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[Abstract] Objective To analyze the classification characteristics of rheumatoid arthritis (RA) -related antibodies and to
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investigate the factors influencing the development of RA-related interstitial pulmonary diseases (RA-ILD) in RA patients using latent
class analysis (LCA). Methods A retrospective analysis of 712 RA patients treated at the Department of Rheumatology and
Immunology of the Second Hospital of Shanxi Medical University from December 2019 to October 2022 was conducted. According
to whether patients had RA-ILD or not, they were divided into simple RA group (n=523) and RA-ILD group (n=189). Then, the
differences in general data, clinical features, medication use and laboratory indicators were compared between the two groups. Based
on the differences in RA-related antibody indicators, 712 patients were divided into 3 latent categories using LCA: high-risk group
(n=364), medium-risk group (n=205), and low-risk group (n=143).One-way analysis of variance was employed to compare clinical
characteristics of the 3 groups, and the prevalence of RA-ILD was calculated. Multivariate logistic regression analysis was utilized to
identify independent affect factors of RA-ILD. Results  Significant differences in gender, age, and smoking history were observed
between simple RA group and RA-ILD group (P<0.05). The high, medium and low risk groups exhibited significant differences in
gender, age, prednisone (PRED) and methotrexate (MTX) medication history, Red blood cell count (RBC), interleukin-2 (IL-2), IL-4,
IL-10, IL-17, TNF-q, interferon-y (INF-7y), serum globulins, and white blood albumins (P<0.05). The high-risk group had a higher
proportion of males, RBC, IL-2, IL-4, IL-10, IL-17, TNF- i, INF-y, and serum globulin levels, and a lower proportion of MTX
medication compared with medium- and low-risk groups (P<0.0S or P<0.01). The medium-risk group had a higher proportion of
MTX administration than that in high- and low-risk groups (P<0.05 or P<0.01). The low-risk group had a higher proportion of
females and older age than those in other two groups (P<0.05 or P<0.01). The prevalence of RA-ILD was 30.5%, 23.9% and 20.3% in
the three groups, respectively. Multivariate logistic regression analysis indicated that male (OR=2.920, 95%CI 1.722-4.952), age (OR=1.055,
95%CI 1.035-1.074), IL-17 (OR=1.013, 95%CI 1.003-1.023), TNF-a (OR=1.050, 95%CI 1.017-1.083), INF-y (OR=0.962, 95%CI
0.932-0.993), Serum albumin (OR=0.919, 95%CI 0.869-0.971) and high risk antibody indicators (OR=1.725, 95%CI 1.084-2.745)
were independent predictors for RA-ILD. Conclusions RA patients exhibit distinct categories of antibody indicators, with a higher
prevalence in high-risk patients with RA-ILD. RA-ILD is more likely to occur in male, elderly patients with abnormal liver function
and high-risk antibody indictors. More attention should be paid to these patients and individualized interventions should be
developed and implemented in a timely manner to improve the quality of patient survival.
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Tab.1 Autoantibody indicator assignment table

EEEEIRIN Tt

RE-IgA 0~18 U/ml=0, >18 U/ml=1
RF-IgG 0~18 U/ml=0, >18 U/ml=1
RF-IgM 0~18 U/ml=0, >18 U/ml=1
APF <1:20=0, >1:20=1
AKA <1:10=0, >1:10=1
ANA <1:80=0, >1:80=1
ccp <20 U/ml=0,>20 U/ml=1
AFA Z ik <20 U/ml=0, >20 U/ml=1
T RA33 <25 U/ml=0,>25 U/ml=1

RE. ZE KU T 5 APF. HUR I B T 5 AKA. BT A & AR 5
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L. RBC. HG. PLT. IL-6. IMVEERE 1. RE-  ZRHLGITEE L (P>0.05)(£2).
IgA, RE-IgG, RE-IgM, ANA, CCP, FiRA33Z K 2.2 T HSPIAIERI LCAMT  ARBFFRET

F2 DI RABHE RYFELRAE LA

Tab.2 Comparison of baseline characteristics between two groups of patients with RA

TiH B ali RAH (n=523) RA-ILD 4 (n=189) /2 P
— TR
5 48.077 <0.001
B [#(%)] 117(22.4) 93(49.2)
Z[11(%)] 406(77.6) 96(50.8)
AR (B, xts) 53.1+12.6 60.7+10.7 —7.959 <0.001
BMI(kg/m’, x+s) 23.8+11.3 23.4+3.7 0.521 0.602
(AT, M(Q, Q,) 4.0(1.0,10.0) 5.0(1.0,12.0) -1.226 0.221
W2 A s (451 (%) ] 92(17.6) 72(38.1) 32.924 <0.001
R 5 (51 (%) ] 51(9.75) 36(19.0) 11.185 <0.001
R I S [ 451 (%) ] 126(24.1) 46(24.3) 0.005 0.946
W PR 5 (451 (%) ] 43(8.2) 19(10.1) 0.586 0.444
It RAFALE:
SRR [E] (min, X+s) 59.2+46.2 60.8+58.6 -0.404 0.686
Il S S (@WED)! 14.849.6 16.349.9 -1.726 0.085
YIRS, %) 16.849.2 18.7£9.0 -2.572 0.010
FHZ5 L[ 1)(%)]
PRED 383(73.2) 152(80.4) 3.844 0.050
MTX 130(24.9) 36(19.0) 2.620 0.106
LEF 171(32.7) 70(37.0) 1.168 0.280
N5
RBC[x10"*/L, M(Q,, Q,)] 4.2(3.8,4.5) 4.2(3.8,4.5) -0.147 0.883
HG[g/L, M(Q, Q,)] 122.0(110.0, 133.0) 123.0(110.0, 134.0) —0.848 0.397
PLT[x10°/L, M(Q, Q,)] 281.0(226.0, 340.0) 292.0(222.5,352.0) -1.204 0.229
WBC[x10°/L, M(Q,, Q,)] 6.4(5.2,7.8) 7.2(5.7,8.7) -3.919 <0.001
RMEPRED
ESR[mm/h, M(Q,, Q,)] 42.0(20.0,74.0) 52.0(24.5, 84.5) —2.642 0.008
CRP[mg/L, M(Q, Q,)] 15.3(4.2,40.9) 19.4(5.5,52.0) 2292 0.022
AL A [pg/ml, M(Q,, Q)]
IL-2 3.1(2.0,4.6) 3.7(2.3,5.9) -3.248 0.001
IL-4 3.2(2.0,5.1) 3.5(2.2,7.4) —2.440 0.015
IL-6 16.1(7.4,41.6) 16.9(7.8,48.9) —0.588 0.557
IL-10 5.0(3.5,7.1) 6.0(4.2,9.4) -3.539 <0.001
IL-17 9.4(4.6,17.9) 13.0(6.1,25.4) —3.442 0.001
TNF-a 4.6(2.7,8.9) 8.1(3.0, 15.0) -3.916 <0.001
INF-y 4.2(2.7,6.6) 4.9(3.3,9.6) -3.355 0.001
JHThhe
ML S [g/L, M(Q, Q)] 68.1(64.2,73.0) 66.3(61.6,71.0) -3.539 <0.001
MIEEREE F [g/1, M(Q, Q)] 32.2(28.1,35.9) 32.1(29.0, 36.8) -0.582 0.561
I3 F & (xts, g/L) 36.1+4.4 34.0+4.4 5.692 <0.001
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(8 %)
WiH Al RAH (n=523) RA-ILD # (n=189) /2 P
F SB[ (%)]
RE-IgA 73(14.0) 19(10.1) 1.882 0.170
RE-IgG 160(30.6) 54(28.6) 0.270 0.603
RE-IgM 31(5.9) 7(3.7) 1.359 0.244
APF 289(55.3) 125(66.1) 6.752 0.009
AKA 299(57.2) 124(65.6) 4.099 0.043
ANA 262(50.1) 95(50.3) 0.002 0.968
ccp 435(83.2) 166(87.8) 2.288 0.130
AFA G 387(74.0) 158(83.6) 7.129 0.008
HLRA33 55(10.5) 21(11.1) 0.052 0.820

RA. ERIBRETT 45 RA-ILD. XGRS TT JAHSC A TR PEAZ G ; BML /A H 5% ; PRED. BRI JEHy; MTX. HI & MENS s LEF. Je UK Es;
RBC. ZI4IHIi140; HB. MLT&E A ; PLT. /M4 ; WBC. HATMETTEL; ESR ZTANAEUIAS,; CRP.C RN EM; IL. (H4IMN2; TNEF-a.
PR RAE I F-o; INF-y. y THEE s REZERUBHF; APE HUZJHHE T ARA FiAEAPUA; ANA JUZHUA; ccp. M/REAMRZIK; AFA

PRI IR 24 {=EIREN

OIS PR IS T LCA ST, X RA B AT 402,
AT T 7 AN E, Hod Class 1 R4k
s 9O M HEARBEIE G XS G240 1 41, TRI B Class 2-7 Fom
WP FERT Z2 47 R 2~7 2H . LCAFREHI B Class 1 %) Class 7
B LA G B Ps in 26 3 fros o W3 MR AR 56 48 A
LMRT, BLRT<0.05f, ZrRAURMLTFHT—200, &

BEHERE Class 1. Class S, Class 6, Class 7; U5 54K
AIC, BIC. aBIC#flk, #l&RCRMLF, HILHUE
Class 3. Class 4; 183 Entropy . oF 358 B B P A A
Entropy (B 8 K R IAHY 3 S HERA B2 B &, Class 31
Entropy {H 4 0.825. £5G 7% &, 4 Class 3/ Ry fEAL
AL, Rl 9 N HUATE AR RIS G200 32

R3 ARSI AN RS

Tab.3 Evaluation indicators for each latent class model

FEEFY AIC BIC aBIC Entropy LMRT BLRT IR

Class 1 6525.70 6566.81 6538.23 - - = -

Class 2 5554.64 5641.43 5581.10 0.880 <0.001 <0.001 0.62/0.38

Class 3 5461.44 5593.92 5501.83 0.825 <0.001 <0.001 0.51/0.29/0.20

Class 4 5439.05 5617.20 5493.37 0.791 0.0415 <0.001 0.29/0.20/0.44/0.07

Class § 5430.17 5654.00 5498.41 0.820 0.1277 <0.001 0.18/0.02/0.07/0.29/0.44

Class 6 5440.51 5710.03 5522.69 0.818 0.1434 1.0000 0.44/0.03/0.03/0.14/0.07/0.29
Class 7 5443.62 5758.82 5539.73 0.836 0.3789 1.0000 0.17/013/0.02/0.08/0.04/0.49/0.07

“=7 IRIETRICINEY 5 AIC. Akaike {55 L HEN]; BIC. Bayesian {55 S N ; aBIC. 1A BIC; LMRT. Lo-Mendell-Rubin £ ; BLRT. H Bl

SRLEAS S

2.3 WEIEZNMA 4 341 RF-IgG. RF-IgA. RF-
IgM. APF. AKA. ANA. $i CCP. AFA K% . ¥
RA33 X I AR R A A e 1. 2H 1 5 B Y 51%,
APF, AKA. ANA. #i CCP. AFA F A &4 1 4%
PR3 >69%, TIA N iZ 41 /& APF, AKA, ANA,
L CCP. AFA KT bR BHME AT 25, HARKRSE b5
PS5 AR Bt o3 T ICAb AL ), e 4 1 a4
PriRTE bR fEdl; 413 HERg 20%, 9 MPUIATERR
PR I 25 AR 1 <0.26, BCRFAL 3 i 44 MBIk b
R 42 5 AR 29%, i 44 PR FE bR
e

2.4 3UAIAIEELARELLEL BRI 2200 R,

SAHAEPER . A . ffTFH PRED U ELAA] . i F MTX
F L) . RBC, IL-2, IL-4, IL-10, IL-17, TNF-a,
INF-y. IMUEERE A 075 HE A T H2E R A
X (P<0.05). Hor, HilRSEbr m i d i 5 vk b ke
RBC. IL-2, IL-4, IL-10, IL-17., TNF-a, INE-y. Ifl
THERE KSR m Thuksbat . IMad, MTX
2R ThuiRfetnhfadl, ZRMA%RI¥E
X (P<0.05 3% P<0.01); HLIRFE AR G4 MTX H12Y
Ll THURsEbr m e XA, ZRA S+
B (P<0.05 3% P<0.01) 5 PUIARFE AR K & 4L 1) £ 1 4
W ER S THMMWA, Z25A%1H%E X
(P<0.05 85 P<0.01)(F 4).
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Fig. 1  Conditional probabilities for three sets of antibody

indicator distributions in rheumatoid arthritic patients
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Tab.4 Comparison of baseline data between the three groups of rheumatoid arthritis patients

TiH PUATEAMIREH (n=143)  PURTE R G4 (n=205)  BUATEIR S fEH (n=364)  {/F/Z P
i
P (451 (%) ] 8.121 0.017
5 32(22.4) 54(26.3) 124(34.1)V
5’ 111(77.6) 151(73.7) 240(65.9)"
AR (B, %ts) 55.9+13.5 53.2+13.61 55.8+11.4? 3219 0.041
BMI(kg/m? X+s) 23.643.3 23.244.0 24.0+13.4 0.423 0.655
YR (4F, xts) 7.548.7 7.4+8.1 7.849.1 0.117 0.890
U EEARZICO) 28(19.6) 43(21.0) 93(25.5) 2.751 0.253
R 2 (451 (%) ] 16(11.2) 24(11.7) 47(12.9) 0.355 0.838
1o I 5 (4511 (96) ] 43(30.1) 47(22.9) 82(22.5) 3.426 0.180
TEIRI 5 [ (%) ] 14(9.8) 18(8.8) 30(8.2) 0.312 0.856
It RAFALE:
JRABITE] (43, Xs) 61.1£53.5 58.2+44.2 59.9+45.5 0.175 0.840
Ji K SGT E (A, wts) 15.2+10.1 14.949.5 15.449.8 0.149 0.861
PIH T EN(A, xts) 17.2+9.4 16.6£9.3 17.7+9.0 0.836 0.434
2
PRED[11](%)] 115(80.4) 141(68.8)" 279(76.6) 7.016 0.030
MTX[1](%)] 37(25.9) 60(29.3) 69(19.0)? 8.456 0.015
LEE[f41](%)] 40(28.0) 68(33.2) 133(36.5) 3.424 0.181
N5 AR
RBC[x10"/L, M(Q,, Q,)] 4.1(3.8,4.4) 4.1(3.8,4.5) 4.3(3.9,4.6)" 8.444 0.015

HG[g/L, M(Q, Q,)] 122.0(108.0, 132.0) 120.0(107.5, 132.0) 123.0(111.0, 134.0) 3.849 0.146
PLT[x10°/L, M(Q,, Q,)] 290.0(220.0, 360.0) 274.0(230.0, 356.0) 284.0(222.3, 332.0) 0.501 0.778
WBC[x10°/L, M(Q, Q,)] 6.5(5.4,8.3) 6.2(5.1,8.1) 6.6(5.4,8.1) 1.932 0.381
RMEbREY)
ESR[mm/H, M(Q,, Q,)] 36.0(15.0,75.0) 43.0(21.0,75.0) 50.0(24.0,80.0) 5.383 0.068
CRP[mg/L, M(Q,, Q,)] 16.2(4.1,53.8) 16.1(3.9,36.3) 16.6(4.6, 44.4) 1.554 0.460
gl oS
IL-2[pg/ml, M(Q,, Q,)] 2.4(1.5,3.9) 32(2.1,4.5)" 3.6(2.3,5.8)V@ 37.819 <0.001
IL-4[pg/ml, M(Q, Q,)] 2.5(1.8,3.5) 3.5(2.1,5.4)V 3.7(2.3,7.1)" 33.205 <0.001
IL-6[pg/ml, M(Q,, Q,)] 14.5(5.6,42.3) 16.0(8.1,44.3) 17.8(7.9, 44.4) 1.544 0.462
IL-10[pg/ml, M(Q,, Q,)] 4.5(32,6.5) 5.0(3.5,7.3) 5.6(4.0,8.7)" 16.969 <0.001
IL-17[pg/ml, M(Q,, Q,)] 7.2(4.2,12.6) 9.2(3.3,19.1) 12.2(6.3,24.0) V@ 35.567 <0.001
TNF-a[pg/ml, M(Q, Q,)] 3.1(1.9,5.2) 4.9(2.8,9.4)V 6.9(3.4,12.3)W® 52.461 <0.001
INF-y[pg/ml, M(Q,, Q,)] 3.7(2.5,5.6) 4.4(2.8,6.7)Y 4.6(3.1,82)" 19.533 <0.001
Rl
M S H [g/L M(Q, Q)] 67.4(63.6,71.6) 67.7(64.0,71.7) 67.6(63.8,73.2) 0.160 0.923
MIEERFE 1 [g/L, M(Q,, Q,)] 31.7(27.5,35.0) 31.9(27.9,35.5) 32.5(28.9,36.8)"V 6.893 0.032
L3 12 1 (g/L, %£s) 36.3+4.07 35.7+4.6 35.2+4.50 3.505 0.031

BML A& 54k ; PRED. BERIKJEHS; MTX. FH 2BV ; LEF RHOKFR; RBC. ZLZ0MIiT4L; HB. ML ; PLT. Ii/IMRIT4; wBC. A
YA H4; ESR.ZLAUMIVIRESE; CRP. CJW B[ IL. A4/ 2 ; TNF-o. JIEIRFE A F-o; INF-y.y TR E ., SHUAEPRMEGH L,
(1)P<0.05; Siikdatrrhfadilbis, (2)P<0.05

U ) RITRZITARIE A 35T RA-ILD fE RS MR, SR F BT TE TR RA B HEAT 20 280)
R ARG TAHEYAREYIL-17, TNF-a.  THRFERAILD k4 BA HE WIS E L, HHEHT
INF-y. [ FHE 145 RAILD (& A A G . [RI, AR R BB bR b IG5 RA-ILD A 5CHK, I
ABFFER LI, PO R ETIE A RAILD RS, W R 28— R E .
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Tab.5 Prevalence rate of RA-ILD in low, medium and high risk

groups
weiar  ——tPBD o e
Kk kE
iR it A el 114 29 143 20.3
BRIt A Ryl 156 49 205 23.9
Buikss b fadl 253 111 364 30.50@
At 523 189 712 26.5

RA-ILD. & WU &7 R A DGR S Ml s S PUIRE ARk e
AL, (1)P<0.05; Shiikfstrhfaditbis, (2)P<0.05
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Tab.6 Results of multivariate logistic regression analysis

ARt B SE  Wald OR(95%CI) P

ok 1072 0269 15812 2.920(1.722~4.952) <0.001
AR 0.053 0.009 31.748 1.055(1.035~1.074) <0.001
IL-17 0.013 0.005 6.038 1.013(1.003~1.023) 0.014
TNF-a 0.048 0016 9.181 1.050(1.017~1.083)  0.002
INF-y -0.039 0016 5742 0.962(0.932~0.993) 0.017
MAEEEE -0.085 0028  9.051 0.919(0.869~0.971)  0.003
PUAIEIRETE  0.545 0237 5284 1.725(1.084~2.745)  0.022

IL. F4HMIA R 5 TNF-o R IAFERE F-o; INFoy. y THEER

ARFFEAFAELL T A o SR B J2: [l Bk AfF 52
B, AR T B0 RA BB E IR RS, AR
FRIE S — S AR A, IF RIS S 1 A
Febr o ARATUEATZ O BREIARST , TRl 38 i AN
E, DRSS AR RA B F 1 HEE T,

2 b, AT ALCABY:, Wi RA H BhUiA
e AR TR Ts b . L IRfedl, 3ditE—
B OL . G IREFE . S250 2 H5 PR M RA-ILD U5 R 5
AR 22 55 1E— 203 H7 RA-ILD (7 57 5% i) 51
R, XFOESERA B EIFA ILD RS G
B2, XU RAILD WY fa R B HEL R X,
A7 B AR FE BRI R S A X AS [R] A HR s AR
T PRI A B AR R
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