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Abstract

Background The causal relationships between sexually transmitted infections, depression, and self-harm remain
unclear.

Methods We executed various Mendelian Randomization (MR) analyses. At the same time, a cross-sectional analysis
from NHANES was used for verification and an enrichment analysis was also utilized to explore the potential common
gene functions.

Results We found that STIs may have a potential causal effect on depression (P=0.002) and self-harm (P=0.003).
Conwversely, self-harm has been identified as a risk factor for the acquisition of STls (P=0.006), while there is no evi-
dence to support an effect of depression on STls. Furthermore, mediation MR indicated that monocyte absolute
count played a mediating role in the association between STls and depression, accounting for 7.7%. And then,

the weighted regression analysis of the cross-sectional analysis demonstrated a significant association between one
of the common STls, HPV, and depression. Gene enrichment analysis suggested that the PI3K-Akt signalling pathway
and the infectious virus signalling pathway may represent a common underlying pathogenesis.

Conclusion STIs may increase the risk of depression and self-harm, while self-harm might also represent a risk factor
for STls, which could provide insights and a foundation for the control of STls and mental health monitoring in clinical
practice.
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Introduction

Sexually transmitted infections (STIs, or sexually trans-
mitted diseases (STDs)) have traditionally been asso-
ciated with the specific range of diseases, including
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patients of STDs are frequently accompanied by psy-
cho-emotional problems of varying degrees. And mul-
tiple studies reported also support this. A small sample
cohort from the UK and Greece studied the life qual-
ity of individuals affected by HIV/AIDS, genital warts,
or genital herpes, and found that depressive symptoms
increased among patients in both STIs cohorts [6]. And
some researchers have reported that men diagnosed with
AIDS or those who are HIV-positive are at a higher risk
of self-harm compared with those who are undiagnosed
[7, 8]. Moreover, a cross-sectional survey of 103 young
individuals aged 15 to 25 from the mental health clinics
revealed that young people with mental health disorders
have a strong demand for sexual health services [9]. How-
ever, some observational studies were limited by reverse
causation, residual confounding, or small sample size
[10, 11]. And at present, the relationship between STIs
and psychological disorders still lack of definitive genetic
causal research.

Mendelian Randomization (MR) methods are being
increasingly used to explore the causes of complex dis-
eases [12]. These methods use genetic variation to
explore causal relationships. It usually uses single nucle-
otide polymorphisms (SNPs) as an instrumental vari-
able (IV) [13]. This can reduce the traditional causal and
mixed deviation in observational studies, which provide
more reliable basis for establishing a causal relationship
(14, 15].

In this study, we aimed to use MR methods to evaluate
the genetic factors of STIs and depression, self-harm, and
to gain insight into their potential biological associations,
which provide perspective and theoretical basis for their
clinical prevention.

Method

Study design

At first, we conducted bidirectional MR analyses to inves-
tigate the causal relationships between STIs, depression
and self-harm. Additionally, we performed Multivariable
MR (MVMR) analyses to minimize bias, as well as two-
step MR analyses to explore potential mediating factors
[16, 17]. Furthermore, we utilized data from the National
Health and Nutrition Examination Survey (NHANES)
to conduct a cross-sectional analysis on the association
between classic STIs and depression to further validat
their relationship. The data of this cross-sectional survey
are sourced from the National Center for Health Statis-
tics (NCHS) and can be accessed at https://www.cdc.gov/
nchs/index.htm. MR analysis was performed by using
summary-level GWAS data and NHANES individual-
level data. The study flow is illustrated in Figure S1. This
research employed publicly available online data and did
not involve ethical review.
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Sources of MR data

The dataset for depression (ebi-a-GCST90018833) were
obtained from the UK Biobank; the SNPs of self-harm
(finn-b-VWXY20_SUICI_OTHER_INTENTI_SELF_H)
and STDs (FINN-B-AB1_SEXUAL_TRANSMISSION)
were sourced from the FinnGen biobank. Detailed infor-
mation about the data can be found in Table S1.

Selection of IVs

Only SNPs that met the genome-wide significance thresh-
old (P<5e-6 to 5e-8) were deemed potential instrumen-
tal variables (IVs). The SNPs with P<5e-8 were used as
IVs in causal effect of Self-Harm on STIs and reverse MR
analysis (causal effect of STIs on Depression, Self-Harm).
The reason we used P<5e-6 is that there are not enough
SNPs to execute analysis in P<5e-8, which is supported
in some of the published literature [18, 19]. Independent
SNPs were chosen based on linkage disequilibrium (LD)
criteria (kb=10,000, r* < 0.001). At the same time, the
strength of the IVs was assessed using F-statistics (F > 10),
ensuring a robust correlation between the identified IVs
and the exposure factors. Afterward, palindromic SNPs
were excluded, and the exposure-outcome datasets were
harmonized to avoid any distortion in strand orientation
or allele coding.

MR analysis

Bidirectional MR analysis was conducted to assess
potential causal relationships between STIs and depres-
sion, as well as self-harm. The primary method used
for this evaluation was the inverse variance-weighted
(IVW) approach, as it yields reliable causal estimates in
the absence of directional pleiotropy. In addition, MR-
Egger and Weighted Mode methods were used as sup-
plementary analyses. To investigate the genetic links
among exposure variables and their effects on outcomes,
an MVMR analysis based on the IVW method was per-
formed. The mediation effect of immune cells was exam-
ined through a two-step MR approach, utilizing data on
731 immune cells obtained from the IEU Open GWAS
dataset, covering IDs GCST90001391 to GCST90002121
based on a sample of 3757 Europeans [20]. Among the
731 immune cells, 118 represented absolute cell counts,
389 reflected the median fluorescence intensity, 32
were morphological parameters, and 192 were rela-
tive cell counts. The mediation effect was calculated as
Beta=Beta (ZY) * Beta (XZ) (let Beta (ZY) represent
the estimated causal effect of exposure immune cells on
outcome depression, Beta (XZ) represent the estimated
causal effect of exposure STIs on outcome immune cells).
The proportion of this mediation effect within the total
effect was expressed as R=Beta / Beta (XY) * 100%, with
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the direct effect defined as Direct Effect=Beta (XY) —
Beta (let Beta (XY) represent the estimated causal effect
of exposure STIs on outcome depression) (Figure S1 A).
To evaluate potential heterogeneity or horizontal plei-
otropy, we employed MR-Egger, Cochran’s Q statistic
and MR-PRESSO. Additionally, funnel plots and leave-
one-out analyses were included as part of the sensitivity
analysis.

NHANES database

The NHANES is a nationally representative research that
includes interviews, physical examinations, and labora-
tory tests, releasing data biennially since 1999. In this
study, we utilized NHANES data from 1999 to 2004,
incorporating depression survey responses and HPV
(types 6, 11, 16, and 18) infection data. The inclusion
criteria was all participants of NHANES data from 1999
to 2004. And exclusion criteria as follows: (1) individu-
als with missing HPV tests; (2) individuals with missing
depression score.

The Composite International Diagnostic Interview
(CIDI) is a fully structured diagnostic interview used to
assess psychiatric disorders following criteria defined in
the fourth edition of the American Psychiatric Associa-
tion’s Diagnostic and Statistical Manual of Mental Disor-
ders. The diagnoses of depression are designated as part
of NHANES data-processing and the dichotomous diag-
nosis variables were in the NHANES downloaded data-
sets. A value of “1” indicates a positive diagnosis, and
a value of “5” indicates a negative diagnosis [21]. Com-
petitive Luminex assay was used for HPV 6, 11, 16, 18 in
NHANES laboratory data, and value description is posi-
tive and negative. Based on prior research and clinical
expertise, the following variables were included in the
present study: age, gender, race/ethnicity, educational
attainment, and street drug use were selected. All covari-
ate data were derived from demographic and question-
naire responses.

Gene enrichment analysis

To identify potential targets related to sexually transmit-
ted diseases, depression, and self-harm, we retrieved data
from the GeneCards database using keywords (“depres-
sion,” “suicide;,” and “HPV”) [22]. The intersection of these
targets was obtained using Venny 2.1.0. Further analysis
of potential targets was conducted using the WEB-based
Gene Set Analysis Toolkit for disease enrichment, along-
side R’s cluster profile package for GO and KEGG path-
way enrichment.

Statistical analysis
A dataset of 6 years (1999-2004) from NHANES was uti-
lized. We used the weighted analysis as recommended
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by the NCHS Analysis Guide to maintain national rep-
resentation [23]. Categorical variables were listed as
frequencies, and continuous variables that followed a
normal distribution were presented as mean * standard
error. Both univariate and multivariate regression analy-
ses were carried out to evaluate the relationship between
HPV and depression. All statistical analyses were con-
ducted using R software 4.2 and EmpowerStats [24].
Odds ratios (OR) and 95% confidence intervals (CI) were
calculated. A p-value of less than 0.05 was deemed statis-
tically significant.

Results

Causal effect of depression and self-harm on STls
Two-sample MR analysis indicates that the causal effect
of depression on the risk of STIs was not statistically
significant (IVW: OR=1.059, 95% CIL 0.959-1.168,
P=0.256) (Fig. 1A, B). However, the primary IVW analy-
sis (OR=1.114, 95% CI: 1.032-1.203, P=0.006) indicates
a potential causal effect of self-harm on STIs (Fig. 1C,
D). To minimize bias, we conducted a MVMR analy-
sis, which still showed a significant association between
self-harm and increased risk of STIs (OR=1.119, 95%
CL 1.022-1.224, P=0.016), while depression showed
no correlation with STIs (Table 1). Detailed informa-
tion about the IVs of Depression and Self-Harm can be
found in Supporting Information Table S2—3. There is
some evidence that the effect detected by IVW may be in
part explained by horizontal pleiotropy since supposedly
pleiotropy-robust methods such as MR-mode had causal
effect estimates of opposite signs. And sensitivity analy-
sis did not reveal significant heterogeneity or horizontal
pleiotropy in Table S4. Detailed information about the
IVs used in the MR analysis can be found in Supporting
Information Tables S2-S3. Funnel plots and leave-one-
out results are available in Figure S2.

Causal effect of STls on depression, self-harm

Reverse MR analysis suggests that STIs potentially have
a causal effect on depression (MR-Egger: OR=1.089,
95% CI: 1.013-1.169, P=0.023; IVW: OR=1.056, 95%
CI: 1.020-1.093, P=0.002; although the Weighted mode
did not show a significant P-value, the trend was similar)
(Fig. 2A, B). STIs also potentially affect self-harm (IVW:
OR=1.066, 95% CI: 1.022-1.113, P=0.002; Weighted
mode: OR=1.089, 95% CI: 1.010-1.174, P=0.040; while
MR-Egger did not yield significant P-values, the trend
remained consistent) (Fig. 2C, D). Detailed information
about the I'Vs involved in the reverse MR can be found in
Supporting Information Table S5. Sensitivity analyses did
not reveal significant heterogeneity or horizontal pleiot-
ropy (Table S4); funnel plots and leave-one-out results
are available in Figure S2.
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Fig. 1 Scatter plots and forest plot for causal effect of Depression (A, B), Self-Harm (C, D) on STls
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Fig. 2 Scatter plots and forest plot for causal effect of STIs on Depression (A, B), Self-Harm (C, D)
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Monocytes could mediate the association between STis
and depression

A two-step mediation MR analysis was conducted. First,
MR analysis of STIs and 731 immune cell types was per-
formed, revealing that STIs only significantly promote
the Absolute Count of CD62L- HLA DR+ + monocytes
(OR=1.068, 95% CI: 1.018-1.121, P=0.008) (Fig. 3A,
B). The subsequent MR analysis also indicated that the
Absolute Count of CD62L- HLA DR+ +monocytes had
a significant positive effect on depression (Fig. 3C, D).
MR results of depression with other immune cells in Fig-
ure S3. The Q statistic measuring pleiotropy was greater
than 0.05 in both models, indicating no horizontal pleiot-
ropy in these analyses (Table S4). So, the Absolute Count
of CD62L- HLA DR+ +monocytes mediate the asso-
ciation between STDs and depression, with a mediation
effect of 0.004 (7.7% of the total effect) and a direct effect
of 0.050 (Fig. 3E).

Cross-sectional analysis

After inclusion and exclusion criteria, this study com-
prised 648 NHANES participants. Table S6 reports the
baseline characteristics of participants under different
depression conditions, showing significant differences
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in HPV infection rates between depressed and non-
depressed subjects (P<0.05). Table 2 displays results
from weighted logistic regression analysis. The weighted
logistic regression results indicate that in model I (unad-
justed model), most HPV types (6, 16, 18) are positively
correlated with depression risk (P<0.05). The results
remain similar in model I, adjusted for age, gender, race;
while model III, further adjusted for education and street
drug, only showed correlation in HPV 06 (P<0.05). In
Table 3, Subgroup analysis revealed that the increased
risk of depression associated with HPV infection is more
statistically significant in younger group (age<30). The
age was considered the interactive factors that affect the
relationship between sectional HPV (6, 16) and depres-
sion by the interaction analysis.

Enrichment analysis

Functional enrichment analysis further revealed shared
gene functions between HPV and both depression
and self-harm. It was identified a total of 696 common
genes (Fig. 4A). BP enrichment primarily highlighted
epithelial cell proliferation, regulation of inflammatory
responses, and neuronal death (Fig. 4C); CC enrichment
results mostly pointed to membrane rafts, membrane

BetaXzZ Betazy
(6=0.066, P=0.008) (b=0.063, P=0.018)

Mediation effect (0.004, 7.7% )

Depression

Direct effect (b=0.050,p=0002)

OR (95% CI) pval
1.014 (0.892 to 1.152) 0.834,
i—e—  1.065(1011101.121) 0.018

—p—— 1020(0927101122) 0685
1 1.18

Fig. 3 Mediation mendelian randomization analysis. Scatter plots (A) and forest plot (B) for causal effect of STIs on CD62L- HLA DR++ monocytes
Absolute Count; Scatter plots (C) and forest plot (D) for causal effect of CD62L- HLA DR+ + monocytes Absolute Count on depression. (E), schematic

diagram of mediation analysis

Table 2 \Weighted regression analysis of depression risk in NHANES

HPV-positive Model | Model Il Model Il

OR (95%(Cl) P-value
HPV 06 3.51(1.83,6.71) 0.0020 3.18(1.56,6.49) 0.0131 2.98(1.48,5.98) 0.0279
HPV 11 5(0.38,4.79) 0.6491 1.09 (0.33, 3.60) 0.8852 06 (0.33,3.40) 09318
HPV 16 276(1 28,5.94) 0.0213 2.20(0.92, 523)01 1(0.96,4.66) 0.1236
HPV 18 4.07 (1.71,9.68) 0.0068 3.59(1.27,10.18) 0.0430 2.31(0.69,7.73)0.2318

The mode | was not adjusted for covariates. Model Il was adjusted for Age, Gender, Race. Model Ill was adjusted for Age, Gender, Race, Education, Street drug.
NHANES National Health and Nutrition Examination Survey, OR odds ratio, C/ confidence interval



Peng et al. BVIC Infectious Diseases (2024) 24:1339

Page 6 of 10

Table 3 The association between HPV and depression in different age group

Subgroup HPV 6-positive HPV 11-positive HPV 16-positive HPV 18-positive

OR (95%(Cl) P-value
Age <30 11.06 (3.65, 33.44) 0.0011 3.37 (046, 24.73) 0.2554 8.03 (2.31,27.97) 0.0067 14.08 (2.27,87.26) 0.0148
Age =30 1.19(040,3.59) 0.7616 1.81(0.39, 8.39) 0.4468 1.17(0.38, 3.62) 0.7940 2.28(0.76,6.84) 0.1666

P-interaction 0.0090 0.2749

0.0277 0.1090

OR odds ratio, Cl confidence interval

microdomains, and membrane regions (Fig. 4D); MF
enrichment indicated signal transduction activities such
as signaling receptor activator, DNA-binding transcrip-
tion factor binding, and receptor-ligand activity (Fig. 4E).
In KEGG analysis, pathways related to Kaposi sarcoma-
associated herpesvirus infection, Human T-cell leukemia
virus 1 infection, and Human cytomegalovirus infection
were implicated (Fig. 4F). On the other hand, DO enrich-
ment analysis suggested that common genes are primar-
ily involved in ovarian cancer, breast cancer, and human
immunodeficiency virus type 1 et al. (Fig. 4B).

Discussion

STDs and psychological disorders are significant public
health issues that warrant attention and prevention glob-
ally [25]. Notably, in the routine daily clinical consulta-
tions, we observe that patients with STIs exhibit varying
degrees of emotional problems [26]; and effective dis-
orders are also risk factors for high-risk sexual behavior
[27]. However, there is currently no genetic evidence
linking them. Therefore, this study aims to investigate the
exact causal relationship between STIs and depression/
self-harm using methods such as MR, thereby shedding
light on this pressing clinical issue.

To our knowledge, this research is the first to analyze
the bidirectional association between STIs and the risks
of depression and self-harm by combining large-scale
genetic data with extensively observational research
data. In this study, our MR results indicate that STIs can
increase the risk of depression and self-harm. And in the
findings from forward MR and MVMR, self-harm, as an
exposure factor, can also increase the risk of STIs. It was
supported in previous research too. Wu D. et al. reported
that a clinical trial focusing on men who have sex with
men (MSM) revealed that this population exhibits ele-
vated levels of anxiety and depression. Furthermore,
anxiety was found to correlate with lower educational
attainment, limited knowledge regarding HIV, and addi-
tional factors such as a history of STIs [28]. A retrospec-
tive study from Boston, Massachusetts, involving 368
female participants, noted that women diagnosed with
STDs had increased odds of bipolar disorder and utili-
zation of outpatient mental health counseling services,

compared to whom with no history of STDs [29]. But our
study benefits from a large sample size, minimizing the
impact of confounding factors on the results. It is impor-
tant that in this study, we included IVs with F-statistics
greater than 10 to avoid weak instrument bias. Addition-
ally, several sensitivity analyses, including MR-Egger,
horizontal pleiotropy, MR-PRESSO, and leave-one-out
analysis, were employed to validate the reliability of our
results. Interestingly, depression showed no correla-
tion with STIs in our results. However, we also noted
that previous research has offered differing viewpoints:
a cross-sectional survey targeting non-institutionalized
U.S. civilians aged 18-25 indicated that individuals with a
history of depression have an increased risk of acquiring
STDs [30]. Potential factors contributing to this discrep-
ancy include: first, the variation in ethnic groups studied;
our research focused on individuals of European descent
rather than those of American descent. Additionally, ado-
lescents represent a specific demographic, and we did not
further stratify by age.

To further explore the connection between STIs
and depression, we conducted a two-step mediation
MR analysis. Our findings suggest that CD62L- HLA
DR+ +monocyte cells may facilitate the impact of STIs
on depression, with a mediation proportion of 7.7%.
Current insights into psychiatric inflammation indicate
that immune disturbances triggered by infections can
particularly promote psychopathology, increasing psy-
chological stress related to potentially fatal illnesses, as
well as inflammation associated with stress [31—-33]. The
interaction between the innate and adaptive immune
systems and neurotransmitters is recognized as a
mechanism underlying emotional disorders, psycho-
sis, and depression [34, 35]. In STIs, such as HPV and
HIV infections, the patients’ innate immune defenses
are activated, with monocytes/macrophages being key
components [36]. In the treatment of genital warts,
imiquimod works by inducing monocyte/macrophage
secretion of cytokines (interferon-a, interleukin-12,
tumor necrosis factor-a) to inhibit viral replication
[37]. On the other hand, a prospective cohort study
from IRCCS San Raffaele Hospital assessed psychiatric
symptoms in 402 COVID-19 survivors, revealing that
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the baseline systemic immune inflammation index (SII)  of monocytes in emotional disorders. Thus, combining
was positively correlated with depression and anxi- our results, we conclude that monocytes may mediate
ety scores at follow-up [38]. These highlights the role the impact of STIs on depression. However, further
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empirical studies are needed to elucidate the specific
molecular mechanisms involved.

Our cross-sectional analysis results further support the
aforementioned conclusions from MR. Weighted regres-
sion analysis indicates that HPV (types 6, 11, and 18) is a
risk factor for depression. HPV, a well-known DNA virus
family, significantly contributes to sexually transmit-
ted diseases, leading to conditions such as genital warts,
cervical cancer, and skin warts [39]. Graziottin et al. has
highlighted that the personal psychological vulnerabil-
ity increases with the frequency of HPV infections, and
simultaneously depression, anxiety, and anger will be
the most commonly reported emotional responses [40].
A cross-sectional study on other STIs has drawn similar
conclusions. Type 2 herpes simplex virus is associated
with an increased risk of depression, and this is also true
within HIV-susceptible populations [41, 42]. Moreover,
to verify the robustness of the results, we conducted a
subgroup analysis. Although HPV infection increases the
risk of depression, this association is statistically signifi-
cant only in the age <30 group; however, the trend is con-
sistent across both groups, indicating the generalizability
of the findings. But we advocate for greater attention to
younger populations on this issue, particularly adoles-
cents. They are sexually active and tend to be relatively
psychologically immature, making them more suscepti-
ble to harm.

Additionally, we conducted bioinformatics analyses to
investigate the shared genetic mechanisms between HPV,
depression, and self-harm. Enrichment results indicated
that shared genes are primarily involved in viral infec-
tious diseases (including HIV) and urogenital tumors
(such as ovarian cancer). This is understandable and
indicates that the identified genes are indeed relevant to
this topic. Furthermore, in terms of signaling pathways,
these genes significantly relate to the PI3K-Akt signal-
ing pathway and infectious viral signaling pathways (like
cytomegalovirus). Studies have shown that the PI3K/
AKT/mTOR signaling cascade plays a critical role in
the interplay between HPV-positive cancers and viral
host cells, particularly with the activation of AKT and
mTOR by HPV’s E6 and E7 oncogenes [43]. Additionally,
research suggests that women co-infected with HIV-1
can replicate PI3K-AKT pathway mutations to enhance
the carcinogenic effects of HPV compared with those
not infected with HIV [44]. On the other hand, the PI3K-
AKT signaling pathway is essential in the brain and may
contribute to the pathogenesis of depression through its
involvement in anti-inflammatory processes, neurogene-
sis, and synaptic plasticity [45]. These findings align with
our results, indicating possible directions for the future
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foundational research, such as the contribution of HPV
to depression via PI3K-AKT signaling pathway.

Limitations

However, our study has some limitations. Firstly, our
findings are based solely on European and American
populations, which restricts the generalizability to other
demographics. But it is worth mentioning that it is the
acknowledged limitation in many previous studie [46,
47]. P<5e-6 IVs in MR may be more bias towards the
null from estimation error (since the ratio of effect size
to variance is smaller than it is when using P < 5e-8), but
that this will not affect their power to detect a causal
effect [48, 49]. Additionally, this study only encompasses
a collection of STIs. Given the extensive spectrum of the
STDs, our study seeks to investigate the clinical issue
from a macro-level and a holistic perspective. Future
research should involve large-scale and rich datasets, as
well as prospective cohort studies to achieve more com-
prehensive results.

Conclusion

In conclusion, STIs could increase the risk of depression
and self-harm, while self-harm also serves as a significant
risk factor for STIs. Furthermore, monocytes might play
a role in enhancing the impact of STIs on depression.
Therefore, in clinical practice, we should conduct men-
tal health assessments, monitor patients with STIs, and
provid psychological education and guidance. Addition-
ally, it is essential to offer necessary sexual education to
populations with psychological disorders to prevent STIs.
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