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Abstract 

Background The causality between neuroticism, a personality trait characterized by the tendency to experience 
negative emotions, and female reproductive diseases remains unclear. To provide evidence for the development 
of effective screening and prevention strategies, this study employed Mendelian randomization (MR) to investigate 
the causality between neuroticism clusters and female reproductive diseases.

Methods Instrumental variables were obtained from large-scale genome-wide association studies of populations 
of European descent involving three neuroticism clusters (depressed affect, worry, sensitivity to environmental 
stress, and adversity [SESA]) in the Complex Trait Genetics database and six female reproductive diseases (infertility, 
polycystic ovary syndrome [PCOS], spontaneous abortion, recurrent spontaneous abortion, endometriosis, and uter-
ine fibroids) in the FinnGen database. The bidirectional two-sample MR analysis was conducted using the inverse 
variance-weighted, weighted median, and MR-Egger methods, whereas the sensitivity analysis was conducted using 
the Cochran’s Q-test, MR-Egger intercept, and leave-one-out analysis.

Results In the forward analysis, genetically predicted depressed affect and worry components of neuroticism signifi-
cantly increased the risk of infertility (depressed affect: odds ratio [OR] = 1.399, 95% confidence interval [CI]: 1.054–
1.856, p = 0.020; worry: OR = 1.587, 95% CI: 1.229–2.049, p = 0.000) and endometriosis (depressed affect: OR = 1.611, 
95% CI: 1.234–2.102, p = 0.000; worry: OR = 1.812, 95% CI: 1.405–2.338, p = 0.000). Genetically predicted SESA compo-
nent of neuroticism increased only the risk of endometriosis (OR = 1.524, 95% CI: 1.104–2.103, p = 0.010). In the reverse 
analysis, genetically predicted PCOS was causally associated with an increased risk of the worry component of neu-
roticism (Beta = 0.009, 95% CI: 0.003–0.016, p = 0.003).

Conclusions The MR study showed that the three neuroticism personality clusters had definite causal effects 
on at least one specific female reproductive disease. Moreover, PCOS may increase the risk of the worry component 
of neuroticism. This finding suggests the need to screen for specific female reproductive diseases in populations 
with high neuroticism and assess the psychological status of patients with PCOS.
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Background
Neuroticism is a personality trait characterized by a 
greater tendency to experience negative emotions [1]. 
Individuals with high neuroticism experience more 
stressful life events, exaggerated stress responses, and 
have longer recovery times. Therefore, they tend to have 
stronger emotional responses, poorer emotional cop-
ing skills, and worse emotional experiences [2–4]. Neu-
roticism is measured using the short form of the Eysenck 
Personality Questionnaire [5], 12 items in the question-
naire are used to evaluate the neuroticism level, the 
higher the total score, the higher the neuroticism level. 
By conducting hierarchical clustering analyses, Nagel 
et  al. [6, 7] identified three genetically distinct neuroti-
cism clusters: “depressed affect”, “worry” and “sensitiv-
ity to environmental stress and adversity (SESA)”. More 
precise causative factors and disease outcomes can be 
identified by decomposing the complex traits of neuroti-
cism into genetically homogeneous clusters. Increasing 
evidence suggests that neuroticism is associated with a 
wide range of adverse health outcomes, including men-
tal disorders [8, 9], cerebrovascular and cardiovascular 
diseases [10], endocrine disorders [11], and cancer [12]. 
Neuroticism is a robust and highly heritable personality 
trait [13], however, some studies have shown that the sta-
bility of neuroticism decreases gradually over time [14], 
and that personality traits can be modified through inter-
ventions [15]. This provides the possibility of intervening 
in neuroticism levels for the prevention and treatment of 
diseases mediated by it.

With societal development and the advancement of 
the status of women, female reproductive diseases have 
received increasing attention. However, the causes of 
many female reproductive diseases are complex and 
undefined, while treatment options are limited and 
mostly symptomatic, placing a heavy burden on global 
health systems. Therefore, exploring the causes and effec-
tive interventions for female reproductive diseases has 
become a focus of research in recent years. Many stud-
ies have provided important evidence of the correlation 
between neuroticism and female reproductive diseases: 
Regardless of whether they undergo in  vitro fertiliza-
tion treatment, infertile women have significantly higher 
neuroticism scores [16], and neuroticism is an inde-
pendent predictor of depression and anxiety in women 
who are unable to conceive after In  vitro fertilization 
treatment [17]. Women with polycystic ovary syndrome 
(PCOS) have higher levels of neuroticism and greater 
difficulty coping with stress than those without PCOS 
[18, 19]. Patients with endometriosis have elevated neu-
roticism, anxiety, and psychiatric morbidity scores rela-
tive to healthy individuals [20]. A low neuroticism score 
was reportedly associated with high natural killer cell 

activity among women with recurrent spontaneous abor-
tion (RSA), however, an increased pre-conceptual level 
of natural killer cell activity was more likely to lead to 
pregnancy loss during the next pregnancy [21]. Although 
these observational studies have provided ample evi-
dence of the correlation between neuroticism and female 
reproductive diseases, they have some inevitable defects, 
such as residual confounding and reverse causality [22]. 
Therefore, the causality between neuroticism and female 
reproductive diseases has not been clearly established, 
and methods free of confounding factors and reverse 
causation should be used to re-examine these correla-
tions carefully. Thus, further studies are necessary to 
elucidate the causality between neuroticism and female 
reproductive diseases.

Mendelian randomization (MR) is an analytical method 
used to determine causality. The fundamental principle 
of MR is to use genetic variants that are closely associ-
ated with exposure factors as instrumental variables (IVs) 
to estimate the causality between exposure factors and 
disease outcomes [23]. Since genetic variants are ran-
domly assigned at conception and cannot be altered by 
subsequent occurrences of the disease, MR studies are 
less susceptible to confounding factors and reverse cau-
sation. Therefore, here we conducted a two-sample bidi-
rectional MR analysis using publicly available data from 
the genome-wide association study (GWAS) to explore 
the potential causality between three neurotic clusters 
and six common female reproductive diseases (infertility, 
PCOS, spontaneous abortion [SA], RSA, endometriosis, 
and uterine fibroids [UF]) in the European population, 
which can provide insights into the screening and pre-
vention of female reproductive diseases.

Materials and methods
Study design
We implemented a bidirectional two-sample MR to 
investigate the causality between neuroticism clus-
ters and female reproductive diseases. The three basic 
assumptions of the MR design are shown in Fig.  1A: 
genetic variations as IVs are strongly associated with 
the exposure of interest, IVs are not associated with any 
confounding factors, and IVs affect the risk of outcomes 
only through the exposure of interest [24]. A flowchart 
of the current MR design is presented in Fig.  1B. All 
analyses were conducted using summary-level data from 
published and publicly available GWAS [6, 7, 25], and all 
GWAS data were subjected to data cleaning and quality 
checks before publication.

Data source for exposures and outcomes
In the forward analysis of this study, we chose the neu-
roticism clusters as the exposures to explore their 
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causal effect on the risk of female reproductive diseases 
(outcomes); in the reverse analysis, we explored the 
female reproductive diseases as the exposures to detect 
their reverse causality with the neuroticism clusters 
(outcomes).

By applying prospective cohort study data from self-
reported British populations in the UK Biobank (https:// 
www. ukbio bank. ac. uk/), two recent GWAS [6, 7] iden-
tified three distinct neuroticism clusters from the 12 
Eysenck Personality Questionnaire using hierarchical 
clustering analyses: “depressed affect” (N = 357,957), 
“worry” (N = 348,219), and “sensitivity to environmental 
stress and adversity (SESA)” (N = 351,827). The depressed 
affect cluster was defined by the following four questions: 
“Do you often feel lonely?”, “Do you ever feel ‘just miser-
able’ for no reason?”, “Does your mood often go up and 
down?” and “Do you often feel fed up?”. The worry cluster 
was defined by the following four questions: “Are you a 
worrier?”, “Do you suffer from nerves?”, “Would you call 
yourself a nervous person?” and “Would you call your-
self tense or highly stung?”. The SESA cluster was defined 
by the following three questions: “Are your feelings eas-
ily hurt?”, “Do you worry too long after an embarrass-
ing experience?” and “Are you often troubled by feelings 
of guilt?”. Significant and replicable genetic differences 
were observed among the three clusters. Genome-wide 
summary statistics data on three neuroticism clusters 
(depressed affect, worry, and SESA) were available from 
the Complex Trait Genetics (CTG) database (https:// ctg. 
cncr. nl/ softw are/ summa ry_ stati stics/).

Data on female reproductive diseases, including female 
infertility (13,142 cases, 107,564 controls), PCOS (1,424 
cases, 200,581 controls), SA (16,906 cases, 149,622 con-
trols), RSA (571 cases, 107,564 controls), endometriosis 
(15,088 cases, 107,564 controls), and UF (31,661 cases, 
179,209 controls), were accessed from the FinnGen 
database (https:// www. finng en. fi/ en/ access_ resul ts) R9 
release on 11 May 2023 [25]. The FinnGen database is 
a large-scale biomedicine project based on the Finnish 
population, involving data from the nationwide longitu-
dinal health register collected since 1969 from every resi-
dent in Finland.

All GWAS data were derived from the European popu-
lation, and there was no overlap between participants in 
the exposure and outcome groups. Detailed information 
on the exposures and outcomes is provided in the Sup-
plementary Material 1 (Table S1).

Selection of genetic instruments
Progress in the selection of genetic instruments was per-
formed in R software version 4.2.3 (https:// www.r- proje 
ct. org/) with R packages “TwoSample MR (version 0.5.7)” 
and “Radial MR (version 1.1)”, specific R codes are availa-
ble in Supplementary Material 2. A meticulous selection 
process is implemented to select appropriate IVs: (1) To 
ensure a robust association between the exposure and 
IVs, we set the standard of “p < 5 ×  10–8” for screening sin-
gle nucleotide polymorphisms (SNPs), this standard is 
recognized as a genome-wide significant threshold. 
When fewer than three SNPs were screened based on 

Fig. 1 Overview of present study design. A Three basic assumptions of the Mendelian randomization study; B Flow chart of the study design. 
Abbreviation: GWAS, genome-wide association study; SNP, single nucleotide polymorphism

https://www.ukbiobank.ac.uk/
https://www.ukbiobank.ac.uk/
https://ctg.cncr.nl/software/summary_statistics/
https://ctg.cncr.nl/software/summary_statistics/
https://www.finngen.fi/en/access_results
https://www.r-project.org/
https://www.r-project.org/
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this standard, the p-value would be amplified to 5 ×  10–6, 
which was widely used in previous studies [26, 27]. When 
there were fewer than three SNPs, an MR analysis was 
not conducted. (2)  To obtain independent IVs, we 
selected SNPs with the linkage disequilibrium (LD) 
r2 < 0.001 in the 10,000-kb region, this standard could be 
considered the most rigorous cutoff to mitigate LD. 
(3) To prevent bias from weak IVs, we selected SNPs with 
F-statistic > 10 as the IVs [28]. F-statistics were calculated 
using the formula F =

R2×(N−k−1)

k×(1−R2)
 , where N indicates the 

sample size of the exposure, k indicates the number of 
IVs, and for each SNP, k is 1.  R2 indicates the proportion 
of variance in the exposure of interest explained by a 
given SNP and was calculated using the formula 
R2

=
2×EAF×(1−EAF)×β2

[2×EAF×(1−EAF)×β2]+ 2×EAF×(1−EAF)×N×SE
2  , 

where β indicates the genetic effect of SNP on the expo-
sure, EAF is the effect allele frequency, SE is the standard 
error, and N indicates sample size [29, 30]. (4) To ensure 
that IVs were not related to outcomes, SNPs associated 
with outcomes at genome-wide significance were 
removed. (5) To ensure that the effect of an SNP on the 
exposure and the outcome corresponded to the same 
allele, data harmonization was performed to unify allelic 
direction and remove palindromic SNPs (allele fre-
quency > 0.42, which is the default parameter of “harmo-
nize_data” function in “TwoSample MR” package). (6) To 
identify and remove outliers, MR-radial was imple-
mented before each MR analysis [31].

After rigorous SNP filtering (Supplementary Material 
1: Tables S2–S4), the number of IVs varied from 33 to 47 
for the neuroticism clusters (Supplementary Material 1: 
Table  S4). Due to the limited number of SNPs reaching 
p < 5 ×  10–8 in some female reproductive diseases (infer-
tility, PCOS, and SA), a relaxed p threshold (5 ×  10–6) 
was used to screen IVs in these diseases. Since the num-
ber of SNPs screened for RSA remained less than three, 
even according to p < 5 ×  10–6, MR analysis of the causal-
ity of RSA on neuroticism clusters was not performed. 
The number of IVs varied from 10 to 45 for the remain-
ing female reproductive diseases (Supplementary Mate-
rial 1: Table  S4). The F-statistic values for all IVs used 
in this study were > 10, indicating their high quality and 
reliability.

MR analysis
The MR analysis was performed using the “TwoSample 
MR” package in R software, specific R codes are available 
in Supplementary Material 2. The data required for the 
analysis are available in Supplementary Material 3. The 
threshold for a significant difference was set at p < 0.05. 
Three models were used to perform this bidirectional 
MR study: inverse variance-weighted (IVW), weighted 

median (WM), and MR-Egger regression models. The 
IVW method can integrate the Wald ratio estimates for 
each SNP to produce a composite effect estimate, which 
assumes that all IVs are valid with no horizontal pleiot-
ropy or heterogeneity, therefore, it has higher statistical 
power [32]. Compared to the fixed-effects IVW method, 
the random-effects IVW method can obtain a more con-
servative causal estimate, accounting for the uncertainty 
due to pleiotropy. Therefore, the random-effects IVW 
method was regarded as the primary estimator for identi-
fying significant causality. The WM and MR-Egger meth-
ods were used for the complementary analysis of IVW. 
The WM model can provide a consistent estimate of cau-
sality when at least 50% of the IVs are effective [33]. The 
MR-Egger regression model can still provide an unbi-
ased estimate, even if all SNPs included in the selection 
are invalid [34]. Therefore, these methods provide more 
robust estimates over a wider range.

Sensitivity analysis
Sensitivity analysis was performed using the “TwoSample 
MR” package in the R software, specific R codes are avail-
able in Supplementary Material 2. The data required for 
the analysis are available in Supplementary Material 3. 
Three analytical methods were applied for the sensitivity 
analysis. Cochran’s Q-test was used to detect heterogene-
ity among SNPs, and a value of p > 0.05 indicated no sig-
nificant heterogeneity [35]. MR-Egger intercept analysis 
was used to detect pleiotropy, the value of the MR-Egger 
intercept analysis was p > 0.05, indicating the absence of 
horizontal pleiotropy [36]. Leave-one-out (LOO) analysis 
was used to recalculate and visualize the overall effect in 
the IVW analysis by sequentially omitting each SNP, and 
assess whether the observed causality depends on any 
individual SNP [37]. The results were typically considered 
robust if the results of all three analyses were negative.

Results
Causality of neuroticism clusters on female reproductive 
diseases
The forward MR analysis was as follows: In primary esti-
mates (IVW method), genetically predicted depressed 
affect cluster could significantly increase the risk of 
infertility (odds ratio (OR) = 1.399, 95% confidence 
interval (CI): 1.054–1.856, p = 0.020) and endometrio-
sis (OR = 1.611, 95% CI: 1.234–2.102, p = 0.000) (Fig.  2). 
Similar to the depressed affect cluster, the genetically 
proxied worry cluster was positively associated with 
infertility (OR = 1.587, 95% CI: 1.229–2.049, p = 0.000) 
and endometriosis (OR = 1.812, 95% CI: 1.405–2.338, 
p = 0.000) (Fig.  2). Genetically predicted SESA cluster 
only increased the risk of endometriosis (OR = 1.524, 
95% CI: 1.104–2.103, p = 0.010) (Fig.  2). Corresponding 
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complementary analyses are shown in Supplementary 
Material 1 (Table  S5), in which causalities similar to 
those of the IVW method were demonstrated in the WM 
model but not in the MR-Egger model. In addition, the 
IVW method detected a statistically significant protec-
tive effect of the worry cluster on SA (OR = 0.767; 95% 
CI, 0.610–0.965; p = 0.024) (Fig.  2), whereas no signifi-
cant causality was observed in the complementary analy-
ses (Supplementary Material 1: Table S5). Thus, there was 
no convincing evidence to support causality between any 
other neuroticism cluster and female reproductive dis-
eases (Fig. 2; Supplementary Material 1: Table S5).

In the sensitivity analysis, Cochran’s Q test did not 
detect any evidence of heterogeneity in the forward 
analysis (Table 1). The MR-Egger intercept test revealed 
pleiotropy in the analysis between the SESA cluster and 
PCOS but not in any other analysis (Table 1). The LOO 
analysis indicated that a few specific SNPs had a potential 
impact on the IVW result between the depressed affect 
cluster and PCOS, whereas other specific SNPs had a 
potential impact on the IVW result between the worry 
cluster and SA, suggesting that the protective effect of 

genetically predicted worry cluster on SA was not robust 
(Supplementary Material 1: Figure S1). In addition, the 
LOO analysis suggested that the other estimation results 
were robust (Supplementary Material 1: Figure S1).

Therefore, in the forward MR analysis, genetically pre-
dicted depressed affect and worry components of neurot-
icism were associated with higher risks of infertility and 
endometriosis, while genetically predicted SESA cluster 
increased the risk of endometriosis.

Causality of female reproductive diseases on neuroticism 
clusters
In the reverse MR analysis, the IVW method detected 
that genetically predicted PCOS could increase the 
risk of the three neuroticism clusters (depressed affect: 
Beta = 0.006, 95% CI: 0.000–0.012, p = 0.036; worry: 
Beta = 0.009, 95% CI: 0.003–0.016, p = 0.003; SESA: 
Beta = 0.006, 95% CI: 0.000–0.012, p = 0.040) (Fig.  3), 
while the IVW method also detected a significant protec-
tive effect of SA on the SESA cluster (Beta = -0.022, 95% 
CI: -0.043– -0.002, p = 0.033) (Fig. 3). The WM and MR-
Egger methods yielded directionally consistent results in 

Fig. 2 Primary analyses (IVW method) of the causal effect of neuroticism clusters on female reproductive diseases. Mendelian randomization 
estimates are presented as OR with corresponding 95% CI, which provide an estimate of the relative outcome risk caused by each 
standard-deviation increase in exposure. Abbreviation: CI, confidence interval; OR, odds ratio; PCOS, polycystic ovary syndrome; RSA, recurrent 
spontaneous abortion; SA, spontaneous abortion; SESA, sensitivity to environmental stress and adversity; SNP, single nucleotide polymorphism; UF, 
uterine fibroids
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Table 1 Heterogeneity and horizontal pleiotropy for genetically causal effect of neuroticism clusters on female reproductive diseases

Abbreviation: IVW Inverse variance-weighted, PCOS Polycystic ovary syndrome, RSA Recurrent spontaneous abortion, SA Spontaneous abortion, SESA Sensitivity to 
environmental stress and adversity, UF Uterine fibroids

Exposure Outcome Horizontal pleiotropy Heterogeneity (IVW method)

MR Egger_intercept pval Cochran’s Q Q_pval

Depressed Infertility -0.005 0.622 25.092 0.976

PCOS -0.029 0.421 32.736 0.872

SA -0.006 0.541 34.221 0.798

RSA -0.011 0.844 20.891 0.995

Endometriosis 0.004 0.677 31.548 0.880

UF 0.000 0.993 50.397 0.104

Worry Infertility -0.010 0.384 30.927 0.957

PCOS -0.052 0.136 37.599 0.664

SA 0.005 0.653 41.305 0.588

RSA -0.038 0.482 24.074 0.991

Endometriosis 0.017 0.134 26.905 0.966

UF 0.008 0.332 31.511 0.903

SESA Infertility -0.019 0.139 24.357 0.945

PCOS -0.091 0.016 41.264 0.330

SA -0.005 0.700 34.727 0.433

RSA -0.100 0.090 27.086 0.884

Endometriosis 0.008 0.599 44.516 0.107

UF -0.005 0.652 34.933 0.330

Fig. 3 Primary analyses (IVW method) of the causal effect of female reproductive diseases on neuroticism clusters. Mendelian randomization 
estimates are presented as Beta values with the corresponding 95% CI, which provide an estimate of the relative outcome risk caused by exposure. 
Abbreviation: CI, confidence interval; PCOS, polycystic ovary syndrome; SA, spontaneous abortion; SESA, sensitivity to environmental stress 
and adversity; SNP, single nucleotide polymorphism; UF, uterine fibroids
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the aforementioned analyses (Supplementary Material 
1: Table  S6). No causality was detected between other 
female reproductive diseases and the neuroticism clus-
ters (Fig. 3; Supplementary Material 1: Table S6).

In the sensitivity analysis, heterogeneity and horizon-
tal pleiotropy were not detected in any of the MR results 
(Table  2). The LOO analysis revealed that the causality 
between PCOS and worry cluster was the only robust 
analysis of the causalities mentioned above (Supplemen-
tary Material 1: Figure S2).

Therefore, in the reverse analysis, we detected only 
robust causality in which genetically predicted PCOS 
could increase the risk of worry cluster.

Discussion
In the current study, a bidirectional two-sample MR 
study was conducted to assess causality between neu-
roticism personality clusters and female reproductive 
diseases. The findings of the forward analysis supported 
that genetically predicted depressed affect and worry 
components of neuroticism could significantly increase 
the risk of infertility and endometriosis, while genetically 
predicted SESA cluster could increase the risk of endo-
metriosis. In the reverse analysis, genetically predicted 
PCOS was causally associated with an increased risk of 

the worry component of personality. These results pro-
vide further evidence to clarify the causality between 
the components of neuroticism and female reproductive 
diseases.

The forward analysis provided strong evidence that the 
neuroticism clusters were causally linked to a higher risk 
of infertility and endometriosis. Previous studies consist-
ently demonstrated a correlation between neuroticism 
and these conditions: infertile women exhibit higher lev-
els of neuroticism than their male partners [16, 38, 39]. 
High neuroticism levels predicted pregnancy failure post-
treatment and increased anxiety and depression scores 
after follow-up [40]. Similarly, patients with endome-
triosis exhibit higher levels of neuroticism, introversion, 
and anxiety personality traits [20]. However, most previ-
ous studies were cross-sectional and could not establish 
causality between neuroticism and female reproductive 
diseases. This study used the MR analysis to confirm that 
neuroticism is a risk factor for infertility and endome-
triosis. The underlying mechanism may involve abnormal 
activity in the hypothalamic–pituitary–adrenal (HPA) 
and sympathetic nervous system (SNS) axes. Owing to 
the rapid arousal and slow suppression of emotions in 
individuals with high neuroticism [41], they are likely to 
experience more chronic or severe stress, leading to HPA 
and SNS dysregulation [42, 43]. Stress-related biomark-
ers such as corticotropin-releasing hormone (CRH), cor-
tisol, and catecholamines may play an important role in 
the development of infertility and endometriosis.

The sensitive response to stressful events in individuals 
with high neuroticism triggers overactivation of the HPA 
axis, leading to increased CRH and cortisol secretion. 
This phenomenon disrupts ovulation by interfering with 
the pulsatile release of gonadotropin-releasing hormone 
and inhibiting ovarian steroidogenesis, resulting in infer-
tility [44, 45]. Excessive cortisol also suppresses immune 
cell function [46], allowing endometrial cells carried by 
the retrograde menstrual flow to escape immune sur-
veillance and form lesions in the peritoneal cavity [47], 
thereby causing endometriosis. Similarly, when individu-
als with high neuroticism experience stressful events, 
the SNS axis becomes overactivated, subsequently, the 
impulses reach the adrenal medulla, causing a surge in 
catecholamine secretion. Excess catecholamines impair 
follicular quality and endometrial decidualization [48, 
49], thereby contributing to infertility. Similar to cortisol, 
excess catecholamines suppress immune cells, facilitat-
ing the implantation of ectopic endometrial cells into the 
peritoneal cavity [46, 47]. In addition, excess catechola-
mines promote angiogenesis and cellular proliferation in 
the ectopic endometrium [50], thereby advancing endo-
metriosis. However, the effect of neuroticism on HPA 
and SNS axes activities remains controversial. Several 

Table 2 Heterogeneity and horizontal pleiotropy for genetically 
causal effect of female reproductive diseases on neuroticism 
clusters

Abbreviation: IVW Inverse variance-weighted, PCOS Polycystic ovary syndrome, 
SA Spontaneous abortion, SESA Sensitivity to environmental stress and adversity, 
UF Uterine fibroids

Exposure Outcome Horizontal 
pleiotropy

Heterogeneity (IVW 
method)

MR 
Egger_
intercept

pval Cochran’s Q Q_pval

Infertility Depressed 0.002 0.241 11.084 0.522

Worry 0.001 0.620 10.989 0.530

SESA 0.003 0.070 14.554 0.409

PCOS Depressed 0.001 0.736 10.255 0.418

Worry 0.001 0.756 6.673 0.671

SESA -0.001 0.748 5.281 0.872

SA Depressed -0.002 0.278 7.792 0.732

Worry -0.002 0.440 4.108 0.942

SESA -0.002 0.352 7.879 0.641

Endometriosis Depressed -0.004 0.067 22.399 0.319

Worry 0.000 0.800 16.498 0.685

SESA -0.002 0.322 16.213 0.643

UF Depressed 0.000 0.586 42.116 0.553

Worry 0.000 0.870 41.226 0.461

SESA 0.001 0.312 38.284 0.676
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studies have suggested that high neuroticism leads to 
the hyperactivation of HPA and SNS axes [51–56], oth-
ers argue that no such associations exist [57–59], and 
some even claim that it suppresses these axes [60–62]. 
Factors such as heterogeneity of neuroticism, selection 
of observational indicators, and confounder control may 
have influenced the conclusions [63]. Additionally, long-
term chronic stress exposure may trigger human adaptive 
strategies to cope with chaotic environments, resulting 
in the HPA and SNS axes blunting in individuals with 
high neuroticism, thereby preventing persistent endo-
crine and cardiovascular responses [64, 65]. Thus, the 
HPA and SNS axes were gradually desensitized from an 
overactivated state to an inhibited state over time, lead-
ing to differences in the findings. However, diminished 
cortisol function induced by HPA axis inhibition may 
also suppress the immune system, which could trigger a 
pro-inflammatory state [66], similarly contributing to the 
progression of infertility and endometriosis [67]. In sum-
mary, further investigations are required to determine 
whether HPA and SNS axes abnormalities mediate the 
association between neuroticism and these diseases.

In the reverse analysis, we found that genetically pre-
dicted PCOS increased the risk of the worry compo-
nent of neuroticism. Several studies have confirmed that 
patients with PCOS exhibit more negative personality 
traits: In addition to higher levels of neuroticism, these 
patients demonstrate greater emotionality and fear, 
increased anger and anxiety symptoms, and lower open-
ness to experience and conscientiousness scores [19, 
68]. However, the causality of these associations remains 
unclear. This study demonstrated that PCOS leads to an 
increased risk of the worry cluster of neuroticism. We 
attributed these possible causes to changes in the physical 
features caused by PCOS. PCOS induces more significant 
changes in appearance than other female reproductive 
diseases, such as obesity, acne, and hirsuteness. These 
changes result in women with PCOS experiencing sig-
nificantly lower confidence or satisfaction with their bod-
ies and a greater tendency to develop perceptions of low 
self-esteem and feelings of lack of attractiveness. There-
fore, they are more likely to avoid social interactions, thus 
affecting the normal establishment of social and intimate 
relationships [69, 70]. In some cultures, having children 
after marriage is an important part of a woman’s social 
values, and infertility caused by PCOS can weaken the 
couple’s relationship and threaten the continuity of mar-
riage [71, 72]. These factors lead to greater social pressure 
and less social support for women with PCOS, both of 
which have been recognized as contributors to high lev-
els of neuroticism [73]. Another possible explanation is 
that blood glucose levels mediate PCOS triggering high 
levels of neuroticism. Some studies have shown that 

women with PCOS suffer from a much higher prevalence 
of reactive hypoglycemia than healthy women [74], which 
triggers neuroticism-like manifestations such as anger, 
anxiety, and moodiness [75, 76]. However, in this study, 
we only found a robust result that PCOS was causally 
related to the higher risk of worry component of neuroti-
cism; the results for the depressed affect and SESA clus-
ters were not robust. In fact, most studies confirmed that 
PCOS is closely related to various abnormal psychologi-
cal states such as depression, anxiety, and decreased self-
esteem [77, 78]. However, some psychological disorders 
share similar symptoms and are difficult to differentiate, 
and some women with PCOS lack a professional diagno-
sis of the psychological disorder. Therefore, more distinct 
studies should be conducted on women with PCOS for a 
single state of neuroticism or psychological disorders.

Elucidating the causality between neuroticism clusters 
and female reproductive diseases has important clinical 
implications. For women with high neuroticism identified 
through screening, it is important to address their neu-
roticism with therapies such as positive psychology exer-
cises. In addition, more attention should be focused on 
their reproductive health. Early screening and interven-
tion can minimize the risk and progression of infertility 
and endometriosis. Similarly, PCOS is prone to inducing 
neuroticism, and more attention should be focused on 
the psychological status of patients with PCOS during 
treatment and therapy. Focusing on the causality between 
neuroticism clusters and female reproductive diseases 
can help break the vicious circle and prevent the occur-
rence of comorbidities.

Our study has the following strengths: To the best of 
our knowledge, it is the first MR analysis to explore the 
causality between genetically distinct neuroticism clus-
ters and female reproductive diseases. Meanwhile, more 
precise causative factors and disease outcomes can be 
identified by dividing the complex traits of neuroti-
cism into genetically homogeneous clusters. Finally, we 
applied a bidirectional two-sample MR design to reduce 
residual confounding and mitigate the reverse causality 
of observational studies.

This study has several limitations. First, it included 
only individuals of European ancestry, thereby reduc-
ing the generalizability of its findings. Second, the 
reproductive diseases we studied were female-specific. 
However, no sex-specific analysis has been reported 
for genetically distinct neuroticism clusters, resulting 
in potential bias. Moreover, due to the limited number 
of SNPs reaching genome-wide significance in some 
female reproductive diseases, a relaxed p threshold was 
used for these diseases. Finally, the Beta value for the 
positive result obtained in the reverse analysis was only 
0.009, possibly due to the insufficient sample size of the 
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selected GWAS databases. The result still require vali-
dation in a future study with a larger sample size.

Conclusions
Through a series of procedures including genetic 
instrument selection, MR analysis, and sensitivity anal-
ysis, our study found that the neuroticism personality 
clusters, including depressed affect, worry, and SESA, 
exerted definite causal effects on at least one specific 
female reproductive disease (infertility or endometrio-
sis) to differing degrees. Genetically predicted PCOS 
may increase the risk of the worry component of neu-
roticism. This finding suggests the need to screen for 
specific female reproductive diseases in populations 
with high neuroticism and assess the psychological sta-
tus of patients with PCOS.
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