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Mendelian randomization study of visceral adipose tissue and lung diseases
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(1. Department of Biostatistics, School of Public Health, Cheeloo College of Medicine, Shandong University,
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Abstract: Objective To investigate the causal relationship between obesity and lung diseases using Mendelian randomi-
zation (MR) methodology. Methods Employing the inverse variance weighted (IVW) method in conjunction with six
distinct MR methodologies, and utilizing summary data from genome-wide association studies (GWAS) , the causal rela-
tionships between visceral adipose tissue ( VAT) and lung diseases, including chronic obstructive pulmonary disease,
sleep apnea, lung cancer, pneumonia, pulmonary embolism, idiopathic pulmonary fibrosis and tuberculosis, were
assessed. Sensitivity analysis was performed using the leave-one-out method, Cochran’s Q test, MR-Egger regression
intercept term test, and MR-PRESSO test to evaluate the heterogeneity, pleiotropy, and stability of the instrumental varia-
bles. Results The results of the IVW method indicated that genetically predicted higher VAT was causally associated with
higher occurrence risks of chronic obstructive pulmonary disease ( OR =1.56, 95% CI. 1.33-1.84, P<0.001), sleep apnea
(OR=1.76, 95%CI; 1.53-2.03, P<0.001), lung cancer (OR=1.39, 95%CI. 1.23-1.58, P<0.001), and pneumonia ( OR=
1.22, 95%CI; 1.15-1.30, P<0.001). Except for MR-Egger, the results of the other four MR methods were consistent with
the main analysis results. In addition, there was evidence suggested that higher VAT would increase the occurrence risks of
pulmonary embolism (OR=1.18, 95%CI. 1.04-1.34, P=0.009) and idiopathic pulmonary fibrosis (OR=1.00, 95%CI .
1.00-1.00, P=0.011). Conclusion VAT accumulation may increase the occurrence risks of chronic obstructive pulmona-
ry disease, sleep apnea, lung cancer, pneumonia, pulmonary embolism and idiopathic pulmonary fibrosis.
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Table 1 The GWAS data used in this study

Fe Al Bk IR FEAS 5 | R A B/ X} BR 2 AR A B
VAT UKBB 325153 —

i TRICL 85 449 29 863/55 586

R i FinnGen 409 798 2 189/407 609

FEE RS PO G % FinnGen 218792 16 794/201 998

fiti 4% FinnGen 194 453 2 613/409 568

Jiti ¢ FinnGen 412 181 63 377/348 804

ififa: 28 FinnGen 411 174 10 046/401 128

2 4 BH ZEPE e FinnGen 218792 6 500/212 292
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1.2.1 #hgRiit
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1.3.1 MR K H b
VAT XAl i R SR v el i iy 22 m - 21 LEZERER

A% ( inverse variance weighted, IVW ) #8341
PRI by s LS AIE MR Al ise v i) HE B — R i i, i %
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2 # R
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Table 2 Instrumental variable information used in MR analysis

sion, MR-Robust) '*) MR-PRESSO #I MR-Lasso J7
e A | K Sh MR-Egger M8 fE 18R
WA FEAN SRR J7 1) (1) — B, 1A 2% Al 1

AWFFEHEAT T MR-PRESSO 43 H7 LLH 51 5 3
ST B S R, I E S R S R S R R AT
TR AT L X MR A HE R BRI, R
FHMR-Egger [1] 5 % FE 150 46 50 /& 5 17 75 7K °F 2 3L
P, P<0.05 RUIFFTEAK T2 R T oL 5
JoT 1 XoF PR AR AR 1) 5 ], AR B 92 {E ] Cochran’s Q
it il T HAR 8 5 B, P<0.05 #8787 7E
BE S Ak AHIR S B — ik R T A
TR 43 AT, 38 A AR UM B 45 1~ SNPs SR 1558 Ay
SNPs B PR SR AN, LA Sk F1 e 25 4> SNPs X %0

B A A R Bk 4.3.17%0 ) 3 & EI R
1 A TwoSampleMR , MendelianRandomization 7/l
MR-PRESSO, & T it f [ £ 8 A 56 H 304 BH 14 45
W ARHFSE R ] Bonferroni £% iF , K 1F J§ P <0.007
(0.05/7) BN A A G 2# 7 X, Z HAIERT B FH
KEIEJG A .25 (0.007 < P<0.05) 45 RPNl BLA

LR T 221 4 SNPs, K Y F il
il ok 29.72 % 658.12, FFF F GEitm34>10, Bl 55
TR B AR RS 2 ) 25 SR A s, il
PhenoScanner V2 J5 75 BMI Z R 1R 2= K &= 48
KH) SNPs, il ZA% B8 T 201 4~ SNPs T Ja 4L #r .

SNPs EA OA Beta SE P EAF F
rs10057588 G A -0.015 0.003 3.84x10° 0.692 30.23
rs10182458 G A 0.026 0.002 5.90x107*° 0.441 111.00
rs10187101 T C -0.017 0.003 2.69x107" 0.712 44.39
rs10423928 A T -0.033 0.003 1.01x107> 0.828 109.93
rs10510025 T C 0.016 0.003 1.36x107 0.634 32.25
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SNPs EA OA Beta SE P EAF F
rs10740991 G C 0.026 0.003 1.33x107 0.854 86.60
rs10756714 G A -0.020 0.002 3.35x107" 0.622 62.05
rs10773302 G T -0.017 0.003 7.66x107"° 0.803 37.85
rs10789334 A G -0.018 0.003 4.24x107"° 0.915 39.00
rs10938398 A G 0.028 0.003 1.00x107% 0.675 128.22
rs11030112 A G 0.031 0.003 2.65x107* 0.756 140.00
rs11126734 A C -0.015 0.002 7.97x107"° 0.654 37.71
rs111363146 C T 0.020 0.004 3.64x107° 0.933 30.33
rs11150745 G A -0.019 0.003 3.11x107" 0.790 53.14
rs11161044 G C -0.017 0.003 4.52x107° 0.659 29.91
rs111610668 G A -0.017 0.003 2.99x107" 0.852 44.19
rs11173521 T G 0.014 0.003 1.93x107 0.398 31.57

rs809955 A G -0.016 0.003 7.45x107"° 0.646 37.90
rs8103728 C G -0.015 0.003 8.02x107° 0.618 33.27
1rs879620 C T -0.021 0.003 9.02x107' 0.344 64.63
rs916289 T C -0.014 0.002 3.26x107" 0.714 30.55
1s9277979 T C 0.023 0.003 8.77x107" 0.882 51.10
1s9320823 T C -0.023 0.003 4.92x107* 0.689 84.01
rs9358912 T G -0.025 0.003 1.22x107"* 0.634 77.67
rs9471333 C T 0.024 0.002 1.06x107* 0.548 96.16
1s9512696 A G -0.014 0.003 3.97x107° 0.471 30.16
1s9522285 A G 0.019 0.003 9.61x107" 0.716 55.44
1s9569934 T C -0.019 0.003 4.04x107° 0.773 34.61
1s9641499 A C -0.018 0.003 1.20x107"2 0.603 50.49
rs9832402 G A -0.017 0.003 2.99x107° 0.685 35.19
1s9843340 C T -0.022 0.003 1.74x107"° 0.931 40.74
1s9925945 C A -0.017 0.003 7.04x107"° 0.782 38.01
rs9989141 C T -0.020 0.003 6.77x107" 0.506 60.66
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SEHUETIEER, BRILZ AN, IVW J5 ¥k B, 8% il
W) VAT Jog 38 i 5 il 4 26 (OR = 1.18, 95%CI
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MR-Egger [o] 5 # FF 101 & 55 % 80, VAT 518
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6(rs10423928 | rs1446585 . 1s17770336 , rs59066241 .
rs264932 . rs10938398 ). 7(rs329124. rs329124 .
rs71658797 . rs71658797 . rs7724430. 1rs9358912 .
rs9358912) .0.0.0.0 4~ SNPs, 5 % Cochran’s Q
KB AN A B8 VAT 5548 Ve BH 28 P il | i g | il ¢
Z 6] 1 DGR AT AE 5 o P | AR 4% 21 R K 0 5 o
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— 3, R R TS S SE R AR, Ik
ST R AR B A, E— 2D B IE T 45 R AR
Pk, W3 K4,



52 e ROR 2% % W (B % R 62 4 7M1
25 WiRiS SNPs OR 95%CI P
MR ZEPER VW 188 : L 1.56 1.33~1.84 <0.001
MR-WME 188 | 1.58 1.25~2.00 <0.001
MR-Lasso 188 e 1.59 1.36~1.86 <0.001
MR-Robust 188 | - 1.6 1.35~1.89 <0.001
MR-Egger 188 ' . ' 1.86 0.99~3.47 0.052
MR-RAPS 188 - 1.59 1.35~1.87 <0.001
MR-PRESSO 188 ' e 1.56 1.33~1.84 <0.001
RS I W 227 422 IVW 190 e 1.76 1.53~2.03 <0.001
MR-WME 190 | 1.73 1.46~2.04 <0.001
MR-Lasso 190 | e 1.62 1.45~1.81 <0.001
MR-Robust 190 | e 1.74 1.50~2.02 <0.001
MR-Egger 190 L - 4 1.93 1.13~3.32 0.017
MR-RAPS 190 L 1.81 1.63~2.02 <0.001
MR-PRESSO 190 e 1.76 1.53~2.03 <0.001
i IVW 184 | - 1.39 1.23~1.58 <0.001
MR-WME 184 i ot 1.37 1.17~1.60 <0.001
MR-Lasso 184 Bae 1.38 1.24~1.53 <0.001
MR-Robust 184 e 1.38 1.22~1.57 <0.001
MR-Egger 184 —t—s 1.11 0.69~1.79 0.670
MR-RAPS 184 ' o 1.39 1.25~1.54 <0.001
MR-PRESSO 184 g 1.39 1.23~1.58 <0.001
i & VW 172 |- 1.22 1.15~1.30 <0.001
MR-WME 172 | v 1.21 1.12~1.32 <0.001
MR-Lasso 172 |- 1.21 1.14~1.28 <0.001
MR-Robust 172 |- 1.21 1.14~1.29 <0.001
MR-Egger 172 ——t 1.32 1.05~1.67 0.020
MR-RAPS 172 |- 1.2 1.14~1.27 <0.001
MR-PRESSO 172 |- 1.22 1.15~1.30 <0.001
JifiAe: 2E IVW 172 E'“ 1.18 1.04~1.34 0.009
MR-WME 172 1+ 1.31 1.09~1.58 0.003
MR-Lasso 172 wo- 1.18 1.04~1.34 0.009
MR-Robust 172 "o 1.21 1.06~1.38 0.006
MR-Egger 172 ——— 1.26 0.77~2.03 0.356
MR-RAPS 172 so 1.09 0.96~1.24 0.176
MR-PRESSO 172 re 1.18 1.05~1.33 0.008
PeR MR etk VW 191 ¢ 1.00 1.00~1.00 0.011
MR-WME 191 ¢ 1.00 1.00~1.00 0.159
MR-Lasso 191 ¢ 1.00 1.00~1.00 0.004
MR-Robust 191 ¢ 1.00 1.00~1.00 0.010
MR-Egger 191 ¢ 1.00 1.00~1.00 0.638
MR-RAPS 191 $ 1.00 1.00~1.00 0.035
MR-PRESSO 191 ) 1.00 1.00~1.00 0.012
it 45 4% VW 172 -«:-0 0.94 0.73~1.20 0.607
MR-WME 172 == 0.89 0.62~1.26 0.502
MR-Lasso 172 ".l"‘ 0.94 0.74~1.19 0.608
MR-Robust 172 o=t 0.92 0.72~1.16 0.472
MR-Egger 172 ~e— 0.38 0.15~0.99 0.047
MR-RAPS 172 e 0.79 0.61~1.02 0.066
MR-PRESSO 172 o . , 0.94 0.73~1.20 0.607
0.5 1.0 1.5 2.5 3.5
Bl 1 VAT XA g sm 5 i AY I8 SR A 11

Figure 1

Causal effect estimates of the impact of VAT on lung diseases
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Table 3 Sensitivity analysis

P ‘ MR-Egger [H]15 S MR 5
i (95%CI) P 0 df P

VAT- 181 BH ZE 14 i 0.996(0.984~1.009) 0.576 345.56 187 <0.05

VAT U I W 25 5 0.998(0.987~1.009) 0.725 212.15 189 0.119

VAT-Jiilijgs 1.006(0.999~1.014) 0.086 291.91 183 <0.05

VAT-Jili & 0.998(0.994~1.003) 0.492 213.23 171 <0.05

VAT-filife: 2 0.999(0.989~1.008) 0.794 161.65 171 0.684

VAT-F¢ &Mt 4 44k 1.000( 1.000~1.000) 0.231 177.82 190 0.727

VAT-fili&#% 1.019(1.000~1.038) 0.055 178.89 171 0.324

F 4 VAT SR R R R M B ke 1
Table 4 Leave-one-out analysis results of the causal relationship between VAT and lung diseases

T -2 R IVW i [ Fe/IME, ok ] TR -25 R IVW it [ f/IME, R fE ]

VAT-15 14 BH ZEH: il [1.52,1.60] VAT-filife € [1.16,1.20]

V AT-HE {1 %27 {2 [1.73,1.79] VAT-FR¢ & MRl 4 44, [1.00,1.00]

VAT-Jiilij [1.37,1.41] VAT-itiZ 1% [0.92,0.96]

VAT-Jiili & [1.21,1.23]

S NEER DA A5 48 |, COPD 52 gl 2R (L

3 % i HJE VAT) M1, FLXARLR 5 5 COPD i3 1Y

AWFFEMHH MR RGHETT T VAT S5 i
o BB XU =2 ) B TR TE RS G &R, BF SR 45 SRR,
VAT 508 ZE M il | R AR VP I 450 il 88 | il %
P4 Fe R RUBS A O, A 4R PR UE I 2 FF VAT it
FE PR EMERA LA R R, RS E] VAT 5
T Z BRI R, AL, BT BH 45
P30 A SRR A AT A T T IRIE , 25 S R AR fE T 5

Z I F A, PR 5 114 58 AR B 2 1 R I
LT 455 1 G R, X — s S AR WF e 45 R —
P WRFT R, P AR R £ S R e R
1, T 55 Bl ik 4 43 e W4 ARG A 3 ok — il 94 48043 e 22 T
A K X A2 H B 1 RARERUALE | B AR A
R FIES e 0 1 R AR S8 A o = ™ X
Jili %6, ti T JLAE COVID-19 fI%AT , E AT oY 35
EHRTERSE VAT 5 COVID-19 IR KR, 25
WFFT L5 5 A9 25 e — 2, — 30 [m] B 1F 9 % B
B VAT/ SRR 4141 (total adipose tissue, TAT)
L3 JE COVID-19 f 55 1 i Je (i b 37 fa sy L &
VAT/TAT £ #i il COVID-19 %) %% & 75 i i T
BMI"" | — IR A 4 B Hpo0s [l B A 52 1
HH%: BMI, VAT 25 ICU ARi 755K M dd4s iR 1
SRR A ST R, BE A4 PN I HE
15 SARS-CoV-2 YL 5 #5 2 (If RES AR 2

A BH S i T, E A AR 5T 35 S BH 2E 1
i BB A T 22 1 P I G iy SR RS2 e — T
>k H ECLIPSE ( ClinicalTrials. gov, NCT0292552) BA

e AR5 o R At 2 DG Y i AR g 45 SR —
B, SR — i A F BioXM ( Biomax Informatics
AG, Munich, Germany ) ZCH5 (1) W i F 5% 2.7 , 14
#% BMI J5, VAT 5 COPD ™ & & & 2 6] W A1 %
27 E R ERE I 4 A — B0 e 5 5T
FEARNFERREA [ A G, 8038 SAOE MR 22 R &R
AN O, A SRR T5 Bt — R 5Y X T,
AWFEH T ok A TRICL #filif8 £088 947 T MR
A3HT, T Z T A MR B A [ o it s 6 S 1% f
T (FEAS & 27 209) B-1T T VAT 5 fili i 1 P SR
SEHES | EJRAHI S (6 FH 5K [ TRICL B fili i 45
PEREA R T R (FEA R 85 449) HAH T W 2154
i J5%: (MR-RAPS  MR-Lasso 1 MR-Robust) i#£17
T 0T, AR 55 4 B B &5 S T 5, RS
W FEAEAE T Z AN E A5 B 45 & — 20, |
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