian patients (4 studies; 317 patients, yielding a
summary sensitivity of 55% [95% CI 45-65%] and a
summary specificity of 68% [95% CI 59-76%]). The
weighted specificity tended to be higher in all other
lupus patients, which were mostly of European descent,
but there was low sensitivity (9 studies; 1,023 pa-
tients, yielding a summary sensitivity of 17% [95% CI
9-32%] and a summary specificity of 85% [95% CI
81-88%]}).

SROC analyses suggested similar performance
for identifying SLE-induced neuropsychiatric disease.
Weighted and nonweighted curves were practically
coincident (Figure 1A). Anti-P antibodies had an al-
most equally meager discriminating ability for the diag-
nosis of either psychiatric syndromes or other forms
of neuropsychiatric involvement in SLE (Table 2).
Weighted random-effects independent estimates stand
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very close to the weighted SROC curves for these
comparisons (Figures 1B-D), suggesting that they are
appropriate approximations of the overall diagnostic
performance. Statistically significant asymmetry was
found in all these curves (Figure 1), indicating that an
improvement in specificity was accompanied by a dis-
proportionately large decrease in sensitivity.

Within the group with NPSLE (Table 2), anti-P
antibody testing could not accurately discriminate pa-
tients presenting with diffuse manifestations from those
presenting with focal events (summary sensitivity 26%;
summary specificity 70%) (Figure 2A) or patients pre-
senting with psychiatric disorders from those presenting
with any other diffuse symptom (summary sensitivity
28%; summary specificity 75%) (Figure 2B). Test char-
acteristics remained unchanged for the identification of
patients with psychiatric' disorders compared with all
other lupus patients (with or without neuropsychiatric
dysfunction) (Table 2). Significant asymmetry was found
in the corresponding SROC curve (Figure 2C), implying
that an improvement in specificity was accompanied by
an uneven, large decrease in sensitivity.

Findings of additional analyses. Our search of
the 3 databases identified a total of 306 potentially
relevant articles, of which 243 studies were excluded
upon reading the titles and abstracts. Another 39 studies
were excluded after reviewing the complete reports: 8
were editorials, comments without original data, or
review articles, 11 were case reports, 7 studies presented
duplicate or overlapping data, 8 evaluated anti-P anti-
body testing for other SLE manifestations or other
autoimmune diseases, 3 focused on isolated neuropsy-
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Figure 1. Summary receiver operating characteristic curves for the performance of antibodies to ribosomal
P proteins in the diagnosis of various forms of neuropsychiatric systemic lupus erythematosus (NPSLE).
Results are from the main analysis. Each ellipse corresponds to a study estimate of sensitivity and
specificity; the area of each ellipse is proportional to the study size. Numbers beside the ellipses are study
identification numbers and correspond to those shown in Table 1. Thin lines indicate nonweighted analyses;
thick lines indicate weighted analyses. Shaded rectangles mark the 95% confidence intervals of the pooled
sensitivity and pooled specificity obtained by random-effects calculations. X indicates exact estimates. A,
NPSLE overall versus non-NPSLE. B, Psychosis and/or mood disorder versus non-NPSLE. C, Other diffuse
neuropsychiatric manifestations versus non-NPSLE. D, Focal neurologic events versus non-NPSLE.

chiatric syndromes, and 2 provided insufficient data for
calculating the sensitivity and specificity in any compar-
ison considered.

Twenty-four additional publications (6,8~13,15-
20,22,23,25-29,31-34) were retrieved from the database
search, representing a total of 38 studies involving 3,713
lupus patients. Nevertheless, data for the comparison of
NPSLE versus non-NPSLE groups were available in
only 18 of the 24 additional studies; data for other
comparisons were available in even fewer reports (Table

3). The results were consistent with those derived from
the collaborative meta-analysis (Table 3 and Figure 3),
but between-study heterogeneity was always consider-
able (Table 3). The overall weighted sensitivity and
specificity estimates for identifying patients with NPSLE
were 28% (95% CI 22-35%) and 80% (95% CI1 75—
85%), respectively. The SROC curve for this comparison
was located very close to the diagonal, indicating poor
diagnostic performance (Figure 3A). The overall sensi-
tivity for psychosis, mood disorder, or both was slightly
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Figure 2. Summary receiver operating characteristic curves for the performance of antibodies to
ribosomal P proteins in the diagnosis of various forms of neuropsyehiatric systemic lupus erythematosus,
Euch ellipse corresponds to a study estimate of sensitivity and speciticity; the area of each ellipse is
proportional to the study size. Numbers beside the ellipses are study identification numbers and
correspond to those shown in Table 1. Thin lines indicate nonweighted analyses; thick lines indicate
weighted analyses. Shuded rectangles mark the 95% confidence intervals of the pooled sensitivity and
pooled specificity obtained by random-effects calculntions. X indicates exuct estimates. A, All diffuse
neuropsychiatric manifestations versus focal neurologic events. B, Psychosis and/or mood disorder versus
other diffuse neuropsychiatric manifestations, €, Patients with psychosis and/or mood disorder versus all

other lupus patients.

improved, but it was still suboptimal (42%), and the
specificity remained essentially the same (81%). There
was still significant asymmetry in the SROC curves for
the diagnosis of psychiatric disorders (Figures 3B and
C). Anti-P antibody testing was not more accurate when
used to discriminate active NPSLE from non-NPSLE
(Table 3 and Figure 3D). Weighted and nonweighted
SROC curves were almost coincident in all these con-
trasts (Figure 3).
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Findings of other semsitivity analyses. Analyses
limited to studies that used the ACR criteria for NPSLE
yielded similar results. The weighted sensitivity for
NPSLE overall was 29% (95% CI 17-45%) and the
weighted specificity was 79% (95% CI 73~84%). Anal-
yses excluding studies that did not specify blinding
yielded a sensitivity of 25% (95% CI 13-43%) for the
diagnosis of NPSLE and g specificity of 79% (95% CI
70~-86%). Likewise, the diagnostic performance of anti-
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Table 3. Summary results of additional analyses that included published studies from database searches™

No. of No. of Weighted sensitivity Weighted specificity
Comparison studies subjects (95% CI) (95% CI)
NPSLE versus non-NPSLE 32 2,861 0.28 (0.22-0.35) 0.80 (0.75-0.85)
Psychosis and/or mood disorder versus non-NPSLE 25 1,909 0.42 (0.30-0.53) 0.81 (0.76-0.85)
Patients with psychosis and/or mood disorder 31 3,309 0.41 (0.31-0.52) 0.81 (0.77-0.85)
versus all other tupus patients :
Active NPSLE versus non-NPSLE 10 1,025 0.34 (0.27-0.43) 0.82 (0.74-0.87)

* Data from the studies shown in Table 1 as well as from additional studies retrieved from a search of the Medline, EMBase, and Cochrane databases
are included. Weighted sensitivity and specificity were determined according to the random-effects model. Between-study heterogeneity was
statistically significant for all comparisons (P < 0.01). 95% CI = 95% confidence interval; NPSLE = neuropsychiatric systemic lupus erythematosus.

P antibodies was largely unaffected in all other compar-
isons (data not shown).

DISCUSSION

This meta-analysis demonstrated with large-scale
evidence that the value of anti-P antibody testing for the
diagnosis of NPSLE overall or for particular disease
phenotypes is negligible. No large differences in diag-
nostic performance with ELISA measurements or with
Western blotting were discerned. Serum anti-P antibod-
ies are detected by ELISA in less than one-third of
patients with NPSLE, while 15-25% of lupus patients
without neuropsychiatric involvement have this auto-
antibody specificity. Testing for anti-P antibody is not
useful in excluding disease-mediated psychosis or mood
disorder with enough certainty, since more than 60% of
cases are false negative. Also, a false-positive rate of
~20% militates against the dependence on this labora-
tory test for diagnosing psychiatric disorders in lupus
patients.

Whereas nearly all studies suggested poor diag-
nostic performance, the exact test performance varied
substantially. Variability beyond chance could be attrib-
uted to ethnic differences in the study patients, the
clinical setting, the type of assay used, differences in test
thresholds, and differences in therapy at the time of
testing. Anti-P antibodies were more prevalent in Asian
patients with lupus than among those of other racial
ancestries. This finding is consistent with the observation
that their production is influenced by certain class II
major histocompatibility complex alleles (8). Despite the
use of uniform criteria for defining neuropsychiatric
disease, the prevalence of NPSLE differed across cen-
ters. This difference probably reflects varying referral
patterns at the research sites, as well as varying practice

patterns for performing anti-P antibody testing in lupus
patients with possible NPSLE syndromes.

The immunoassays used for anti-P antibody de-
termination often differed in terms of the antigenic
source, the conditions of protein extraction and dena-
turation, the nature of the coating antigen, and the
carrier proteins and coupling agents used for binding
antigen to the plate. The selected cutoff value designat-
ing a positive result in enzyme immunoassays could also
affect the sensitivity and specificity. Nevertheless, a
standardization of anti-P antibody testing is essential to
avoiding technical or analytical differences among cen-
ters. Treatment with immunosuppressive drugs at the
time of testing might influence the antibody response
and, therefore, could also account for the discrepancies
in test performance. Heterogeneity stemming from all
these sources is probably unavoidable, and it reflects
actual clinical practice.

Our analysis addressed heterogeneity by using a
random-effects model that incorporated the uncertainty
arising from between-study differences. SROC curves,
which correct for variation due to differences in test
thresholds across studies, were also consistent with the
independently weighted estimates, and accordingly, the
results of the meta-analysis should be generalizable to
diverse settings.

Specific design flaws of primary studies of diag-
nostic tests including lack of blinding, use of different
reference tests according to the results of the experimen-
tal test, and insufficient description of the population
under study can lead to biased, usually optimistic esti-
mates of diagnostic accuracy (48). Our study had the
methodologic advantage of using data from adequately
described lupus cohorts in which a consistent application
of standardized definitions of NPSLE syndromes, and
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Figure 3. Summary receiver operating characteristic curves for the performance of antibodies to
ribosomal P proteins in the diagnosis of various forms of neuropsychiatric systemic lupus erythematosus
(NPSLE). Results are from sensitivity analyses that included additional published data. Each ellipse
corresponds to a study estimate of sensitivity and specificity; the area of each ellipse is proportional to the
study size. Thin lines indicate nonweighted analyses; thick lines indicate weighted analyses. Shaded
rectangles mark the 95% confidence intervals of the pooled sensitivity and pooled specificity obtained by
random-effects calculations. X indicates exact estimates. A, NPSLE overall versus non-NPSLE. B,
Psychosis andfor mood disorder versus non-NPSLE. C, Patients with psychosis and/or mood disorder
versus all other lupus patients. D, Active NPSLE versus non-NPSLE.

blinded interpretation of both the test results and the
reference standard was ensured in most cases. In addi-
tion, the overall estimates did not materially change
after we excluded the few studies that did not specify
blinding or did not use the ACR case definitions for
NPSLE.

We should acknowledge that the ACR criteria
may not be a perfect reference standard for assessing the
presence or absence of NPSLE syndromes in lupus
patients. In fact, this classification system has been

criticized for some lack of specificity; disorders such as
headache, anxiety, mild cognitive dysfunction, mild de-
pression, and polyneuropathy without electrophysiologic
confirmation may not truly be NPSLE syndromes (1,49).
Nevertheless, until revised criteria (49,50) are accepted
and validated, the ACR case definitions constitute the
best available tool with which to categorize neuropsychi-
atric events in SLE (4,51).

Another limitation of the study is that patients
having both diffuse and focal NPSLE events were clas-
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sified according to the predominant disorder, Such
complex presentations might reflect a multifactorial
pathogenic etiology with overlapping mechanisms
(2,3,6), and therefore, we cunnot completely exclude the
possibility that some of these patients may have been
misclassified. Nevertheless, this limitation is unlikely to
have significantly affected the estimated performance,
since anti-P antibodies had poor discriminating ability
for all disease subtypes. Another possibility is that some
patients who tested positive for anti-P antibodies could
have been misclassified as non-NPSLE patients, because
the disease phenotype may not have had adequate time
to express itself. This seems implausible, since nervous
system involvement occurs within the first 2 years of
disease onset in most patients and rarely presents late
(52). The median disease duration in the study popula-
tion was 7.3 years. A further explanation for anti-P
positivity in patients without neuropsychiatric involve-
ment could be the presence of other manifestations that
have been linked with these antibodies, such as liver or
renal disease, but here, the evidence is far sparser than
for NPSLE (53~56). Titers may also fluctuate with the
course of the disease (53,55), making the appraisal of a
positive or negative result even more difficult. Finally,
the diagnostic ability of anti-P antibody in the cerebro-
spinal fluid needs further study, although it seems to be
even more limited than the ability of serum autoanti-
bodies to detect NPSLE (6,16,26,27).

The overall sensitivity of anti-P antibodies for
identifying lupus patients with disease-associated psy-
chosis, mood disorder, or both was slightly improved
when further published studies were included in the
analyses. However, these estimates have widely overlap-
ping confidence intervals with those obtained from the
collaborative meta-analysis. Yet, methodologic weak-
nesses frequently encountered in the relevant reports,
such as the use of less strict definitions of psychiatric
disorders and the lack of blinding during test or refer-
ence standard interpretation, might well have led to
inflated sensitivity estimates.

Although the extent of publication bias in diag-
nostic studies is unknown, we should be aware that
studies that failed to show 4 diagnostic value for anti-P
antibodies may have remained unpublished, If this is so,
the true diagnostic performance of anti-P antibodies
may be even worse than what was demonstrated in this
analysis,

There is increasing interest in synthesizing diag-
nostic information on tests used in autoimmune diseases
(57-59). Based on the categorization standards adopted
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in meta-analyses conducted by the ACR Ad Hoc Com-
mittee on Immunologic Testing, the diagnostic perfor-
mance of anti-P antibodies would be rated as “not
useful” for most of the comparisons that we examined,
since the observed sensitivity and specificity estimates
would correspond to a positive likelihood of ratio <2
and a negative likelihood ratio of >0.5. Previous meta-
analyses (57-59) have been based on published data,
whereas in our meta-analysis, we made an effort to
include the primary investigators and to obtain addi-
tional unpublished and prospectively accrued data, It is
important to encourage such collaborations in an at-
tempt to obtain large-scale unbiased evidence in the
tield.

Inn conclusion, anti-P antibody testing has negli-
gible diagnostic utility for NPSLE overall or for partic-
ular neuropsychiatric presentations of SLE. A consor-
tium approach with synthesis of standardized data
through a comprehensive meta-analysis may offer a
powerful method by which to rigorously evaluate diag-
nostic tests in SLE. Such an approach could limit health
care costs by preventing unnecessary testing,
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