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Abstract: Objective Based on the theory of “seeing kidney disease, knowing it may affect the heart”, this study employed Mendelian
randomization (MR) to explore the genetic causal relationship between estimated glomerular filtration rate (¢GFR) and coronary artery

disease (CAD), and to predict potential Chinese herbal interventions. Methods Genome-wide association study (GWAS) data for
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eGFR and CAD were obtained from the IEU OpenGWAS database. MR analysis and robustness evaluation were primarily conducted
using the TwoSampleMR package in R. Instrumental variable nearby genes (IVNGs) were predicted via the Ensembl database.
Functional enrichment analysis was performed based on IVNGs, and related chemical components and potential Chinese herbs were
predicted using the Comparative Toxicogenomics Database (CTD) and the database of chemical Ingredients of Traditional Chinese
Medicine (ITCM) respectively. The Ancient and Modern Medical Case Cloud Platform (V2.3.9) was used for statistical analysis of
herbs to investigate their characteristics of principles, methods, formulas, and applications in treatment. Results Inverse variance
weighted (IVW) analysis in MR indicated a negative causal association between eGFR and CAD (f = —0.231, P = 1.863 x 107).
Robustness analysis showed no significant heterogeneity or horizontal pleiotropy. Enrichment analysis suggested that the mechanisms
primarily involve insulin secretion, calcium ion signaling, and cyclic guanosine monophosphate-protein kinase G (cGMP-PKG)
signaling pathways. Herbal cluster analysis revealed that the top 40 high-frequency herbs could be categorized into five major types.
Their properties were mainly neutral, followed by warm and cold, flavors were predominantly bitter, followed by sweet and pungent,
meridian tropism was primarily liver, followed by lung, spleen, and stomach, efficacy was mainly clearing heat, followed by eliminating
dampness and tonifying deficiency. Classical formula identification based on the top 20 herbs highlighted six core herbs: Huanggqi
(Astragali Radix), Zhigancao (Glycyrrhizae Radix et Rhizoma Praeparata cum Melle), Renshen (Ginseng Radix et Rhizoma), Chenpi
(Citri Reticulatae Pericarpium), Chaihu (Bupleuri Radix), and Baizhu (Atractylodis Macrocephalae Rhizoma). Related classical
formulas included Buzhong Yiqi Decoction, Shengyang Yiwei Decoction, XiangshaLiujunzi Decoction, Wandai Decoction, and
Shenling Baizhu Powder, among others. Conclusion Guided by the theory of “seeing kidney disease, knowing it may affect the heart”,
this study confirmed a negative genetic causal relationship between eGFR and CAD, potentially mediated through insulin secretion,
calcium signaling, and cGMP-PKG signaling pathways. Based on herbal predictions, the study preliminarily discusses the syndrome
differentiation ideas and current limitations of traditional Chinese medicine in intervening in CAD related to eGFR.

Key words: Mendelian randomization; estimate glomerular filtration rate; coronary artery disease; traditional Chinese medicine
prediction; heart and kidney related; Astragali Radix; Glycyrrhizae Radix et Rhizoma Praeparata cum Melle; Ginseng Radix et

Rhizoma; Citri Reticulatae Pericarpium; Bupleuri Radix; Atractylodis Macrocephalae Rhizoma
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Table 1 Information of instrumental variable
SNP BRI HARSEAEEN  BNME ROV etk P WA E  SE F

rs10189682 A G 0.023 0.446 2 1.31X107° 217646555 0.004  36.814
rs10518732 C G 0.048 0.392 15 4.82X107%7 53939042 0.004 161.746
rs11039297 A G -0.028 0.250 11 338X10710 47581443 0.004  39.424
511062070 T C -0.024 0.401 12 2.82X107° 343632 0.004 35296
rs11123169 T C 0.033 0.732 2 238X1075 113967075 0.004  62.722
rs117316263 G A 0.038 0.141 6 1.92X107° 32579695 0.006  36.060
rs11742501 C T 0.036 0.094 5 2.48X10°% 151107096 0.006  31.081
rs12241531 A G -0.029 0.154 10 1.41X10°% 104407792 0.005  32.169
1s1260326 C T -0.032 0.441 2 3.59X10717 27730940 0.004  70.983
1s1275609 A G 0.028 0.594 12 1.33X10710 76271183  0.004  45.750
rs128494 C T 0.023 0.429 21 8.59X1071° 37834258 0.004 37.613
1s12916608 C A 0.027 0.202 15 934X107° 51072241 0.005  32.978
s12935539 C T -0.024 0.315 16 3.86X107° 51754991 0.004  34.691
rs1533988 T A -0.060 0.333 7 8.68 X107 1293010 0.005 169.661
s16853722 C T -0.024 0.279 3 1.67X10°% 169150632 0.004  31.850
s16856823 T A 0.047 0.193 2 4.68X1072 170200452 0.005  93.244
1516942751 A C -0.024 0.296 18 6.05X107° 24393213 0.004 33.814
151705694 G A 0.036 0.836 8 1.16X10712 23769618 0.005  50.544
152332050 G C -0.025 0.732 3 1.58X10°® 121635818 0.004  31.946
152337106 G C 0.022 0.533 18 1.18X10°% 46460903 0.004  32.520
s241812 G A 0.023 0.571 6 1.57X107° 100890991 0.004  36.434
152725261 T C -0.023 0.634 4 8.72X107° 89036353 0.004  33.098
152781656 T C -0.028 0.320 6 2.57X1072 131882571 0.004  48.997
152990246 C G 0.037 0.845 1 7.99X1071 155197602 0.006 42274
1s307558 A G 0.027 0.744 3 1.20X107° 12095130 0.004  36.981
1s316020 G A -0.057 0.949 6 7.32X10712 160 669 081  0.008  46.941
1s34720381 T C -0.045 0.069 1 1.46X107° 171455322 0.007  36.583
1s3782787 G C -0.026 0.257 12 6.80X1071° 3358261 0.004  38.086
154399402 G A 0.028 0.818 12 6.78X107° 23899593 0.005  33.602
154525087 C A -0.027 0.601 1 521X10712 23692229 0.004  47.599
rs4715491 G A -0.034 0.229 6 1.13X107% 54764320 0.005  55.125
154859682 A C -0.049 0.217 4 561X107% 77410318 0.005 120.230
154944199 G A 0.021 0.477 11 1.48X10°% 78122779 0.004  32.076
154966025 A G 0.025 0.439 15 1.78X1071% 99309542 0.004  40.715
1s5029970 C T -0.024 0.301 3 527X107° 186434491 0.004  34.092
1s549752 G A 0.042 0.682 18 8.96X107% 77158225 0.004 105.638
1s6001939 T C 0.033 0.266 22 6.85X1071% 40892794 0.005 51.576
1s626277 C A 0.038 0.850 13 440X107% 72347696 0.005  52.455
1s67332916 T C 0.027 0.398 13 295X10710 42749711  0.004  44.190
15680 C T -0.022 0.600 11 467X107 2153634 0.004  29.840
1s6851943 T G -0.022 0.459 4 6.13X107° 101124422 0.004  33.789
1s6907843 T C -0.041 0.084 6  2.86X107° 90109374 0.007 35271
rs7118132 T C -0.023 0.326 11 9.61X107° 55126517 0.004 32916
1s7475348 T C 0.034 0.315 10 299X107'% 69965177 0.004  66.794
1s75834729 T C 0.026 0.290 8 2.45X1071% 130371638 0.004  40.087
157596689 C A -0.061 0.053 2 3.02X107% 122039095 0.008  53.194
187714453 T C 0.031 0.728 5 1.07X1071" 34510386 0.005  46.181
1877924615 A G 0.073 0.219 16 581X107%° 20392332 0.005 262.145
1s78709322 T C -0.026 0.392 16 8.16X1071° 20409579 0.004  37.703
1s848302 A T 0.029 0.690 1 1.27X10712 16316119 0.004  50.379
1s9368805 C T 0.029 0.773 6 1.67X107° 34225075 0.005 36.334
1$9370390 G A 0.033 0.752 6 3.10X1071 55013848 0.005  44.127
1s963837 C T 0.041 0.343 11 7.93X1072 30749090 0.004  92.151
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Table 2 Results of MR analysis
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95% CI

MR-Egger
I Az £
W5 Z AL
fi B A 2
A EL

52

52
52
52

-0.149
-0.203
-0.231
-0.201
-0.230

0.172
0.072
0.054
0.156
0.112

0.390 0.862
0.005 0.817
1.863X1073 0.794
0.202 0.818
0.045 0.794

0.615~1.206
0.709~0.941
0.714~0.882
0.603~1.110
0.637~0.990
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2 F[EI MR 75753 eGFR 5 CAD R4 HIFESRM M &t
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Fig. 2 Estimates causal effects of eGFR and CAD by
different MR methods

x3 REMRELER
Table 3 Results of heterogeneity test

WA/ Q Q df P

MR-Egger 66.480 50 0.059
W7 2 AL 66.818 51 0.068

s Wi FEE TR R A TE T
W4, BU. Al AS. KEL HE. B,
WeE . WM . WESE, WK 4 Fion. XTHT
40 TR AT R T, ATLAUREU Y N S KR
OKE] . At WATE, B XN 4. SR,
Wi R, SR BT B, DT
WA SR JE T K OQFE. NI1E; G
WEE . O @O’Z. RZ. A, S, WK,
FR. R, RE, JE, &FFE. O 4
B mR L S W RO KRR ML ©
ML BT, il 9 B, TR H 2 PU R P
HNE, G 24.47%, B (24.10%). FEHE
(20.27%) &z (B 10-A); HWRBLTFH A E, &
b 30.44%, HBk (25.86%). ¥k (22.01%) &
Z (E10-B); HAUMNE, HIUCHI. B, B

rs10618732
rs117316263
rs7714453
1s4966025 '
1$2725261 —_— ——
rs11062070 i
154944199 +
rs7596689
1$67332916
rs7118132
rs1533988
1$5907843 '
rs11123169 i
rs5029970 '
1s241812 '
rs12241531
rs12935539
rs12916608
1s963837
1s34720381 f
rs5001939 .
1s2990246 f
rs10189682 4
12332050
13307558
157475348
1rs4399402
152781656
rs3782787 '
1s1275609 '
154715491 '
1$549752
rs128494
1s75834729
1877924615 '
rs16853722 '
rs4515087 ]
1s316020 '

1rs9368805 | i
18626277 N
rs580 ‘
rs1260326
rs11742501
1rs4659682
1s845302
rs16856823

All

-0.3 -0.2 0.1 0.0
eGFR 5 CAD (1) MR B — Ut 4

3 B—EoHheR
Fig. 3 Leave-one-out analysis results

S 10-CO DI FEELIE N E, S 27.87%,
FEUE (4.19%) Ketbig (12.21%) 2 (E 10-D).

AR HEAALERT 20 B R 253047 48044 77 R,
SR RFERZEEHE, KHE. NS, R,
BERIAI A RIX 6 WRs Mk 23100, AR & 34477
Atz FHHSE 7. TNE 75wl
HMZEEREE (R 5).
2.6 HAHBYRITFSFRHHE

i i TCMSP RIS UK fie = R HE T 1 G B
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| MR-Egger
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Fig. 4 Funnel plot
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Fig. 5 Protein-protein interaction network
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Fig. 6 Core genes mediating occurrence of CAD through
e¢GFR
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CESIE
B Pathway analysis
Insulin secretion o
Calcium signaling pathway {-- @ i
cGMP-PKG signaling pathway ® ;g

Regulation of lipolysis in adipocytes - : @10
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Cortisol synthesis and secretion f- s 2o
. 0.006
Vascular smooth muscle contraction{ # 0.004
Apelin signaling pathway |-e : 0.002
Breast cancer {e
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Fig. 7 GO function (A) and KEGG pathway (B)

enrichment analysis of gene

7y, TR AT E ARSI 9 A, EARARR
FFER — T lig (dibutyl phthalate). #57 # (quercetin)
&, i/ CB-Dock2 T H-F (https:/cadd.labshare.
cn/cb-dock2/) FA RS  ER oy R HEAT 23 50
B2, 4itrBEfE—4~—1 keal/mol (1 kcal=4.2 k) A
BHEEIPIAEAEH, —7~—4kcal/mol A F 455 E
FE AR, A% T 7 keal/mol MW A BEEAH FAE T o
GRER, FOHR O TRE=HMRRTSES®

iz 8 1 G2 ( ATP-binding cassette sub-family G
member 2, ABCG2) 4%, 454 H HAEM HE N-7.8
kecal/mol, &R 4065, FtAsbR A (125,125,
131, XHERSEA (33,29,2005 MR 155 0 5 &
A KT 1 324K (insulin-like growth factor 1 receptor,
IGFIR) Xi#%, #i# H HIfefli 58 9-6.5 keal/mol,
IR 202, HLAAFRY (48,14,75), xR
S (21,210,210 EBES Gt AL T 1 S
B(chromatin assembly factor 1 subunit B, CHAFIB)
X, ZiE B B Rl B 9-9.8 keal/mol, 7 AR
BN 4607, dtsibiy (16, 36, —27), MR
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Fig. 8 Insulin secretion pathway
T4 HERE40 IKBETDE
Table 4 Top 40 potential intervention traditional Chinese medicines
iz BIIR eI ] SR eI
Wa ¥ 19 5.19 W 8 2.19
SR 19 5.19 5 fig 7 1.91
T 16 437 i 7 1.91
LA 15 4.10 it 7 1.91
Wt 14 3.83 R3E 7 1.91
FiE 12 3.28 e 7 1.91
] 12 3.28 E&FHFE 7 1.91
K2 11 3.01 I 7 1.91
THATE 11 3.01 R 7 1.91
x5 4 11 3.01 T 7 1.91
B 10 2.73 954 7 1.91
A figt 10 2.73 LETHH 7 1.91
A& 10 2.73 He 7 1.91
K 10 2.73 St 6 1.64
HE 9 2.46 RZ 6 1.64
AL 9 2.46 PPN 6 1.64
e 9 2.46 [IEES 6 1.64
palis 9 2.46 ) 6 1.64
Frig 8 2.19 S 6 1.64
W 8 2.19 Ril Jizz 6 1.64
~fFoR (31, 26, 35), 456 H H AR F AR T-6.0 K 11,
kcal/mol, & BARZ 0o 24 1 OB 70 5 DG B R 3 3 g
BRI ARE, BoTrrsgg RidirExs, W COBEMREHIRFEZOEI . —, HEE
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Eo RHEAHHER IR, B TAGONEETIR, AEET
Fig. 9 Results of cluster analysis of traditional Chinese LRI, Beln N 2 8] B DR S HE T HE At 5 Sy
medicine SERRIEYE . MR R LA RO e R SR . W
A . B i c g D 2 42
A, Bl T SN 7 Ml p0- - wew
300 3(5)8 N 200 1&)%¢;§j$21
R A M A i
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= e TERY W 24
(7 it 24 R hzh
- | (5} it Wz kil
e R b i IEMALRZ B R

A-PE USRS K B-P IR TR IE R C-hAIRE AL D-h A DR DAL
A-radar chart of the distribution of the four properties in traditional Chinese medicine; B-radar chart of the distribution of five flavors in traditional Chinese

medicine; C-radar chart of meridian tropism of traditional Chinese medicine; D-pie chart of the distribution of traditional Chinese medicine efficacy.

El 10 SAHGHTHER

Fig. 10 Statistical analysis results of traditional Chinese medicine
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Table 5 Recognition results of similar classic formulas

AR TS 7] SN0 7 FIRYE HHABLEE /%
Hhh i <A WG, RHE. AS. HH. B, JHIR. 5. AR CPSMI R ) 9.09
JHBH 2 WG, FRL AZS . LHE, R PG ARG B B CPSMI AR ) 8.00

AN NS FNIRE S E NI S W NN <3
ENE T AZ. AR HEL B R . KE (A5 HETTRD) 6.82
i AR ighe AZ. BT BT AR HE. R i (fHH ELRD 6.38

TEH. S
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A4S T HIRR T BE-ABCG2; B-#fit ¢ #-IGFIR; C-JHf%-CHAF1B.
A-dibutyl phthalate-ABCG2; B-quercetin-IGF1R; C-choline-CHAF1B.

11 o9 FIEE

Fig. 11 Partial molecular docking diagrams
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