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Purpose: The relationship between dyslipidemia and female reproductive
endocrine diseases has been increasingly studied. The use of lipid-lowering
drugs in treating various related diseases, including coronary heart disease, may
affect female reproductive endocrine diseases. Therefore, our study aims to
investigate the effects of lipid-lowering drugs on female reproductive endocrine
diseases and provide a basis for the appropriate selection of drugs.

Methods: In this study, we focused on three drug targets of statins, namely
HMG-CoA reductase (HMGCR) inhibitors, proprotein convertase kexin 9 (PCSK9)
inhibitors, and Niemann-Pick C1-Like 1 (NPC1L1) inhibitors. To identify potential
inhibitors for these targets, we collected single nucleotide polymorphisms (SNPs)
associated with HMGCR, PCSK9, and NPC1L1 from published genome-wide
association study statistics. Subsequently, we conducted a drug target Mendelian
randomization (MR) analysis to investigate the effects of these inhibitors on
reproductive endocrine diseases mediated by low-density lipoprotein
cholesterol (LDL-C) levels. Alongside coronary heart disease as a positive
control, our main outcomes of interest included the risk of polycystic ovary
syndrome (PCOS), premature ovarian insufficiency (POI), premenstrual
syndrome (PMS), abnormal uterine bleeding (including menorrhagia and
oligomenorrhea), and infertility.

Results: PCSK9 inhibitors significantly increased the risk of infertility in patients
(OR [95%CI] = 1.14 [1.06, 1.23], p<0.05). In contrast, HMGCR inhibitors
significantly reduced the risk of menorrhagia in female patients (OR [95%ClI] =
0.85 [0.75, 0.97], p<0.05), but had no statistical impact on patients with
oligomenorrhea.
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Conclusion: The findings suggest that PCSK9 inhibitors may significantly
increase the risk of infertility in patients. On the other hand, HMGCR inhibitors
could potentially offer protection against menorrhagia in women. However, no
effects of lipid-lowering drugs have been observed on other reproductive
endocrine disorders, such as PCOS, POF, PMS and oligomenorrhea.

KEYWORDS

lipid-lowering drugs, female reproductive endocrine diseases, eQTL, drug-target,
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1 Introduction

Reproductive endocrine diseases are a prevalent type of
gynecological conditions that typically result from abnormalities
in the hypothalamic-pituitary-ovarian axis function or abnormal
effects on target organs, such as polycystic ovary syndrome (PCOS),
premature ovarian failure (POF), premenstrual syndrome (PMS),
abnormal uterine bleeding, infertility, and other related diseases. It
has been noted that cholesterol can generate estradiol, progesterone,
and testosterone via the A* and A® pathway (1). These sex hormones
play a significant role in the onset and progression of reproductive
endocrine diseases. Recent studies have increasingly indicated a
close association between abnormal blood lipid levels and female
reproductive endocrine diseases. Animal studies have demonstrated
that quercetin and rosuvastatin play a role in restoring ovarian
function, leading to significant and dose-dependent increases in the
number of primordial follicles, serum anti-Miillerian hormone
levels, and ovarian tissue glutathione levels. Importantly, these
effects were observed without compromising its anti-tumor
properties (2). In a study by Cerin et al., hormonal parameters,
glucose tolerance, mineralocorticoids, cholesterol, triglycerides,
apolipoprotein (a), magnesium, and calcium were compared. The
results indicated that cholesterol levels during the follicular phase
were significantly higher in women with PMS (3). Sharami et al.’s
study suggested a positive correlation between low-density
lipoprotein cholesterol (LDL-C) levels and abnormal uterine
bleeding caused by uterine fibroids (4). Furthermore, a recent
single-multivariable Mendelian randomization (MR) study
revealed a positive correlation between elevated LDL-C levels and
the risk of infertility (5). In summary, we can’t help but wonder
whether lipid-lowering drugs have an impact on female
reproductive endocrine diseases.

3-Hydroxy-9-methylglutaryl-coenzyme A reductase (HMGCR)
inhibitors, specifically statins like simvastatin and rosuvastatin, are
widely used lipid-lowering drugs that have multiple effects. These
drugs have been thoroughly confirmed to be safe, cost-effective, and
have pleiotropic effects (6). In a meta-analysis conducted by Raval
et al, which included 4 randomized controlled trials (RCTs)
involving 244 women with PCOS, it was found that statins, either
alone or in combination with oral contraceptives (OCPs), effectively
reduce testosterone levels and improve total cholesterol, LDL, and
triglyceride levels (6). Another study by Xu et al. examined 287
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PCOS patients and 187 non-PCOS controls which revealed that
variations in the HMGCR gene may impact the compositional
characteristics of PCOS, including insulin resistance, triglyceride
levels, and free testosterone levels (7). In menopausal women, low
estrogen levels can lead to dyslipidemia, increasing the risk of
premature cardiovascular disease. Research has demonstrated that
estradiol (E2) can increase HMGCR and low-density lipoprotein
receptor (LDLR) expression and lipid secretion in Human
hepatoblastoma (HepG2) (8). Furthermore, simvastatin has been
shown to inhibit the proliferation of human endometrial stromal
(HES) cells and reduce the number and size of endometrial
implants in a nude mouse model of endometriosis, suggesting the
potential benefits of HMGCR inhibitors in treating infertility (9).
Proprotein convertase subtilis kexin 9 (PCSK9) is a serine
protease that plays a crucial role in regulating LDL-C metabolism
(10). It has been implicated in the development of dyslipidemia and
atherosclerosis by hindering the recycling of LDLR back to the cell
surface, resulting in elevated levels of LDL-C. Certain missense
mutations in the PCSK9 gene can cause dominant
hypercholesterolemia in patients by increasing PCSK9 activity. In
these hypercholesterolemic patients, plasma levels of LDL-C were
approximately 50% higher than in patients with either mutation
alone (11). Studies have shown that the D374Y mutant of PCSK9
(12) has 10 times higher affinity to the LDLR compared to the wild
type (13). On the other hand, certain nonsense, missense, or in-
frame deletion mutations found in the PCSK9 gene can lead to
hypocholesterolemia by increasing LDL-C clearance. A 15-year
prospective study demonstrated that nonsense heterozygous
mutations in PCSK9 not only reduced LDL-C levels by 28% but
also decreased the incidence of coronary heart disease by 88%. In
the case of mutations in the R46L allele, the incidence of coronary
heart disease is reduced by 50%, while LDL-C levels are reduced by
an average of 15% (14). A study conducted by Luana B Xavier et al.
discovered a correlation between PCSK9 and lipid and androgen
metabolism in Brazilian women with PCOS (15). In addition to its
crucial role in maintaining lipid homeostasis, PCSK9 is also
associated with various signaling pathways, such as enhancing
viral activity (16), participating in cell apoptosis (17), and
contributing to the anti-tumor immune response (18).
Niemann-Pick Cl1-Like 1 (NPCIL1) is a protein that plays a
crucial role in regulating circulating levels of LDL-C (19).
According to Altmann et al. (20), NPC1L1 plays a crucial role in
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intestinal cholesterol absorption. NPCIL1 is a transmembrane
protein found in multiple cells, particularly in the apical
membrane of enterocytes and the renal tubular membrane of
hepatocytes. It functions as a sterol transporter and is responsible
for mediating intestinal cholesterol absorption and maintaining
hepatobiliary cholesterol excretion (21). Studies have shown that
NPCIL1 inhibitors effectively lower both human serum and bile
cholesterol levels (22). Therefore, inhibiting the function or gene
expression of NPC1L1 in intestinal epithelial cells holds promise as
a potential strategy for regulating intestinal cholesterol absorption
and treating hypercholesterolemia (23).

Presently, the FDA has approved PCSK9 inhibitors
(evolocumab and alirocumab) and NPCILI inhibitors (ezetimibe)
as effective lipid-lowering drugs (24, 25). However, there is
currently no research available on lipid-lowering drugs’
correlation with female reproductive endocrine diseases. The
potential use of lipid-lowering drugs in treating female
reproductive endocrine diseases is evident. Presently, research and
guidelines only suggest the use of these drugs for individuals with
dyslipidemia, without specifying the specific type of lipid-lowering
drug to be used or its impact on female adolescents. The effects of
these drugs on reproductive endocrinology remain inconclusive.

Mendelian randomization (MR) utilizes instrumental variables
(IV) to investigate the causal association between exposure and
outcome (26). It provides evidence that falls between RCTs and
observational studies (27). According to Mendel’s laws of
inheritance, alleles are randomly passed from parents to offspring,
resulting in offspring genotypes that are largely independent of
confounding factors. Consequently, MR analysis can better
circumvent reverse causality and the potential influence of
confounding factors compared to traditional observational studies
(27). Additionally, the operational environment and complexity of
MR analysis are significantly lower than those of RCT's. Drug target
MR analysis is a method that simulates the genetic variation of
pharmacological inhibition of drug-gene targets. The regression
estimates obtained from this analysis reflect the long-term impact of
drug use, which strengthens the causal inference regarding the
potential impact of these drug-gene targets on female reproductive
endocrine diseases. The level of evidence provided by MR analysis is
considered to be second only to randomized controlled studies (19,
25, 27, 28). In a case-control study, the odds ratio (OR) can be
calculated by dividing the ratio of the number of exposed persons to
the number of unexposed persons in the case group by the ratio of
the number of exposed persons to the number of unexposed
persons in the control group. This ratio can be interpreted as a
risk ratio, rate ratio, odds ratio, or prevalence ratio. The odds ratio,
often referred to as the OR value, is also applicable to MR analysis
(29). In this study, we collected summary-level statistical data from
recently published genome-wide association studies (GWAS) and
performed drug-targeted MR analysis to investigate the causal
relationship between lipid-lowering drugs (HMGCR, PCSK9, and
NPCIL1 inhibitors) and female reproductive endocrine diseases.
These diseases include PCOS, POF, PMS, abnormal uterine
bleeding, and infertility. We also considered coronary heart
disease (CHD) as a positive control.
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2 Methods

2.1 Selection of genetic instrumental
variables for three lipid-lowering drugs

Exposure to lipid-lowering drugs was determined by selecting
single nucleotide polymorphisms (SNPs) within a 100 kb window of
each drug’s target gene that was correlated with LDL-C levels at a
genome-wide significance level (MAF>1% (30) (Supplementary File
—Table 1). The instrumental variables selected SNPs located within
+100kb of HMGCR, PCSK9, and NPC1L1 loci that were associated
with LDL-C levels (Figure 1 created with BioRender.com) while
ensuring that the linkage disequilibrium was not too strong (r* <
0.3). The Global Lipids Genetics Consortium (GLGC) data (ieu-a-
300) retained 7 significant SNPs of HMGCR, 12 significant SNPs of
PCSK9, and 3 SNPs of NPCI1L1 (Supplementary File — Table 2),
while the UK Biobank (UKB) data (ieu-b-110) retained 17
significant SNPs of HMGCR, 28 significant SNPs of PCSK9, and
6 SNPs of NPC1L1 (Supplementary File—Table 3).

2.2 Outcome data sources

We conducted an MR analysis of drug targets using data from 6
diseases, including PCOS, POF, PMS, menorrhagia, oligomenorrhea,
and infertility. As a positive control dataset, we included CHD. The
data sets for female reproductive endocrine diseases were obtained
from the Finnish database R9 version (https://www.finngen.fi/en/
access_results), with the majority of participants being of European
descent. The CHD dataset was derived from GWAS summary
statistics and comprised 60,801 cases and 123,504 controls (refer to
Supplementary File—Table 1).

2.3 Data analysis

HMGCR, PCSK9, and NPCIL1 inhibitors have been extensively
utilized in the treatment of CHD. To validate the instrumental
variables, we employed the summary data from CHD GWAS as a
positive control for our results. Initially, we aligned the drug-
targeted instrumental variables with the outcome dataset and
subsequently conducted analyses using various methods such as
MR Egger, weighted median, inverse variance weighting (IVW),
simple mode, weighted mode, and MR-PRESSO. The weighted
mode clusters SNPs into groups based on the similarity of
individual ratio estimates. This is done by calculating the cubic
variance weight of the SNPs in each cluster and generating causal
estimates based on the cluster with the highest SNP weight (31, 32).
MR-Egger regression is a suitable method for evaluating data with
pleiotropic effects (33), while weighted median analysis is significant
for datasets with less than 50% of effective instrumental variables
(34). The IVW method considered the most important method for
MR analysis, further evaluates the impact of exposure factors on the
results. It does this by calculating the Wald ratio of each effective
SNP and then combining the Wald ratios using inverse variance as
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FIGURE 1

Workflow diagram for Mendelian randomization analysis of drug targets. To investigate the causal association, we selected coronary heart disease
(CHD) as a positive control, given the widespread use of HMGCR, PCSK9, and NPC1L1 inhibitors to reduce the risk of CHD. To establish this
association, the following conditions must be met: (1) the instrumental variable should not be associated with confounding factors (represented by
dashed lines), (2) the instrumental variable should be strongly correlated with the exposure factor (represented by solid lines), and (3) the
instrumental variable should not have a direct relationship with the outcome (represented by dotted lines). Key abbreviations used: LDL-C (low-
density lipoprotein cholesterol), HMGCR (3-hydroxy-3-methylglutaryl-CoA reductase), PCSK9 (proprotein convertase subtilisin/kexin type 9), NPC1L1
(Niemann-Pick C1-Like 1), CHD (coronary heart disease), PCOS (polycystic ovary syndrome), POF (premature ovarian failure), PMS (premenstrual

syndrome).

the weight (35, 36). Among these methods, IVW is the most
commonly used approach (37), especially for the number of SNPs
<3. In our study, the IVW method was deemed most suitable for
analyzing our data, and therefore, we adopted the IVW analysis
results. Heterogeneity testing was carried out using the MR Egger
and IVW methods, where Cochrane’s Q value was utilized to assess
the heterogeneity of genetic tools. A p-value > 0.05 indicated no
significant heterogeneity. The MR Egger regression equation was
employed to evaluate the horizontal pleiotropy of genetic tools, with
a p-value > 0.05 indicating no horizontal pleiotropy (38). SNPs
directly associated with the outcome were eliminated. Subsequently,
we performed sensitivity analysis after removing outliers through
the MR-PRESSO test. To ensure that our results were not
significantly influenced by a specific SNP, we utilized the leave-
one-out method to sequentially remove each SNP and compared
the results using the IVW method. Data analysis was conducted
using R version 4.2.2 with the MRPRESSO and TwoSampleMR
software packages (38, 39). Finally, we merged the odds ratio (OR)
values of the two datasets using the meta package.

3 Results
3.1 Positive control analysis

The TVW method was used to analyze GLGC data, which
indicated that HMGCR inhibitor (HMGCRi), PCSK9 inhibitor
(PCSK9i), and NPCIL1 inhibitor (NPCIL1i) have a significant
potential to reduce the risk of CHD (OR [95%] = 0.7679 [0.5629,
0.9729], p = 1.16 x 1072 OR [95%] = 0.7952 [0.5711, 1.0194], p =
4.52 % 107% OR [95%)] = 0.6359[0.2335, 1.0384], p = 2.75 x 1072) (as
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shown in Figure 2). Results from MR Egger, simple mode, weighted
mode, and MR-PRESSO are also presented. Another GWAS data
set from UKB replicated the analysis and obtained similar results
(HMGCRi: OR [95%] = 0.6867 [0.4660, 0.9074], p = 8.46 x 107%
PCSK9i: OR [95%] = 0.5694 [0.2680, 0.8707], p = 2.49 x 107%
NPCILIi: OR [95%] = 0.4887 [0.0343, 0.9429], p = 2.00 x
1073) (Figure 3).

3.2 The causal relationship between
HMGCR, PCSK9 and NPC1L1 gene mimic
inhibitors and female reproductive
endocrine diseases

Analysis using exposure data from GLGC found that HMGCR
inhibitor was associated with a protective effect for POF (IVW: OR
[95%CI] = 0.3482 [-0.6984, 1.3948], p = 4.82 x 107%) (Figure 2).
However, the analysis results of exposure data from the UKB did
not show a statistically significant difference (Figure 3).

An analysis using exposure data from UKB revealed that PCSK9
inhibitor has the potential to significantly increase the risk of
patients with PCOS (IVW: OR [95%CI] = 1.7174 [1.3278,
2.1071], p=0.65x 10~% Weighted model: OR [95%CI] = 1.6286
[1.1780, 2.0792], p=4.36x 107%). The weighted median analysis
method indicated that PCSK9 inhibitor could be a risk factor for
patients with POF (OR [95%CI] = 4.5289 [3.0249, 6.0328], p=4.90x
107%). The results of the IVW analysis and weighted median
analysis suggest that NPCI1L1 inhibitor may also increase the risk
of POF (IVW: OR [95%CI] = 372.0088 [368.3797, 375.6379],
p=0.14x 107% Weighted median: OR [95%CI] = 254.9877
[250.8620, 259.1134], p=0.85x 107%). The MR Egger method
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12 05477 o 1.0499 (0.8966 - 1.2032)
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12 02614 it 1.0814 (0.9518 - 1.2110)
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The effects of HMGCR, PCSK9, and NPC1L1 inhibitors on coronary heart disease and female reproductive endocrine diseases based on the exposure
data derived from the GLGC (The Global Lipids Genetics Consortium) and identified as ieu-a-300 in the IEU OpenGWAS project. The abbreviations
used are as follows: nsnp (number of single nucleotide polymorphisms), OR (odds ratio), Cl (confidence interval), CHD (coronary heart disease),
PCOS (polycystic ovary syndrome), POF (premature ovarian failure), and PMS (premenstrual syndrome). HMGCR refers to 3-hydroxy-3-
Methylglutaryl-CoA reductase, PCSK9 stands for proprotein convertase subtilisin/kexin 9, and NPC1L1 represents Niemann-Pick C1-Like 1.

demonstrated that PCSK9 inhibitor has the potential to decrease the
risk in patients with menorrhagia (OR [95%CI] = 0.8798 [0.7593,
1.0004], p=4.82x 1072) (refer to Figure 3). However, the exposure
data from GLGC did not show any significant difference in the
aforementioned outcomes (refer to Figure 2).

Analysis using exposure data from GLGC found that PCSK9
inhibitor was associated with a higher risk of infertility in patients
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(IVW: OR [95%CI] = 1.1211 [1.0124, 1.2298], p=3.93x 107%). On
the other hand, HMGCR inhibitor showed a significant reduction in
the risk of menorrhagia in female patients (IVW: OR [95%CI] =
0.8639 [0.7229, 1.0050], p=4.21x 107%) (Figure 2). These findings
were further confirmed through analysis of exposure data from the
UK Biobank, where the TVW analysis results were as follows:
PCSK9 inhibitors - OR [95%CI] = 1.1728 [1.0364, 1.3093],
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Outcome Target method nsnp pval OR (95% Cl)
CHD HMGCR inhibitor MR Egger 16 0.2212 0.5757 (-0.2695 - 1.4209)
Weighted median 16 0.0043 0.6531 (0.3606 - 0.9457)
Inverse variance weighted 16 <0.001 0.6867 (0.4660 - 0.9074)
Simple mode 16 0.2894 0.7986 (0.3974 - 1.1999)
Weighted mode 16 0.0436 0.7055 (0.3951 - 1.0158)
PCSK9 inhibitor MR Egger 15 0.4545 0.6983 (-0.2147 - 1.6112)
Weighted median 15 0.0058 0.5786 (0.1899 - 0.9673)
Inverse variance weighted 15 <0.001 0.5694 (0.2680 - 0.8707)
Simple mode: 15 00535 0.5307 (~0.0585 - 1.1198)
Weighted mode 15 0.0568 0.6021 (0.1233 - 1.0810)
NPC1L1 inhibitor MR Egger 5 0.7517 0.7358 (-0.9984 - 2.4700)
Weighted median 5 0.0126 0.5057 (-0.0301 - 1.0414)
Inverse variance weighted 5 0.0020 0.4887 (0.0344 - 0.9429)
Simple mode 5 0.1644 0.5420 (-0.1642 - 1.2482)
Weighted mode 5 0.1291 0.5509 (-0.0616 - 1.1635)
PCOS HMGCR inhibitor MR Egger 12 0.6019 0.3257 (-3.7558 - 4.4072)
Weighted median 12 0.4016 0.4951 (-1.1474 - 2.1376)
Inverse variance weighted 12 0.0865 0.3598 (-0.8091 - 1.5287)
Simple mode 12 04958 0.3680 (-2.4135 - 3.1494)
Weighted mode 12 0.6082 0.5717 (-1.5055 - 2.6488)
PCSK9 inhibitor MR Egger 27 0.0642 1.6739 (1.1525 - 2.1952)
Weighted median 27 0.0732 1.5551 (1.0720 - 2.0383)
Inverse variance weighted 27 0.0065 1.7174 (1.3278 - 2.1071)
Simple mode 27 0.1811 1.7901 (0.9597 - 2.6205)
Weighted mode 27 0.0436 §— 1.6286 (1.1780 - 2.0792)
NPC1L1 inhibitor MR Egger 6 09003 «————=——> 1.3927 (-34728 - 6.2581)
Weighted median 6 06857 «———————— 14513(-03527 - 3.2653)
Inverse variance weighted 6 0.5385 ——————=———— 1.6174 (0.0851 - 3.1497)
Simple mode 09313 - 1.1351 (-1.6051 - 3.8753)
Weighted mode 6 0.7815 «—————e———> 13941 (~0.8309 - 3.6192)
POF HMGCR inhibitor MR Egger 15 0.1846 0.0618 (-3.8330 - 3.9565)
Weighted median 15 0.4515 ‘—-—v—‘ 0.5351 (-1.0924 - 2.1627)
Inverse variance weighted 15 01015 «=—i— 0.3618 (-0.8552 - 1.5787)
Simple mode 15 03330 - 0.2518 (-2.4434 - 2.9471)
Weighted mode 15 01855 «r—i— 0.2944 (~1.4264 - 2.0153)
PCSK9 inhibitor MR Egger 24 0.0977 H 10.7204 (8.0326 - 13.4082)
Weighted median 24 0.0490 4.5289 (3.0249 - 6.0328)
Inverse variance weighted 24 0.1500 H 2.3239 (1.1756 - 3.4721)
Simple mode 24 05496 «———————————> 2.0461 (-0.2647 - 4.3570)
Weighted mode 24 01197 H > 4.3776 (2.5868 - 6.1684)
NPC1L1 inhibitor MR Egger 5 0.9859 1.1768 (-15.4648 - 17.8183)
Weighted median 5 0.0085 254.9877 (250.8620 - 259.1134)
Inverse variance weighted 5 0.0014 372.0088 (368.3797 - 375.6379)
Simple mode 5 0.1080 198.4511 (193.4263 - 203.4760)
Weighted mode 5 0.1406 212.1785 (206.4533 - 217.9036)
PMS HMGCR inhibitor MR Egger 14 0.2918 0.0487 (-5.3221 - 5.4196)
Weighted median 14 03407 0.3561 (~1.7676 - 2.4799)
Inverse variance weighted 14 0.1632 0.3023 (-1.3794 - 1.9840)
Simple mode 14 0.2392 0.1217 (-3.2252 - 3.4685)
Weighted mode 14 0.2646 0.2670 (-1.9523 - 2.4864)
PCSK9 inhibitor MR Egger 25 0.9464 0.9575 (-0.2959 - 2.2109)
Weighted median 25 07753 0.8398 (-0.3590 - 2.0386)
Inverse variance weighted 25 0.2574 0.5818 (-0.3557 - 1.5192)
Simple mode 25 0.1035 0.1519 (-2.0299 - 2.3338)
Weighted mode 25 0.6231 0.7545 (-0.3544 - 1.8634)
NPC1L1 inhibitor MR Egger 5 0.2148 0.0001 (-11.6752 - 11.6754)
Weighted median 5 0.0880 0.0261 (-4.1613 - 4.2136)
Inverse variance weighted 5 0.1123 0.0437 (-3.8201 - 3.9076)
Simple mode 0.3314 0.0379 (-5.7714 - 5.8472)
Weighted mode 5 01817 0.0179 (-4.8642 - 4.9001)
Menorrhagia HMGCR inhibitor MR Egger 14 06191 1.1461 (0.6222 - 1.6701)
Weighted median 14 0.0915 0.8301 (0.6138 - 1.0464)
Inverse variance weighted 14 0.0328 0.8362 (0.6720 - 1.0004)
Simple mode 14 0.1119 0.7499 (0.4191 - 1.0807)
Weighted mode 14 01290 0.8318 (0.6092 - 1.0545)
PCSKS inhibitor MR Egger 26 0.0482 0.8798 (0.7593 - 1.0004)
Weighted median 26 0.1992 0.9249 (0.8058 - 1.0441)
Inverse variance weighted 26 0.0908 0.9252 (0.8350 - 1.0153)
Simple mode 26 0.9838 0.9979 (0.7921 - 1.2036)
Weighted mode 26 0.0666 0.9027 (0.7982 - 1.0073)
NPC1L1 inhibitor Inverse variance weighted 2 0.9106 0.9570 (0.1889 - 1.7250)
Oligomenorrthea  HMGCR inhibitor MR Egger 15 0.2780 4.4841 (1.8863 - 7.0818)
Weighted median 15 04426 1.5093 (0.4585 - 2.5602)
Inverse variance weighted 15 0.1596 1.7885 (0.9782 - 2.5988)
Simple mode 15 0.4648 1.7764 (0.2780 - 3.2748)
Weighted mode 15 0.3073 1.7031 (0.7182 - 2.6879)
PCSK9 inhibitor MR Egger 25 0.2798 1.4086 (0.8019 - 2.0153)
Weighted median 25 0.4889 1.2348 (0.6374 - 1.8323)
Inverse variance weighted 25 0.4594 1.1889 (0.7305 - 1.6474)
Simple mode 25 0.9873 1.0090 (-0.0753 - 2.0933)
Weighted mode 25 0.5835 1.1716 (0.6131 - 1.7300)
NPC1L1 inhibitor MR Egger 6 0.5080 8.0023 (2.3876 - 13.6170)
Weighted median 6 0.4941 0.4735 (-1.6699 - 2.6168)
Inverse variance weighted 6 0.1679 0.2882 (~1.4806 - 2.0569)
Simple mode 6 0.6512 0.4449 (-2.8593 - 3.7491)
Weighted mode 6 0.6668 0.5994 (-1.5959 - 2.7946)
Infertility HMGCR inhibitor MR Egger 15 09126 1.0457 (0.2631 - 1.8284)
Weighted median 15 0.2287 0.8244 (0.5100 - 1.1388)
Inverse variance weighted 15 0.2017 0.8529 (0.6086 - 1.0972)
Simple mode 15 0.7830 0.9406 (0.5127 - 1.3684)
Weighted mode 15 03383 0.8459 (0.5149 - 1.1768)
PCSK9 inhibitor MR Egger 26 0.2892 1.1067 (0.9234 - 1.2900)
Weighted median 26 0.1540 1.1392 (0.9600 - 1.3185)
Inverse variance weighted 26 0.0220 1.1728 (1.0364 - 1.3093)
Simple mode 26 0.0513 1.3986 (1.0773 - 1.7199)
Weighted mode 26 0.1010 1.1477 (0.9892 - 1.3062)
NPC1L1 inhibitor MR Egger 4 0.6284 0.5595 (-1.4513 - 2.5702)
Weighted median 4 09445 0.9755 (0.2760 - 1.6749)
Inverse variance weighted 4 04771 1.2916 (0.5862 - 1.9970)
Simple mode 4 0.9239 1.0762 (-0.3098 - 2.4621)
4 0.8967 0.9481 (0.2080 - 1.6882)
T
05 1 15 2 25 3
FIGURE 3

The effects of HMGCR, PCSK9, and NPCI1L1 inhibitors on coronary
heart disease and female reproductive endocrine diseases based on
the exposure data derived from the UKB (The UK Biobank) and
identified as ieu-b-110 in the IEU OpenGWAS project. The
abbreviations used are as follows: nsnp (number of single nucleotide
polymorphisms), OR (odds ratio), Cl (confidence interval), CHD
(coronary heart disease), PCOS (polycystic ovary syndrome), POF
(premature ovarian failure), and PMS (premenstrual syndrome).
HMGCR refers to 3-hydroxy-3-Methylglutaryl-CoA reductase,
PCSK9 stands for proprotein convertase subtilisin/kexin 9, and
NPC1L1 represents Niemann-Pick C1-Like 1.

Frontiers in Endocrinology

06

10.3389/fendo.2023.1295412

p=2.20x 10~% HMGCR inhibitors - OR [95%CI] = 0.8362 [0.6720,
1.0004], p=3.28x 1073 (Figure 3). The meta package was utilized to
combine the OR values, revealing that the HMGCR inhibitor was
found to be a protective factor against menorrhagia in female
patients (OR [95%CI] = 0.85 [0.75, 0.97]) (Figure 4). Conversely,
PCSKO9 inhibitors can increase the risk of infertility in patients (OR
[95%CI] = 1.14 [1.06, 1.23]) (Figure 5).

3.3 Sensitivity analysis

To assess heterogeneity and horizontal pleiotropy, we utilized
Cochrane’s Q and MR Egger regression equations (38) (Additional
File: Tables 4, 5). After removing the SNPs that had a significant
impact on the outcome in the leave-one-out analysis
(Supplementary Figure 1 and Supplementary Figure 2), the re-
analysis results indicated no significant heterogeneity and
horizontal pleiotropy. Therefore, we employed the fixed-eftects
IVW method for further analysis. However, it is important to
note that the reliability of the GLGC data is compromised due to
the limited number of SNPs identified in NPCI1L1.

4 Discussion

Through a large-scale MR analysis of female reproductive
endocrine diseases using data from a Finnish database, we
investigated the effects of three common drug targets (HMGCR,
PCSK9, and NPCI1L1) on various conditions including PCOS, POF,
PMS, menorrhagia, oligomenorrhea, and infertility. Our findings
indicate that HMGCR inhibitors can reduce the risk of menorrhagia
in women, but do not have a significant effect on patients with
oligomenorrhea. On the other hand, PCSK9 inhibitors can
significantly increase the risk of infertility in patients. It is worth
noting that lipid-lowering drugs have not shown any effect on other
female reproductive endocrine diseases, such as PCOS, POF, PMS
and oligomenorrhea. These results suggest that statins (targeting
HMGCR) may provide some protective effect against menorrhagia
caused by uterine fibroids, adenomyosis, or functional
abnormalities, while monoclonal antibodies like evolocumab
(targeting PCSK9) may increase the risk of infertility.

According to the two-cell-two-gonadotropin theory (1),
alterations in cholesterol levels can potentially impact the onset
and progression of female reproductive diseases by influencing the
actions of sex hormones. Studies have shown that statins are more
effective at lowering LDL-C levels compared to hormone
replacement therapy (40). Additionally, statins have similar effects
on HDL cholesterol levels as hormone replacement therapy (40).
While statins reduce triglyceride levels, hormone replacement
therapy increases triglycerides (40). Apart from their cholesterol-
lowering effects, statins have been found to exhibit anti-proliferative
properties against certain tumors, including breast cancer (41),
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Weight Weight
Study logOR SE(logOR) Odds Ratio OR 95%-Cl (common) (random)
ieu—a-300 -0.1463 0.0841 ™ 0.86 [0.73;1.02] 59.3% 59.3%
ieu-b-110 -0.1789 0.1015 ™ 0.84 [0.69; 1.02] 40.7% 40.7%
Common effect model _ 0.85 [0.75;0.97]  100.0% -
Random effects model —_ 0.85 [0.75; 0.97] --  100.0%

| E—
0.8 1 1.25
Heterogeneity: 12 = 0%, 1 = 0, p = 0.80
FIGURE 4

HMGCR inhibitors may reduce risk of menorrhagia by merging the OR value of two sets of data (exposure data from the GLGC and the UKB
respectively). Key abbreviations used: ieu-a-300 (the exposure data from the GLGC), ieu-b-110(the exposure data from the UKB), OR (odds ratio),
and Cl (confidence interval). A P value of less than 0.05 indicates significant heterogeneity in the data.

ovarian cancer (42), and colon cancer (43). A case-control study
conducted within a cohort of female patients aged 18-65 years with
hyperlipidemia revealed that the use of statins can reduce
complications like menorrhagia and anemia caused by uterine
fibroids (44). Our findings also suggest that HMGCR inhibitors,
but not PCSK9 or NPC1L1 inhibitors, have a protective effect on
patients with menorrhagia. This implies that the reduction in the
occurrence of menorrhagia by HMGCR inhibitors is not only due to
lowering LDL-C levels, but may also involve other protective
mechanisms in patients with menorrhagia. This protective effect
could be due to their anti-proliferative properties. However, since
menorrhagia can have multiple causes, it cannot be ruled out that
statins may also have an impact on menorrhagia caused by
adenomyosis, functional uterine bleeding, and other factors.
Further studies with more rigorous designs are needed to
investigate this beyond uterine fibroids.

The interaction between statins and immunosuppressive drugs,
especially calcineurin inhibitors, can limit the dosage or result in
intolerance to this important class of drugs (45). Meanwhile, under-
dosing or discontinuation of statin therapy can induce
hyperlipidemia (46). A comprehensive meta-analysis of PCSK9
inhibitors has confirmed the drug’s safety profile, including its
effects on neurocognitive adverse events, myalgia, new onset or
worsening of pre-existing diabetes, elevated levels of creatine kinase,
and the increase in alanine or aspartate aminotransferase having no
significant impact (47). Apart from its impact on LDL-C levels,
PCSK9 inhibitor also exhibits potential pleiotropic effects such as
enhancing tumor response to immune checkpoint therapy,
inhibiting platelet activation and thrombosis, and reducing
apoptosis (18, 48, 49). In our study, it was observed that PCSK9i

may increase the risk of infertility, while HMGCRi and NPC1L1i
did not have similar effects. This suggests that PCSK9i may elevate
the risk of infertility through pathways other than lipid lowering.
Both alirocumab and evolocumab are monoclonal antibodies,
which raises concerns about their potential antigenicity and
adverse immune reactions. Our research findings indicate that
PCSK9 inhibitors may pose a risk for infertility patients.
Infertility could be attributed to adverse immune responses
mediated by antibodies. However, further studies are needed to
confirm this. Based on our study results, we recommend
considering alternative lipid-lowering drugs instead of PCSK9
inhibitors for therapeutic purposes in female patients who require
lipid-lowering treatment and have reproductive needs.

Cholesterol serves as the precursor for steroid hormones, and
mevalonate plays a crucial role in the biosynthesis of cholesterol.
The rate-limiting step in this process involves the conversion of 3-
hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) to
mevalonate, which is facilitated by HMGCR. Research conducted
on rodent ovarian theca-stromal cells has demonstrated that statins
can effectively reduce the production of ovarian androgens (50).
Additionally, studies have revealed that the addition of simvastatin
to oral contraceptives can further decrease circulating testosterone
(T) levels in women with PCOS (51, 52). Xu et al.’s study has also
indicated that genetic variations in the HMGCR gene are associated
with insulin resistance, sex hormone-binding globulin, and free
testosterone levels in PCOS patients. The data on the effects of lipid-
lowering drugs on PCOS and POF are not corroborated by exposure
data from GLGC and UKB, and there is a possibility of errors in the
experimental results. This difference could be attributed to the
limitations of MR, which can only reflect the effects of lifetime

Weight Weight
Study logOR SE(logOR) Odds Ratio OR 95%-Cl (common) (random)
ieu-a-300 0.1143 0.0496 1.12 [1.02; 1.24] 59.1% 59.1%
ieu-b-110 0.1594 0.0596 1.17 [1.04;1.32] 40.9%  40.9%
Common effect model 1.14 [1.06; 1.23] 100.0% -
Random effects model 1.14 [1.06; 1.23] -- 100.0%

Heterogeneity: %= 0%, 2= 0,p =0.56

FIGURE 5

PCSK9 inhibitors may increase risk of infertility by merging the OR value of two sets of data (exposure data from the GLGC and the UKB
respectively). Key abbreviations used: ieu-a-300(the exposure data from the GLGC), ieu-b-110 (the exposure data from the UKB), OR (odds ratio),
and ClI (confidence interval). A P value of less than 0.05 indicates significant heterogeneity in the data.
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exposure and cannot explore potential changes without continuous
assessment. Therefore, while MR targeting drugs can provide
insights into the direction of action, it may not directly predict
the extent of a drug’s pharmacological effect on its target.

Research on blood lipids in reproductive endocrine diseases is
often hindered by interference from hormone therapy and other
conditions. However, Mendelian randomization studies offer clear
advantages in studying the causal association and lifetime exposure
risks between the two at the genetic level. Given the therapeutic value
of lipid-lowering drugs in treating various diseases and the close
connection between cholesterol and female hormones, it is important
to investigate the long-term impact of these drugs on female
reproductive endocrine health. Current clinical guidelines
recommend the use of lipid-lowering drugs for women with female
reproductive endocrine diseases accompanied by dyslipidemia.
Nevertheless, it remains uncertain whether taking lipid-lowering
drugs can affect the risk of reproductive endocrine diseases.
Therefore, studying the influence of lipid-lowering drugs on lifelong
exposure to reproductive endocrine diseases is of great significance.
This research can help identify new treatment methods and strike a
balance between the adverse effects of hormone therapy drugs on
blood lipids during patient treatment. The findings of this study
suggest that statins may be effective in reducing lipids in female
patients with menorrhagia. However, caution should be exercised
when considering the use of PCSK9 inhibitors to lower lipids in female
patients who desire to conceive, as it may potentially increase the risk
of infertility. It is important to acknowledge that our study has certain
limitations. Firstly, it is important to note that MR analysis cannot
replace clinical trials as it only provides a method for analyzing the
causal relationship between exposure and outcome. Further research is
required to confirm the association between HMGCR and PCSK9
inhibitors and their impact on menorrhagia and infertility. Secondly,
our study only analyzed data from European populations due to
limited GWAS data resources, which may limit the generalizability of
our findings to other regions. Moreover, since it is GWAS summary
data, stratified analysis cannot be conducted based on age or other
factors. Additionally, the limited number of positive cases of
gynecological endocrine diseases and the small dataset available may
introduce potential data bias.

Following the drug-targeted MR analysis, our findings suggest
that PCSK9 inhibitors are associated with a significant increase in
the risk of infertility among patients. On the other hand, it appears
that HMGCR inhibitors may have a protective effect against
menorrhagia in women. However, no significant effects of lipid-
lowering drugs have been observed on other reproductive endocrine
disorders, such as PCOS.
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