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Rheumatoid arthritis refers to acute and chronic arthritis due to unexplained autoantibody attack. Rheumatoid arthritis
should be accompanied by difficulty in mobility and severe distress due to the progression of systemic arthritis. Therefore,
this study early diagnoses the effects of Rheumatoid factor (RF), C-reactive protein (CRP), and Anti-cyclic citrullinated
peptide (Anti-CCP), which are typical serum markers for rheumatoid arthritis by meta-analysis. Pubmed and EMBASE,
were used as PICO criteria, and two independent researchers selected papers according to the criteria set in this study.
The selection criteria was a study of patients with rheumatoid arthritis who developed early onset, and the paper was
evaluated using the NCS. Forest plot and Funnel plot graphs for each serum marker were calculated using Revman 5.4.
After finding 193 papers on Pubmed and 184 papers on EMBASE and selecting according to the criteria, a total of 41
papers were used for the analysis. The magnitude of the effect that appears in the Forest plot of RF with the Mean differnce
value is 134.34, CRP is 21.42 and Anti-CCP is 270.41. The magnitude of the effect of Anti-CCP in meta-analysis was
analyzed to be larger than that of RF and CRP, and it is considered that the development of early-diagnosis serum markers
using Anti-CCP and additional retrospective studies are highly effective. The combination of RF, CRP, and Anti-CCP as
a panel marker is expected to be very efficient.

Key Words: Arthritis, Rheumatoid; Rheumatoid factor; C-reactive protein; Anti-CCP

43} 3}ojoF Fl(Lee and Lee, 2020).
A 2 Tl B9 Addel AREEE gl 4 viA
o] ZH+ RE CRP, Anti-CCP°]THMun et al., 2021). RF:=

Frlels wage 99 BEwe) AP FA0E  Friels WG B4 AR Rz va S7hEv,
A FY P Wy AL ool wAe] G o] ThRR FriEls WAY AT ETOD BE AE
$4 ofel g B35 Surow Qs o) do] AstErt  HrkShen ot al, 2015). 1}, Frbels WA B4

(Mun et al., 2018). 5=k #4d d59] o=z Al 4l oldol| %= RF7} F7bele= 9% QUTHNell et al,, 2005).
! o] F4Ig Fo] R weks,  CRPE AR @502 ARS%7] HUl= CRP level at¥}
x| mrH o] EAsA] ghol 7]E} THA G At A3E 233 Disease Activity Score 28-CRP

o
e 2 #AYE 5 23 189S H (DAS28-CRP) 7|50 AM&-ETHAletaha et al,, 2010). L&

Received: November 16, 2021 / Revised: December 12, 2021 / Accepted: December 13,2021

*Professor, **Researcher fellow.

-}-Corresponding author: Hee-Gyoo Kang. Department of Biomedical Laboratory Science, College of Health Sciences, Eulji University, Seongnam 13135,
Korea.
Tel: +82-31-740-7303, Fax: +82-31-740-7303, e-mail: kanghg@eulji.ac.kr

(©The Korean Society for Biomedical Laboratory Sciences. All rights reserved.

©@This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

- 298 -



Table 1. Quality assessment by NOS (New castle-Ottawa Score) for included studies

Selection Comparability Exposure
Isthecase  Represen- Comparability of cases Same method Non-
Study e P Selection  Definition and controls on the Ascertainment  of ascertainment
definition  tativeness of . . Response
of controls of controls basis of the design of exposure for case and
adequate the cases . rate
or analysis controls
Ahlin 2015 * * * ok * *
Aiman 2020 * * ok * *
Anaparti 2019 * * * ok * *
Shazly 2014 * * * * * *
El-Banna 2014 * * * ok * *
Guo 2015 * * ok * *
Hasemi 2018 * * * ok * *
Henandez 2017 * * * *x * *
Iranshahi 2019 * * * *k * *
Janssen 2015 * * * *k * *
Konda 2017 * * * ok * *
Liao 2011 * * * * *
Meyer 2018 * * * *x * *
NaSS 20 1 7 * * * * Kk * *
Okada 2011 * * * ok * *
Reyes-perez * * * * ok * *
2019
Shakiba 2014 * * * ok * * *
Wei 2020 * * * Kk * *
Zeng 2020 * * * ek * *
Abdul makoud % % % o " "
2017
Anapanl 202 1 * * * * Kk * *
Aslanalp 2020 * * * *x * *
Cao 20 1 9 * * * Kk * *
Giles 2015 * * ok * *
Guan 2019 * * * ok * *
HADINEDOUSHAN . . . - . .
2016
Hussein 2021 * * * ok * *
Mohan 2017 * * * ok * *
Lazm 2018 * ok * *
Ll 20 1 9 * * * Kk * *
Maksymowych * * * ok * *
2014
Mohamed 2019 * * * ok * *
Narayan 2019 * * * *k * *
OZkan 201 2 * * * ek * kk
Ramwadhdoebe N " " s N "
2019
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Table 1. Quality assessment by NOS (New castle-Ottawa Score) for included studies (Continued)

Selection Comparability Exposure
Isthecase  Represen- Comparability of cases Same method Non-
Study .. P Selection  Definition and controls on the Ascertainment  of ascertainment
definition  tativeness of . . Response
of controls of controls basis of the design of exposure for case and
adequate the cases . rate
or analysis controls
Rykova 2017 * * * *k * *
Shen 2014 * * * ok * *
Shrivastava 2015 * * * *k * *
Tuncer 2019 * * * *k * *
Yan 2019 * * ok * *
Yang 2015 * * * wx * *
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Table 2. Characteristics of study data included in the meta-analysis

Control  RA™ Anti-CCP" RF" CRP™
Stud, Sample Test o
Y P ™  ® (SD") (SD) (SD)
Ahlin 2015 ; Con™: 51 U/mL Con: 20 TU/mL
(Ahlin etal., 2015) Serum  ELISA 93 19 RA: 1265 UmL RA: 239 IU/mL
Aiman 2020 Con: 2.64 (0.49) IU/mL Con: 25.36 (3.12) IU/mL
(Aiman et al., 2020) Serum  ELISA 78 135 RA:31.34(5.63) UL RA: 116.79 (16.23) IU/mL
Anaparti 2019 Serum  ELISA . s Con:426(86.72) UmL Con: 61.5(221.16) IU/mL  FDR: 4.8 (4.51) mg/L
(Anaparti etal, 2019) > RA: 169.1 (109) U/mL RA: 563.6 (806) IU/mL RA: 10.82 (15.2) mg/L
Shazly 2014 Con: 1.72 (1.104) U/mL
(El Shazly etal, 2014)  Scrum  ELISA 30 0 RA:252.63 (284.51) UmL
El-Banna 2014 Con: 4.41 (1.20) IU/mL Con: 13.5 (21) IU/mL
(El-Banna and Serum  ELISA 90 120 RA:62.54(2122)IU/mL  RA: 149.34 (64.30) IU/mL
Jiman-Fatani, 2014)
Guo 2015 Con: 4 (2) U/mL Con: 15 (10) IU/mL
(Guo et al,, 2015) Serum  ELISA 10 2 RA:200(15) UmL RA: 135 (10) [U/mL
Hasemi 2018 Con: 1.82 (0.97) U/mL
(Hashemi etal, 2018)  Sorum  ELISA-— 240 240 05 05 (19.44) UL
Hernandez 2017
. Con: 1.52 U/mL Con: 14 Ul/mL
(Hernandez-Bello Serum ELISA 240 240 RA: 57.5 U/ RA: 129 Ul/mL
etal., 2017)
Iranshahi 2019
. Con: 5.074 (24.53) U/mL Con: 0 UI/mL
%ﬁgs)hah‘ ctal, Serum  ELISA 4 4T RA:82687(85641)UmL  RA: 1 UmL
Janssen 2015 Con: 2 U/mL Con: 2 IU/mL Con: 0.4 mg/L
(Janssenctal, 2015) ~ Soum  ELISA 36 8 RA: 1,000 UmL RA: 500 IU/mL RA: 1.9 mg/L
Konda 2017
Con: 2.83 (5.58) U/mL Con: 25.98 (40.67) U/mL
(Konda Mohan Serum  ELISA 200 200 p A 682(100.85) UmL  RA:205.66 (234.11) UmL
etal., 2017)
Liao 2011 Con: 12.7 (2.7) U/mL
(Liao et al., 2011) Serum  ELISA 2 % RA:2185 (4533.9) UmL
Meyer 2018 Con: 6 U/mL
(Meyer et al,, 2018) Serum  ELISA 2 7> RA:494 UmL
Nass 2017 Con: 10 U/mL Con: 5 U/mL
(Nass etal,, 2017) Serum  ELISA 2 2100 RA: 160 UmL RA: 10 U/mL
Okada 2011 Con: 0.6 U/mL
(Okada ot al, 2011) Serum  ELISA 38 80 R A 250 UL RA: 148.6 (29.4) IU/mL
Reyes-perez 2019
A Con: 0.4 U/mL Con: 5.7 U/mL
(2RO%§S—Perez etal., Serum  ELISA 80 20 RA: 1491 U/mL RA:90.2 U/mL
Shakiba 2014 Con: 18.5 U/mL
(Shakibactal,2014) ~ Serum  ELISA 399 418 RA: 68.9 U/mL
Wei 2020 Con: 16.2 (10.9) IU/mL Con: 4.9 (3.8) mg/L
(Wei et al., 2020) Serum  ELISA + 4 RA:580.2(950.2) [U/mL  RA:57.5(61.2) mg/L
Zeng 2020 Con: 17.78 U/mL Con: 13.63 U/mL
(Zeng et al., 2020) Serum  ELISA 77 3 RA: 10453 UmL RA:91.51 U/mL
Abdul maksoud 2017
Con: 10 U/mL Con: 23 IU/mL Con: 10 mg/L
(Abdul-Maksoud Serum  ELISA 100 100 RA: 120 U/mL RA: 150 IU/mL RA: 34 mg/L
etal., 2017)
Anaparti 2021 Serum  ELISA 64 50 Con: 63.52 (94.79) U/mL Con: 58.83 (240.8) IU/mL Con: 6.23 (7.28) mg/L

(Anaparti et al., 2021)

RA: 222.4 (107.6) U/mL

RA: 472.6 (770.2) IU/mL

RA: 1328 (16.4) mg/L

-301 -



Table 2. Characteristics of study data included in the meta-analysis (Continued)

Control  RA™ Anti-CCP" RF" CRP™
Stud Sample Test p
Y P ™ M (SD") (SD) (SD)
Aslanalp 2020 Con: 20.0 (0) U/mL Con: 9.0 (0) IU/mL Con: 2.2 (0.5) mg/L
(Aslanalp etal,, 2020)  Scum  ELISA 20 40 RA:2498(2088)UMmL  RA:1362(2039)[UmL  RA:7.6 (6.7) mg/L
Cao 2019 Con: 10.4 IU/mL Con: 3.1 mg/L
(Cao etal., 2019) Serum  ELISA 30 30 RA: 92.6 IU/mL RA: 2043 mg/L
Giles 2015 Con: 2.3 mg/L
(Giles et al., 2015) Serum  ELISA 198 195 RA:2.5mg/L
Guan 2019 Con: 3.0 U/mL Con: 20.0 IU/mL
(Guan et al.,, 2019) Serum  ELISA 40 % RA:3957UmL RA: 140.5 IU/mL
2016 I(I;IIE? ogs h S ELISA 90 90 Con: 9.1 (2.33) IU/mL
admedoushan - serum RA: 15.42 (8.69) TU/mL
etal,, 2016)
Hussein 2021 Con: 10 (4.4) U/mL Con: 6 (1.4) IU/mL
(Hussein ctal,2021) ~ orum  ELISA 0 0 RA:18725(16598) UAmL  RA: 150.63 (128.61) IU/mL
Kahn 2012 Con: 4 mg/L
(Khan et al., 2012) Serum  ELISA 25 R RA: 63 mg/L
Mohan 2017
Con: 2.83 (5.58) U/mL Con: 25.98 (40.67) U/mL
(Konda Mohan Serum  ELISA 20002000 A 68.02(10085) UL RA:205.66 (234.11) UfmL
etal., 2017)
Lazm 2018 Con: 5.26 (0.42) TU/mL Con: 4.42 (0.23) mg/L
(Lazm et al., 2018) Serum  ELISA 50 30 RA: 65.75 (5.71) IU/mL RA: 32.29 (3.60) mg/L
Li2019 Con: 10 U/mL Con: 10 IU/mL Con: 14 mg/L
(Lietal,, 2019) Serum  ELISA 00163 pA 130 UmL RA: 420 IU/mL RA: 30 mg/L
Maksymowych 2014
Con: 5 IU/mL
(Maksymowych et al., Serum ELISA 189 99 RA: 53 TU/mL
2014)
Mohamed 2019 Con: 13.74 (11.88) IU/mL
(Mohamed ctal,, 2019) SeTum  ELISA 60 % RA: 59.07 (48.93) [U/mL
Narayan 2019 Con: 0.31 U/mL Con: 11.62 U/mL
(Narayan ctal, 2019) ~ Scrum  ELISA o8 152 RA:295.68 UmL RA: 30.82 U/mL
Ozkan 2012 Con: 1.0 IU/mL Con: 10.0 mg/L
(Ozkan et al., 2012) Serum  ELISA 20 32 RA: 101.0 IU/mL RA 60.0 mg/L
Ramwadhdoebe 2019 .
(Ramwadhdoebe Serum  ELISA 8 16 g:l f g;lgg/LL
ctal, 2019) e
Rykova 2017 Con: 6.8 U/mL Con: 2.6 mg/L
(Rykovactal,2017) ~ Scum  ELISA 63 " RA: 16.1 U/mL RA: 214 mg/L
Shen 2014 Con: 5.02 (3.11) mg/L
(Shen et al., 2014) Serum  ELISA 30 88 RA: 41.42 (32.83) mg/L
Shrivastava 2015
. Con: 1.18 (0.71) mg/L
(Shrivastava et al., Serum ELISA 55 110 RA: 8.58 (5.99) mg/L
2015)
Tuncer 2019 Con: 10.1 (2.9) IU/mL Con: 7.99 (3.4) IU/mL
(Tuncer et al., 2019) Serum - ELISA 2 3 RA4073(A113)IUmL  RA: 1172 (162.46) IU/mL
Yan 2019 Con: 14.6 (6.3) IU/mL Con: 5.0 (5.1) mg/L
(Yan et al., 2019) Serum  ELISA 60 76 RA: 161.5 (45.4) IU/mL RA: 412 (15.9) mg/L
Yang 2015 Con: 12 IU/mL Con: 0.87 mg/L
(Yang etal., 2015) Serum  ELISA 100152 RA: 104 IU/mL RA: 2541 mg/L

*Standard Deviation, “Control, ~*“Rheumatoid arthritis, "Enzyme Linked Immuno Sorbent Assay, 'Enti-Cyclic Citrullinated Peptide, **Rheumatoid factor,

MC-reactive protein
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Fig. 1. Flow diagram of study for the systematic review and meta-
analysis by PRISMA.
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Total (95% CI)

Mean Difference

Study or Subgroup 1V, Random, 95% CI

Mean Difference
IV, Random, 95% CI

127.00 [126.72, 127.28]
219.00 [218.51, 219.49]
91.43 (88.61, 94.25]
502.10 [285.30, 718.90]
413.77 [192.28, 635.26]
127.20 [64.01, 190.39]

Abdul maksoud 2017
Ahlin 2015

Aiman 2020

Anapart 2019
Anaparti 2021
Aslanalp 2020

Cao 2019 82.20[81.69, 82.71]
El-Banna 2014 135.84 [123.54, 148.14]
Guan 2019 120.50 [120.13, 120.87]
Guo 2015 120.00 [112.58, 127.42]

6.31[4.45, 8.17]
115.00 [114.82, 115.18]
144.63 [108.98, 180.28]

1.00 [0.58, 1.42]
498.00 [497.61, 498.39]

Hadinedoushan 2016
Henandez 2017
Hussein 2021
Iranshahi 2019
Janssen 2015

Konda 2017 179.68 [146.75, 212.61]
Lazm 2018 60.49 [58.90, 62.08]
Li 2019 410.00 [409.68, 410.32]

Maksymowych 2014
Mohamed 2019

48.00 [47.76, 48.24]
45.33[35.09, 55.57]

Mohan 2017 179.68 [146.75, 212.61]
Narayan 2019 19.20[18.91, 19.49]
Nass 2017 5.00[4.75, 5.25]
Ozkan 2012 100.00 [99.44, 100.56]

84.50 [84.01, 84.99]
9.30 [8.96, 9.64]

50.40 [50.26, 50.54]
109.21 [67.74, 150.68]

Reyes-perez 2019
Rykova 2017
Shakiba 2014
Tuncer 2019

Test for overall effect: Z = 6.47 (P < 0.00001)

Total (95% CI)

Test for overall effect:

Total (95% CI)

Wei 2020 564.00 [273.13, 854.87]
Yan 2019 146.90 [136.57, 157.23]
Yang 2015 92.00 [91.75, 92.25]
Zeng 2020 77.88(77.59, 78.17]
3335 2842 100.0% 134.34 [93.62, 175.05] *
Heterogeneity: Tau? = 13038.66; Chi’ = 10089872.72, df = 31 (P < 0.00001); > = 100% F 000 -s00 560 1000
Wean Difference Mean Difference
Study or Subaroup 1V, Random, 95% CI IV, Random, 95% CI
Abdul maksoud 2017 24.00 [23.72, 24.28]
Anapart 2019 6.02[1.91, 10.13]
Anaparti 2021 7.05[2.17, 11.93]
Aslanalp 2020 5.40 [3.31, 7.49]
Cao 2019 17.33[16.82, 17.84] i
Giles 2015 0.20 [0.00, 0.40]
Janssen 2015 1.50[1.11, 1.89]
Kahn 2012 59.00 [58.44, 59.56]
Lazm 2018 27.87 [26.87, 28.87] h
Li 2019 16.00 [15.68, 16.32] "
Ozkan 2012 50.00 [49.44, 50.56] -
Ramwadhdoebe 2019 3.90 [3.05, 4.75]
Rykova 2017 18.80[18.46, 19.14]
Shen 2014 36.40 [29.49, 43.31] .
Shrivastava 2015 7.40 [6.26, 8.54]
Wei 2020 52.60 [33.83, 71.37] .
Yan 2019 36.20 [32.40, 40.00] .
Yang 2015 24.54 [24.29, 24.79] )
1383 1051 100.0% 21.42[14.03, 28.82] F } ‘ 4 y
Heterogeneity: Tau? = 250.65; Chi? = 76456.01, df = 17 (P < 0.00001); I = 100% -1000 -500 0 500 1000
5.68 (P < 0.00001)
Mean Difference Mean Difference
Study or Subgroup IV, Random, 95% CI IV, Random, 95% CI
Abdul maksoud 2017 110.00 [109.72, 110.28] - .
Ahlin 2015 1214.00 [1213.51, 1214.49] »
Aiman 2020 28.70 [27.74, 29.66]
Anapart 2019 126.50 [92.00, 161.00] -
Anaparti 2021 158.88 [121.08, 196.68] =
Aslanalp 2020 229.80 [165.09, 294.51] J—
El-Banna 2014 58.13 [54.33, 61.93]
Guan 2019 392.70 [392.33, 393.07]
Guo 2015 196.00 [189.75, 202.25]
Hasemi 2018 70.23 [67.77, 72.69]
Henandez 2017 55.98 [55.80, 56.16]
Hussein 2021 177.25 [131.23, 223.27] —
Iranshahi 2019 77.61[52.03, 103.20] -
Janssen 2015 998.00 [997.61, 998.39]
Konda 2017 65.37 [51.37, 79.37] =
Li 2019 120.00 [119.68, 120.32]
Liao 2011 2172.30 [1260.59, 3084.01] »
Meyer 2018 488.00 [487.57, 488.43]
Mohan 2017 65.19 [51.19, 79.19] -
Narayan 2019 295.37 [295.08, 295.66]
Nass 2017 150.00 [149.75, 150.25]
Okada 2011 249.40 [249.01, 249.79]
Reyes-perez 2019 148.70 [148.21, 149.19]
Shazly 2014 250.91 [172.05, 329.77] —
Tuncer 2019 397.20 [292.25, 502.15] ——
Zeng 2020 86.75 [86.46, 87.04]
2717 2097 100.0%  270.41[154.51,386.31] .
Heterogeneity: Tau? = 88153.79; Chi? = 39032893.30, df = 25 (P < 0.00001); I = 100% -1000 -500 0 500 1000

Test for overall effect: Z = 4.57 (P < 0.00001)
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Fig. 2. Forest plot of RF. Mean dif-
ferences are indicated by filled squares.
The size of the squares indicates the
weight of study. The mean difference
and 95% CI is indicated by diamond.
The solid line indicates a range of 95%
CI. CI; Confidence interval.

Fig. 3. Forest plot of CRP. Mean dif-
ferences are indicated by filled squares.
The size of the squares indicates the
weight of study. The mean difference
and 95% CI is indicated by diamond.
The solid line indicates a range of 95%
CI. CI; Confidence interval.

Fig. 4. Forest plot of Anti-CCP. Mean
differences are indicated by filled squares.
The size of the squares indicates the
weight of study. The mean difference
and 95% CI is indicated by diamond.
The solid line indicates a range of 95%
CIL CI; Confidence interval.
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Fig. 5. Funnel plot. (A) RF, (B) CRP, (C) Anti-CCP (SE; standard
error, MD; mean difference).
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