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Background: Although observational studies have shown an association between sex hormone-binding globulin
(SHBG), testosterone (T) and cardiovascular diseases (CVD), controversy remains. In this study, we aim to ex-
plore the causal effects of SHBG and T on Coronary heart disease (CHD).
Methods:Weused univariable, network andmultivariablemendelian randomization (MR) analysis to investigate
the causal effect of SHBG and T on CHD.Weperformed inverse varianceweighted (IVW)MR as the primary anal-
ysis, with the robustness of this approach further tested by othermethods in sensitivity analysis. The SHBG and T
were collected from the UK Biobank data, about 180,000 men aged 40 to 69 years. CHD was collected from
CARDIoGRAMplusC4D 1000 Genomes-based GWAS, which was ameta-analysis including 48 studies and involv-
ing 60,801 CHD cases and 123,504 controls.
Results: Using univariable MR-IVW, the results suggested that a one standard deviation (SD) increase in SHBG,
the risk of CHD decreased by approximately 14% (OR (95% CI): 0.86(0.76,0.97)), and that a SD increase in total
testosterone (TT), the risk also decreased, approximately 8% (OR (95% CI): 0.92(0.85,0.99)). Multivariable MR
showed that both SHBG and TT had no direct causal effect with CHD (a SD increase in SHBG: OR (95% CI):0.75
(0.57,1.00), P=0.053; a SD increase in TT: OR (95% CI): 1.05(0.90,1.22), P= 0.53). In the network MR analysis,
the results suggested that TTmight act asmediator in the causal pathway from SHBG to CHD and account for 93%
of the total effect of SHBG on CHD, and that SHBGmight be amediator in the causal pathway from TT to CHD and
account for 67% of the total effect of TT on CHD.
Conclusions:Genetically predicted SHBG and TTwere negatively correlatedwith CHD inboth univariable and net-
workMR, whichmay provide a causal explanation behind the observed conclusion. In addition, TT and SHBG had
a bidirectional causal effect. Further work is required to disentangle the downstream effects of SHBG/TT on CHD
and themolecular pathways involved, as the simultaneous regulation of SHBG and TTmaymake it a viable strat-
egy for the prevention or treatment of CHD.

© 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

With the increase in the average human life span, the morbidity of
chronic diseases has also increased. Globally, there were an estimated
422.7 million prevalent cases of CVD and 17.92 million deaths in 2015
[1]. Coronary heart disease (CHD) continues to be the most important
cause of premature mortality and a major cause of disability in CVD [1].

In addition, testosterone (T) levels in men decrease with age on ac-
count of declining adrenal and testicular function. Consequently, study-
ing the impact of this reduction in testosterone on chronic diseases has
become important. And in recent years, there has been controversy
about the effect of testosterone on CVD, especially testosterone supple-
mentation. The fundamental reason is that the causal effect between
er the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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testosterone and CVD is unclear. Some epidemiological and observa-
tional studies have shown that low T is associated with increased CVD
risk [2–5], but some studies found high testosterone levels are related
to the occurrence of CVD [6,7]. The reason for this discrepancy is most
likely due to unmeasured confounding and/or reverse causality, a
major limitation of observational studies. So it is unclear if this is a
causal association or due to low T being a biomarker of poor health. Re-
cently, some studies have explored the causal relationship between
total testosterone (TT) and CVD, but SHBG, which is a glycoprotein
and the major transporter and putative regulator of androgens that
binds sex steroid hormones [8] and has strong genetic correlation
with TT (genetic correlation: rg=0.73) [9] inmen, has not been consid-
ered. SHBG, however, may also directly influence numerous traits and
diseases independently of the hormones it regulates [10]. Some obser-
vational evidence has so far linked higher SHBG levels with lower risk
of type 2 diabetes [11], asthma [12], estrogen receptor-positive
(ER+ve)breast cancer [13] etc. Genetic evidence supports the observed
associations with type 2 diabetes [14], asthma [15] and ER+ve breast
cancer [16].

In this study, we will use genetically predicted TT, bioavailable tes-
tosterone (BT) that is not bound to SHBG and largely represents the
sum of T unbound to any plasma protein plus human serum albumin
bound T and SHBG as exposures, CHD as outcome, and using univ-
ariable, multivariable and network Mendelian randomization (MR)
analysis to explore the causal association between them. The frame-
work of the MR analysis is described in Fig. 1. MR analysis provides a
useful tool for exploring causal effects of endogenous exposures on dis-
ease risk without adding any intervention [17]. Given alleles are both
randomly assigned and fixed at conception, genetic risk can be used as
an epidemiological exposure to reduce the effects of confounding and
reverse causality [17].

2. Methods and materials

2.1. Exposures

The genetic predictors for T (including TT and BT) and SHBG were
obtained from the UK Biobank. The UK Biobank is a large, ongoing, pro-
spective cohort study, with median follow up time of 11.1 years [18].
Fig. 1. (a)UnivariableMendelian randomization analysis framework; (b)MultivariableMendeli
framework; (d) Network Mendelian randomization analysis framework.
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The UK Biobank comprises over 500,000 participants who were aged
40–69 years during the recruitment [19].

In reference 10, the exposures were genetically predicted,
normal transformed (log transformed or Inverse normal transformation
of rank) serum TT, BT and SHBG (nmol/L) [9]. SHBG and TT were
measured by two step sandwich immunoassay analysis on a Beckman
Coulter Unicel Dxl 800 [20], BT was calculated from TT, SHBG and
albumin [21,22].

In this study, we obtained the SNPs, beta, effect allele etc. from the
articles by Ruth, Katherine S et al [9], whichwas the latest GWAS article
on SHBG and testosteronewith the largest sample size, recently. Among
them, there were 194,453 subjects for TT, 178,782 for BT and 180,726
for SHBG [10]. The sample inclusion/exclusion criteria were as follows:
(1) Included white Europeans only. (2) Non-missing values only so ex-
cluded participants with testosterone below lower limit of detection.
(3) Men who self-reported taking hormone based medication (UK
Biobank variables 30,850 and 20,003) [9].

2.2. Outcome

Weused CARDIoGRAMplusC4D 1000 Genomes-based GWAS, which
does not contain UK Biobank samples, as the outcome data set.
CARDIoGRAMplusC4D 1000 Genomes-based GWAS is a meta-analysis
of 48 GWAS studies of mainly European descent (about 77%), imputed
using the 1000 Genomes phase 1 v3 training set with 38 million vari-
ants. The study interrogated 9.4 million variants and involved 60,801
CHD cases and 123,504 control [23]. The call rates of 48 GWAS studies
were greater than or equal to 95% [23].

We used CHD as the outcome and extracted SNPs associated with
exposures from the D4D CARDIoGRAMplusC4D 1000 Genomes-based
GWAS data set.

2.3. Genetic instrumental variables for SHBG and testosterone

MR is based on three basic assumptions, i.e., the genetic variants,
specifically here single nucleotide polymorphisms (SNPs), are strongly
related to the exposure (relevance), are not associated with con-
founders of the exposure-outcome relation (independence), and only
influence the outcome via the exposure (exclusion-restriction) [24].
an randomization analysis framework; (c) BidirectionalMendelian randomization analysis
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To satisfy these assumptions, we used genome wide significant SNPs
(P<5×10−8). The genetic instrumentswere obtained from the largest,
sex-specific genome wide association study (GWAS) conducted in the
UK Biobank (178,782 white British men and 230,454 white British
women) and replicated in three independent studies (CHARGE Consor-
tium, Twins UK, and EPICNorfolk) [9], and the call rate was greater than
or equal to 90% [25]. The GWAS provided 357 (r2 < 0.05) independent
SNPs for SHBG in men, with minor allele frequency > 1%, imputation
quality score > 0.5 [9].And the GWAS also provided 231 independent
SNPs for TT and provided 125 independent SNPs for BT in men [9]. We
checked for the Hardy-Weinberg equilibrium (HWE) and dropped any
SNP with HWE p value <1 × 10−4. SHBG had strong genetic correlation
with TT (genetic correlation: rg=0.73) [9]. As such,multivariableMR of
SHBG and TT may have the greatest validity for these instruments, but
for comprehensiveness, we also presented results of univariable and
network MR for comparison. To satisfy the assumption of indepen-
dence, we checked SNPs in PhenoScanner, a R package with compre-
hensive information on the associations of genotype and phenotype,
to test whether these SNPs were associated with the potential con-
founders, including smoking, alcohol drinking, body mass index (BMI),
physical activity, weight, waist circumference, waist hip ratio, and
dropped SNP(s) associated with any of these potential confounders at
genome wide significance (P < 5 × 10−8).

2.4. Genetic instrumental variables for multivariable MR

Multivariable MR used only for SHBG and TT, because of the strong
genetic correlation with TT but weak genetic correlation with BT
(genetic correlation: rg = 0.73and −0.05(se = 0.024), P = 0.04) [9],
respectively). After combining the genetic predictors for SHBG and TT,
we dropped overlapping SNPs, correlated SNPs (r2 > 0.05), and SNPs
whose correlations with other SNPs not available in MR-Base using
“clump” function. The remaining SNPs were used for multivariable MR.

2.5. Mendelian randomization

2.5.1. Statistical analysis for MR estimates using univariable MR
We estimated the total effect of exposures (SHBG, TT or BT) on CHD

using univariable Mendelian randomization. Our primary analysis used
inverse variance weighting (IVW) estimators with multiplicative fixed
effects (if they had heterogeneity using random effects IVW and using
I2 to show their heterogeneity) which assume no directional pleiotropy
[26]. And the statistical power was calculated in http://cnsgenomics.
com/shiny/mRnd/, using the IVW analysis's result. Specifically, the
variance explained by each SNP was calculated using beta [2] × 2 ×
minor allele frequency (MAF) × (1-MAF), where beta is the standard-
ized beta coefficient for the effect allele and MAF is the minor allele
frequency [27].

In sensitivity analysis, we usedWeightedmedian [28] andMR-Egger
regression test [29]. The weighted median estimate was robust to inva-
lid instruments and able to provide consistent estimation evenwhen up
to 50% of theweight is from invalid SNPs [28]. TheMR-Egger regression
test was used to evaluate the directional pleiotropy and investigate the
null causal hypothesis under the InSIDE (Instrument Strength Indepen-
dent of Direct Effect) assumption [29]. The intercept of the MR-Egger
regression can assess the presence of pleiotropy and the slope of the
MR-Egger regression can provide pleiotropy corrected causal estimates
[29]. If the intercept of theMR-Egger regression p value <0.05, we used
MR-PRESSO to identify outliers with potential horizontal pleiotropy
among multiple genetic variants and provide a corrected estimate
after removing these outliers [30]. If MR-PRESSO identified outlier(s),
we used the corrected estimates from MR-PRESSO instead of IVW in
the primary analysis.

To test the sensitivity of SNPs, we designed a leave-one-out analysis.
Each SNP was removed to carry out the results of IVW and then evalu-
ated the influence of each SNP on the results. The fluctuation of the
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results before and after removing each SNP reflects the sensitivity of
this SNP. We also drew funnel plots to see the causal effect of each
SNP and to test whether the results were affected by potential biases.

2.5.2. Statistical analysis for MR estimates using multivariable MR
Multivariable MR is an extension of basic univariable MR. It uses

SNPs to predict two or more exposures and can be used to estimate
the direct effect of one exposure after adjusting for the other exposure
(s) [31,32], here the effect is SHBG and TT on CHD after adjusting each
other, respectively (Fig.1b). In multivariable MR, we used MR IVW to
estimate the effects of SHBG and TT on CHD.

In sensitivity analysis, we used MR Egger to detect whether the
genetic predictors were acting other than via TT or SHBG (directional
pleiotropy) indicated by a non-zero intercept.

2.5.3. Bidirectional MR analysis and Network MR analysis
First, we used bidirectional MR analysis [33] to explore the causal

relationship between SHBG and TT. It consists of two univariable MR
tests. The framework of the bidirectional MR analysis is described in
Fig. 1c. Then if there is a causal relationship between SHBG and TT
using bidirectional MR and the univariate MR results for SHBG and TT
are significant, the causal mediating effect will be further explored
using network MR analysis [34,35]. The framework of the network MR
analysis is described in Fig. 1d. It consists of three univariable MR tests
that are all described below (I-III) [35].

I. The causal effect of genetically determined SHBG(TT) on CHD is
estimated.

II. The causal effects of genetically determined CHD on TT(SHBG) is
estimated.

III. The causal effects of the possible mediators on CHD are
estimated.

If causal associations are evaluated in all three steps, the conclusion
can be drawn that the factor is a mediator.

All statistical analyses were conducted using R version 3.6.1,
the “clump” function of MR-Base, and the R package “Mendelian
Randomization”.

3. Results

3.1. The basic information of instrumental variable and outcomes

Since SHBG and TT had strong genetic correlation (genetic correla-
tion: rg = 0.73) [9] in men, the genetic correlation (genetic correlation:
rg=−0.06)wasweak inwomen, and T level was low inwomen, so this
study only analyzed SHBG and T in males.

We used the previously published 357 genome wide significant
SNPs for SHBG in men. There were 26 SNPs associated with risk factors,
such as smoking, drinking and BMI etc. and 10 SNPs violated HWE, so
remaining 313 SNPs were used for matching outcome data. Similarly,
we used the previously published 231 genome wide significant SNPs
for TT in men. 17 SNPs were associated with risk factors and 12 SNPs
violatedHWE. So, for TT, 202 SNPswere used. For BT, therewere 125 ge-
nomewide significant SNPs in the previously GWAS. There were 5 SNPs
violated HWE and 9 SNPs were associated with risk factors, So, for BT,
111 SNPs in men were used for matching outcome data. When
matching outcome data, 92 SNPs related with SHBG, 69 SNPs related
with TT and 44 SNPs related with BT were not found for the outcomes.
So, therewere remaining 221 SNPs relatedwith SHBG, 133 SNPs related
with TT and 67 SNPs related with BT for MR analysis.

The 221 SNPs can explain 2.55% of the variance of SHBG, the 133
SNPs explained 6.88% of the variance of TT, and the 67 SNPs explained
3.08% of the variance of BT in the univariable MR analysis.

In multivariable MR for SHBG and TT, there were 133 SNPs for
TT and 221 SNPs for SHBG after quality control (in total 324 SNPs).
After excluding 30 duplicate SNPs, 50 correlated SNPs or unclear

http://cnsgenomics.com/shiny/mRnd/
http://cnsgenomics.com/shiny/mRnd/


Table 2
Associations of genetically predicted SHBG and total testosterone in men with ischemic
heart disease using multivariable MR(IVW).

Outcomes Method exposure beta se OR(95% CI) P

Coronary heart
disease

MV-IVW SHBG −0.28 0.15 0.75
(0.57,1.00)

0.053

Coronary heart
disease

MV-IVW total
testosterone

0.05 0.08 1.05
(0.90,1.22)

0.525
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correlation information SNPs, 274 SNPs remained and were used in
multivariable MR.

3.2. Univariable Mendelian randomization

The I2 showed that SHBG, TT, and BT had some degree of heteroge-
neity (I2 was 47.53%, 47.67% and 23.13%, respectively). Therefore, we
used random effect IVW analysis in the univariable MR.

The IVW analysis results suggested that a one standard deviation
(SD) increase in SHBG, the risk of CHD decreased by approximately
14% (OR (95%CI): 0.86(0.76,0.97), P = 0.02) and its statistical power
was close to 1 (Table 1 and Supplementary Fig. 1). The results suggested
that a SD increase in TTwas also inversely associated with CHD, the risk
decreased by approximately 8% (OR (95%CI): 0.92(0.85,0.99), P=0.03)
and its statistical power was also close to 1(Table 1 and Supplementary
Fig. 2). However, the results suggested that a one SD increase in BT was
not associated with CHD (Table 1 and Supplementary Fig. 3).

3.3. Multivariable Mendelian randomization

Exploring the direct causal effect of SHBG or TT on CHD usingmulti-
variable MR-IVW, the results suggested that a SD increase in both SHBG
and TT had null associations with CHD (SHBG: OR (95%CI): 0.75
(0.57,1.00), P = 0.053; TT: OR (95%CI): 1.05(0.90,1.22), P = 0.53), but
the results of SHBG may have some suggestive significance. Details
were presented in Table 2.

3.4. Bidirectional MR analysis and Network MR analysis

In bidirectional MR analysis using IVW, the results suggested that
there was bidirectional causality between SHBG and TT (the effect of
SHBG on TT: OR (95%CI): 4.71(4.43,5.00), P < 0.0001; the effect of TT
on SHBG: OR (95%CI): 1.54(1.48,1.60), P < 0.0001) (Details were listed
in Table 3). In network MR analysis, the results suggested that TTmight
act as mediator in the causal pathway from SHBG to CHD and account
for 93.00% of the total effect of SHBG on CHD(the effect of SHBG on TT
is 1.55, the effect of TT on CHD is −0.09, so the mediating effect of TT
is equal to 1.55 × (−0.09) = −0.14,the mediated proportion was the
mediating effect of TT/the total effect of SHBG on CHD = −0.14/
(−0.15) = 93.%), and that SHBG might act as mediator in the causal
pathway from TT to CHD and account for 71.67% of the total effect of
TT on CHD(the effect of TT on SHBG is 0.43, the effect of SHBG on CHD
is −0.15, so the mediating effect of SHBG is equal to 0.43 × (−0.15)
≈ −0.06,the mediated proportion was the mediating effect of SHBG/
the total effect of TT on CHD = −0.06/(−0.09) ≈ 67%).

4. Sensitivity analysis

4.1. Univariable Mendelian randomization

We conducted a sensitivity analysis using Weighted median and
MR-Egger regression. These estimates were consistent in direction
with the results of the IVW, the primary analysis and details were pre-
sented in Supplementary Table 1. The MR-Egger analysis yielded large
p values for the intercept term (P value >0.05), indicating low probabil-
ity of horizontal pleiotropy and details were presented in Supplemen-
tary Table 2.
Table 1
Associations of genetically predicted SHBG and total testosterone in men with ischemic heart

Eeposure Outcomes method nsnp

SHBG Coronary heart disease IVW 221
Total testosterone Coronary heart disease IVW 133
Bioavailable testosterone Coronary heart disease IVW 67
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The results of leave-one-out analysis were similar to the results
using all SNPs. No SNPs had strong influence on the results (Supplemen-
tary Table 3). And funnel-plot shows that the causal effect of a single
SNP is basically symmetrical, indicating that the results are less likely
to be affected by potential bias (Supplementary Fig. 4–6). These sensi-
tivity analysis results indicated that our results were stable and reliable.

4.2. Multivariable Mendelian randomization

The multivariable MR-Egger analysis also yielded a large p value for
the intercept term (P value 0.64), indicating low probability of horizon-
tal pleiotropy. And the point estimate of the slope was consistent with
our main multivariable MR IVW analysis. Details were listed in Supple-
mentary Table 3.

4.3. Bidirectional MR analysis

In the bidirectional MR analysis, we conducted a sensitivity analysis
using Weighted median and MR-Egger regression exploring the causal
effect of SHBG (TT) on TT (SHBG). These estimateswere consistent in di-
rection with the results of the IVW (Table 3). The MR-Egger analysis of
SHBG yielded a large p value for the intercept term (P= 0.52), indicat-
ing low probability of horizontal pleiotropy. Although, theMR-Egger in-
tercept p value of TT was less than 0.05, the corrected causal estimate
was consistent with the results of the IVW and details were presented
in Table 3.

5. Discussion

Under the univariable MR causal framework, we demonstrate that
genetically determined SHBG and TT concentrations are negatively cor-
related with CHD risk. Under the multivariable MR causal framework,
there are no significant difference in the direct causal effect between
TT and SHBG on CHD. Under the bidirectional and network MR causal
framework, we demonstrate that TT and SHBG have a bidirectional
causal effect, which is consistent with the previous study's conclusion
that SHBG and TT have a strong genetic correlation (genetic correlation:
rg=0.73) [9], and that genetically determined TT is an importantmedi-
ator in the causal pathway from SHBG to CHD(themediated proportion
=93%), and that SHBG is also an importantmediator in the causal path-
way fromTT to CHD(themediated proportion=67%). Our results show
that SHBG is an important factor for CHD and SHBG has a causal effect
on CHD mainly together with TT[10][11][11] [11]. Many observational evi-
dences have shown that SHBG is an important factor affecting a variety
of diseases, and its high levelwas associatedwith lower risk of type 2 di-
abetes [11,12], asthma [12], estrogen receptor-positive(ER+ve)breast
cancer [13] and prostate cancer [36], and some genetic evidences sup-
ported the observed associations with type 2 diabetes [14], asthma
disease using univariable MR-IVW in the UK Biobank.

beta se OR(95%CI) p power

−0.15 0.06 0.86(0.76,0.97) 0.017 100.0
−0.09 0.04 0.92(0.85,0.99) 0.029 99.3
0.04 0.05 1.04(0.95,1.15) 0.399 28.5



Table 3
The Bidirectional MR analysis results between SHBG and TT.

Exposure Outcome method nsnp beta se OR(95%CI) P MR-Egger intercept p value

SHBG TT IVW 313 1.55 0.03 4.71(4.43,5.00) <0.001
SHBG TT Weighted median 313 1.63 0.02 5.08(4.85,5.32) <0.001
SHBG TT MR-Egger 313 1.53 0.04 4.62(4.25,5.02) <0.001 0.517
TT SHBG IVW 202 0.43 0.02 1.54(1.48,1.60) <0.001
TT SHBG Weighted median 202 0.13 0.01 1.14(1.11,1.17) <0.001
TT SHBG MR-Egger 202 0.52 0.03 1.68(1.58,1.78) <0.001 <0.001
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[15] and ER+ve breast cancer [16]. The above results are sufficient to
indicate that SHBG is an important factor in the development and pro-
gression of the disease, but whether SHBG and TT act together in the
above-mentioned diseases remains to be determined by further studies,
just as in the case of CHD. Studies have shown that cell membranes of
many tissues express a receptor for SHBG and that SHBG is found intra-
cellularly [37]. Binding of SHBG to its receptor has been shown to acti-
vate cyclic adenosine monophosphate (cAMP) [38], an intracellular
signal transduction pathway important for many biological processes
[39,40].

In univariable MR, TT is inversely associated with CHD, which is
consistent with many observational studies. For example: Ohlsson
et al. observed that both serum T levels and SHBG levels were in-
versely related to the incidence of adverse major cardiovascular
events [41]. Lee et al. observed a significant negative correlation be-
tween the level of total T and the Framingham Risk Score [2]. But
after using multivariable MR to adjust SHBG, it is unlikely to have a
large effect on risk of CHD. And our result find that the protective ef-
fect of TT is mainly mediated by SHBG. In univariable MR, Studies
have shown that SHBG level is negatively correlated with BT, which
can bind to the corresponding receptor and cause disease if BT in-
creases a lot [9,42]. The effect of BT on CHD may be coordinated by
regulating SHBG level. It follows that SHBG is a very important glyco-
protein that coordinates the biological effects of TT and BT. However,
our result BT is not associated with CHD, which may be caused by
the fact that the BT level is different in male and female populations
and the outcome data use both men and women and cannot be veri-
fied by gender. Our results show that TT can also regulate SHBG level,
and there is a bidirectional causal relationship between them. Based
on the results of this study, it may be more meaningful to explore
the causal effects of SHBG and TT, especially their mediating effects,
on CHD than to study either of them separately.

In previous studies, Luo et al. [43] suggest no independent role of
SHBG in CHD risk. This was consistent with our multivariable and net-
work MR results, namely, SHBG had no obvious direct causal effect on
CHD and its effect is mainly mediated by TT. However, the instrumental
variable they selected only considered the SNPs on the SHBG gene, and
the result was the causal relationship between SHBG and CHD deter-
mined by these 7 SNPs, whichwe thinkmay be less comprehensive, be-
cause there are hundreds of SHBG related SNPs with genome-wide
significance. Similarly, R. Haring et al. found that no causal correlation
was found in their MR study [44]. We thought this may also be caused
by the use of too little IV, because there were far more than one SNP af-
fecting serum testosterone concentrations, and too little IV would have
weak instrumental variable bias, which would affect the results. The Bi-
directional MR study of Joel Eriksson et al. [45] showed that there was a
causal relationship between BMI and serum testosterone, and lowering
BMI could increase serum testosterone level, which indirectly con-
cluded that increasing serum testosterone level could reduce the risk
of CHD, because obesity was a recognized risk factor for CHD. It's result
was consistent with our results. In addition, Schooling et al. [46] inves-
tigated the pleiotropic effect of statins on CHD and found that the effect
of statins on CHD was mediated by BT, and they found that BT was
positively correlated with CHD, which was consistent with our point
estimate of BT.
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To our knowledge, this MR study is the first to examine the role of
SHBG and TT in CHD by multivariable and network MR, overcoming
the potential limitations of univariableMR studies and the first to exam-
ine the role of BT in CHD, overcoming the potential limitations of obser-
vational studies. Our study has several strengths: first, our genetic
instruments were obtained from the largest, most up-to-date, sex-
specific GWAS. Second, in the previous MR studies on sex hormones
and disease, few studies usedmultivariableMR to consider the direct ef-
fects of two or more exposure, only consider the total effect of only one
exposure, only consider the total effect of only one exposure, and few
studies used network MR to consider the mediation effect of SHBG/TT
on CHD. Third, we use different MR analysis methods and get basically
consistent conclusions, which confirm that our results are robust and
reliable. But, the associations in Europeans may not apply to other pop-
ulations, such as Asians. Therefore, in the future, it is necessary to ex-
plore their causal relationship in other populations. An additional
limitation is that we used CARDIOGRAM-C4D cohort as outcome data
which contains men and women and cannot be verified by gender.
Therefore, it is necessary to explore the causal relationship between
TT and CHD inmale and female populationswith two samples ofMR re-
spectively in the future. Although MR analysis can be used to find the
causal effect, the biologicalmechanismof SHBG and T needs to be deter-
mined by further experimental studies.

6. Conclusions

Genetically predicted SHBG and TT were negatively correlated with
CHD in both univariable and network MR, which may provide a causal
explanation behind the observed conclusion. And TT and SHBG had a bi-
directional causal effect. Further work is required to disentangle the
downstreameffects of SHBG/TT onCHD and themolecular pathways in-
volved, as the simultaneous regulation of SHBG and TTmaymake it a vi-
able strategy for the prevention or treatment of CHD.
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