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[ Abstract]  Objective Some epidemiological studies have shown that pregnant women who develop
preeclampsia (PE) have elevated levels of testosterone in their maternal plasma compared to women with normal blood
pressure during pregnancy, revealing a potential association between hyperandrogenism in women and PE. To explore the
causal relationship between hyperandrogenism and PE, this study selected total testosterone (TT), bioavailable
testosterone (BIOT), and sex hormone binding globulin (SHBG) as exposure factors and PE and chronic hypertension
with superimposed PE as disease outcomes. Two-sample Mendelian randomization (MR) analyses were used to
genetically dissect the causal relationships between the three exposure factors (TT, BIOT, and SHBG) and the outcomes of
PE and chronic hypertension with superimposed PE. Methods Two independent genome-wide association study
(GWAS) databases were used for the two-sample MR analysis. In the GWAS data of female participants from the UK
Biobank cohort, single nucleotide polymorphisms (SNPs) associated with TT, BIOT, and SHBG were analyzed, involving
230454, 188507, and 188908 samples, respectively. GWAS data on PE and chronic hypertension with superimposed PE
from the Finnish database were used to calculate SNP, involving 3 556 PE cases and 114735 controls, as well as 38 cases of
chronic hypertension with superimposed PE and 114735 controls. To meet the assumptions of instrumental relevance
and independence in MR analysis, SNPs associated with exposure were identified at the genome-wide level (P<5.0x10™%),
and those in linkage disequilibrium interference were excluded based on clustering thresholds of R’<0.001 and an allele
distance greater than 10000 kb. Known confounding factors, including previous PE, chronic kidney disease, chronic
hypertension, diabetes, systemic lupus erythematosus, or antiphospholipid syndrome, were also identified and the
relevant SNPs were removed. Finally, we extracted the outcome data based on the exposure-related SNPs in the outcome
GWAS, integrating exposure and outcome data, and removing palindromic sequences. Five genetic causal analysis
methods, including inverse variance-weighted method (IVW), MR-Egger regression, weighted median method, simple
mode method, and weighted mode method, were used to infer causal relationships. In the IVW, it was assumed that the
selected SNPs satisfied the three assumptions and provided the most ideal estimate of the effect. IVW was consequently

used as the primary analysis method in this study. Considering the potential heterogeneity among the instrumental
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variables, random-effects IVW was used for MR analysis. The results were interpreted using odds ratios (OR) and the
corresponding 95% confidence interval (CI) to explain the impact of exposure factors on PE and chronic hypertension
with superimposed PE. If the CI did not include 1 and had a P value less than 0.05, the difference was considered
statistically significant. Sensitivity analysis was conducted to assess heterogeneity and pleiotropy. Heterogeneity was
examined using Cochran's Q test, and pleiotropy was assessed using MR-Egger intercept analysis. Additionally, leave-one-
out analysis was conducted to examine whether individual SNPs were driving the causal associations. To further validate
the findings, MR analyses were performed using the same methods and outcome variables, but with different exposure
factors, including waist-to-hip ratio adjusted for BMI (WHRadjBMI) and 25-hydroxyvitamin D levels, with MR results for
WHRadjBMI and PE serving as the positive controls and MR results for 25-hydroxyvitamin D levels and PE as the
negative controls. Results According to the criteria for selecting genetic instrumental variables, 186, 127, and 262 SNPs
were identified as genetic instrumental variables significantly associated with testosterone indicators TT, BIOT, and
SHBG. MR analysis did not find a causal relationship between the TT, BIOT, and SHBG levels and the risk of developing
PE and chronic hypertension with superimposed PE. The IVW method predicted that genetically predicted TT (OR [95%
CI)=1.018 [0.897-1.156], P=0.78), BIOT (OR [95% CI]=1.11 [0.874-1.408], P=0.392), and SHBG (OR [95% CI]=0.855
[0.659-1.109], P=0.239) were not associated with PE. Similarly, genetically predicted TT (OR [95% CI]=1.222 [0.548-
2.722], P=0.624), BIOT (OR [95% CI]=1.066 [0.242-4.695], P=0.933), and SHBG (OR [95% CI]=0.529 [0.119-2.343],
P=0.402) were not significantly associated with chronic hypertension with superimposed PE. Additionally, MR analysis
using the MR-Egger method, weighted median method, simple mode method, and weighted mode method yielded
consistent results, indicating no significant causal relationship between elevated testosterone levels and PE or chronic
hypertension with superimposed PE. Heterogeneity was observed for SHBG in the analysis with PE (Cochran's Q test,
P=0.01), and pleiotropy was detected for BIOT in the analysis with PE (MR-Egger intercept analysis, P=0.014), suggesting
that the instrumental variables did not affect PE through BIOT. Other instrumental variables did not show significant
heterogeneity or pleiotropy. Leave-one-out analysis confirmed that the results of the MR analysis were not driven by
individual instrumental variables. Consistent with previous MR studies, the results of the control MR analyses using
WHRadjBMI and 25-hydroxyvitamin D levels supported the accuracy of the MR analysis approach and the methods used
in this study. Conclusion The MR analysis results suggest that current genetic evidence does not support a causal
relationship between TT, BIOT, and SHBG levels and the development of PE and chronic hypertension with
superimposed PE. This study suggests that elevated testosterone may be a risk factor for PE but not a direct cause.
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Table 1 Genetic instrumental variable selection process

Associated with

Independent of

Exposure exposure (P<5.0x10™) After excluding LD confounding factors IVs
TT 30223 235 213 186
BIOT 15823 156 138 127
SHBG 53178 351 302 262

TT: total testosterone; BIOT: bioavailable testosterone; SHBG: sex hormone-binding globulin; LD: linkage disequilibrium; IVs: instrumental variable.
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TT. BIOT. SHBG 5 PEMBEHLAL B IV WL 73 B 45
7R AL FI A TT 5 PE OR(95%CI) = 1.018(0.897 ~
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Exposure Method OR (95% CI)

TT MR-Egger 0.976 (0.794-1.201)
WM 0.912 (0.739-1.125)
IVW 1.018 (0.897-1.156)
Simple mode 1.113 (0.694-1.786)
Weighted mode 0.916 (0.726-1.155)

BIOT MR-Egger 0.633 (0.384-1.045)
WM 0.818 (0.559-1.198)
IVW 1.110 (0.874-1.408)
Simple mode 2.040 (0.873-4.766)
Weighted mode 0.802 (0.480-1.340)

SHBG MR-Egger 1.071 (0.709-1.619)
WM 0.828 (0.550-1.247)
IVW 0.855 (0.659-1.109)

Simple mode

Weighted mode

1.076 (0.427-2.710)

0.878 (0.561-1.373)
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Fig 1 MR effect values of TT, BIOT, SHBG, and PE

TT: total testosterone; BIOT: bioavailable testosterone; SHBG: sex hormone-binding globulin; IVW: inverse variance weighted; WM: weighted median.
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Fig 2 Scatter plots of MR analysis of TT, BIOT, SHBG, and PE

TT: total testosterone; BIOT: bioavailable testosterone; SHBG: sex hormone-binding globulin; SNP: single nucleotide polymorphism; PE: preeclampsia.

Exposure Method OR (95% CI) P
TT MR-Egger 2.318(0.622-8.642) —_— 0.212
WM 1.191 (0.325-4.371) ——— 0.792
IVW 1.222(0.548-2.722) ° 0.624
Simple mode 2.189(0.123-38.884) - 0.594
Weighted mode  1.254(0.308-5.104) - 0.753
BIOT MR-Egger 0.474 (0.019-11.589) 0.648
WM 0.349 (0.030-4.112) 0.403
IVw 1.066 (0.242-4.695) 0.933
Simple mode 1.138(0.006-211.161) — 0.961
Weighted mode  0.279 (0.011-7.062) 0.441
SHBG MR-Egger 1.244 (0.118-13.149) -— 0.856
WM 0.877 (0.073-10.469) 0.917
VW 0.529 (0.119-2.343) 0.402
Simple mode 0.044 (0-10.817) . 0.267
Weighted mode 1.306 (0.089-19.144) -— 0.846
T T T T T T )
0 1 2 3
Odds ratio

3 TT.BIOT.SHBG5 CH-PEEIMREL R &
Fig 3 MR effect values of TT, BIOT, SHBG, and CH-PE

TT: total testosterone; BIOT: bioavailable testosterone; SHBG: sex hormone-binding globulin; IVW: inverse variance weighted; WM: weighted median.
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Fig 4 Scatter plots of MR analysis of TT, BIOT, SHBG, and CH-PE
TT: total testosterone; BIOT: bioavailable testosterone; SHBG: sex hormone-binding globulin; SNP: single nucleotide polymorphism; CH-PE: chronic hypertension

with superimposed preeclampsia.
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Table 2 Sensitivity analysis

Outcome Exposure P for heterogeneity test P for pleiotropy test
PE TT 0.769 0.615

BIOT 0.078 0.014

SHBG 0.01 0.169
CH-PE TT 0.906 0.231

BIOT 0.120 0.576

SHBG 0.679 0.361

TT: total testosterone; BIOT: bioavailable testosterone; SHBG: sex
hormone-binding globulin; PE: preeclampsia; CH-PE: chronic hypertension

with superimposed preeclampsia.
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