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[ Abstract] Objective To investigate the association and causal relationship between
plasma metabolites and salt sensitive hypertension (SSH) using association analysis and Mendelian
randomization (MR). Methods Based on the baseline survey data from the System Epidemiology
Study on Salt Sensitivity of Blood Pressure (EpiSS), 60 participants were selected for untargeted
metabolomics and whole-genome genotyping. Multivariable Logistic regression analysis was
conducted to explore the association between plasma metabolites and SSH. One-sample and two-
sample MR analyses and sensitivity analysis were performed to assess the causal relationship
between metabolites and SSH. Results A total of 970 metabolites were measured, 73 of which
showed a statistically significant association with SSH (P<0.05). After false discovery rate (FDR)
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correction, ceramide Cer (d34:0) and Cer (d40:1) remained significantly positively associated with SSH, with
OR (95%ClI) of 1.55 (1.36, 1.76) and 2.19 (1.66, 2.91), respectively. The one-sample MR analysis revealed a causal
relationship between Cer (d40:1) and SSH, with both simple genetic risk score (GRS) [OR=2.470, 95%CI (1.887,
3.234)] and weighted GRS [OR=3.362, 95%CI (1.303, 8.674)]. Two-sample MR analysis did not find a causal
relationship between Cer (d34:0) and Cer (d40:1) and SSH (P>0.05). Conclusion This study identified plasma
metabolites Cer (d34:0) and Cer (d40:1) as potential risk factors for SSH, with MR results further supporting a

causal relationship between Cer (d40:1) and SSH. These findings provide new evidence for early screening and

etiological research of SSH.
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Table 2. Multivariable Logistic regression analysis of metabolites and salt sensitive hypertension

R OR{H (95%CI) P P-FDR R OR{H (95%CI) Pfii P-FDR
Cer (d34:0) 1.55 (136, 1.76) <0.001 <0.001 PC (34:0e) 0.69 (0.50, 0.94) 0.025 0.614
Cer (d40:1) 2.19 (1.66, 291) <0.001 <0.001 PC (30:0) 0.86 (0.76, 0.98) 0.025 0.614
PC (32:1p) 0.59 (0.44, 0.80)  0.001 0.394 GlcCer (d34:1) 0.73 (0.56, 0.95) 0.025 0.614
Cer (d40:2) 0.56 (039, 0.79)  0.002 0.394 ChE (18:0) 0.85 (0.74, 0.98) 0.026 0.614
ChE (22:4) 0.75 (0.63, 0.89)  0.002 0.394 CerG3 (d34:1) 0.68 (0.48, 0.95) 0.029 0.633
PC (32:0p) 0.66 (051, 0.86)  0.003 0.475 O-methoxycatechol-O-sulphate 1.12 (1.01, 1.24) 0.029  0.633
Cer (d38:1) 0.68 (0.53, 0.88)  0.005 0.554 SM (d34:1 (OH) ) 0.65 (045, 0.95) 0.031 0.633
GleCer (d42:2) 0.69 (0.54, 0.89)  0.005 0.554 SM (d41:3) 0.80 (0.66, 0.97) 0.031 0.633
GleCer (d42:2) 0.76 (0.63, 0.91)  0.005 0.554 FFA (9:0) 1.90 (1.07, 3.36) 0.032 0.633
PC (30:1e) 0.74 (0.61, 091)  0.006 0.554 PC (34:2p) 0.72 (0.54, 0.96) 0.032 0.633
GleCer (d41:1) 0.72 (0.57, 0.91)  0.007 0.571 SM (d42:1 (OH) ) 0.68 (0.48, 0.96) 0.032  0.633
SM (d38:2) 0.66 (049, 0.89)  0.008 0.571 PC (31:1) 0.91 (0.83, 0.99) 0.033 0.633
PC (34:1p) 0.66 (0.49, 0.89)  0.008 0.571 Ganglioside GA1 (d42:2) 0.70 (0.51, 0.96) 0.033  0.633
Cer (d42:1 (OH) ) 0.71 (0.55, 091) 0.009 0.571 PC (38:2) 0.73 (0.55, 0.97) 0.035 0.639
S-3-oxodecanoyl cysteamine  0.83 (0.73, 0.95) 0.009  0.571 SM (d36:1) 0.75 (0.58, 0.97) 0.035 0.639
Perfluorooctanesulfonic acid ~ 0.83 (0.72, 0.95) 0.010 0571 FFA (18:3n6) 1.17 (1.01, 1.36) 0.036 0.639
PC (32:0e ) 0.67 (0.50, 0.90) 0011 0571 PC (32:1) 0.87 (0.76, 0.99) 0.036  0.639
SM (d39:2) 0.73 (0.58, 0.92) 0011 0.571 SM (d34:0 (OH) ) 0.74 (0.56, 0.97) 0.036  0.639
ChE (18:1) 0.69 (052, 091) 0012 0571 PC (36:2) 0.63 (041, 0.97) 0.039 0.642
PE (40:2) 0.64 (0.46, 090) 0013 0.571 PC (34:1) 0.77 (0.60, 0.98) 0.039 0.642
AcCa (18:0) 143 (1.09, 1.87) 0.013 0.571 GlcCer (d42:1) 0.74 (0.57, 0.98) 0.040 0.642
CerG3 (d42:3) 0.70 (0.53, 0.92) 0.013  0.571 2-Hydroxyglutarate 0.67 (0.46, 0.97) 0.040 0.642
ChE (22:5n6 ) 0.82 (0.71, 0.96)  0.014 0.571 SM (d42:4) 0.78 (0.62, 0.99) 0.041 0.642
PE (35:3) 0.88 (0.80, 0.97) 0.015 0.574 PC (36:1) 0.76 (0.59, 0.98) 0.042 0.642
PC (32:0) 0.69 (0.52, 0.92) 0015 0.574 CerG3GNAcl (d34:1) 0.67 (0.46, 0.98) 0.043 0.642
PE (37:4) 0.84 (0.74, 0.96)  0.015 0.574 CerG3 (d42:2) 0.72 (0.53, 0.98) 0.044 0.642
ChE (16:0) 0.72 (0.56, 0.94) 0017 0.614 SM (d41:2) 0.72 (0.53, 0.98) 0.044 0.642
SM (d42:3) 0.69 (0.52, 0.93) 0018 0.614 PC (34:2) 0.61 (0.38, 0.98) 0.044 0.642
PC (32:2) 0.80 (0.67, 0.96)  0.020 0.614 Cer (d34:1) 0.73 (0.54, 0.99) 0.045 0.642
PC (33:2) 0.77 (0.62, 0.95)  0.020 0.614 N-Acetyl-L-aspartic acid 0.65 (0.44, 0.98) 0.046 0.642
PE (37:3) 0.66 (0.46, 0.93) 0021 0.614 PC (35:3) 0.76 (0.59, 0.99) 0.046 0.642
PC (44:10) 0.81 (0.69, 0.96)  0.021 0.614 Cer (d40:2) 0.77 (0.60, 0.99) 0.047 0.642
Cer (d42:2) 0.75 (0.59, 0.95) 0.021 0.614 SM (d33:1) 0.75 (0.57, 0.99) 0.047 0.642
Cer (d36:1) 0.81 (0.68, 0.97) 0.022 0.614 PC (40:4) 0.79 (0.63, 0.99) 0.047 0.642
PC (34:0p) 0.65 (0.46, 093) 0.023 0.614 DiHODE isomer3 1.13 (1.00, 127) 0.048 0.642
SM (d36:2) 0.70 (051, 0.94)  0.023 0.614 SM (d37:1) 0.79 (0.63, 0.99) 0.048 0.642
PE (34:0) 0.81 (0.68, 0.97) 0.024 0.614
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Figure 1. Violin plots of group differences in Cer (d34:0) and Cer (d40:1)
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=3 KRty 5ESRES MEN BHEAZERBEVIL ST
Table 3. One-sample Mendelian randomization analysis of metabolites and salt sensitive hypertension

R TR L EEY
Bl ORMH (95%Cl ) Pl PlE ORMH (95%CI ) P

Cer (d34:0) 55

fRIFAGRS 0.202 1.223 (0.944, 1.586) 0.134 0.159 1.172 (0.924, 1.487) 0.197

JALGRS 0.127 1.135 (0.707, 1.822) 0.602 0.061 1.063 (0.698, 1.621) 0.776
Cer (d40:1) 8

fHi GRS 0.966 2.627 (1.953, 3.535) <0.001 0.904 2470 (1.887, 3.234) <0.001

JIIFLGRS 1.146 3.144 (1.217, 8.125) 0.022 1213 3.362 (1.303, 8.674) 0.012

E: GRS R 5 RAVREFRA R T E; RAZREFH A BMI, JURFHERALE,

x4 Rt 5ESRES LENRERZERBEVILST
Table 4. Two—sample Mendelian randomization analysis of metabolites and salt sensitive hypertension

e S, OR(E (959%CI) Pl ST %iﬂzr@mﬁ MR-PRESSO# %
Ol PlE R Pfi RSSobs Pl
Cer (d34:0) 5.481 0.360 0.061 0.696 7.252 0.616
VW 0.683 (0.398, 1.169) 0.164
MR-Egger  0.520 (0.128, 2.111) 0.412
WME 0.766 (0.397, 1.478) 0.426
SM 0.810 (0.364, 1.801) 0.627
WM 0.749 (0.381, 1.473) 0.440
Cer (d40:1) 5.853 0.664 0.002 0.988 6.903 0.839
VW 1.019 (0.386, 2.692) 0.970
MR-Egger  1.000 (0.076, 13.124) 1.000
WME 1.014 (0.329, 3.130) 0.981
SM 4.600 (0.566, 37.369) 0.191
WM 1.036 (0.290, 3.704) 0.958

E: IVW.i# 5 £ Ak ; MR—Egger. MR—Egger®l )3 ; WME nA P ALk ; SM. ALK ; WM ek X,
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