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ABSTRACT Objective: To stratify systemic lupus erythematosus ( SLE) patients clinically, to analyze
the clinical characteristics of patients with and without disease activity, and to explore the application va-
lue of key clinical indicators in assessing disease activity, as well as to construct an evaluation model.
Methods ; A retrospective analysis was conducted on clinical data of the SLE patients diagnosed at Peking
University People’s Hospital from May 1995 to April 2014. Demographic information, clinical manifesta-
tions, laboratory tests, and antibody detection results were collected. The patients were divided into ac-
tive and inactive groups based on systemic lupus erythematosus disease activity index 2000 ( SLEDAI-
2000 ) scores. t-tests, Mann-Whitney U tests, and y” tests were used to compare the differences between
the groups. Spearman correlation analysis was used to evaluate the relevant clinical indicators associated
with SLE activity in the active disease group. Based on the results of statistical analysis, a Logistic re-
gression model was constructed, and the performance of the model was evaluated. Results; No significant
differences were found in demographic characteristics between the two groups. In the active disease
group, positive rates of antinuclear antibodies ( ANA) and anti-double-stranded DNA antibodies ( anti-
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dsDNA) were increased; white blood cell count ( WBC) , red blood cell count ( RBC), hemoglobin
(HGB) , lymphocytes (LY ), total protein (TP) , albumin ( ALB), and complement 3(C3) levels were
significantly decreased; while immunoglobulin A and G levels were markedly elevated. The correlation
analysis results showed that hemoglobin, albumin, C3, and complement 4 ( C4) had higher correlation
indices compared with other clinical indicators. Among these, C3 exhibited a certain negative correlation
with disease activity. The Logistic regression model based on 12 significantly different indicators ( P <
0.05) achieved an accuracy of 91.4% , sensitivity of 94.4% , specificity of 81.0% , and the area under
curve (AUC) of the receiver operating characteristic (ROC) was 0.944. Conclusion: This study com-
prehensively evaluated a range of clinical indicators related to SLE disease activity, providing a thorough
understanding of both laboratory and clinical markers. The Logistic regression model, which was primari-
ly constructed using laboratory test indicators, such as inflammatory markers, immune response parame-
ters, and organ involvement metrics, demonstrated a high degree of accuracy in assessing the disease ac-
tivity in SLE patients. Consequently, this model might provide a new basis for the diagnosis and treatment
of SLE patients, offering significant clinical diagnostic value.

KEY WORDS Systemic lupus erythematosus; Clinical stratification; Disease activity; Clinical indicators

RAETELIERIE ( systemic lupus erythematosus,
SLE ) s —Ffri& 11 F B S e PP , HARIE A LA
ERGHGE AR HLAMGE, S Z Y SRAEFA
U . SLE Il R B AL R IR B B
18 B2 92 G R 3™ 0 IO L0 B R X Bl 2 R
i 25 BB A S TR R B
VARG SLE [ BN , B 16 Bl BE VT3 1R
e A B v ) B T L, RS S e S 3 S WA 1Y
PR R A SR 2IT . W R MA R
15 SLE B9 16 3448 %% 2000 ( systemic lupus erythe-
matosus disease activity index 2000, SLEDAI-2000) el
L E IR KE TP 2H 45 20 ( British Isles lupus assessment
group index, BILAG) "> I 2 ¢ 1t 21 BE AR o [ B 45
VEIIf PR 71N 2H % 97 15 3038 24 ( systemic lupus interna-
tional collaborating clinics damage index, SLICC) Lol
S5 IXBEPE I RGEAE G T m AR IR R S B 2 A A
45

X SLE B 1 s 3oy, B AR AT DL
S M s 1 %, I AR Ak AN [R] 7 1% 2l B B s 25 4
TRYTT AR, I $eE i R IR YT RO . R AT
I3 RGEAE N PR b & 5 T AR BAT G i —
BARR M Im KR bR, L3R & SLE (12 Wy 32 Fixt
PRI SRS B W, PRI, A F 5% 18 7E [l Ik 4
Br SLE fE35 1Y 2% WU R $8 B 5 5 95 1 3l BE Z 8] 1)
KA, FHRAEOE W ST W 15 Sl R 2 1 i IR 12 W
FEAR, gl PR B AEAE DAl SLE S I sl 1 Do i 2 11
SRy B A R SR

1 AR5

L1 fiflgee

AHITTE A O BRI ST, B 1995 47 5 A
£ 2014 4F 4 A AEdbatRE NREEBE 2 ¥R ¢
11 SLE 3 309 1], K45 & 12 Wb o € 58 [ XU

TF 4 1997 4E RGVELLBERAE A 2Rl . AR
B — IO CELARAE IS MRS s ) I R 3 31
T Sy 3 A 25 S RBCH

XTI R B, 25 R EAEAE % i i %
Jo/ S LA B DRI R RIS
(Raynaud phenomenon) % # 0o EA % AT 75— 35
B} T, B M AL R B

T E 3 REAS AR 4 SLEDAI-2000 T 43 7 i 30F
T T RGBTy VRS <4 SR N
TePIESN, >4 S BEE SN RGN, R
PRLL AR 2HARIE 300 Bl 35 T 71 (5 R 4 G
PR E AL, T Ay 238 1 R E WA A B 4
1.2 el

i Fi] Python A5 & W11 SciPy T4 1H] 2%
SRS . X T R R AR B ] Kolmo-
gorov-Smirnov A& K Ik F IE 254 23 A5 5 00, 7543 IF
BSOMAT SR B AR+ AR UEDE (3 =) o, 4
W] L5 R FAM ST RE AR ¢ K30 s R AR 4 IE A5 4015 10 3
SRS B P LR (PS80 [ M(Ps, Prsy) ]
R, 4L 4R il Mann-Whitney U £ %. 432472%
LR (E ) [n (%) 13K A1 SR A x°
W, FTAGeit 407 R BRI 3, P < 0. 05 A K
ZFAE G Lo [ Spearman A 564 43 M T
TN G sl 4L vh 5 SLE 3% 3 B H 56 10 1 R 45 b
Birl > 0.4 W, IR PTAL 2 A AETE— 5 A 54
P21 > 0.7 b, A K AN k22 ) £ 7 45 A
Febk,
1.3 SBHEIE M

SET Gt 2 A e e, A 28 T 38 B[] R 1
TEAL SLE H #2154 B 2 B . o il (R A 7L iy
B 25 1, XoF W5 42 3 9 J5E 0 K58 o B 5L A
HESRUBE A EAT T AR SR IS ve AL B (1) %
T D R B R 47T A A 7 A 5 ) S R



FLEZ,E  RGNELTERIELING I B AR AU 0T B PP A1 B A g

- 1019 -

T, DL O {EAE R BRMEHEA T 78 5 (2) X P & F4F
TRUAR B DL K B A 8 0 M 2 A G B8 1T A
T, R i One-Hot & fith 4 4% B 43 2816 Dl 48— e 4
Sk 22 Y 1 B Y G B A T B A3 A5 (3) X T i
SRR TR AT hR oAb Ak 3 D K 3 ) (i e 22
P 3 R A AR A s S ) B TR ], ELAAR O i R
SEHE O S BRI bR o 22, SR FE P 3 S F 6 40 diE A 7
FRUELL , BRIV 25 R0 B DABRE 22 , (i 5 HoAa &4
ORI Ty 25

BRI R B R B A SR L
BRI A T3 4 Il A3 A o BRI 2 v B
BUHECA 92955 16 2h 415 Jo 9 16 sh 4l b 70% 1k
AANE RV ZREE ,30% FIREASE J i 4R

FA TIPSR M R A 8 AR AL 5 A 6, BPASE Y

TERATT A L 5] 5 SEURR: | BRSO A s 1 3 114
R BE T 5 5 S, BRIV IR Xk O 15 20 2 A ) fig
F1o WeAh, a2 H ROC PEAE R RIAE AR B AS T
AR I, A TP PERE

2 HR

2.1 SLE BB IE s 45 AR5 1 3l 21 1k R4y
fiE LR

SEgi A 309 ] SLE S8 3, Hoh A B i sh A 41
238 i, B TH S ALL T1 ] Xof P4 R AR S 4
PREEAT T GE AT PRI 1o

— R T, 22 Man-Whitney U K38 7087, Wi
20 RS AR BRGS0 A B SRR S Ee 81 T v 22
SYIGFE (P >0.05)

R AP TOPE S AL R A0

Table 1 Comparison of clinical data items between active disease group and inactive disease group

Items No activity (n=71) Active (n=238) XU/t P
Gender, n (%) 8 658.00 0.550
Female 65 (91.55) 212 (89.08)
Male 6 (8.45) 26 (10.92)
Onset age/years, M (Pys, P;s5) 26 (21,35) 28 (21,38) 8 938.50 0.459
Family history, n (%) 3 (4.23) 21 (8.82) 8 837.50 0.205
Clinical manifestations, n (% ) 60 (84.51) 227 (95.38) 10 331.50 0.004
Creatinine/ (pmol/L) , M (Pys, P3s) 58.0 (45.5, 78.5) 57.0 (46.0, 74.0) 8 392.50 0.932
WBC/(x10°/L) , M (Py5, Pys) 7.10 (5.18, 10.35) 5.08 (3.36,7.35) 5282.00 <0.001
RBC/(x10"2/L) , M (P, , Pys) 3.68 (3.42, 4.11) 3.53 (2.98, 4.04) 6 981.00 0.017
Hemoglobin/ (g/L) , M (Pys, Pys) 113.7 (105.2, 127.0) 105.5 (90.1, 121.0) 6 321.50 <0.001
Hematocrit/% , M ( Pys, Pys) 32.10 (0.39, 36.75) 27.80 (5.65, 34.48) 7 364.50 0.097
PLT/(x10°/L), x %s 160.83 =+ 82.57 165.77 = 94.02 0.40 0.688
Lymphocytes/ ( x10°/L) , M (P, Pys) 1.40 (1.00, 2.04) 1.00 (0.67, 1.40) 5951.50 <0.001
TP/(g/L), % %s 67.62 + 9.80 64.09 + 13.12 -2.09 0.038
Albumin/(g/L) , X £s 39.29 + 5.74 33.74 + 6.87 -6.16 <0.001
ANA, n (%) 46 (68.66) 194 (85.46) 10.96 0.001
Anti-dsDNA, n (%) 18 (27.27) 119 (55.35) 12.25 <0.001
Anti-Ro/SS-A, n (%) 19 (12.86) 82 (36.60) 1.99 0.158
Anti-La/SS-B, n (%) 7 (10.00) 19 (8.56) 0.05 0.832
Anti-ULRNP, n (%) 17 (24.29) 66 (31.27) 0.15 0.703
Anti-Sm, n (%) 9 (12.86) 34 (15.38) 0.03 0.870
IgA/(g/L), M ( Py, Pss) 2.35 (1.71, 2.91) 2.81 (2.07, 3.87) 8 598.50 0. 004
186G/ (g/L), M (Pys, Pss) 12.7 (10.12, 17.7) 16 (10.93, 22.08) 10 302. 00 0.014
IgM/(g/L), M (Py5, Ps5) 0.98 (0.64, 1.57) 1.14 (0.71, 1.54) 10 071.00 0.258
C3/(g/L), M (Py, Pss) 0.86 (0.61, 1.00) 0.51 (0.36, 0.75) 9 139.00 <0.001
C4/(g/L), M (Pys, Pys) 0.16 (0.11, 0.21) 0.11 (0.06, 0.16) 7017.00 0.345

WBC, white blood cell; RBC, red blood cell; PLT, platelet; TP, total protein; ANA, antinuclear antibodies; Anti-dsDNA, anti-double-stranded
DNA antibodies; Anti-Ro/SS-A, anti-Ro/SS-A antibodies; Anti-La/SS-B, anti-La/SS-B antibodies; Anti-UIRNP, anti-Ul ribonucleoprotein antibo-
dies; Anti-Sm, anti-Smith antibodies; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin M; C3, complement 3 ; C4, complement
4.
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SLEDAI-2000, systemic lupus erythematosus disease activity index 2000; dsDNA, anti-double-stranded DNA antibodies; CM, clinical manifestations;
ANA, antinuclear antibody; CR, creatinine; IgA, immunoglobulin A; IgM, immunoglobulin M; UIRNP, anti-Ul ribonucleoprotein antibodies; Ro/
SS-A, anti-Ro/SS-A antibodies; IgG, immunoglobulin G; Sm, anti-Smith antibodies; La/SS-B, anti-La/SS-B antibodies; HCT, hematocrit; WBC,
white blood cell; PLT, platelet; RBC, red blood cell; TP, total protein; LY, lymphocytes; HGB, hemoglobin; ALB, albumin C4, complement 4 ;

C3, complement 3.
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Figure 1 Correlation analysis of laboratory test indicators with SLEDAI-2000 scores in patients from the active disease group
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Table 2 Analysis results for the correlation between laboratory test

indicators and SLEDAI-2000 scores in patients
from the active disease group

Items r P
Anti-dsDNA 0.175 0.007
Clinical manifestations 0.174 0.008
ANA 0. 106 0.104
Creatinine 0.010 0.127
IgA 0.061 0.356
IgM 0.057 0.381
Anti-ULRNP 0.011 0.869
Anti-Ro/SS-A 0. 006 0.926
IeG 0.003 0.969
Anti-Sm -0.002 0.979
Anti-La/SS-B -0.052 0.432
Hematocrit -0.159 0.015
WBC -0.170 0.009
PLT -0.213 0.001
RBC -0.255 <0.001
TP -0.259 <0.001
Lymphocytes -0.279 <0.001
Hemoglobin -0.313 <0.001
Albumin -0.361 <0.001
c4 -0.375 <0.001
C3 -0.435 <0.001

SLEDAI-2000, systemic lupus erythematosus disese activity index
2000; Anti-dsDNA, anti-double-stranded DNA antibodies; ANA, anti-
nuclear antibody; IgA, immunoglobulin A; IgM, immunoglobulin M;
Anti-ULRNP, anti-UIRNP antibodies; Anti-Ro/SS-A, anti-Ro antibod-
ies; IgG, immunoglobulin G; Anti-Sm, anti-Smith antibodies; Anti-La/
SS-B, anti-La/SS-B antibodies; WBC, white blood cell; PLT, platelet;
RBC, red blood cell; TP, total protein; C4, complement 4; C3, com-
plement 3.
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ROC, receiver operating characteristic; AUC, area under curve.
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Figure 2 ROC curve of the Logistic regression model
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Table 3 Weight coefficients of each indicator in the Logistic
regression model

Items w
Clinical manifestations -0.238
WBC 0.141
RBC -0.197
Hemoglobin 0.118
Lymphocytes 0.024
TP -0.275
Albumin 0.543
ANA-1 -0.134
ANA-2 0.000
ANA-3 0.108
ANA4 0.253
ANA-5 -0.003
ANA-6 -0.009
ANA-7 -0.362
ANA-8 -0.105
ANA-9 -0.078
ANA-10 0.000
ANA-11 0.329
Anti-dsDNA-1 0.180
Anti-dsDNA-2 -0.180
IgA -0.033
1eG 0.040
c3 0.256

The antinuclear antibody was transformed from 1 dimension to 11
dimensions after One-Hot encoding; the anti-dsDNA antibodies were
transformed from 1 dimension to 2 dimensions after One-Hot encoding.
WBC, white blood cell; RBC, red blood cell; TP, total protein; ANA,
antinuclear antibody; Anti-dsDNA, anti-double-stranded DNA antibo-
dies; IgA, immunoglobulin A; IgG, immunoglobulin G; C3, comple-
ment 3.
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