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Abstract 

Introduction Human papillomavirus (HPV), a widespread sexually transmitted infection, is well‑known for its associa‑
tion with cancers like cervical, anal, and oropharyngeal. While extensively studied for its oncogenic properties, HPV’s 
influence on these non‑cancerous conditions remains under investigation. This study examines the impact of HPV 
vaccination on the incidence of cardiovascular and cerebrovascular diseases, exploring its protective potential.

Methods Utilizing the global TriNetX database, this retrospective cohort study analyzed data from adults aged 20 
to 40 who were either vaccinated or not vaccinated against HPV between January 1, 2019, and December 31, 2021. 
The study employed propensity score matching to ensure balanced comparison groups and utilized ICD‑10 codes 
to identify new‑onset cardiovascular and cerebrovascular diseases.

Results The study included 59,423 vaccinated and an equal number of unvaccinated individuals, balanced for vari‑
ous demographic and health characteristics. The vaccinated group demonstrated a lower incidence of cardiovascu‑
lar diseases (hazard ratio [HR] = 0.9, 95% CI 0.847–0.957), cerebrovascular diseases (HR = 0.605, 95% CI 0.484–0.754), 
and heart dysfunction (HR = 0.833, 95% CI 0.708–0.98) compared to the unvaccinated group. Subgroup analyses 
further supported the protective effect of HPV vaccination across different demographics.

Conclusion HPV vaccination is linked to a lower risk of new‑onset cardiovascular and cerebrovascular diseases 
in adults, suggesting broader health benefits beyond cancer prevention. These results advocate for incorporating 
cardiovascular health into public health strategies promoting HPV vaccination. Further research is necessary to under‑
stand the mechanisms and validate these protective effects across diverse populations and extended follow‑up 
periods.
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Introduction
Human papillomavirus (HPV), a DNA virus, is one of the 
most common sexually transmitted infections globally, 
affecting millions each year. There are over 200 differ-
ent types of HPV, with some causing benign conditions 
like warts and others being linked to various cancers, 
including cervical, anal, and oropharyngeal cancers. [1, 
2] Additionally, HPV infection has drawn attention due 
to its potential association with non-cancerous condi-
tions, particularly cardiovascular and cerebrovascular 
diseases. Recent studies have expanded the understand-
ing of HPV’s impact beyond oncogenesis, suggesting 
that HPV may also play a role in the development of 
cardiovascular disease (CVD) [3, 4]. Given the exten-
sive research on HPV’s oncogenic properties, a natural 
progression of inquiry leads us to explore its potential 
impacts on cardiovascular health, a relatively underex-
plored domain. A review study indicated a link between 
vaginal HPV infection and cardiovascular diseases (odds 
ratio = 1.66, 95% CI 1.28–2.16). [3] In the United States, 
a cross-sectional study found that women with genital 
HPV infection, especially high-risk HPV (HR-HPV), had 
nearly three times the history of myocardial infarction 
or stroke compared to those without HPV. [5] Another 
cross-sectional study suggested a potential association 
between HPV infection and coronary artery disease 
(CAD) in menopausal women [6]. A 17-year cohort study 
in Korean women revealed that those infected with high-
risk HPV had a significantly increased risk of death from 
atherosclerotic cardiovascular disease (ASCVD) and 
ischemic heart disease (IHD) [7]. Regarding cerebrovas-
cular health, HPV-positive status is significantly corre-
lated with an elevated risk of stroke or transient ischemic 
attack in patients undergoing radiation therapy for head 
and neck cancer [8]. These findings suggest that HPV 
infection may contribute to a broader spectrum of health 
issues, particularly in populations already at risk for car-
diovascular events.

Viral infections contribute to cardiovascular disease 
through multiple mechanisms. It is well-documented that 
viral pathogens can play a critical role in the initiation 
and progression of atherosclerosis [9, 10]. They can initi-
ate and exacerbate atherosclerosis by promoting chronic 
inflammation, endothelial injury, and lipid accumulation. 
Viruses like CMV and HIV disrupt normal vasomotor 
function, induce procoagulant states, and increase levels 
of matrix metalloproteinases (MMPs), leading to plaque 
instability and rupture [11, 12]. Additionally, infections 
can trigger systemic inflammation, further aggravating 
atherogenesis. The process involves complex immune 
responses, including T-cell activation and the production 
of pro-inflammatory cytokines, which ultimately contrib-
ute to plaque progression and cardiovascular events. [13]

HPV vaccines can prevent certain infections and are a 
key public health intervention for reducing HPV-asso-
ciated diseases. In the United States, available vaccines 
include Cervarix (approved in 2009), Gardasil (2006), and 
Gardasil 9 (2014, for both sexes). Vaccination is recom-
mended for individuals under 26 years, with those aged 
27–45 advised to consider it based on personal risk fac-
tors. This backdrop of emerging research sets the stage 
for our study, aiming to directly investigate the potential 
cardiovascular benefits of HPV vaccination. A recent 
cross-sectional study indicated that there is an associa-
tion between HPV infection and cardiovascular diseases, 
though this association is not significant among vacci-
nated women [14]. Nevertheless, there is limited litera-
ture exploring the association between HPV vaccines and 
the incidence of new-onset of cardiovascular and cer-
ebrovascular diseases.

This study aims to explore whether HPV vaccination 
is linked to an reduce risk of developing new-onset car-
diovascular and cerebrovascular diseases. By leveraging 
the extensive data available in the TriNetX database, we 
can conduct a comprehensive analysis to identify any 
significant patterns or correlations. Such research could 
provide crucial insights into the broader benefits of HPV 
vaccination, potentially influencing public health strate-
gies and vaccine recommendations.

Methods
Data source
This study utilized the TriNetX database, a global health 
research network containing de-identified electronic 
medical records from approximately 250 million indi-
viduals across 120 healthcare organizations. The data-
base includes comprehensive data on demographics, 
diagnoses (ICD-10-CM), procedures (ICD-10-PCS or 
CPT codes), medications (Veterans Affairs National For-
mulary), laboratory measurements (LOINC-coded), and 
healthcare utilization.

Participants were adults from the TriNetX US Collabo-
rative Network, a real-time, multicenter national health 
network comprising data from 64 healthcare organiza-
tions across all 50 U.S. states. This network provides a 
diverse and representative sample of the U.S. popula-
tion, ensuring the generalizability of the study’s findings. 
Data analysis was conducted in August 2024, covering 
the period from January 1, 2019, to December 31, 2021, 
allowing for the assessment of healthcare trends during 
this timeframe.

Study design
This retrospective cohort study utilized data from 
the TriNetX database, a comprehensive global health 
research network that provides access to de-identified 
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electronic medical records from various healthcare insti-
tutions. The primary aim of the study was to investigate 
the association between HPV vaccination and the inci-
dence of new-onset cardiovascular and cerebrovascular 
diseases in adults. Figure  1 illustrates the cohort selec-
tion process, which included individuals aged 20–40 
who either received or did not receive the HPV vaccine 
between January 1, 2019, and December 31, 2021. The 
index date was defined as the date of HPV vaccination 

for individuals who were vaccinated, and as the date of 
a general examination for those who were unvaccinated.

Baseline characteristics and comorbidities were 
assessed using medical records from the year preceding 
the index date. These included demographics (age, gen-
der, BMI, ethnicity, and race), healthcare utilization (out-
patient/inpatient services), socioeconomic factors (e.g., 
housing challenges, healthcare access, and employment), 
and lifestyle factors (e.g., nicotine dependence, alcohol 

Fig. 1 Study flowchart
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disorders). Comorbidities such as hypertension, diabe-
tes, liver disease, CKD, obesity, and hyperlipidemia were 
also considered. We applied Propensity Score Match-
ing (PSM), a statistical technique to ensure comparable 
groups by balancing variables that could introduce selec-
tion bias, thus enhancing the study’s reliability. Match-
ing was conducted using a 1:1 ratio, and balance was 
confirmed with Standardized Mean Differences (SMDs) 
below 0.1, ensuring comparability between groups.

Outcomes
The three major outcomes of this study were the inci-
dences of new-onset cardiovascular diseases, cerebrovas-
cular diseases, and heart dysfunction. These outcomes 
were identified using ICD-10 codes from the database. 
Specifically, cardiovascular diseases were defined primar-
ily using codes I20–I25 (ischemic heart diseases) and I50 
(heart failure); cerebrovascular diseases using codes I60–
I69 (including hemorrhagic and ischemic stroke); and 
heart dysfunction using codes reflecting systolic, dias-
tolic, and combined heart failure. To mitigate the effects 
of competing risks and survivorship bias, a combination 
of ICD-10 codes was also used to define composite out-
comes. All cases were followed for a period of 3 years. A 
complete list of codes used to define covariates and out-
comes is provided in Supplementary Table S1.

Subgroup analyses
Subgroup analyses were conducted using the TriNetX 
network to explore how sex, age, and race influence the 
risk of new-onset cardiovascular diseases, cerebrovas-
cular diseases, and heart dysfunction. Participants were 
stratified by sex (female and male), age groups (20–
30  years and 30–40  years), and race (White, Black or 
African American, Asian, and other races). This approach 
provided a detailed examination of potential variations in 
risk across these demographic factors.

Sensitivity analyses
The sensitivity analyses utilized varying follow-up peri-
ods, from index date to year 5 post-index date, to test the 
reliability of the study’s outcomes.

Statistical analyses
Data management and HRs calculations with 95% con-
fidence intervals (CIs) were conducted on the TriNetX 
platform. PSM achieved a 1:1 match based on variables 
such as age, sex, race, socioeconomic status, and comor-
bidities, ensuring comparability between groups with 
a standardized mean difference (SMD) below 0.1. HRs 
were calculated using the Cox proportional hazards 
model, and statistical significance was determined via the 

log-rank test (p < 0.05). Kaplan–Meier curves were used 
to assess event rates over time and compare survival out-
comes between groups.

To address potential biases and confounding, PSM was 
utilized to align participants with similar exposure prob-
abilities, thereby reducing bias. The effectiveness of the 
matching process was assessed by examining any residual 
imbalances, ensuring that this method effectively con-
trolled for confounding variables.

Results
Baseline characteristics of the study individuals
In this study, 59,425 individuals received the HPV vac-
cine, while 126,997 individuals did not  (Table  1). After 
PSM, both groups comprised 59,423 individuals, ensur-
ing the balance of baseline characteristics. Prior to 
matching, the HPV vaccine group had a higher propor-
tion of females and a younger average age of 25.8 years, 
compared to 30.6  years in the non-HPV vaccine group. 
After matching, the gender distribution and age were 
consistent between the two groups, demonstrating good 
balance. Additionally, medical utilization rates and other 
socioeconomic factors were highly comparable between 
the groups, with standardized mean differences (SMDs) 
all below 0.1, indicating that any differences in baseline 
characteristics were effectively controlled. This ensured 
the reliability of the analysis results.

Incidence of outcomes in the HPV vaccinated and Non‑HPV 
vaccinated groups
As shown in Table 2, the incidence of cardiovascular dis-
eases was lower in the HPV-vaccinated group than in 
the non-vaccinated group (HR 0.9, 95% CI 0.847–0.957), 
with survival probabilities of 95.678% versus 95.26% at 
the end of follow-up. Similarly, the vaccinated group had 
a significantly reduced risk of cerebrovascular diseases 
(HR 0.605, 95% CI 0.484–0.754), with survival probabili-
ties of 99.706% versus 99.528%. For heart dysfunction, 
the vaccinated group showed a reduced risk (HR 0.833, 
95% CI 0.708–0.98) and survival probabilities of 99.386% 
versus 99.274%.

The composite outcome, including cardiovascular 
events, cerebrovascular events, or heart dysfunction, 
also favored the vaccinated group (HR 0.878, 95% CI 
0.827–0.932), with survival probabilities of 95.471% ver-
sus 94.915%. Kaplan–Meier curves (Fig. 2) illustrate sig-
nificant differences between the groups (log-rank test, 
p < 0.001).

Table 3 provides HR and 95% confidence intervals for 
these outcomes over a 3-year follow-up period, exclud-
ing individuals with prior HPV infection. The HPV-vacci-
nated group consistently showed lower risks, though the 
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reduced risk for heart dysfunction was not statistically 
significant.

Subgroup analysis
In subgroup analysis (Table 4), HPV vaccination reduced 
the incidence of cardiovascular diseases, cerebrovascu-
lar diseases, heart dysfunction, and composite outcomes 
across cardiovascular diseases, 0.512 (95% CI 0.309–
0.848) for cerebrovascular diseases, 0.847 (95% CI 0.653–
1.1) for heart dysfunction, and 0.914 (95% CI 0.811–1.03) 
for the composite outcome. In females, HRs were 0.807 
(95% CI 0.749–0.868) for cardiovascular diseases, 0.625 
(95% CI 0.481–0.812) for cerebrovascular diseases, 0.679 
(95% CI 0.555–0.831) for heart dysfunction, and 0.791 
(95% CI 0.736–0.85) for the composite outcome.

By age, individuals aged 20–30 years showed moderate 
reductions, with HRs of 0.934 (95% CI 0.873–0.999) for 
cardiovascular diseases, 0.609 (95% CI 0.462–0.802) for 
cerebrovascular diseases, and 0.859 (95% CI 0.715–1.032) 
for heart dysfunction. The protective effect was stronger 
in the 30–40  years group, with HRs of 0.767 (95% CI 
0.684–0.861) for cardiovascular diseases and 0.767 (95% 
CI 0.686–0.858) for the composite outcome.

By race, Black individuals showed reduced risks, par-
ticularly for cerebrovascular diseases (HR: 0.485, 95% 
CI 0.298–0.79) and the composite outcome (HR: 0.823, 
95% CI 0.708–0.958). White individuals had HRs of 
0.886 (95% CI 0.823–0.954) for cardiovascular diseases 
and 0.599 (95% CI 0.442–0.811) for cerebrovascular dis-
eases. The protective effect for Asian and other races was 
observed but not consistently significant.

In subgroup analyses stratified by sex (Table  5 and 
Table 6), consistent associations were observed between 
HPV vaccination and a reduced risk of cardiovascular 
and cerebrovascular outcomes, while the associations did 
not reach statistical significance across all outcomes.

Sensitivity analysis
Table  S2 presents a sensitivity analysis conducted to 
evaluate the reliability of the study’s findings over dif-
ferent follow-up periods, ranging from Day 30 to Year 5 
post-index. The analysis consistently demonstrated a pro-
tective effect of HPV vaccination against cardiovascular 
and cerebrovascular outcomes. The hazard ratios (HRs) 
and confidence intervals (CIs) remained stable across 
the various timeframes, indicating the robustness of the 
observed associations. These results affirm the strength 
of the study’s conclusions regarding the reduced risk of 
cardiovascular diseases, cerebrovascular diseases, and 
heart dysfunction associated with HPV vaccination.

Discussion
Our study of 59,423 vaccinated and 59,423 non-
vaccinated individuals aged 20 to 40 revealed a sig-
nificant association between HPV vaccination and 
reduced risks of cardiovascular diseases (HR 0.9, 95% 
CI 0.847–0.957), cerebrovascular diseases (HR 0.605, 
95% CI 0.484–0.754), and heart dysfunction (HR 0.833, 
95% CI 0.708–0.98). The protective effect was more 
pronounced in women, with HRs of 0.807 (95% CI 
0.749–0.868) for cardiovascular diseases, 0.625 (95% 
CI 0.481–0.812) for cerebrovascular diseases, and 0.679 
(95% CI 0.555–0.831) for heart dysfunction. Those aged 
30–40 experienced a greater reduction in cardiovascu-
lar disease risk (HR 0.767, 95% CI 0.684–0.861) com-
pared to individuals aged 20–30 (HR 0.934, 95% CI 
0.873–0.999). While subgroup analyses generally dem-
onstrated a consistent protective trend associated with 
HPV vaccination, not all associations reached statistical 
significance. For instance, in males, the HR for cardio-
vascular diseases was 0.948 (95% CI 0.839–1.072), and 
for heart dysfunction, 0.847 (95% CI 0.653–1.1). Simi-
larly, among individuals aged 20–30  years, the HR for 
heart dysfunction was 0.859 (95% CI, 0.715–1.032). 
These nonsignificant findings may reflect smaller sam-
ple sizes, lower event rates, or residual confounding 
within these strata. Therefore, the observed protective 
effects in these subgroups should be interpreted with 
caution. Larger cohort studies with greater statistical 
power are warranted to clarify whether the apparent 
trends reflect true risk reductions.

Numerous studies have indicated an association 
between HPV infection and cardiovascular diseases. A 
prospective cohort study found a significant association 

Table 2 HR and 95% CIs for the risk of outcomes (n = 59,423), 
follow for 3 years

Hazard ratio (HR) and 95% CI are provided

Outcome Cohort

Patients 
with 
outcome

Survival 
probability at 
end of time 
window

HR (95% CI)

1. Cardiovascular diseases

HPV vaccine 1935 95.678% 0.9 (0.847, 0.957)

Non‑HPV vaccine 2168 95.26% Reference

2. Cerebrovascular diseases

HPV vaccine 125 99.706% 0.605 (0.484, 0.754)

Non‑HPV vaccine 210 99.528% Reference

3. Heart dysfunction

HPV vaccine 266 99.386% 0.833 (0.708, 0.98)

Non‑HPV vaccine 324 99.274% Reference

4. Composite outcome

HPV vaccine 2024 95.471% 0.878 (0.827, 0.932)

Non‑HPV vaccine 2324 94.915% Reference
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between high-risk HPV infection and an elevated risk 
of cardiovascular disease (HR 1.25, 95% CI 1.03–1.52) 
in women monitored between 2011 and 2016. The risk 
was even higher in individuals with obesity (HR 1.73, 
95% CI 1.19–2.51) or metabolic syndrome (HR 1.99, 95% 
CI: 1.28–3.08) [15]. Another study detected HPV gene 
sequences in 55% of atheromatous coronary arteries 
from 20 deceased donors, with a significant correlation 
between HPV E7 protein expression and its presence in 
smooth muscle cells, foam cells, and macrophages (cor-
relation coefficient = 0.503, p = 0.024) [16]. In a study of 
52 postmenopausal women, 16 out of 27 with coronary 
artery disease (CAD) were HPV-positive. After adjusting 
for various factors, HPV infection, particularly with high-
risk types, was strongly associated with an increased 
risk of CAD (OR = 3.74; 95% CI 1.16 to 11.96; high-risk 
OR = 4.90; 95% CI 1.26 to 19.08). No link was found 
between low-risk HPV types and CAD. This study sug-
gests that HPV, along with menopause-related factors 
like estrogen deficiency and adipose tissue changes, may 

promote atherosclerosis [6]. Our study, however, focused 
on a younger group aged 20–40.

There is an increasing body of literature investigating 
the association between HPV infection and cerebrovas-
cular events. A recent study from South Korea explored 
this relationship, specifically examining ischemic stroke 
mortality. The findings revealed that the age-adjusted 
HR for ischemic stroke mortality in women who tested 
positive for high-risk HPV was 6.19 (95% CI 0.93–41.11). 
However, this result was not statistically significant [7]. 
A retrospective cohort study demonstrated that HPV 
was detected in 59% of the 326 patients who received 
radiation therapy for head and neck cancer. During a 
median follow-up period of 3.4  years, the incidence of 
cerebrovascular events was significantly higher among 
HPV-positive patients compared to their HPV-negative 
counterparts (2.6% vs. 0.9%, P = 0.002). Multivariable 
analysis revealed that HPV-positive status was associated 
with more than a fourfold increased risk of CVEs (HR 
4.4, 95% CI 1.5–13.2, P = 0.008) [8]. These findings 

Fig. 2 Kaplan–Meier curves illustrating cumulative probability (%) of health outcomes from day 30 to year 3 post‑index date, comparing HPOV 
vaccinated and non‑vaccinated groups: A cardiovascular diseases, B cerebrovascular diseases, C heart dysfunction, D composite outcome
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suggest a potential link between HPV infection and cer-
ebrovascular disease, particularly in high-risk groups like 
cancer patients. Although the association with ischemic 
stroke mortality is inconclusive, the increased risk of cer-
ebrovascular events in HPV-positive individuals high-
lights the need for further research. Understanding this 
relationship could lead to better prevention and manage-
ment strategies for affected populations.

New risk factors for cardiovascular disease have been 
widely studied. The impact of chronic infections may 
play a significant role in the development, progression, 
or destabilization of atherosclerotic cardiovascular dis-
ease. Research has shown that HPV may contribute to 
atherosclerosis by infecting vascular or non-vascular cells 
and inducing systemic inflammation [17–19]. Although 
traditional views suggest that HPV primarily replicates 
locally with limited systemic effects, there are reports 
indicating that HPV DNA can be isolated from circulat-
ing white blood cells in both healthy blood donors and 
patients with HPV-associated cancers. This suggests that 
HPV may reach arterial structures via the bloodstream. 
[17] The role of chronic inflammation in promoting ath-
erosclerotic plaque development is well-established, and 
HPV, particularly its high-risk strains, has been impli-
cated in this process [7, 8]. Studies consistently demon-
strate that women with high-risk HPV infections face an 
elevated risk of cardiovascular disease, even after adjust-
ing for traditional risk factors such as smoking, physical 
activity, and BMI. The precise biological pathways remain 

unclear, but it is hypothesized that the chronic inflam-
mation induced by HPV may accelerate the formation of 
atherosclerotic plaques and contribute to cardiovascular 
complications.

HPV’s role in impairing the function of the tumor sup-
pressor protein p53 has been a key area of investigation. 
[20] The HPV E6 oncoprotein promotes the degradation 
of p53, disrupting its regulation of cell growth and repair, 
which may also contribute to the development of athero-
sclerotic plaques [21]. Reis et  al. hypothesize that HPV 
infection may promote atheroma formation in patients 
by enhancing systemic inflammation or by directly tar-
geting blood vessels through nucleic acids carried by 
extracellular vesicles, such as exosomes [22]. Additional 
research has highlighted a direct connection between 
the tumor suppressor protein p53 and the reprogram-
ming of lipid metabolism, particularly in the regulation 
of non-cell-autonomous lysophospholipids. Mass spec-
trometry analysis revealed that the loss of p53 in pan-
creatic ductal adenocarcinoma (PDAC) cells leads to a 
significant reduction in lysophospholipids, sphinganine, 
and phosphatidylglycerol, which may influence the tumor 
microenvironment and immune response. [23] Although 
further research is needed, this mechanism could pro-
vide insight into how HPV-related p53 dysfunction con-
tributes to cardiovascular disease. Additionally, studies 
found that HPV 16 can also affect vascular endothelium, 
where the E5 oncoprotein increases Vascular Endothe-
lial Growth Factor (VEGF) expression by activating the 
EGFR, PI3K/Akt, and MEK/ERK1/2 pathways. Inhibi-
tors targeting these pathways reduced VEGF expression, 
highlighting the role of E5 in promoting angiogenesis 
[24]. Additionally, there are studies suggesting that HPV 
infection may influence stroke pathogenesis through cir-
cRNA-mediated mechanisms. [25]

In the United States, the FDA approved the quadriva-
lent HPV vaccine (Gardasil) in 2006 and the bivalent 
HPV vaccine (Cervarix) in 2009. Gardasil is for females 
aged 9–26, while Cervarix is for those aged 10–25. Both 
vaccines target HPV types 16 and 18, which are strongly 
linked to cervical cancer, with Gardasil also covering 
types 6 and 11. Concerns about vaccine side effects are 
common, and studies have explored the link between 
HPV vaccination and rare cardiac conditions, with 
molecular mimicry as a potential cause. Kanduc iden-
tified 34 HPV pentamers resembling human proteins 
linked to arrhythmias, including nine related to Titin, 
a key muscle protein. Disruptions in Titin can lead to 
ventricular cardiomyopathy and sudden cardiac death. 
Other matches involve desmosomal proteins, associated 
with arrhythmogenic cardiomyopathy and increased risk 
of sudden death during sleep [26]. However, our study 
did not find a higher incidence of cardiovascular events 

Table 3 Hazard Ratios (HR) and 95% Confidence Intervals (CI) 
for the Risk of Outcomes Over 3 Years (n = 51,922), Excluding 
Individuals with Prior HPV Infection (ICD Codes: B97.7, 87,624, 
87,625)

Outcome Cohort

Patients 
with 
outcome

Survival 
probability at 
end of time 
window

HR (95% CI)

1. Cardiovascular diseases

HPV vaccine 1794 95.432% 0.907 (0.851, 0.967)

Non‑HPV vaccine 1996 95.012% Reference

2. Cerebrovascular diseases

HPV vaccine 97 99.735% 0.643 (0.498, 0.829)

Non‑HPV vaccine 153 99.618% Reference

3. Heart dysfunction

HPV vaccine 255 99.331% 0.88 (0.744, 1.041)

Non‑HPV vaccine 294 99.244% Reference

4. Composite outcome

HPV vaccine 1860 95.252% 0.889 (0.835, 0.946)

Non‑HPV vaccine 2110 94.736% Reference
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in the vaccinated group. Nonetheless, more research is 
focusing on whether vaccines may play a protective role 
in cardiovascular health. A cross-sectional study ana-
lyzed data from 9353 women aged 20 to 59 from the 
2003–2016 National Health and Nutrition Examina-
tion Survey (NHANES), all of whom underwent vaginal 
HPV DNA testing. After adjusting for sociodemographic 
factors, lifestyle, medical history, and family history of 
cardiovascular disease, vaginal HPV infection was asso-
ciated with a higher risk of cardiovascular conditions 
such as coronary artery disease, heart attack, angina, and 
stroke (OR = 1.54, 95% CI 1.15–2.08). This association 
was not observed in vaccinated women (OR = 0.50, 95% 
CI 0.07–3.51) but remained significant in unvaccinated 
women (OR = 1.63, 95% CI 1.18–2.25) [14]. Although 
direct clinical evidence connecting HPV and these heart 
issues is limited, these findings highlight the need for 
more research into the cardiovascular effects of HPV and 
its vaccination.

This study presents several strengths. First, it utilized 
a large, nationwide cohort from the global TriNetX 
database, ensuring a diverse and representative sample. 
The use of PSM effectively minimized selection bias, 
allowing for better comparability between the HPV-
vaccinated and non-vaccinated groups. Additionally, 
the long follow-up period of up to three years provided 
a comprehensive assessment of the long-term effects of 
HPV vaccination on cardiovascular and cerebrovascu-
lar outcomes. The inclusion of participants from various 
demographic and socioeconomic backgrounds further 
enhances the generalizability of the findings. Robust sen-
sitivity analyses across different follow-up periods sup-
port the reliability of the results. Furthermore, it is one of 
the few studies that included male participants, broaden-
ing the scope of its conclusions. The detailed electronic 
medical record data also contributed to the precision of 
the study’s analysis.

This study has several limitations. While an associa-
tion was observed, causality cannot be established due 
to the retrospective design and potential residual con-
founding. The study population was limited to indi-
viduals engaged with the U.S. healthcare system, which 
may introduce selection bias and limit generalizability. 
Although we included a 3-year follow-up, cardiovascular 
and cerebrovascular diseases may require longer periods 
to fully manifest; thus, extended longitudinal studies are 
warranted.

Data on HPV infection status, genotypes, and vaccina-
tion adherence (e.g., number of doses) were unavailable, 
limiting our ability to assess strain-specific protection or 
dose-dependent effects. The study focused on individu-
als aged 20–40 and did not include broader age groups 
or nonbinary gender identities, which may affect 

generalizability. Broad outcome categories such as “car-
diovascular disease” may mask differences across distinct 
clinical conditions; future studies should explore indi-
vidual outcomes such as myocardial infarction or stroke. 
Furthermore, although biological mechanisms were 
hypothesized, no direct biomarker or mechanistic valida-
tion was performed. The study period coincided with the 
COVID-19 pandemic, during which both infection and 
vaccination may have significantly influenced cardiovas-
cular outcomes through inflammatory and hypercoagula-
ble pathways. [27, 28] The impact of unmeasured factors, 
including family history, diet, exercise, COVID-19 infec-
tion and vaccination status, may also influence results. 
These limitations should be considered when interpret-
ing our findings.

Future research should address key areas to clarify the 
link between HPV vaccination and cardiovascular health. 
Studies are needed to explore the biological mechanisms, 
particularly the roles of chronic inflammation and viral 
proteins like E6 and E7 in atherosclerosis. Comparative 
research on different HPV vaccine formulations, such as 
Gardasil and Cervarix, could optimize vaccine recom-
mendations. Long-term surveillance of vaccinated popu-
lations is essential to evaluate sustained cardiovascular 
benefits. Investigating high-risk groups, including those 
with comorbidities, may reveal enhanced protective 
effects. Clinicians and public health policymakers may 
consider implementing targeted vaccination campaigns 
for individuals with elevated cardiovascular risk, such as 
those with metabolic syndrome or chronic inflammatory 
conditions. Extended follow-up of these populations may 
help determine the long-term cardiovascular effects and 
inform cost-effective immunization strategies. Finally, 
expanding research to diverse regions and demographic 
groups will help assess the findings’ generalizability and 
inform global public health strategies.

Conclusion
In this large retrospective cohort study using a real-world 
US database, HPV vaccination was associated with a 
lower incidence of new-onset cardiovascular and cer-
ebrovascular diseases. Subgroup analyses demonstrated 
consistent trends across sex, age, and racial groups; how-
ever, not all associations achieved statistical significance. 
These findings suggest a potential association between 
HPV vaccination and reduced cardiovascular risk, 
which warrants confirmation in prospective studies with 
detailed immunization and clinical data, as well as inves-
tigation into potential underlying biological mechanisms.
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