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Abstract

Objective: To construct and verify an individualized prediction model for adverse pregnancy out-
comes in pregnant patients with autoimmune diseases. Methods: The data of patients admitted to
the Department of Obstetrics, Affiliated Hospital of Qingdao University from January 2016 to De-
cember 2022 who were diagnosed with pregnancy combined with definite autoimmune diseases
were retrospectively analyzed. Using univariate analysis, multivariate Logistic regression analysis
and LASSO to screen independent risk factors for adverse pregnancy outcomes, a nomogram pre-
diction model was established. Test set was used to evaluate the prediction efficiency, ROC curve
and Bootstrop self-sampling method were used to verify the model, and the distinguishing ability
and calibration of the model were further evaluated. Results: 1) Through univariate, multivariate
and LASSO regression analysis, the optimal predictors of adverse pregnancy outcomes with au-
toimmune diseases were selected: hypertension, number of other complications, hemoglobin, N/L
ratio, D-dimer. 2) The application of the above optimal predictors to establish a predictive model
for adverse pregnancy outcomes of pregnancy combined with autoimmune diseases has a good
performance, with a sensitivity of 74.3%, specificity of 82.5%, and AUC of 0.843 (95% CI: The sen-
sitivity and specificity of the validation set model were 51.3%, 93.1%, and AUC was 0.75 (95% CI:
0.656~0.845). 3) The calibration curve was obtained by Bootstrop repeated self-sampling method,
and the simulated curve had a strong consistency with the actual curve. Conclusion: In this study, a
prediction model for adverse pregnancy outcomes of pregnancy with autoimmune diseases was
established, which can be used as a relatively simple tool to predict the outcome of pregnancy with
autoimmune diseases.
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1. 518

H £ 5 9% P4 799 (autoimmune disease, AID) & —RIEB(E R Z MM R RGEERA T, B 7L
E G PEPIRES, RERAERERILSFHE SAHLNB TR 0ERRUHEM, L RBHLEIAE,
RIASEEIRZA, WRRIA—, 4iR2F. B S REMERMIIRMRELEHE ST 5, 28al
Z W, IHHZAEMURIAR S JORI[L]. TR G I B 5 S M R AR R4 = 1) XU, A6 B T B AR
v, S SR R TS i, ASHE TR s AT T KA M L e 2016~2022 fE AR 2T A
UEPREr T & e M B R DI BeRE, BRI R A RIEIRES R MG fER R 2, MEE & E N R
P 52 B FH B SRR & I H B e B EBOR AN R AT IRES J B PN Y, JE AT BT
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2. MRIMSE
2.1. FARETR

[m] B U R 2016 4F 01 H~2022 4F 12 A T 5 KM E BB B2 WO IR & 3 M 5 & o R
i 614 & BERIIRRZRL, 1% 7:3 BILLB 52 SN LA R R 77 BEHL 2 A S 56 20 (435 N)FNE6IELH (179
N), SERARIER T KERIARIERE R, KBHESNARERA02 NFAEAN R 45 /4,343 N). AHf
RALH BRFHMEERICHEE NS FZE.
2.2. ARIFRER

KFFRNEEARER, RBERERFET—FAREERSE R, BARNEERETARIEIRS .
PR RS WrE. BE. BEsE N, 77, MAREEIL. Frd) g 8. 77 sk,
2.3 BE—MREM

FEW L REREHBMI), YIEFEE, 2507 AREFERIREL IR —REARE T
S SR, IFRERAHSE S S A AIEME I + CRP. R E . BT, D- Bk, R
B, AR, FMARE SR,

24. GitERE

AWK R TG 2E50T, AT EE SR U B N ERH ) (Least Absolute
Shrinkage and Selection Operator, LASSO)#{T AL &k £, #4 LASSO ik t f#)iX 2648 & AN 2 [HI &K
Logistic [B 350 #7, 732 E AR TR & . RIE2 B KA RIEIRS RIENRNEE, 7 R B @ ity
B S R BORA BT IRSS R ANEAL nomogram TRINASAY, SR J5 WP Y HEAT B0 0E S RLREVEAN . 3
i Bootstrap F & H AL F 28 IR HEAT N 36 AE, Zo4d Bootstrap H A 1000 Y FR1GA HE i 2347
PEAG, TEBCE A 2 1) B RS F8 bR B 51 28 PR RS AN R &85 J= TN ELG B 1Y) ROC |l 2k, FETTH AR ) AUC
J 95% CI, XUl P <0.05 i, INNESTE L.

3. R
3.1 MRABBNZEER

HEHL 2016 4 01 H~2022 4 12 A7E7 5 K= M B EFE B2 WO IEgR & 5F B & S thom A& 90
NARE S HEBRARE 311 614 N, DL 7:3 1 EAsl] 58 42 Bl WAL Fh A 73 SE BG4, (435 N) 558 UE4L(179 N), SE
IGHMRYE B F R T RAERNRE R ARG RAMIEA R4,

32. FREBESEFREFERXERNLE
WRIERBRAENRL R, 5 RAREE R 1 ZR3)MAER R RAH 0 £R).

Table 1. Univariate analysis of pregnancy with autoimmune diseases

® 1L HREFESEENERBREERERESNT

0 1 P
n 343 92
age (year) 31.95 (4.51) 31.17 (4.23) 0.075
Pregnancy History = 1 (times) 178 (37.0) 47 (35.3) 0.801
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BMI (kg/m?)
tube = 1 (times)
Family History = 1 (times)
Abnormal Pregnancy (times)
hemoglobin (g/L)
N/L
bloodplatelet (10%L)
CRP
ESR (mm/L)
APTT (s)
INR
DD (mg/L)

Total Protein (g/L)
albumin (g/L)
Total Bilirubin (umol/L)
AST (U/L)

ALT (U/L)

Uric Acid (mmol/L)
Urea Nitrogen (mmol/L)
creatinine (umol/L)
Clg (mg/L)

Urine Occult Blood
0
1
2
3
Urine Protein (%)

0
1
2
3
4
C3 (g/L)

C4 (g/L)
cesarean = 1 (times)
others (times)
Geweeks (w)
Informal examination (times)

27.28 (3.75)
58 (12.1)
12 (2.5)
0.98 (1.28)
123.04 (13.31)
4.43 (2.46)
187.59 (60.57)
2.03 (5.19)
28.54 (14.27)
31.04 (16.70)
0.91 (0.17)
1038.79 (709.99)
61.46 (5.88)
40.38 (147.97)
9.30 (3.69)
17.14 (7.62)
14.56 (14.78)
278.25 (80.11)
3.43 (1.19)
57.67 (16.56)
158.92 (55.04)
481
432 (89.8)
34 (7.1)
12 (2.5)
3(0.6)

354 (73.6)
113 (23.5)
10 (2.1)
3(0.6)
1(0.2)
1.11 (0.22)
0.22 (0.13)
370 (76.9)
0.5 (0.63)
38.33 (1.02)
18 (5.2)

26.85 (4.19) 0.25
14 (10.5) 0.739
7 (5.3) 0.177
1.20 (1.44) 0.095
118.39 (17.62) 0.001
5.41 (4.94) 0.002
179.20 (77.38) 0.185
3.09 (7.57) 0.063
33.20 (17.82) 0.002
31.04 (5.52) 0.996
0.89 (0.08) 0.162
856.39 (601.89) 0.007
59.28 (6.66) <0.001
31.61 (4.14) 0.495
7.84 (3.48) <0.001
19.50 (13.14) 0.008
19.57 (23.24) 0.003
323.53 (116.17) <0.001
4.16 (2.01) <0.001
55.62 (18.80) 0.22
147.05 (33.49) 0.018
133 0.052
101 (75.9)
18 (13.5)
11 (8.3)
3(2.3)
<0.001
61 (45.9)
34 (25.6)
17 (12.8)
19 (14.3)
2 (1.5)
1.25 (3.23) 0.335
1.46 (14.55) 0.061
105 (78.9) 0.706
1.04 (0.8) <0.001
32.48 (4.84) <0.001
25 (27.2) <0.001

% 1) tube: REHIL. 2) JREH <0159: B, A 0FR; JREA02~1g/L: +, H1Fx; JREA 1~29/L:
++, 28R JREEA 2~4 g/lL: +++, F 38R JREE > 4 g/ll: ++++, H 48R, 3) RBMYITE, H 0FRxR;
JRIEML(H), F1EmRm, REBME), A2 Fom: R+, F 3%k, 4) others: 18567 DA Xt R 5
B, WK, BRILEE. BT E MRS,
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3.2.1. BFEREE
M 1 afal: ARGRASIEARGEFAML: WHBEEZZAFER. VIF-aIZr=a. kEfREH.
TR FIRE L A R A7 S AR T ) ZE S o4 it 5= (P > 0.05).
NRERABAEA R RAM: REIEMFE. ABEZHE . sk, et RENE, WAaRER
grit2Em (P < 0.05),

3.2.2. FHHBENREERILE

B 1 ATPAEH: W4LK PLT. CRP. ESR. APTT. INR. HZEM. WIEF. Clg. SR, #ME
C3. C4 Lgiit2#m X (P > 0.05). Wi Hb. N/L LbfE. D-D —5fk. BEMH. HLAZE. AST. ALT.
JRIZ IREE. IREH, BEAS5E (P <0.05),

323 WEBRENIKER
W 1 T AR Y A A BT IRSE R4 THEA RS RA, 254 St (P < 0.05);
HlErR, ARERGRAKTIEARGERH, ERE5iH5%E (P <0.05).

3.3. HXxEZENERAZH

B R R AR K45 R AP AL AT G o< R R #E47 B R &K Logistic [B1H 4007, 45 R EoR: & iLE.
He I AESE . Hb. N/L EbfE. ESR. D-D k. BEH. JHAE. AST. ALT. KR, JREA.
Clg. REH ABTZH . RFVE RS 16 MEMRANA R EE N, B RAEN RUERSES R ak K% .

3.4. ZTEIRE
B RN BEE g E L RIR RGN LASSO R TAR & ifiik: ik 1.

38 38 36 36 35 33 28 19 15 11 8 4 4 1 1 1 1

Mean-Squared Error

oooooooooooooo

Log(A)

Figure 1. LASSO regression analysis cross-validation curves
B 1. LASSO EY353 432 X 3 IE %%

PR 2 i P < 0.05 AR S48 LASSO P44k AbBE K % [FI 3% Logistic [ 97 47 7 it H e 28 g0 N 1) AR
&, AR E NS I RIFIRES R, 2 K5 Logistic 7145 4L : Hb (OR = 0.352, 95% CI = 0.2579~0.4816).
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7 1L (OR = 3.096, 95% CI = 1.050~9.126) N/L (OR = 1.916, 95% Cl = 1.215~3.028). JL'& f K AEFE(OR
=1.693, 95% CI = 1.047~2.738). D- -2 {&(OR =0.996, 95% CI = 0.995~0.998); iXit¥RITIREIFH 5%
PEVEBR A R 25 R A3 AL fE R R 3 (P < 0.05). #E—DHIlWr R phsr sl 3R A 2 EIEt:, 7=k
HF(VIF) 32 1.5, 1.2, 1.4, 1.9, 1.1, USRS M RFEEIRLR M,

35 BABERETF REFOFNRE
¥ Z R IHIE ORI &, 91N 439 Logistic [F 5041, DAEESZTRMNELR (44 2).

Table 2. Multifactor Logistic regression analysis results
5= 2. %A% Logistic EYI D HrLER

OR SE z P>1ZI 95% ClI
hemoglobin 0.352 0.056 —6.54 0.000 0.258~0.482
hypertention 3.096 1.708 2.05 0.04 1.050~9.126

N/L 1.916 0.001 -6.24 0.000 1.215~3.028
others 1.693 0.415 2.15 0.032 1.047~2.738
D-D 0.996 0.060 2.084 0.037 0.995~0.998

BT ZHF Logistic FIHZEE, R R BAETNE A b HI N AL R 2R, AR5 LR E
I8 S RIENEIRA R AR URSE = B H 26 B A Y . Z 28 P an R 1] 2: AR 4 nomogram P&, 7] LATR
FEASTARAR I8 B TR 2R 2 0 B IRt — AR5, B R R AN R85 J5 Rl ) o, B
NRAR BIEURE S R

0 10 20 30 40 50 60 70 80 90 100
Points L L L n N L N L L L )
1
hypertension r !
0
1 3
other r d
0 2
hemoglobin r T T T T T T T T ]
200 180 160 140 120 100 80 60 40 20
NL r T T T T T |
0 5 10 15 20 25 30
DD — T T
5000 4000 3000 2000 1000 0
Total Points T T T T T T T T T T 1
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T RIEYR 4 R " T T "
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Figure 2. Establishment of adverse pregnancy outcomes in preg-
nancy with autoimmune disease

E 2 BR&HFBSREMEREET RIFRERTIZERZI

Biln: —4 35 & HIIEIRG 5F B B e PR A, ABE & L (47 43), A B F A0 47),
Hb 80 g/L (65 43), N/L5 (8 47), D-—2&4 1000 (50 73), & Pl bx R it435347 47 + 40 + 65 + 8 + 50 = 210
gy, FERLTI XS > 70%, R EA1ZEE R A A RIFURES J5 o s KUK .
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3.6. HIRGH B R REMRBT RIEIRE B FUNARE H50-IE K

o

e 170.160 (0.743, 0.825)
z 3
S
[ AUC: 0.843
Q <«
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Figure 3. ROC curve of the experimental group
3. KIG4RFIZE ROC BhZk

(=] 3
0.075 (0.510, 0.931)
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Figure 4. ROC curve of validation group nomogram
[ 4. BELHY4E ROC Hhzk

B 3 Al SRR RSN 74.3%, 5578 82.5%, XX 70t VPO (1 25 S e il AR L)
ROC Hlizk, SZEGLHIX /01 PEHa R C-index v 0.843 (95% ClI: 0.789~0.898), 7 (K h £k F A AUC Ky
0.843. IGIFA 179 N, HAAREL)HAECH 55 NIk, SRR KERN 30.7% > RIBHAA R RIK
A3 23.9%, dE— XA EAT UL, P >0.05, WHIPNAHA RE5RARAEFLIIRE L. HE 477 5: K
WEZH AL C-index 9 0.75 (95% Cl: 0.656~0.845), ik T AR AUC 24 0.75, RBUE N 51%, K558 93.1%.

TSI 4 v B 3 22t A v it 28 (Caliibration curve) o s 78 SRR 2 Ffr 0 2 F 2 o 2 A4 M 23 42 il o —
SR ZR RIS R HERI 2R, T DLA SR T 2 5 SRR 28 K — SRR RE o R il 2 i B0t Ay 2ozt , 158 BH F0l
IR ZE#CK . it Bootstrap HA H flAE AN 51 28 FIRE AL HEAT N R EGIE, 483 Bootstrap [ il 1000 X3k
R 2, R 2R S bR ph R 4 0T R 25 L 0.016, 0[E] 5, AT LU H TN gh 28 5 A 2k Ak A A
—8, HAREN—2E, g5 R BN,
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Figure 5. Calibration curve of the nomogram

[ 5. FlkERIERLZ
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Figure 6. Clinical decision curve of the nomogram
6. L ERImRR RETZE

FIFR RS H L R, SmlBiGR Rz, Wi 6. v HBEMMAHE ST RASHL, &
1% 8 B i) R R A

PALESER IR, N Logistic [ ST (1951 2 B TN L BE 635 47 0 EAT SE 4R & 3 1) B G e Ve
AN R &5 J T o
4. ¥ig

H & %)% M5 (autoimmune disease, AID)Z& — Mg 4 B YRR, @ 2 AR B R i e, IR
R RIEUREE R T L@ X B S MR I T 78 ST I I, (48 R 2 Aumts e B & %
PEPERIR B BB I AR gRIE 2 A B IR IR Y, AT R AT AR URZS )5

B G M 9 A R A v LS ) f B DR 3R (2], SR R 5 9 SLE AR 38 R AR S iR 391 1 1 F XUy 28.5%
TIRRTHA-T IR R 2 18%~25%, 4HAEZ 24 TAVEESNHEIE K B ThREA 20, FRATIASE Ay
W RGPEREALAE (systemic sclerosis, SSc) #3224 T AT AR AR BT 5, BEEER, E5H
P L /& % Pl s 254 1k (antiphospholipid syndrome, APS) & Hif e Hi 44 T 1% 75 40 o i1 12 b % 1
EETESN KL B, LA S, S EEIRIAR TR AT W, AT 9K HELLP ZR&1E: BEIR N
AR MUREFS IR, = IS 51 RS A A, T 5 S5O0 O 0 v LR e o B v L 51 6 I P Rz 4
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M4, FHOREALMA R BETIEE TR, REREALT SEE N AEKSZIRAM/NTBE L. EFHA
RAFURZ: J5 O IE R 5 AR AID H R BHMAB G B0 06 . ANHEFENT 614 44 B B G2 PR B35 B 7o 45 R
SR, ZWILETE B A LIRS BRI, X5 DA SLE BRI AR i e 5 5 — 2k, B v o s 5 R AR I AR R e
B K[3]-[6]. ARFFLIRA, ALHE MR =] TTAR AT LA R S8 I8 -9 A0 5= B XU, (ELER 9 N SRk, 3R
AT T A 2% P8 2 12 75 458 FH ) ] DT AR T S Ui 285 )3 R 5

SLE. APS %5 [ B G 1505 A7 75 B0 A S B 1. Th B8 57 45 R0 Sy AR 1) . D- SR A& — Bl JLAE Sk 7L
FRL Az (e ML FRBR[7] [8], W7 LASSE AR P 5 1) 7™ B AR B A i I A8 FE . MGl D- %4k
KPR A0 A JE2 B [9] o TiE S AR 1 26 8 IRV 1 D- R AR i TR S R 5 R R
g, HAKCPF @ 54 5 DU B B E 3 AHE[10]. Liang S5[1118F 70 KB D-— A w5 &R
G0 2T BEAR I 153 1% 5 P T 43 2 1EAH 5% . TRSHE JR 97 ' 955 (diabetic nephropathy, DN) & 2% 1fl. D- — 4R F = H.
SR B b S CEE R & S C. UUEF. JRE . BRI R R A IRE)HAHKCHE[OR &
519 9.8 (3.8~25.5), 5.3 (2.2~12.9), 8.4 (2.5~25.4), 9.1 (2.6~31.4), 3.5 (1.4~8.4)] [12]. D- —~RIKAE L Fh 1 & 4
P PR T v L AT I FH 28 I P D4 8 S I S B2 [ 13]

MG P 5 9 S B B DIAH DRI [14], NJL (PR 4 P 5 ok E 200 i L A) 0 68 00F SIS 2 A 1
(P fe Rz R 3 2 —[15] o N/L ZKPiinmy, R T 25 R ADIRES o BEAEWT7E[16]UE R, SLE J&3IH1 N/L
E RS TARESh, HERARIENE S R EE M N/IL WS & TR TR EE, FFE, Peng YF Z5[17]
NRIL, NIL FESR RIS 2 B I B TR FRAEE: Zeb A ZE[18]AWFFE K I, N/L &5 EEEH R
SR JOREAR &, R R B TR R

ARSI A R IR E TR IH BT T U gR4E /s [19], A TR 52k masdila e, TEdt—
B KRR AR BEHATIRUE . HRRATVKIL Hb B/ —A RS /M — AN EZE M-, X AR5 AR5 5T ik
BUbpAp SLE %, Hmills, PRI ER B2 6 — 8RR, YRBINFEUGH—DRIE.

HEGRE I B G R R R T fa i gk, SEEHAA RIEYRSS R 2 &3 =i [20] . dE ORI RHA S G L
(P2 N, A W B 1 A LS ARG, FRARAS R UR 45 S 1 A XU

5. [RBRM

ASHIT U PR T AR (0 et R PR T A — B =P R BRI LA, AN RES R AR A A b, HLk
e NBEBEREAR (H AT NEEBEX T B B e BRI URA R 2T F B, 1) AT SN IE . (HA
BT I BRI T, ANl S i Y Bl Fe i g o BROEAL, REE I CRP K S e MR AR AR AN Z FA I B 1
BT, AW R RGBT B AE Rk, DX R RPN AT T

6. &t

JS2FH 9738 H (K S A S5 DL I AL B T AR R 5 9 B S S e ME IR AN RLALARSS 5 X PRI AR A (1 1k e el
2o BRI IE RN I R R I e, A BRI R E

AT RE T R AL YR & O F B B e Vo i i e /4, R RIBOL B T s i, 2K
HRIEA RS

SE
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