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[ Abstract | Objective To explore the callsal association between intrahepatic cholestasis of

pregnancy (ICP) and offspring attention-deficit hyperactivity disorder (ADHD) and Tourette”’ s syndrome (TS)
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and its potential mechanisms. Methods Genome wide association study (GWAS) in public datasets was
used to extract data. Among them, exposure was ICP (n=123 579), which stems from FinnGen dataset.
Outcome was defined as ADHD, TS and other tic disorders (n=23 918), which is extracted from GWAS
Catalog. Among mediators, total cholesterol in high-density lipoprotein (TC in HDL) were from the genetic
map of the human plasma proteinome (n=21 558), and Obg-like ATPase 1 was from whole-genome study of
circulating metabolites (n=3 301). In this study, we chose instrumental variables (IVs) that meets the
Mendelian randomization (MR) hypothesis. When using two-sample MR, inverse variance weighted (IVW) was
adopted as the primary method, and MR-Egger regression, weighted median, weighted mode, and simple mode
were also utilized to analyse the robustness. Cochran’s () test, MR-Egger intercept test and leave-one-out
sensitivity analysis were performed to verify the reliability. Significant threshold was set up as P<0. 05. When
using two-step MR, the first step is two-sample MR from exposure to mediator, and the second step is
multivariable MR (MVMR), which is from mediator to outcome. At this time, conditional F-statistic was
adopted to test the strength of 1Vs. At last, product distribution test was applied to determine the significance
of mediation effects. Results ICP was significantly related to ADHD and TS as well as other tic disorders in
offspring (IVW: OR=1. 003, 95%CI: 1. 000~1. 006, P=0. 035), and sensitivily analysis verified the robustness
of the results. The potential positive mediators included TC in HDL [total effect (TE) =2. 855%10°; mediated
effect (ME) =8. 628x10™*; mediated proportion (MP) =30. 217%, 95%CI: 0. 878%~73. 954%], and Obg-like
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ATPase 1 (TE=2. 855x107; ME=1. 216x10™; MP=42. 572%, 95%ClI: 6. 356%~90. 195%). Conclusion ICP
is possible to elevate the incidence rate of ADHD and TS and other tic disorders via reducing TC in HDL and

Obg-like ATPase 1.
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attention-deficit disorder with hyperactivity; Tourette’ s syndrome; intrahepatic

cholestasis of pregnancy; Mendelian randomization analysis; mediating factor
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Table 1 Information of GWAS data for MR analysis

Traits GWAS ID NSNP Sample size Ancestry Reference
cp finn-b-015_ICP_WIDE 16 379 784 123 579 European (2]
ADHD s TS and other tic disorders ebi-a-GCST90016598 5604 390 23918 European 3]
Obg-like ATPase 1 prot-a-2143 10 534 735 3301 European (141
TC in HDL met-c-898 11864 118 21558 European f1s]

GWAS: Genome wide association study; MR: Mendelian randomization; ICP: Intrahepatic cholestasis of pregnancy; ADHD: Attention -deficit

hyperactivity disorder; TS: Tourette’s syndrome; TC in HDL: Total cholesterol in high-density lipoprotein

#&2 ICP5FH ADHD #0 TS K H i #h 3 B = 18] 89 H 41 0B R 40 5% 14
Table 2 Conditions applied for mediation analysis of ICP with ADHD and TS as well as other tic disorders

Mediators GWAS ID

Parameters

Methods Outcome

P =5E-08

TC in HDL met-c-898

P, threshold =7E-08

MVMR

P,=5E-06
P,=5E-08

Obg-like ATPase 1 prot-a-2143

P,=5E-06

ADHD vs TS and other tic disorders

MVMR

P,=5E-06

P,, P, and P, present the inclusion criteria of instrumental variables of Step 1, Step 2, and total effect, respectively. ICP: Intrahepatic

cholestasis of pregnancy; ADHD: Attention-deficit hyperactivity disorder; TS: Tourette’ s syndrome; GWAS: Genome wide association

study; TC in HDL: Total cholesterol in high-density lipoprotein; MVMR : Multivariable Mendelian randomization
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Figure 1 Workflow of this study
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PRI, 7E B 2A B0 B RV Dy Il A TIE 13X — £ o
SRR S 2R I N B B BRI
BRI 4. B —1EKI T SNPs HAG W7 o M
EE A 45 R B~ Y EAT SR AE O A ) AT3 SR WA &K
DL 2B, MR-EggeriZ(OR=1. 004, 95%CI-0. 999~1. 009,
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M T4 LT SRERICHE DG, R R85
A FE IR, AT 7 B a8 A AR
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(P& 4) - v & K/ w5 % B2 BE 25 1 (High-density
lipoprotein, HDL) H7 1% &1 JJH [# & (Total cholesterol, TC)
[ BN (Total effect, TE) =2.855x107; H 4 R4 )i
(Mediated effect, ME) =8. 628x10™; /1 4 &k 17 (5
(Mediated proportion, MP)=30. 217%,95%CI: 0. 878%~
73.954%] ; @ Obg £ ATP fili 1 (TE=2. 855x107; ME=
1. 216107 MP=42. 572%,95%Cl: 6. 356%~90. 195%).,
A BUREAS MR 4347 7164 F{E AT MVMR 4387 0 1 2544
FAEY KT 10 (Hr A2 A 45 /N HDL H i TC B
ICP () F=26. 430, P2 R/INF HDLH ) TC Y F=22. 220;
t 4l Obg BE ATP i 1 i - ICP Y F=25. 979, Obg £
ATP i} 1 1 F=12.254) , R ANFFAESS T HA®E, H

%3 ICP5 ADHD 1 TS X Hfth 1 5h FE 55 WA A MR 3 47 29\ SNPs U IF 15 2
Table 3 Detailed information of SNPs enrolled in two-sample MR from ICP and ADHD and TS as well as other tic disorders

Effect Other Effect Allele

Exposure

Outcome 5

SNPs Allle  Allele  Frequency B SE P B SE P ' F
151046356 T C 0.037 0.536 0.111  1.47E06  0.007 0.003 0.045 0.020 151427
510768940 G A 0.865  -0.289  0.06]  2.55E-06  3.00E-04 0.003 0.930  0.019  144.312
117766456 T C 0.050 0.457  0.098  3.11E06  0.006 0.003  0.061 0.020  146.347
118123046 A G 0.013 0.992  0.206  1.38E-06  -0.001 0.003  0.740 0.025  185.185
11881404 G A 0.678  -0.283 0.044  1.55E-10  0.002 0.003  0.630 0.035  262.607
517200837 C T 0.135  -0.516 0.063  4.26E-16  0.005 0.003 0.160 0.062  481.864
151800961 T C 0. 045 0.775  0.106  2.40E-13  0.001 0.003  0.850 0.052  397.584
151983127 T G 0.284  -0.248 0.046 8 14E-08  0.003 0.003  0.460 0.025  186.044
152016886 C T 0.616  -0.362 0.043  2.42E-17  4.80E-04 0.003 0.890 0.062  480.349
5289290474 T C 0.020 1.459  0.165  1.04E-18  0.006 0.003  0.092 0.082  645.570
15296393 C T 0. 848 0.404 0.060  1.39E-11  3.70E-04 0.003 0.910 0.042  318.772
154665972 c T 0. 624 0.268  0.043  3.7IE-10  0.002 0.003  0.510 0.034  253.090
562489733 A G 0.138  -0.323 0.061  1.20E07  -0.001 0.003  0.790 0.025  184.070
156748810 G A 0.444  -0.504 0.042  S5.72E33  0.001 0.003  0.840 0.125  1040.578
156873506 T C 0. 133 0.301  0.061  7.73E-07  -0.001 0.003 0.830 0.021  154.915
78417535 T C 0.036 0.601 0.119  4.38E07  0.004 0.003  0.260 0.025  185.393
579508313 T C 0.035 0.647 0.119  5.35£-08  0.007 0.003  0.032 0.028  209.909

SNPs: Single nucleotide polymorphisms; MR: Mendelian randomization; ICP: Intrahepatic cholestasis of pregnancy; ADHD: Attention

deficit hyperactivity disorder; TS: Tourette’s syndrome
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MR Test
Inverse variance weighted / Weighted median rerenza0ie
5 rs17209837
/ MR Egger Weighted mode
Simple mode rs1800961
rs6748810
rs1983127
0.010- rs11881404
° rs2016886
g rs6873506
,‘:3 rs10768940
5 0.005 -
£ 15296393
S 1562489733
2 rs4665972
2
2 0.000 1l rs78417535
é Il . 117766456
g L3
8 * 151046356
z
@ 128929474
-0.005 - * 179598313
Al :
' 0 ' ' 6 0 OIOZ 0 OIO4 0,0'06
0.4 0.8 12 16 MR leave-one-out sensitivity analysis for
SNP effect on ICP A ICP on 'ADHD vs Tourette's syndrome and other tic disorders B
A: Scatter plot of MR analysis from ICP to ADHD and TS and other tic disorders; B: Leave-one-out analysis of MR analysis
from ICP to ADHD and TS and other tic disorders. ICP: Intrahepatic cholestasis of pregnancy; ADHD: Attention-deficit
hyperactivity disorder; TS: Tourette’s syndrome; MR : Mendelian randomization
2 ICP5FHADHD M TS R EAHFERNHFA MR B BB —ESH
Figure 2 Scatter plot and leave-one-out analysis of the MR analysis from ICP to ADHD and TS and other tic disorders
Exposure Outcome Method NSNP OR(95%C)) P
ICP ADHD and TS and other tic disorders VW }—.—4 17  1.003(1.000,1.006) 0.035
ICP  ADHD and TS and other tic disorders MR Egger I . I 17  1.004(0.999,1.009) 0.154
ICP ADHD and TS and other tic disorders Weighted Median } . { 17  1.003(0.999,1.007) 0.123
ICP ADHD and TS and other tic disorders ~ Weighted Mode | B | 17 1.003(0.999,1.007) 0.190
ICP ADHD and TS and other tic disorders ~ Simple Mode } . { 17  0.999(0.996,1.006) 0.879
0.996 1 1.003 1.006
OR

MR : Mendelian randomization ; ICP : Intrahepatic cholestasis of pregnancy; ADHD : Attention-deficit hyperactivity disorder ;

TS: Tourette’s syndrome
El3 ICP5 ADHD #0 TS K HE {1 3h 53 WA 4 MR 53 4t () 7% bk

Figure 3 Forest plot of analysis describing the two-sample MR analysis of ICP with ADHD and TS as well as other tic disorders
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Exposure Mediator Outcome

Total Effect Mediation Effect Mediated Proportion 95%C/  Mediated Proportion

ICP TC in medium HDL ADHD and TS and other tic disorders

} 2.86E-03 8.63E-04 (0.88%, 73.95%) 30.22%

ICP Obg-like ATPase 1~ ADHD and TS and other tic di } .

} 2.86E-03 1.22E-03 (6.36%, 90.20%) 42.57%

T T
0 0.2 0.4

T T
0.8 1.0

Mediation Effect 95% C/

ICP: Intrahepatic cholestasis of pregnancy; ADHD: Attention-deficit hyperactivity disorder; TS: Tourette’s syndrome

El4 ICP5 ADHD #A TS #n E fih e 5h FE 5 2 181 59 1 4 K E o Y Rz o bk FR KB

Figure 4 Forest plot of the mediators and its mediated proportions of ICP with ADHD and TS as well as other tic disorders

*4 ICP5F{ ADHD il TS J H fti 3 3 F& 758 W A¥ 4 MR &
Table 4 Heterogeneity test and pleiotropy test of the two-
sample MR from ICP to ADHD and TS as well as

other tic disorders

Heterogeneity Pleiotropy test
Methods
Q Q_df Q_P egger_intercept SE P
MR Egger 14.815 15  0.465 -8. 576E-04 0.002 0.611

vw 15.084 16 0.518

MR: Mendelian randomization; ICP: Intrahepatic cholestasis
of pregnancy; ADHD: Attention-deficit hyperactivity disorder;

TS: Tourette’s syndrome

x5 SIREBESNPEHHRNIMITER
Table S Results of each step of mediation analysis

(without outliers)

Step 1 (Without outliers) Step 2
Mediators
B SE P B SE P
TCin HDL ~ -0.025 0.010 0.009 -0.034 0.016 0.031
Obg -0.094 0.024 <0.001 -0.013 0.005 0.018

When analyzing HDL in TC, SNP rs1800961 was deleted; When
analyzing Obg, SNP rs2161037 was deleted. SNPs: Single
nucleotide polymorphisms; TC in HDL: Total cholesterol in high-
density lipoprotein

TS — it #e v, BRICP A/ N B 5%, P A e 4
FERUREAS MR 23 AT R, BT 5 o 1 J 3 1 1 40 EP
Ik rh 2 K/NBY HDL H iy TC B, P(IVW ) =0. 010 9,
P (MR-Egger) =0. 011 1; #142& Obg £ ATP if§ 1 B,
P(IVW)=0. 020 0, P(MR-Egger)=0. 012 7) , #{i Fi§ MR-

PRESSO 5l bk PRESSO #6556 &% 2 1Y) SNPs (B8 15 met-c-
898 1 1Y rs1800961 Hl prot-a-2143 1 [y 1s2161037) Z
J& o SR 2k (A S o 4 /NG HDL P Y TC
P(IVW) =0. 452, P(MR-Egger) =0. 352; "1 /i & Obg ¥
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