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1 | INTRODUCTION

Rheumatoid arthritis (RA) is a chronic, inflammatory joint disease of
autoimmune nature, characterized by painful, swollen joints that can

severely impair physical function and quality of life.¥? The disease

Abstract

Aim: To evaluate the overall diagnostic performance of 14-3-3 n protein in patients
with rheumatoid arthritis (RA).

Methods: PubMed, EMBASE, and Web of Science were searched to acquire eligi-
ble studies. Articles published in English before 20 February 2020 were included.
Quality Assessment of Diagnostic Accuracy Studies 2 was used to evaluate the risk
of bias and application concern of the included articles. Pooled analysis of diagnos-
tic indicators of 14-3-3 n protein for RA was conducted by using a random effects
model. Subgroup analysis was used to explore the sources of heterogeneity. Deeks'
funnel plot asymmetry test was used to evaluate for the presence of publication bias.
Results: A total of 13 studies (1554 positive and 1934 negative participants) were included.
The pooled sensitivity and specificity were 0.73 (95% Cl 0.71-0.75) and 0.88 (95% CI 0.87-
0.90), respectively. The pooled positive/negative likelihood were 5.98 (95% Cl 4.39-8.14)
and 0.28 (95% Cl1 0.21-0.37), respectively. In addition, the pooled diagnostic odds ratio was
23.48 (95% Cl 13.76-40.08) and the area under curve was 0.9245. The results of subgroup
analysis indicated that ethnicity and control group might be the source of heterogeneity.
The results of sensitivity analysis were stable. No significant publication bias was found.
Conclusions: The current evidence indicated that 14-3-3 1 protein has moderate ac-

curacy for the diagnosis of RA.
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affects women 2-3 times more often than men and occurs at any
age.3 The peak incidence is between ages 50-60 years. In Western
countries, the prevalence of RA is in the range of 0.5%-1.0% in
White individuals, while the prevalence ratios were 0.45, 0.69 and

1.02 for women of Hispanic, Asian or African-American descent,
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respectively.? RA is a heterogeneous disease, with variable clinical
presentation and pathogenetic mechanisms involved between indi-
viduals with the same formal diagnosis or across different disease
stages. The most prominent feature is symmetrical pain and swelling
of the hands, wrists, feet, and knees (polyarthritis), although other
joints may be affected. Some patients with RA may present or later
develop disease manifestations in other organs, such as interstitial
lung disease, pericarditis, pleural effusion, or bronchiectasis.! RA is
a major global public health challenge. The age-standardized preva-
lence and incidence rates are increasing, especially in countries such
as Canada, Paraguay and Guatemala.* Thus, early identification and
treatment of RA is vital, especially among females, in order to reduce
the ongoing burden of this condition. In the early-stage disease,
patients with RA who were treated with early remission induction
therapy retain normal function, and they almost had no clinically rel-
evant joint injuries. And the sooner the patient is relieved, the better
the clinical outcome will be.®

In the 2010 American College of Rheumatology/European
League Against rheumatism (ACR/EULAR) classification criteria,®
rheumatoid factor (RF) and anticitrullinated protein antibodies
(ACPA) were recommended as a good marker for the diagnosis of
RA. However, a percentage of patients with undifferentiated ar-
thritis faces big challenges that arise from conventional diagnosis
and classification criterion’” and RF is not very specific for RA and
may also be detected in patients with other rheumatic disorders
or infections, or in apparently healthy individuals.® Therefore, it
is necessary to incorporate some novel RA indicators into the di-
agnostic criteria of RA. 14-3-3 proteins are phospho-serine/phos-
pho-threonine binding proteins able to associate with a wide range
of protein targets, like kinases, phosphatases, transmembrane re-
ceptors and transcription factors.” They are ubiquitously expressed
in all eukaryotic organisms and by interacting with a multitude of
functionally diverse and generally phosphorylated molecules, regu-
late a huge number of physiological processes, such as intracellular
protein trafficking, cell proliferation, growth and apoptosis, reg-
ulation of metabolism, signal transduction and stress responses.9
14-3-3 proteins are a group of highly conserved protein families,
composed of 7 isoforms (B, v, €, n, o, 0, and ¢). 14-3-3 1 is 1 of
7 members of the 14-3-3 family that are preferentially expressed
at higher concentrations in certain tissues, underscoring the im-
portance of specific isoforms in the regulation of tissue-specific
functions.’® The association of 14-3-3 1 protein and RA was re-
ported for the first time in 2007 by Kilani et al' The research team
found for the first time that serum 14-3-3 n protein was present
at significantly higher levels in the synovial fluid and serum of pa-
tients with arthritis compared to healthy individuals and reported a
positive association between 14-3-3 n and matrix metalloprotein-
ases (MMPs).1* High level of 14-3-3 1 was closely related to high
expression of MMPs. Stimulating fibroblasts with recombinant 14-
3-3 n, expression of MMP-1 protein in fibroblasts was increased in
a dose-dependent fashion,** and MMP-1 and MMP-9 were highly
expressed after monocyte-lineage THP-1 cells were also treated

with 14-3-3 11.1° MMPs have been confirmed to be responsible for

the structure erosion of RA, as well as being a potential indicator of
progressive joint damage and disease activity.'>?* These findings
suggested that 14-3-3 n may be relevant to the course of cartilage
and bone destruction, via regulation of the expression of MMPs.
As a novel RA biomarker, serum 14-3-3 n protein levels are also
associated to some extent with inflammatory responses and joint
damage. Maksymowych et al designed an experiment in vitro to in-
vestigate the effect of 14-3-3 n on the activation of RA-related sig-
naling cascades and induction of proinflammatory mediators that
contributed to RA joint damage.® Cell stimulation studies revealed
that 14-3-3 n preferentially stimulates cells of the innate immune
system, leading to the activation of key signaling cascades such as
MAPK/ERK, SAPK/JNK and the JAK-STAT pathways that regulate
the production of inflammatory factors such as interleukin (IL)-1p,
IL-6; however, 14-3-3 n had no impact on p38MAPK phosphoryla-
tion.X® Moreover, 14-3-3 n caused the induction of factors directly
correlated to the joint damage process, such as MMP-1, MMP-9
and receptor activator of nuclear factor kappa-B ligand (RANKL)
in a dose-dependent manner.® In addition, RA patients with 14-
3-3 n-positivity may have a higher incidence of osteoporosis. 14-
3-3 nis thought to be involved in the development of osteoporosis
in RA patients, and may be a predictor of osteoporosis in patients
with early RA.} Even if the diagnostic utility of serum 14-3-3 n
protein as complementary biomarkers to RF/ACPA has been re-

cently demonstrated in few studies, 18

yet no systematic review
or meta-analysis has been conducted to assess its diagnostic value.
Therefore, the aim of the present study was to summarize the pub-
lished data on the sensitivity and specificity of 14-3-3 n protein and

to evaluate its diagnostic performance for RA patients.

2 | METHODS
2.1 | Search strategy

We systematically searched the PubMed, EMBASE, and Web of
Science, and studies published in English before 20 February 2020,
that analyzed the diagnostic accuracy of 14-3-3 1 protein were in-
cluded. The following search terms were used: (“14-3-3 n” OR “14-
3-3 eta” OR “14-3-3*"OR “YWHAH”") AND (“rheumatoid arthritis”
OR "RA"). At the same time, all the references in the retrieved lit-
eratures were manually reviewed to identify other potential relevant
articles. This meta-analysis was performed based on the Preferred
Reporting Items for Systematic Reviews and Meta Analyses
(PRISMA) statement.'?

2.2 | Inclusion criteria

1. Diagnosis of RA conforms to 1987 ACR or 2010 ACR/ EULAR

criteria®?°

was regarded as the diagnostic gold standard.
2. Studies that enrolled healthy donors or patients without RA

who have arthritis or other autoimmune diseases including
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osteoarthritis (OA), ankylosing spondylitis (AS), psoriatic arthritis
(PsA), systemic lupus erythematosus (SLE), Sjégren's syndrome
(SS), scleroderma (Scl), and dermatomyositis (DM).

3. Testing of 14-3-3 n protein by enzyme-linked immunosorbent
assay (ELISA).

4. All articles reporting either sensitivity or specificity of 14-3-3 n
protein in RA or reporting data allowing calculation of sensitivity
or specificity.

5. Samples in articles were restricted to human participants.

6. Accessible full text.

2.3 | Exclusion criteria

1. Reviews, comments, conference abstracts, letters, editorials,
and expert opinions.

2. Studies with insufficient data, specificity and sensitivity could not
be obtained.

3. Specimen was not serum.

4. Non-English articles.

2.4 | Data extraction

The data were extracted by 2 investigators (Huiren Lei and Ting Yuan)
independently. When a disagreement arose, the third investigator
(Ding Cao) was consulted to confirm the extracted data. Author, year,
gender ratio, mean age, ethnicity, case numbers, control groups,
study design, and disease duration were extracted from each in-
cluded study. Also, detection method, cut-off value, diagnostic gold
standard, true positive (TP) results, true negative (TN) results, false
positive (FP) results, and false negative (FN) results were collected

from each study.

Rheumatic Diseases

2.5 | Quality assessment

Quality of each study was assessed by 2 investigators (Tingguo Tang
and Haiming Huang) independently using the Quality Assessment of
Diagnostic Accuracy Studies 2 (QUADAS-2) tool,?! which is specially
developed to evaluate the quality of diagnostic tests. When disagree-
ment occurred, the third investigator (Ding Cao) solved it. Four main
domains indicated a set of signal questions contained in QUADAS-2.
It helps researchers reach the judgments regarding bias and applica-

n o«

bility. Answers to each question should be “yes”, “no”, or “unclear”.

2.6 | Statistical analysis

All data were analyzed using Stata 15, Meta-Disc 1.4, and Rev
Man 5.3. TP, FP, FN, and TN were used to calculate the sensitiv-
ity and specificity. A random effects model was produced to obtain
combined sensitivity, specificity, diagnostic odds ratio (DOR), and
positive/negative likelihood (LR+/LR-). Further, summary receiver
operating characteristic was constructed to testify the summarized
diagnostic rate. Cochran's Q test and I? statistic were applied to
evaluate the heterogeneity.?? If heterogeneity existed (P < .05 or
12 > 50%), subgroup analysis was performed to find out the reasons,
and I? greater than 75% suggested there is substantial heterogeneity
between studies.?® Deeks' funnel plot asymmetry test was used to
evaluate the potential publication bias. P values less than .05 were

considered significant difference.

3 | RESULTS

A total of 381 records were identified through databases (PubMed,
EMBASE, and Web of Science) and by scrutinizing the reference lists

Initial search records(N = 379)
(PubMed:46; EMBASE:185; Web
of Science:148)

Additional records identified
through other records (N=2)

(

FIGURE 1 Flow diagram of screening
studies
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15-1824-32 o \which 164 were excluded on ac-

of the included studies,
count of duplicate records. Following thorough screening of the titles
and abstracts, we excluded 136 of the remaining 217 studies due to
no relevance to the topic or they were animal experiments. Only 81
articles remained for assessing full-length papers. Of these articles,
11 failed to obtain full articles, 32 had lack of complete basic data,
17 were conference abstracts, 4 were not English papers, 1 was a let-
ter, 1 was a review, and 2 did not meet the 1987 ACR/2010 ACR/
EULAR criteria. Finally, 13 studies (1554 positive and 1934 negative
participants) met the inclusion criteria and were included in this meta-

analysis. The study selection is shown on a flow diagram (Figure 1).

3.1 | Studies' characteristics

The features of the 13 included articles are summed up in Tables 1
and 2. The publication date ranged from 2014 to 2020. Among the
13 studies, 7 were Asian populations, 3 were African populations,
and 3 were European populations. The number of participants var-
ied from 40 to 619. The mean age ranged from 42.0 to 61.0 years,
and the female-to-male ratio in the included articles was from 0.25
to 29. In all studies, ELISA was used to detect 14-3-3 n protein.
Additionally, the control groups were divided into 2 subgroups ac-
cording to their different characteristics. Among these studies, both
healthy people and other non-RA rheumatic diseases were used as
controls in 10 studies, while healthy people were used as controls in
another 3 studies (Table 1).

3.2 | Study quality

The risks of bias and application concerns about reference standards
in all included studies were low. The index test had almost 50% high
risk of bias, while the application concerns of index test was low.
About the domain of flow and timing in QUADAS-2, the risks of bias
in all included studies were low. Regarding the risks of bias about
patient selection, all of the studies had high risk; however, the ap-
plication concerns about patient selection in our meta-analysis had

high, unclear, and low, respectively (Figure S1).

3.3 | Diagnostic accuracy of 14-3-3 n protein

First, sensitivity, specificity, LR+, LR-, and DOR were counted to as-
sess the diagnostic value for 14-3-3 n protein of RA. Since the I of
sensitivity and specificity was 94.4% and 81.5%, random effects model
was applied to conclude the effective size. Then, the relevant pooled
diagnostic values of 14-3-3 ) protein were calculated. The pooled sen-
sitivity and specificity were 0.73 (95% Cl 0.71-0.75) and 0.88 (95% ClI
0.87-0.90), respectively (Figure 2).The pooled LR + and LR - were 5.98
(95% Cl 4.39-8.14) and 0.28 (95% Cl 0.21-0.37), respectively (Figure
S2). Additionally, the pooled DOR was 23.48 (95% Cl 13.76-40.08), and
area under the curve (AUC) was 0.9245 (Figure 3).

3.4 | Heterogeneity test

The heterogeneity of diagnostic tests included threshold effect and
non-threshold effect. The most important source of heterogeneity
was due to different cut offs and threshold effect in all included stud-
ies.®® This analysis of diagnostic threshold conducted by Meta-Disc
1.4 showed that logarithmic Spearman's correlation coefficient value
of sensitivity (1-specificity) was -0.077, with a P value of .803 (P > .5).
This result indicated that this meta-analysis did not have a threshold
effect. Next, we carried out the subgroup analysis by Meta-Disc 1.4
based on gender ratio, mean age, ethnicity, case number of RA pa-
tients, control groups, and study design. As shown in Table S1, after
grouping, both the inconsistency (1-square) of pooled sensitivity and
specificity decreased in African and European groups, in Asian popu-
lations, 131724262829 the pooled sensitivity had no apparent change
(0.73 [0.71-0.75]) and the pooled specificity increased (0.91 [0.89-
0.93]); in African populations,'®?7%° both the pooled sensitivity (0.88
[0.82-0.93]) and specificity (0.91 [0.85-0.95]) augmented; however, in
European groups,'¢31%2 the pooled sensitivity (0.67 [0.63-0.71]) and
specificity (0.83 [0.80-0.86]) declined. As shown in Table S1, in healthy
and disease control,1618:25:26.28-32 the diagnostic value of pooled sensi-
tivity decreased to 0.67 (0.65-0.70) and pooled specificity had no ap-
parent change (0.88 [0.86-0.90]); however, in healthy controls,*>24%7
both the pooled sensitivity (0.96 [0.93-0.98]) and specificity (0.90
[0.84-0.95]) increased, and both the inconsistency (1-square) of pooled
sensitivity and specificity decreased. Overall, these results suggested
that ethnicity and control groups may be a major source of heterogene-
ity. Finally, we performed sensitivity analysis to validate the stability of
the meta-analysis by consecutively omitting each of the enrolled stud-
ies. The results suggested no significant change using random-effect
methods when any 1 study was excluded. Sensitivity analysis indicated
that the results of this meta-analysis were stable (Figure S3).

3.5 | Publication bias

Deeks' Funnel Plot Asymmetry Test was performed to explore pub-
lication bias, and the P value was .45 (P > .05), which indicated there
was little publication bias in this study (Figure 4).

4 | DISCUSSION

Rheumatoid arthritis is 1 of the most prevalent chronic inflam-
matory diseases. It primarily involves the joints, but should be
considered a syndrome that includes extra-articular manifesta-
tions, such as rheumatoid nodules, pulmonary involvement or
vasculitis, and systemic comorbidities.>* Early diagnosis com-
bined with an accurate prognostic assessment is a core princi-
ple in the effective management of RA patients.®> At present,
the specific pathogenesis of RA has not been clarified, but cy-
tokines and inflammatory mediators are involved in the patho-
genesis RA. 14-3-3 nis 1 of 7 members of the 14-3-3 family that
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Author (Reference)

Zeng'’

Huang?®

Salman®

Mohamed?®

Guan?®

Tan

29

Shovman

Gong®®

Maksymowych?®®

Maksymowych®?

Mohammed?’

Kadavath®?

Elshahaly®°

Year

2020

2020

2019

2017

2019

2018

2018

2018

2014

2015

2019

2014

2018

Gender
ratio

277

2.38

0.25

8.20

3.09

2.94

5.06

4.08

3.22

2.97

19.00

3.14

29.00

Note: Gender ratio, female/male.

Abbreviations: ACPA, anti-cyclic citrullinated peptide antibody; eRA, early RA; Est. RA, established RA; NR, not reported; RA, rheumatoid arthritis;
RF, rheumatoid factor; SEN, sensitivity; SPE, specificity.

Mean
age (y)

53.89

51.70

53.12

44.32

61.00

42.00

53.57

52.50

56.00

56.00

45.85

50.00

45.50

Ethnicity

Asian

Asian

Asian

African

Asian

Asian

Asian

Asian

European

European

African

European

African

Patient
(control)

113 (289)

108 (192)

45 (45)

92 (74)

94 (80)

128 (254)

96 (167)

259 (80)

234 (385)

249 (251)

20 (20)

91 (37)

30 (60)

Control group
Disease
control (212)

Healthy
control (77)

Disease
control (90)

Healthy
control (102)

Healthy
control (45)

Disease
control (32)

Healthy
control (42)

Disease
control (40)

Healthy
control (40)

Disease
control (174)

Healthy
control (80)

Disease
control (101)

Healthy
control (66)

Healthy
control (80)

Disease
control (196)

Healthy
control (189)

Disease
control (196)
Healthy
control (55)
Healthy
control (20)
Disease
control (8)

Healthy
control (29)

Disease
control (30)

Healthy
control (30)

Rheumatic Diseases

Study design

Case-control

Case-control

Cross-sectional

Cohorts

Cohorts

Cohorts

Cohorts

Case-control

Cohorts

Cohorts

Case-control

Retrospective-
study

Case-control

Disease
duration (y)

NR

NR

NR

eRA1.17

Est. RA7.06

6.10

eRA<1

Est. RA=1

eRA 0.8
Est. RA8
eRA0.15

Est. RA11.5

eRA0.28

Est. RA11.5

NR

NR

NR

WILEY-—7

TABLE 1 Some characteristics of the 13 studies included in the meta-analysis of the diagnostic performance of the 14-3-3 1y protein in

SEN/SPE SEN/SPE

(ACPA)
76/96

72/94

NR

NR

84/91

80/97

NR

NR

59/98

61/98

65/100

NR

97/100

(RF)
75/80

77/79

NR

NR

72/90

NR

NR

NR

57/84

63/84

85/100

NR

78/93
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TABLE 2 The other characteristics of the 13 studies included in the meta-analysis of the diagnostic performance of the 14-3-3 1 protein

in rheumatoid arthritis

Detection Cut-off (ng/

Author (Reference) method mL) Criterion TP FP FN TN SEN SPE

Zeng17 ELISA 1.89 The 2010 ACR/EULAR 82 23 31 266 73 92
criteria

Huang?® ELISA 2.60 The 2010 ACR/EULAR 68 17 40 175 63 91
criteria

Salman®* ELISA 0.33 The 1987 ACR criteria OR 40 8 5 37 89 82
2010 ACR/EULAR criteria

Mohamed?*® ELISA 0.39 The 2010 ACR/EULAR 83 4 9 70 90 95
criteria

Guan?® ELISA 1.44 The 2010 ACR/EULAR 74 21 20 59 79 74
criteria

Tan?® ELISA NR The 2010 ACR/EULAR 66 19 62 235 52 93
criteria

Shovman?’ ELISA 0.19 The 1987 ACR criteria OR 48 8 48 159 50 95
2010 ACR/EULAR criteria

Gong® ELISA 0.88 The 2010 ACR/EULAR 252 4 7 76 97 95
criteria

Maksymowych'® ELISA 0.19 The 1987 ACR criteria 167 54 67 331 71 86

Maksymowych®! ELISA 0.19 The 1987 ACR criteria 171 50 78 201 69 80

Mohammed?’ ELISA 0.19 The 2010 ACR/EULAR 18 2 2 18 90 90
criteria

Kadavath®? ELISA 0.20 The 2010 ACR/EULAR 49 10 42 27 54 73
criteria

Elshahaly®° ELISA 0.20 The 2010 ACR/EULAR 24 8 6 52 80 87
criteria

Abbreviations: 1987 ACR criteria: the American Rheumatism Association 1987 revised criteria for the classification of rheumatoid arthritis; 2010
ACR/EULAR criteria, the 2010 American College of Rheumatology/The European League Against Rheumatism classification criteria for RA; ELISA,
enzyme-linked immunosorbent assay; FN, false negative; FP, false positive; NR, not reported; SEN, sensitivity; SPE, specificity;TN, true negative; TP,

true positive.

is associated to some extent with inflammatory responses and
joint damage in RA. Kilani et al*! found for the first time that
serum 14-3-3 n protein was present at significantly higher levels
in the synovial fluid and serum of patients with arthritis com-
pared to healthy individuals and a positive association between
14-3-3 1 and matrix metalloproteinase (MMPs) was reported,
suggesting that 14-3-3 n may be relevant to the course of car-
tilage and bone destruction, via regulation of the expression of
MMPs in patients with RA. To expand upon our understanding of
the biological relevance of extracellular 14-3-3 n, Maksymowych
et al performed in vitro cell signaling studies to determine if 14-
3-3 n signals through the MAPK family, as well as through which
family members. This family was selected because the transcrip-
tion factor AP-1, which resides downstream in the MAPK signal-
ing nexus, is a key regulator of MMPs expression. The results
indicate that stimulation of cells with 14-3-3 n, similar to tumor
necrosis factor a (TNFa), results in the phosphorylation of both
ERK and JNK/SAPK in a time-dependent manner. However, un-
like TNFa, 14-3-3 n had no impact on p38MAPK phosphorylation
and that 14-3-3 n may play a role in perpetuating inflammation

through the induction of factors such as IL-6 and by exacerbating

joint destruction via MMPs and RANKL. Examining 14-3-3 n's ex-
pression in relation to clinical outcomes in RA patients will be of
utmost importance in understanding how 14-3-3 n serum expres-
sion is used as a diagnostic test can assist clinicians with patient
management. This meta-analysis results provided evidence sup-
porting 14-3-3 n protein as an auxiliary diagnostic serum marker
in RA patients. A previous meta-analysis found that the pooled
sensitivity of ACPA and RF were 67% and 70%, respectively, and
that pooled specificity of ACPA and RF were 96% and 86%, re-
spectively.3® However, in this meta-analysis, the pooled sensitiv-
ity of serum 14-3-3 n protein was 73%, which is much higher than
RF (70%) and ACPA (67%), and the pooled specificity of serum
14-3-3 n protein was 88% that is higher than RF (86%) but is
moderately lower than ACPA (96%). Although laboratory tests for
the RA-related autoantibodies ACPA is abnormal (seropositive)
in many patients with RA, the value is normal (seronegative) in
about one-third of patients with RA.% Seronegativity in cases of
both early and established RA remains an important limitation of
ACPA, emphasizing the need for new complementary markers to
enhance diagnostic sensitivity. One of the advantages of 14-3-3n

protein as an RA marker is that it can improve identification rates
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of seronegative RA (SNRA). Salman et al found that 40 (88%) of
their 45 patients who were seronegative for RF and ACPA were
14-3-3n-positive and suggested that 14-3-3n protein is a valu-
able and promising marker in patients with SNRA.?* Another of
the advantages of 14-3-3 n protein as an RA marker is that add-
ing 14-3-3 1 to RF or ACPA or the combination of all 3 markers
would increase the diagnostic rate. Guan et al found that adding
14-3-3 n to RF and ACPA testing increased diagnostic sensitivity
for early RA patients.?® The results indicated that adding 14-3-3
n to ACPA and/or RF could discriminate more than 96% of pa-
tients with RA. The positive rate of at least 1 of the 3 markers
was even up to 99%, with a specificity of about 70%. The utility
of serum 14-3-3 ) protein apparently elevating the detection rate
for RA was consistent with the previous research results.!>1¢18
Therefore, 14-3-3 n protein may contribute to the diagnosis of
RA when combined with other antibodies detection and clinical
manifestations. Our data also showed that the pooled LR + of 14-
3-3 n protein was 5.98, which implied that the positive rate of
14-3-3 n protein in RA patients was 5.98 times than in non-RA
patients, and the LR- (0.28) was not low enough to exclude RA if
14-3-3 n protein test was negative. DOR, which ranges from O to
infinity, reflects the links between the results of diagnostic tests
and diseases; a higher value suggests that the diagnostic test has
a stronger discriminatory ability between patients and healthy
people. The study found that the pooled DOR was 23.48, and
this result indicated 14-3-3 n protein was helpful in the diagno-
sis of RA. To demonstrate excellent accuracy, the value of AUC
should be more than 0.97, and AUC of 0.75-0.92 is considered to
be good,38 whereas, AUC value was 0.9245 in this study which
implied that 14-3-3 n protein had moderate diagnostic accuracy.

There was high heterogeneity among this meta-analysis. Thus,
we tried to analyze the source for heterogeneity. First, the definition
of a positive or negative 14-3-3 ) protein was defined with different
cut-off values; however, threshold effect was not found by Meta-
Disc 1.4. Second, we carried out the subgroup analysis based on gen-
der ratio, mean age, ethnicity, case of RA patients, control groups,
and study design (Table S1). We found that ethnicity and control
groups may be major sources of heterogeneity. Additionally, some
studies reported that the positive rate of 14-3-3 n protein in early
RA (shorter than 1 year) was lower than that of the established RA
(more than 1 year).!>'%1831 The studies in the meta-analysis enrolled
the RA patients with different disease durations, which may lead to
heterogeneity as well. However, the information available in the in-
cluded studies is too small to be analyzed, therefore, further studies
are needed to expound the hypothesis.

This meta-analysis has several limitations. First, some articles
may have been missed which were not published in the databases
we searched. Second, the current studies were mostly case-con-
trol designs and most of the participants were clearly diagnosed.
Therefore, well-designed prospective studies with larger sample
sizes are needed to confirm the diagnostic value of the 14-3-3
protein for RA. Third, all patients enrolled in the trials are definite

RA, with no difficult-to-diagnose patients included, which may

lead to higher diagnostic evaluation. Fourth, a large heterogene-
ity in this meta-analysis existed, so the random effects model and
subgroup analysis were adopted to control the size of heteroge-
neity. In addition, the overall sample size of some studies was rel-
atively small.

Nevertheless, this article is the first meta-analysis describing the
overall diagnostic value of 14-3-3 1 protein in RA patients. Compared
with the included individual studies, the major strength of this pres-
ent study is more accurate results by synthesizing results from current
published studies to evaluate the diagnostic value of 14-3-3 n protein
in RA patients. Considering the shortcomings of this literature, rele-

vant prospective experiments still need to be carried out.

5 | CONCLUSION

From the results above, we confirmed that 14-3-3 n protein can be

used as a complementary biomarker in the diagnosis of RA.
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