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ABSTRACT

Objective. The main purpose of this
meta-analysis is to evaluate the diag-
nostic value of anti-RA33 antibody for
rheumatoid arthritis.

Methods. In order to obtain eligible
studies, a systematic literature search
was performed on PubMed, Web of sci-
ence, EBSCO, CNKI and CBM from
January 2000 to September 2015. Qual-
ity Assessment of Diagnostic Accuracy
Studies (QUADAS) was employed to
assess the quality of the relevant stud-
ies. Meta-disc 1.4 and Stata 11.0 were
adopted in this meta-analysis.

Results. After rigorous review, fifty
studies were included in this study,
which are all reliable to summarise the
diagnostic value in this meta-analysis.
The result of the analysis shows the
pooled sensitivity is 0.33 (95% confi-
dence interval (CI): 0.31-0.34) and the
specificity is 0.90 (95% CI: 0.89-0.90),
for the diagnosis of rheumatoid arthri-
tis. Besides, the area under the summa-
ry ROC curve (AUC) is 0.6863.
Conclusion. The current evidence sug-
gests that anti-RA33 antibody has high
diagnostic specificity value for rheuma-
toid arthritis, which may be useful for
the disease diagnostic application. To
verify this conclusion, more prospec-
tive research on the diagnostic value
of anti-RA33 antibody for rheumatoid
arthritis are needed in the future.

Introduction

Rheumatoid arthritis (RA) is a chronic
autoimmune disease with unknown ae-
tiology, characterised by inflammation
and damage of joints affecting about
0.5% of the general population, which
seriously influence the quality of life
of people (1). The disease is usually
progressive and systemic which causes
damage of the synovial membranes of
joints and eventually leads to bone and
cartilage destruction. This destruction
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is generally irreversible along with
persistent arthritis and gravis pain. In
view of this, early diagnosis is funda-
mental, since early and aggressive in-
terventions with effective biological
treatments can alter the course of the
disease (2).

Nowadays, tests for circulating auto an-
tibodies are used throughout the world
for the diagnosis of rheumatoid arthri-
tis (RA) (3). The main auto antibodies
markers for the diagnosis of RA include
rheumatoid factors (RF), antikeratin
antibodies (AKA), and antiperinuclear
factor (APF) (4). Although, these se-
rum biomarkers have diagnostic value
for RA, they still have some deficien-
cies, e.g. the rheumatoid factor (RF) has
been identified in other connective tis-
sue diseases and in elderly individuals,
which is lack of specificity (5). There-
fore, some novel serological biomark-
ers are strongly needed to further im-
prove the early diagnosis rate (6).

In 1989, an autoantibody directed to a
protein with a molecular mass of ap-
proximately 33 KD, contained in nu-
clear extracts from HeLa cells, was de-
tected in RA sera and named RA33 (7).
Protein sequencing revealed that RA33
was identical to the heterogeneous nu-
cleoriboprotein (hnRNP) A2 (8), which
is found to have excessive expression
in inflamed synovial tissues, but very
low expression in normal joints, so that
anti-RA33 antibody has been described
as highly specific antinuclear antibody
for RA (9). Previous studies reported
that 29% of patients with early RA (<3
months disease duration) had been an-
ti-RA33 positive at initial evaluation.
Furthermore, none of the anti-RA33
positive patients having RF at initial
diagnosis was noted (4, 10). This evi-
dence indicates that anti-RA33 may be
of significant value and relevance inear-
ly diagnosis of RA. Therefore, we per-
form this meta-analysis to summarise
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the published data on the sensitivity,
specificity, likelihood ratios, and diag-
nostic odds ratio and to obtain further
evidence to verify whether anti-RA33
antibody has diagnostic value for RA.

Materials and methods

Literature search strategy

The search term anti-RA33 antibody,
anti-RA33 antibodies, autoantibody to
heterogeneous nuclear ribonucleopro-
tein-A2, auto antibodies to heteroge-
neous nuclear ribonucleoprotein-A2
and rheumatoid arthritis were used to
search for articles published in Pub-
Med, Web of science, EBSCO, CNKI
and CBM database, published during
the period between January 2000 to
September 2015. To obtain additional
relevant articles, we scanned confer-
ence summaries and reference lists of
articles identified in the initial search
and even contacted authors to get ad-
ditional information if necessary.

Inclusion and exclusion criteria

All enrolled studies met the following
criteria:

1. Used the 1987 revised American Col-
lege of Rheumatology (ACR) criteria as
the reference diagnose standard for RA
(11).

2. Studies that include anti-RA33 anti-
body and a diagnosis of RA

3. Study samples only retrieved on hu-
mans.

4. Provided enough data to allow cal-
culation of sensitivity and specificity
for the diagnosis of RA.

5. Only the most recent and large sam-
ple size study was included in the case
of duplicated publications.

Date extraction

Relevant data were extracted by two
reviewers (X. Yang and M. Wang) in-
dependently and disagreement was re-
solved by a third reviewer (L. Wang).
The following data were collected
from each study: first author, year of
publication, publication language, the
detection methods, numbers of cases
and controls, control participants in-
formation, the true positives results
(TP), false positives results (FP), false
negatives results (FN), true negatives
results (TN), sensitivity and specificity.
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Potential relevant articles obtained
from Chinese database N=712

(CNKI: 693; CBM: 19)

Potential relevant articles obtained from
English database n=146(pubmed: 24:
web of science: 37; EBSCO: 85)

h 4
318 articles discarded after reading the
title which is not about the anti-RA33
antibody (N=394)

l

76 articles discarded after reading the title
which 1s not about the anti-RA33 antibody
and the RA diagnosis (N=70)

313 Chinese articles excluded after reading the abstract (N=81)
27 duplicate English articles discarded (N=43)

Chinese articles excluded (N=21)
Review study (n=15)
Not human study (n=6)

Y

>

English articles excluded (N=37)
Review study (n=18)
Not human study (n=19)

60 Chinese articles and 6 English articles retrieved in the study.

15 Chinese article excluded (10 unable
to obstain data and 5 the low quality)

h 4

1 English article excluded (duplicated data
record)

(n=>5), Chinese articles (n=45)

Toal 50 eligible articles included in this meta-analysis English article

Fig. 1. Flow diagram for studies retrieved through the searching and selection processes.

Assessment of study quality

Two investigators independently as-
sessed the methodological quality of
each study by using 14 standard items
from the Quality Assessment of Diag-
nostic Accuracy Studies (QUADAS)
tool (12), which is specifically devel-
oped for systematic reviews of diag-
nostic accuracy studies. Each question
should answer with “yes” “no” or “un-
clear”, of which yes” obtains one score,
"no” and “unclear” will obtain a score
of zero. Any item discrepancies were re-
solved through discussion.

Statistical analysis

In this study, standard methods recom-
mended for diagnostic accuracy meta-
analysis were used (13). Basic data (TP,
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FP, FN,TN) collecting from each study
was work up into one table, so that it’s
easy to gain sensitivity and specificity,
and random effect model was adopted
to combine sensitivity, specificity, pos-
itive likelihood ratio (LR+), negative
likelihood ratio (LR-) and diagnostic
odds ratio (DOR). In this study, 0.5 was
added to each number for the value of
zero occurring in the table, which was
suggested by Cox (14). In addition, re-
ceiver operating characteristic (SROC)
curve was constructed to manifest the
summarised diagnostic rate (15). Each
point of the curve represented one in-
dependent study. The area under the
curve represented the overall diagnos-
tic value, of which 1 indicates perfect
discriminatory (16). Chi-square and I?
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Table I. Characteristics of studies about the anti-RA33 antibodies included in this meta analysis.

First author [study ref] Time  Language Detection Patients Women Meanor  Age Control participants
method (control) (%) median  range
age

Li Hongbin (20) 2000 Chinese western blot 128 (245) 82.8 41 19-75 Other rheumatic diseases (n=245)
Wang Yi (21) 2003 Chinese ELISA 43 (68) NA NA NA Other rheumatic diseases (n=23), healthy persons (n=45)
Cui Tianpeng (22) 2003 Chinese ELISA 46 (84) 89.1 35.1 NA Other rheumatic diseases(n=54), healthy persons (n=30)
Yang Ling (23) 2003 Chinese ELISA 179 (377) NA NA NA UIA (n=59), Other rheumatic diseases (n=278),

healthy persons (n=40)
Zhong Liangyin (24) 2004 Chinese ELISA 105 (111) 65.7 NA 27-67 Other rheumatic diseases (n=40), other non-rheumatic

disease (n=35), healthy persons (n=36)
Zhang Hua (25) 2004 Chinese ELISA 108 (185) NA NA NA Other rheumatic diseases (n=87), healthy persons (n=98)
Mei Xun (26) 2004 Chinese ELISA 43 (88) 58.1 NA 23-72 Other rheumatic diseases (n=55), healthy persons (n=33)
Cheng Pengfei (27) 2005 Chinese ELISA 68 (138) 76.5 423 NA Other rheumatic diseases(n=98), healthy persons (n=40)
Liu Xueming (28) 2005 Chinese western blot 100 (190) NA NA NA Other rheumatic diseases(n=166), healthy persons (n=24)
Chen Yanjie (29) 2005 Chinese ELISA 31 (80) 63.3 41 28-81 UIA (n=30), Other rheumatic diseases (n=30),

healthy persons (n=20)
Lei Xiaomei (30) 2005 Chinese ELISA 104 (115) 83.7 54 41-78 Other rheumatic diseases (n=75), healthy persons (n=40)
Chen Linjie (31) 2005 Chinese ELISA 124 (211) 75 NA 25-67 UIA (n=60), other rheumatic disease (n=151)
V PK Nell (32) 2005 English western blot 102 (98) NA NA NA Other rheumatic diseases (n=98)
Li Shirong (33) 2006 Chinese ELISA 42 (100) 73.8 36.3 16-71 UIA (n=21), Other rheumatic diseases (n=23),

healthy persons (n=56)
Chen Minjing (34) 2006 Chinese ELISA 250 (248) 66 48 19-72 Other rheumatic diseases (n=198), healthy persons (n=50)
Guo Yufan (35) 2006 Chinese ELISA 94 (127) 72.3 NA 18-83 Other rheumatic diseases (n=97), healthy persons (n=30)
Gu Furong (36) 2007 Chinese ELISA 118 (156) 712 38.5 20-74 Other rheumatic diseases (n=86), healthy persons (n=30)
Dai Liqun (37) 2007 Chinese ELISA 47 (110) 76.6 36.3 16-61 UIA (n=25), Other rheumatic diseases (n=29),

healthy persons (n=56)
Wang Li (38) 2007 Chinese ELISA 254 (312) 772 414 25-75 Other rheumatic diseases (n=282), healthy persons (n=30)
Duan Falan (39) 2008 Chinese ELISA 88 (100) 704 36.3 16-61 Other rheumatic diseases (n=50), healthy persons (n=50)
Wang Liping (40) 2008 Chinese ELISA 47 (110) 76.6 36.3 16-61 UIA (n=25), Other rheumatic diseases (n=29),

healthy persons (n=56)
Ji Chunmei (41) 2008 Chinese ELISA 120 (155) 69.2 54 41-78 Other rheumatic diseases (n=115), healthy persons (n=40)
Wang Chunyan (42) 2008 Chinese ELISA 75 (94) 72 399 17-82 Other rheumatic diseases (n=54),other non-rheumatic

disease (n=40)
Zhong Guixiang (43) 2008 Chinese ELISA 90 (120) 88.9 38 25-66 Other rheumatic diseases (n=80), healthy persons (n=40)
Zeng Huiqiong (44) 2008 Chinese ELISA 78 (115) 93.6 37 22-61 Other rheumatic diseases (n=50), healthy persons (n=65)
Yu Yan (45) 2009 Chinese ELISA 35 (30) 543 554 19-77 healthy persons (n=30)
Zhang Wei (46) 2009 Chinese ELISA 60 (68) 60 479 23-71 Other rheumatic diseases (n=38), healthy persons (n=30)
Guo Xinghua (47) 2009 Chinese ELISA 241 (617) NA NA NA Other rheumatic diseases (n=377), healthy persons (n=240)
He Zhixiang (48) 2010 Chinese ELISA 63 (97) 714 57 14-86 Other rheumatic diseases (n=67), healthy persons (n=30)
Ou Yangyi (49) 2010 Chinese ELISA 235 (50) 66.8 43 11-79 healthy persons (n=50)
Zhang Guoging (50) 2010 Chinese ELISA 60 63.3 46.7 21-70 Other rheumatic diseases (n=38), healthy persons (n=30)
Wang Yuhui (51) 2010 Chinese ELISA 80 (92) 58.8 NA 19-72 Other rheumatic diseases (n=52), healthy persons (n=40)
Le Huabang (52) 2011 Chinese ELISA 45 (90) 71.1 36.8 17-60 Other rheumatic diseases (n=45), healthy persons (n=45)
Zhu Hongxue (53) 2011 Chinese ELISA 65 (100) 60 38.5 21-74 Other rheumatic diseases (n=50), healthy persons (n=50)
Qin Wangsen (54) 2011 Chinese ELISA 82 (100) 82.9 NA 22-71 Other rheumatic diseases (n=50), healthy persons (n=50)
Zhang Ying (55) 2011 Chinese ELISA 98 (65) 60.2 NA 18-75 healthy persons (n=65)
Zhang Wenlan (56) 2011 Chinese ELISA 179 (216) 70.4 37 22-72 Other rheumatic diseases (n=156), healthy persons (n=60)
Yao Yanhong (57) 2012 Chinese ELISA 78 (122) 66.7 46 20-65 Other rheumatic diseases (n=42), healthy persons (n=80)
Chen Haoquan (58) 2013 Chinese ELISA 95 (100) 63.2 NA 23-72 Other rheumatic diseases (n=50), healthy persons (n=50)
Chen Chao (59) 2013 Chinese ELISA 80 (130) 0.775 NA 36-83 Other rheumatic diseases (n=50), healthy persons (n=80)
Niu Ruibing (60) 2013 Chinese ELISA 78 (102) NA NA NA Other rheumatic diseases (n=72), healthy persons (n=30)
Mohammed Marrof 2013 English ELISA 50 (40) 84 NA 18-67 Other rheumatic diseases (n=40)

Al-Ani(61)

Yongmei Zhou (62) 2013 English ELISA 305 (50) 744 41 9-79 Healthy persons (n=50)
Zhong Ruifen (63) 2014 Chinese ELISA 130 (120) 33.8 53.1 37-68 Healthy persons (n=120)
Chen Shuang (64) 2014 Chinese ELISA 103 (145) 72.8 NA 40-76 Other rheumatic diseases (n=41), healthy persons (n=104)
Zheng Hongxia (65) 2014 Chinese ELISA 93 (120) 75.3 NA 25-70 Other rheumatic diseases (n=60), healthy persons (n=60)
Gao Lixia (66) 2014 Chinese ELISA 90 (105) 589 30.1 17-70 Other rheumatic diseases (n=105)
Mahin Lashkari (67) 2014 English ELISA 43 (55) NA NA 30-49 Healthy persons (n=55)
Jamil A. Al-Mughales (68) 2015 English ELISA 41 (60) NA NA NA Other rheumatic diseases (n=31), healthy persons (n =29)
Wang Ting (69) 2015 Chinese ELISA 90 (147) 55.6 31 18-69 Other rheumatic diseases (n=107), healthy persons (n=40)
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test were used to assess the heterogene-
ity in studies. A p-value less than 0.05
and I?> more than 50% indicated the ex-
istence of significant heterogeneity (17,
18). Exploring the possible reasons of
heterogeneity among the studies is an
important part of meta-analysis (19),
which consists of threshold and non-
threshold heterogeneity. All statistical
analyses were performed using STATA
11.0 (Stata-Corp, College Station, TX,
USA) and MetaDiSc (v. 1.4) software.

Results

Search results and characteristics

of the studies

We identified 858 articles at the first
literature search, of which 50 eligible
articles (20-69) met the inclusion cri-
terion and were included in this meta-
analysis, finally. Among them, forty-
five articles were in Chinese and five
were in English. The detailed inclu-
sion procedure is given in Fig. 1 and
Table I summarises the characteristics
of the included studies. There were
about 5003 RA patients enrolled in this
Meta analysis. The median number of
RA patients in this meta-analysis was
89, of which their median age was 41
years old and the median proportion of
women was 71.1%. Most of the studies
included in the meta-analysis adopted
the enzyme linked immunosorbent as-
say (ELISA) method to detect the anti-
RA33 antibodies in the serum, of which
only three articles used the Western
blotting method. Besides, the partici-
pants of the control group were varied.
Among these articles, six studies only
used healthy individuals and four stud-
ies simply used the patients with other
non-RA rheumatic disease. In the re-
maining studies, both healthy individu-
als and other rheumatic disease patients
comprised the control group.

Study quality

The included studies satisfied at least
11 items of the 14 items using the
QUADAS tool. Although none of the
study met all the 14 standard items,
most of studies achieved a score of 12,
which could be reliable enough to sum-
marise the result. The detailed qual-
ity information of each study is in the
QUADAS scores in Table 1.

Anti-RA33 antibody for the diagnosis of RA / X. Yang et al.

Table 1. Continued.

Study ref  QUADAS TP FP FN TN Sensitivity Specificity
Scores (%) (%)
20 13 37 25 91 220 289 89.8
21 12 9 8 34 60 209 88.2
22 12 8 2 66 82 174 97.6
23 13 66 69 113 308 36.9 87.1
24 12 30 9 75 102 28.6 92
25 13 43 19 65 166 39.8 89.7
26 13 10 2 33 86 233 97.7
27 13 23 10 45 128 33.82 92.86
28 12 38 35 62 155 422 81.6
29 12 11 3 20 77 355 96
30 12 30 11 74 104 28.8 90.7
31 12 46 9 78 192 37.1 90.99
32 12 29 10 73 88 28.00 90.00
33 11 18 9 24 91 429 913
34 12 95 7 212 238 38 96
35 13 30 31 64 96 319 753
36 12 40 14 78 142 339 91
37 12 21 11 26 99 447 89.6
38 13 92 34 162 162 36.2 824
39 11 35 53 94 39.8 94
40 12 21 11 26 99 447 89.6
41 12 40 80 147 333 94.8
42 12 23 5 52 89 30.7 94.7
43 11 33 11 57 109 36.7 90.9
44 13 34 5 44 110 43.6 95.7
45 13 12 2 23 28 3429 9333
46 12 15 2 45 66 25 974
47 12 45 69 196 548 18.7 88.8
48 13 17 9 46 88 27 91
49 11 88 2 147 48 3745 96
50 11 15 1 45 67 25 98.5
51 12 25 4 55 88 31.3 95.6
52 12 15 6 30 84 333 933
53 13 22 3 43 97 339 97
54 13 9 1 73 99 11 99
55 12 39 7 59 58 40 89.2
56 13 70 18 109 198 39.1 91.7
57 12 34 3 44 119 43.6 97.5
58 12 13 2 82 98 1321 98
59 12 23 9 57 121 28.8 93
60 12 20 9 58 93 25.6 91.7
61 12 29 3 21 37 58 925
62 11 111 0 194 50 36.39 100
63 11 15 50 115 70 11.50 58.10
64 13 32 6 71 139 31.1 959
65 11 19 4 74 116 204 96.7
66 12 40 15 50 90 445 85.3
67 11 42 44 1 11 98.00 20.00
68 13 3 2 38 58 73 96.5
69 11 40 12 50 135 44 .44 91.59

FN: false positive; FP: false positive; TN: true negative; TP: true positive; NA: not available.

Results of the meta-analysis

Sensitivity, specificity, positive likeli-
hood ratio (PLR) and negative like-
lihood ratio (NLR) were adopted to
evaluate the diagnostic accuracy of
anti-RA33. Considering significant
heterogeneity among the include stud-
ies, (sensitivity, 1’=83.1%; specifici-
ty[>’=88.9%, see Supplementary Fig.
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1-2), random effect model was used to
summarise the effect size.

The pooled diagnostic accuracy

of anti-RA33.

We first analyse the pooled diagnostic
accuracy of anti-RA33 antibody, which
contained all the 50 articles. As Table II
showed that the pooled sensitivity and
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Fig. 2. Summary receiver operating characteristics (SROC) curve of all the studies for the diagnosis

of RA through anti-RA33.

Table II. Pooled diagnostic performance.

Parameter Result 95% CI Heterogeneity p-value
chi-squared

pooled sensitivity 0.33 0.31-0.34 290.72 <0.001

pooled specificity 0.90 0.89-0.90 442.36 <0.001

pooled LR+ 392 3.08-5.00 392.11 <0.001

pooled LR- 0.75 0.71-0.78 263.13 <0.001

DOR 549 4.27-7.06 22231 <0.001

Spearman correlation coefficient 0.304 0.032

SROC

AUC 0.6863

Q* 0.6420

LR+/—: positive/negative likelihood ratio, respectively; CI: confidence interval; DOR: diagnostic odds
ratio; SROC: summary receiver operative curves; AUC: area under the SROC curve ; Q*: Q index.

specificity were 0.33 (95%CI: 0.31-
0.34) and 0.90 (95%CI: 0.89-0.90),
respectively, and the pooled PLR and
NLR were 3.92 (95%CI: 3.08-5.00)
and 0.75 (95%CI: 0.71-0.78). In this
study, the diagnostic OR (DOR) was
549 (95%CI: 4.27-7.06), and the area
under the SROC curve was 0.6863,
with a Q value of 0.6420 (Fig. 2). The
preliminary results are seen in Table II.

Heterogeneity test and exploration

As all the summary measures were
significantly ~ heterogeneous,  we,
thus, probed reasons for heterogene-
ity through subgroup analysis, which
is also the important part job for the

meta-analysis. The heterogeneity in
this meta-analysis may result from two
aspects, that is, the threshold effect and
non-threshold effect. The threshold ef-
fect is due to different thresholds to
define positive and negative test re-
sults, plotting the ROC plane of the
sensitivity and specificity would be
useful to identify the threshold effect,
a curvilinear pattern indicates existing
threshold effect exists. Besides, calcu-
lating the Spearman correlation coeffi-
cient between sensitivity and 1-speci-
ficity would also be helpful to test this
threshold effect (70). In this study, the
Spearman correlation coefficient of all
the articles was 0.304, while p-value
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was 0.032, less than 0.05, which indi-
cated the threshold effect heterogeneity
(see Table II).

In view of the fact that the threshold
effect heterogeneity existed in all the
articles, we defined three subgroups on
the basis of the publication language,
detection method and the control par-
ticipants. We made a separate subgroup
meta-analysis three times according to
the group situation. As shown in Table
II, the p-value of the Spearman correla-
tion coefficient indicated that the thresh-
old effect heterogeneity was >0.05
with the development of the subgroup
analysis, except for the ELISA detec-
tion method and the mixed participants
control subgroup. In addition, in the
Western blot and other rheumatic dis-
ease participants control subgroup, the
Q-test of DOR showed that the p-value
was 0.7601 and 0.1883, respectively
(>0.05), which indicated the absence of
non-threshold effect. It is shown in Fig.
3 that the sensitivity and specificity of
the Western blot subgroup were 0.32
(95%CI: 0.27-0.37) and 0.87 (95%CI:
0.84-0.90), respectively. The area under
the SROC curve was 0.5857, with a Q-
value of 0.5645. Besides, the sensitivity
and specificity of the other rheumatic
disease participants control subgroup
were 0.41 (95%CI: 0.35-0.46) and 0.93
(95%CI: 0.90-0.95), respectively. The
area under the SROC curve was 0.7014,
with a Q-value of 0.6540. (Fig. 4)

Publication bias assessment

The Deeks’ funnel plots of the 50 in-
cluded articles for detecting publica-
tion bias showed some asymmetry,
indicating a potential publication bias
(Supplementary Fig. 4).

Discussion

Rheumatoid arthritis (RA) is a chronic
systematic autoimmune disease, which
could cause severe arthropathy and
joint destruction, and the disease be-
ing poorly controlled. As is known to
us, the disease is a long-term inflam-
matory disorder and is not curable by
drugs. Seeking more sensitive and spe-
cific early diagnosis tools will facilitate
an earlier, aggressive treatment, which
still remains challenging. At present,
the diagnosis of RA is mainly based on



REVIEW

Anti-RA33 antibody for the diagnosis of RA / X.

Yang et al.

Sensitivity (95% CI)  Sensitivity SROC Curve
r T 1
| _.— Liu Xueming.Yu Xiuming ~ 0.38 (0.28-0.48 )
Li Hongbin.Li Xiaofeng 029 (0.21-0.38' Z el ShoG
VPKNel. KP Machold. T 0.28 (0.20-0.38' // SE(AUC) = 0.1430
. A Q'=05645
8 B SE(Q")=0.1083
: P
| |4
» Pooled Sensitivity = 0.32 (0.27 to 0.37) o
Chi-square = 2.75; df = 2 (p = 0.2524) /
0 2 4 [ 8 1 Inconsistency (I-square) = 27.4 % 61
Sensitivity i
a 5 A
Specificity (95% CI) 1
-‘. i Liu Xueming.Yu Xiuming 082 (0.75-0.87' ® /
! Li Hongbin.Li Xiaofeng 090 (085-0.93 , | |
VP KNell. KP Machold. T 0.80 (0.82-0.95' o
T 3
& 2 4
i 7
¢ i g oot
Pooled Specificity = 0.87 (0.84 to 0.90) Vi
Chi-square = 6.98; df = 2 (p =0.0305)
0 2 4 6 8 1 Inconsistency (I-square) = 71.3 % 0 3 3 7 5 3 1
sPeciﬁcity b 1-specificity
C

Fig. 3. The diagnostic indices for the diagnosis of RA using anti-RA33 antibody in the Western blot subgroup.
a: the sensitivity for the diagnosis of RA using anti-RA33; b: the specificity for the diagnosis of RA using anti-RA33; ¢: summary receiver operating charac-
teristics (SROC) curve for the diagnosis of RA through anti-RA33.
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Fig. 4. The diagnostic indices for the diagnosis of RA using anti-RA33 antibody in the other rheumatic disease participants control subgroup.
a: the sensitivity for the diagnosis of RA using anti-RA33; b: the specificity for the diagnosis of RA using anti-RA33; ¢: summary receiver operating charac-
teristics (SROC) curve for the diagnosis of RA through anti-RA33.

the anti-CCP antibody and RF, which
has gained widely recognition by most
rheumatologists (71, 72). However, the
shortcomings are also known to us all,
of which RF has low specificity, being
identified in other connective tissue
disease and healthy elderly individuals

(5), the anti-CCP antibody positive is
usually associated with severe disease
like bone erosion (73, 74). Consider-
ing these points, it’s urgent for us to
explore novel serum biomarker for the
early and accuracy diagnosis of RA.
In recent years, research on anti-RA33
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antibody for RA diagnosis has been
frequently reported. Anti-RA33 anti-
body is directed to the heterogeneous
nuclear ribonucleoprotein A2 (hnRNP-
A2), a nuclear protein that is involved
in mRNA splicing and transport (7, 8),
which could be detected by ELISA and
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Table III. Subgroup analysis of diagnostic accuracy variables.

REVIEW

Parameter sens spec LR+ LR- DOR AUC Q* Spearman
correlation
coefficient

Publication language

Chinese (n=45)

Summary accuracy 0.32 091 4.14 0.75 5.73 0.5396  0.5297 0.294

95%CI 0.30-0.33 0.90-0.91 329-521 0.71-0.79 4.36-7.54

Heterogeneity (p-value) <0.001 <0.001 <0.001 <0.001 <0.001 0.050

English (n=5)

Summary accuracy 0.40 0.80 3.78 0.69 6.62 0.7908  0.7279 0.500

95%CI 0.36-0.44 0.75-0.84 0.68-21.14 0.53-0.89 245-17.84

Heterogeneity (p-value) <0.001 <0.001 <0.001 <0.001 0.0542 0.391

Detection method

ELISA (n=47)

Summary accuracy 0.33 0.90 4.09 0.74 5.76 0.6989  0.6520 0.340

95%CI 0.31-0.34 0.89-091 3.14-5.33 0.71-0.78 4.39-7.56

Heterogeneity (p-value) <0.001 <0.001 <0.001 <0.001 <0.001 0.019

Western blotting(n=3)

Summary accuracy 0.32 0.87 242 0.79 3.18 0.5857  0.5645 0.866

95%CI 0.27-0.37 0.84-0.90 1.85-3.18 0.73-0.85 2.24-451

Heterogeneity (p-value) 0.2524 0.0305 0.5271 0.8979 0.7601 0.333

Healthy persons (n=6)

Summary accuracy 0.36 0.71 245 0.75 4.84 0.7218  0.6704 0.257

95%Cl1 0.33-0.40 0.66-0.76 0.86-6.92 0.54-1.04 0.74-31.58

Heterogeneity (p-value) <0.001 <0.001 <0.001 <0.001 <0.001 0.623

Other rheumatic diseases (n=4)

Summary accuracy 041 093 542 0.65 8.60 0.7014 0.654 0.600

95%CI 0.35-0.46 0.90-0.95 3.13-9.38 0.56-0.74 4.88-15.15

Heterogeneity (p-value) 0.0149 0.0249 0.1047 0.0858 0.1883 0.400

The mixed group (n=37)

Summary accuracy 0.31 091 438 0.75 6.07 0.6225  0.5925 0.407

95%C1 0.29-0.32 0.91-0.92 3.52-544 0.72-0.79 4.73-7.78

Heterogeneity (p-value) <0.001 <0.001 <0.001 <0.001 <0.001 0.012

Sens: sensitivity; spec: specificity; LR+/—: positive/negative likelihood ratio, respectively; CI: confidence interval; DOR: diagnostic odds ratio; SROC: summary
receiver operative curves; AUC: area under the SROC curve; Q*: Q index.

immunoblotting (62). It has been re-
ported that the antibody found by Has-
sfeld et al. (10), has been identified in
35% anticitrulline-negative RA, which
is linked to the mild disease course of
RA (75). Besides, the antibody might
occur in the early stage of RA, and
it has no association with RF, which
could compensate for the deficiency
of RF, especially when RF is negative
(62). This meta-analysis aims to sum-
marise the previous studies, then to
provide up-to-date and comprehensive
information to evaluate the overall di-
agnostic accuracy value of anti-RA33
antibody for the diagnosis of RA.

In the present study, the pooled sensitiv-
ity is 0.33 (95%CI: 0.31-0.34), which
indicates the antibody has a moderate
sensitivity, being consistent with the
report from Ronnelid et al. (76), who
showed its sensitivity ranges between

30%—-50%. 1t is reported that anti-RA33
antibody has a high specificity, which is
helpful in the diagnosis of RA patients
who are anti-CCP and RF negative
(61). The current study showed that the
summarised estimate of specificity was
0.90 (95%CI: 0.89-0.90), which was
not as high as the expected. A positive
likelihood ratio of 3.92 suggested that
patients with RA had a 3.92-fold higher
chance of being anti-RA33 antibody
tests positive compared with patients
without RA, which manifested a poten-
tial role for anti-RA33 confirming RA.
The diagnostic odds ratio (DOR) de-
fined as the ratio of the odds of a true-
positive to the odds of a false-positive,
is another single indicator reflecting the
test’s performance accuracy that com-
bines the sensitivity and specificity. The
value of DOR ranges from O to infin-
ity with higher values indicating better
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discriminatory test performance (77).
SROC is usually used to summarise
overall test performance and the area
under the SROC curve (AUC) is calcu-
lated to evaluate accuracy of the select-
ed indicator. To demonstrate excellent
accuracy, the valve of AUC should be
more than 0.97, an AUC of 0.75 to 0.92
is considered to be good (78,79). In this
meta-analysis, the DOR of the overall
studies is 5.49 and the area under the
SROC curve is 0.6863. Since the value
is not high enough, it has only shown
that the antibody could be a potential
useful indicator, but further research is
needed to verify it.

One main job of the meta-analysis was
to explore the reasons for heterogeneity
rather than simply summarise the esti-
mate of effect size (19). The heteroge-
neity of the diagnostic study comprises
threshold effect and non-threshold
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effect. Threshold effect refers to the
differences in sensitivities and specifi-
cities of the included studies accused
by different cut-offs. At the preliminary
meta-analysis, there actually exists the
threshold effect heterogeneity in all the
50 included articles. In order to explore
the heterogeneity and guarantee the re-
liability and stability of the results, the
present studies carry out the subgroup
analysis according to the publication
language, detection method and the
control participants, step by step. At the
last analysis, even if both the threshold
effect and non-threshold effect hetero-
geneity were eliminated, the value of all
the diagnostic indexes fluctuated little.
Thus, it was reliable to adopt the pooled
results discussed above.

We established full-scale search strat-
egy to carry out this meta-analysis,
which is crucial for the quality of the
results. Besides, the quality of most of
the included articles is of a high level in
term of QUADAS, that all the scores are
higher than eleven. Although we tried
to avoid the biases in the meta-analysis
process, there were still several limita-
tions in our study. Firstly, although we
tried to scan all the studies on the di-
agnostic value of anti-RA33 antibody,
a small amount of relevant literature
may have been omitted. Secondly, most
of the included articles were published
in Chinese and the number of English
articles was small, with just five stud-
ies, which mean that the results may not
be applicable to the other populations,
considering the possible race differ-
ence. Thirdly, because anti-RA33 anti-
body could be detected in several other
connective tissue disorders, the control
group of some included articles in this
meta analysis was not only of normal
controls, but also disease controls,
which may make the result unreliable.
However, in the present study, the re-
sult of subgroup analysis showed that
the specificity of the antibody changed
only a little, increasing from 0.90 to
0.94. Finally, due to the number limita-
tion of the last subgroup, we were un-
able to detect whether the publication
bias existed in the subgroup studies.

In conclusion, this meta-analysis was
the first meta-analysis on anti-RA33
antibody for the diagnosis of RA, and

Anti-RA33 antibody for the diagnosis of RA / X. Yang et al.

it was shown that anti-RA33 antibody
had considerable high specificity, which
may be a potential useful marker for the
early diagnosis of RA. In view of the
deficiency of the meta-analysis, further
study on this antibody is needed.
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