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Research on the shared genetic structure of autoimmune diseases and

psychiatric disorders based on genome structural equation modeling
DENG Liu-fei", XUE Shu-ting, YAO Zi-wei, ZHANG Xiao-mai, WEN Yan-chao, LIU Long

“Department of Health Statistics, School of Public Health, Shanxi Medical University, Taiyuan, Shanxi 030001, China
Abstract: Objective To investigate the shared genetic structure between six autoimmune diseases (AIDs) and ten psychiatric
disorders (PDs) using Genome Structural Equation Modeling (GSEM) and Mendelian randomization (MR). Methods The
research employed linkage disequilibrium score regression to assess the genetic correlations between diseases. GSEM was
introduced for exploratory factor analysis on odd—numbered chromosomes and confirmatory factor analysis on even—numbered
chromosomes for cross —validation, along with path analysis to establish a three —factor model and hierarchical model.
Additionally, a multivariable genome—wide association study was conducted on latent factors to test the bidirectional causal
relationships between mediating variables and factors, thereby revealing the complex genetic relationships among the
diseases. Results GSEM results indicated that the selected 16 diseases could be explained by a three—factor model consisting
of three independent factors, which fitted the research data best (y*=865.291, A1C=929.291, CFI=0.940, SRMR=0.097). In
this model, Factor 1 and Factor 3 exhibited characteristics closely related to autoimmune diseases, while Factor 2 primarily
encompassed psychiatric disorders, with scleroderma serving as a mediating variable linking the two types of diseases. MR
results revealed a bidirectional causal effect between scleroderma and Factor 2 and Factor 3. Conclusion GSEM and MR can
be utilized to uncover the shared genetic structure and causal effects between AIDs and PDs, thereby highlighting their
interactions and providing an important methodological tool for understanding the genetic relationships among complex
diseases.
Keywords: Genome structural equation modeling; Factor analysis; Mendelian randomization; Autoimmune diseases;

Psychiatric disorders

B B Gy 2975 (autoimmune diseases, AID ) J&—

PEETBIA ABX K(1997—) , T A= 7E 52, WSS D7 1] < 52 2555 UK T3 SR 2 T B B . 4 1B e EL 5 L g 2
’m“ﬁ’ﬂm@f?ﬁ - U > > 2 i s >~ T AN 3~d03 N

EIE1EE X, E-mail : biostat—11@sxmu.edu.cn %Xd‘%'ﬂg E %éﬂgﬂfgﬁié\%ﬁﬁ%%ﬁﬂ@ E %ﬁ@ s }%\



- 46 - AR TR BE 2 2025 4545 52 %55 13 Modern Preventive Medicine, 2025, Vol. 52, NO. 1

B ISR AR SR T I RS O, 540 T B
FAETE G4 3 H BAT 8% A, 2R
PRI S, Q0 & HRR ORGP AR D RE R
i 31 i A 9% T BE 25 8L 5 8 #h 2 0% (psychiatric
disorders , PD ) (1455 B A= B 28k A7 21 56 7, (H HL B
TERB AL MLRIAEAR AR BE LR, A PR 2 DCH
W E 20— R 515 AID F1 PD AHIC 1 5L A2
S, R 2P T RE TR BRI A PR
AR B T is FHEE R 2H 2504 J7 27 ( genome structural
equation modeling, GSEM) #£5% AID Fll PD 2 [1] A 4H
AR R RSt s AL g5 A, A o T R BE AL Ak
(Mendelian randomization, MR ) #8745 18] i1 R 5% 56
R, DAS R R I PN 8 A4 Al ) 4 T AR , A
A X A B R TA I

1 #REHE

1.1 FORRR AFHOR R AN A L A0
BRATIE( genome—wide association study, GWAS =Y s
PEHEATIISE, REEHT 6 4> AID K 10 4> PD AJFA]
FH R EHE , AID £45 « FLEETS (celiac sprue, CD) A 4E
P % (inflammatory bowel disease, IBD ) \ #AEJLJC /)
(myasthenia gravis, MG ) . 2 X2 5 15 4 (rheumatoid
arthritis, RA ) .5 B2 9% (scleroderma, SSc ) . It 9z P 45 1%
% (ulcerative colitis, UC);PD B35 « 1 = 5 fG £ 5h
fit (attention—deficit/hyperactivity disorder, ADHD) | i
ZME R B AE  (anorexia nervosa, AN) . £ & ( anxiety,
ANX) ., HPE#E ZBERG (autism spectrum disorder,
ASD) BEABSE (bipolar disorder, BD) JWAB(depression,
DEP). 2% MR (insomnia,INS). &k 8 JiE (obsessive—
compulsive  disorder,OCD). ¥ # 4 H fE
( schizophrenia, SCZ). B T ¥ 2 & fF (Tourette
syndrome, TS) . 16 R IEE (5 B L3R 1. PR
AR REA R T 5000,

12 REL7 %

1.21 BRI GEE 16 MR R R A
4 (single nucleotide polymorphism,SNP) &g i, FA]
TRER T UCE A HE PR T 0.019% HLIA RS- 93 K
T 0.9 i SNPs. I %2 U 2 ¥ &2 4 1K (major
histocompatibility complex, MHC ) X 38 & A — 2 4= 1
SIS AT T ¥ SR (linkage
disequilibrium, LD ) 43015 200 A A SC Y SNPs, A]
REFEURPAPEL R . P, ARTSEHERR T MHC X 55
(%) SNPs 8l , AR DR 45 SR A ER A ] Sk

1.2.2 AR AHOCHE il ] B 7 A D 43 [l e
(linkage disequilibrium score regression, LDSC), F& 1]
T TR A8 ) it 2 30 ORI EE T

Z VA RT 4 M. R FRATIN & T A Z
[ 1 LD 4385, LA DR AETE R 08 ()35t A4 A OGP L i A
I3 JH GSEM,
1.2.3 GSEM GSEM & —FfhEJRMNGITH 7k, 456
T F AT AR B B R B B IR IR R AR S
BEEZANRRERRZ MR . ROk s
BAE— G — BIRE SR ST 2 PR R, -3 5 1 o B
TR TS UG T A — W B A s A Uy 220 K -
il F LDSC Al st AL by 2256 1 S FIREA B Oy 2256
BV suses 565 B B, 6 S TR AT I B AU
BT R V gnsco

TESS— W BE, i LDSC AT it A4 7 224665 S
FIHE R I REA T I 200V gseo 1AL T 2200 P
Sk x k BIXTRRAERE, XL & SNP [1yisi e
it AEX ALk LRRIZ M BB AE T 2 0,50 H
PRI, 2270 ¢ R j 2 a) B3 A by 22 T UG5
H O ggmrag Vb by HEAT BB A, A
KRS L

RS B, AR /N — Rk ( diagonally
weighted least squares, DWLS ) Al 11 8 54, DA
BORIE S BT 2206 0 2 (0))S T RE S WL 2 i S — 3K,

FENT SRR, H RS B n FOULIN B ) 2
LY ZRIZE G R o A AR e Ry
B2 , N

Y=An+e

PR B S Iy 2250 X (0): X (0) R BEF Ak
ZH 0 THEAT BN, QIR AR R g Z B P IT 22
HilE @, LA ER 25 007 2560 © A3 F

SO=ADPA+O

I DWLS #E TS0k 8 LR s IMb »

Founs(0)=(s—0(0)) D™'(s—0(0))

Hrp s EmEAL S, o@) &MY o6),D
SE Vnse BT FRAE I, T X5 B0 7 2 0 B 4R A 7 A Ak
i,

PRER AR S Ge i B B IE , [l = IR A E
BB IESEUS TR R Vv, ISR S T, A
T

V(A T'AYTA TV A(A T A

Forpr, a="LDOL | ) R A Al A

FRERE o SR Al (DWLS) T A RS, V, J& 18
i 278 LDSC 3431 S WA 7 2556 0 .

1 T BTN A Z 18] A T ESS AR, BT AR
AR T [F]— 2 S P 2 G o Bl SO 5E
TE A B Y 0K i 47 2R R A B 23 7 (exploratory



BT 2% 2025 4F45 52 %45 1 ] Modern Preventive Medicine, 2025, Vol. 52, NO. 1 - 47

factor analysis, EFA ), 7EfHH YA AT I0 UEE
FIrHr( confirmatory factor analysis, CFA), IAE I3
SCBIE, B (AR ) i U

WA, by 1 B 4 T TR A £ A 4 i P 2H K
(R DLABAL A8 S AR T2 A, G Sy
R A A5 XoF S A a4 S A TR IR A, A7 Bl
TR B AR ER 7> Z [ A 2R R
1.3 BAEAL S5 (comparative fit
index,CFI), FrifEfL Y 4R 7% 2 (standardized root
mean square residual, SRMR), 7F b {7 B &= 1 W
( Akaike information criterion, AIC ), * FiiT = 1l 58]
AR,
1.4 MR MR ZE—FH SR A s Rt 7 8
SRAREWT O J7 R, AT A iR T RS Rk Al T 2
8 X 25 SR PR AL, FATTRS = DA S A v A Y 7
TEH T (Factor ) #E 4T 1 2278 5 A B ZH OCIRWT 5 . Fifi
J&, #4 Factor [-f%) SNP A IHEANE A H MR 20 #7 9
i SSe A Factor Z[RIAY RIS &R . ARBFFEfH
I R Y TwoSampleMR £, 4045 LD 7 37 (10 000
kb SR 1T, 7 <0.001 ) & [ 21 71 il P9 I 35 A2 57t (p <
5x10°) FE it fe T HAZ & o >R 3% J7 22 AL

(inverse variance weighted, [IVW )MR J7 ¥ K 15 45 SR
FlTHE , A 22 58 5 AR Z AR OC &R

Var @)_l 2 ?:1 wi(.éi—ﬂo)

Var (B) R4 iR RN 522, o,
B ZAE R, STy L0 8,

Var(B)

TR N G R RN B S5 1 MBS
RVAGTT

i H Cochran Q TRAL S b, IR MR-Egger
(] AR T 2 7K P 228
2 & R

2.1 fEitEAAARAN AR LDSC ME T 16
AP AL 1AL 7 90y, WAk 1, S5 R EoR
ZVFRT 4, Bt i, HArAPASE GWAS
B LD 55 RIEEREEZ R 1, KB ABE ZEXT A5 R0
MR/ ZE A T EE . B 1 o T A B 2 6]
(AR AL AR I , BB Z A7 7R A 2% st A% I 46 45
F4 38 AT GSEM 437 o Rl R e (4n uc f
IBD .DEP F1 ANX 4§ ) 2 [i] B AH OG5 , A R F g

R Bl B T A SNP I AE T4 4

Table 1 Data information and heritability estimates based on univariate SNP analysis

PR BEAR RG]/ SHR)  JEF SNPRUEE F1 (o) e Z W5 PR Aec W75 2240 (SE) KR
ADHD 55 374(20 183/35 191) 0.244(0.017) 14.717 1.308 1.263 1.024(0.012) PMC6481311
AN 72 517(16 992/55 525) 0.181(0.012) 14.724 1.305 1.260 1.020(0.011) PMC6779477
ANX 329 077(21 519/307 558) 0.027(0.002) 11.913 1.260 1.249 1.064(0.011) FinnGen
TS 14 307(4 819/9 488) 0.371(0.045) 8.334 1.127 1.121 1.012(0.009) PMC6677250
SCZ 336 412(6 280/330 132) 0.010(0.002) 6.733 1.098 1.104 1.025(0.008) FinnGen
ASD 46 351(18 382/27 969) 0.199(0.017) 11.620 1.211 1.181 1.006(0.011) PMC6454898
BD 413 466(41 917/371 549) 0.069(0.003) 21.438 1.663 1.507 1.047(0.014) PMC8192451
INS 453 379(NA/NA) 0.063(0.003) 24.077 1.629 1.492 1.014(0.012) PMC6415688
DEP 500 199(170 756/329 443) 0.089(0.004) 22.325 1.657 1.508 0.996(0.013) PMC6522363
0oCh 9 725(2 688/7 037) 0.419(0.067) 6.217 1.054 1.050 0.993(0.007) PMC6660151
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RA 94 173(22 350/74 823) 0.134(0.018) 7.246 1.325 1.211 1.061(0.014) PMC10165422
SSe 368 028(2 495/365 533) 0.007(0.002) 4.062 1.062 1.049 1.011(0.009) FinnGen
uc 376 564(5 034/371 530) 0.017(0.003) 6.640 1.193 1.138 1.064(0.013) FinnGen
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