
1Rev Bras Ginecol Obstet. 2024;46:e-rbgo57.

Review article

Abstract
High-risk human papillomavirus (HPV) infection is associated with cervical cancer while low-risk 
HPV strains mostly cause benign lesions. Multiple studies have also associated HPV with coronary 
artery (CAD) disease in women. Furthermore, the climacteric period in women, triggers chronic 
inflammation and has major implications for CAD and associated lipid disorders. The association 
of HPV with coronary artery disease in climacteric women has few studies, and the objective of 
this review is to gather and analyse scientific data on the subject. This is an integrative review 
performed on PubMed and Google Scholar using the keywords “HPV”, “coronary heart disease” and 
“climacteric”, among these keywords the boolean operator AND and the publication date filter. (2018 
onwards). Five articles were found, whose main results show presence of high-risk vaginal HPV in 
climacteric women. Climacterium and HPV were associated with a three-fold increased risk of CAD, 
as well as with factors related to menopause that promote atheroma formation, lipid disorders and 
chronic inflammation. Thus, these results support the association between HPV infection and CAD 
in climacteric women, possibly via chronic inflammation, hormonal factors related to menopause 
and dyslipidemia.
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Introduction
Cervical cancer ranks 9th in terms of global incidence, with 

over 600,000 new cases estimated in 2020, and it holds the 

4th position when considering only the female population.(1) 

The etiological agent of cervical cancer is human papilloma-

virus (HPV) infection.(2) Papillomaviruses are small, non-en-

veloped viruses with a circular DNA genome that infect numer-

ous animals, including humans.(3,4) Papillomaviruses encode 

genes that are expressed early in the viral cycle (referred to as 

early genes, or E genes) and genes that are expressed late (late 

genes, or L genes). While late genes encode structural proteins 

of the viral capsid, certain early genes, particularly E6, E7, and 

E5, encode oncoproteins capable of interfering with essential 

cellular functions such as proliferation and survival.(5) The de-

velopment of cervical carcinoma is associated with high-risk 

HPV strains (HR-HPV) that are capable of promoting the inte-

gration of viral DNA into the genome of host epithelial cells, 

resulting in uncontrolled expression of E6 and E7 viral genes. 

This phenomenon promotes cellular transformation and the 

potential subsequent progression to an invasive stage of the 

disease.(6,7) In addition to cervical cancer, clinical and exper-

imental studies have shown that HPV causes multiple other 

anogenital cancers, such as anal, vulvar, vaginal, and penile 

cancer. Furthermore, an important and increasing proportion 

of oropharyngeal cancers are also attributed to HPV.(5,8-11)

Although HPV infects keratinized epithelia of the skin 

and mucous membranes identified an association between 

high-risk HPV infection and coronary artery disease in 

women.(12) These authors, who first described this associa-

tion, examined data from the National Health and Nutrition 

Examination Survey in the United States (2003 to 2006) and 

selected a cohort of 60 women with coronary artery disease 

and a prior HPV test. Surprisingly, HPV infection was asso-

ciated with an increased risk of developing coronary artery 

disease (CAD). This is a highly intriguing observation since 

if HPV, which is the most common sexually transmitted in-

fection, is a risk factor for the development of CAD, its pre-

vention could lead to significant health benefits beyond the 

expected prevention of neoplastic lesions.

In parallel, considering the perimenopausal period in 

women, menopause is associated with the establishment of 

chronic systemic inflammation and has significant implica-

tions for the development of CAD.(13,14) and associated lipid 

disorders.(15) The incidence of HPV infection is also higher 

among women in the perimenopausal and menopausal 

stages,(16) and it may act synergistically with some of these 

inflammatory and metabolic factors to exacerbate cardio-

vascular risk in this female population.

However, this association between HPV infection and 

CAD in perimenopausal women needs further investigation. 

Therefore, the aim of this study is to gather and analyze ex-

isting information in the scientific literature on this topic 

through an integrative review.

Methods
This study is an integrative review based on scientific ar-

ticles retrieved from the PubMed and Google Scholar bib-

liographic databases. The following keywords were used: 

“HPV,” “coronary heart disease,” and “climacteric,” with 

the Boolean operator “AND” between them. Additionally, a 

publication date filter was applied (from January 2018 to 

December 2022). All types of scientific articles were includ-

ed in the analysis, including reviews, original articles, and 

editorials. On the other hand, articles published before the 

year 2018 and those that did not encompass the keywords 

were excluded. The initial analysis of the literature proceed-

ed as follows: abstracts were read, and when necessary, 

the introduction and results sections were reviewed to de-

termine if the initially selected articles met the inclusion 

criteria or fell within the exclusion criteria. Subsequently, 

the selected articles were organized into tables, including 

information such as the year, authors, title, study type, and 

key findings. This integrative review method allows for a 

comprehensive overview of complex concepts, theories, or 

health care-related issues by encompassing original and re-

view studies.

Results
Through the literature review, 5 articles were found and se-

lected from the Pubmed and Google Scholar databases. The 

data from these articles are presented in chart 1.

In the pioneering study on this topic in Brazil, the au-

thors observed a statistically significant association be-

tween the presence of high-risk HPV DNA at the cervicovagi-

nal level in menopausal women with CAD, after adjusting for 

age and ethnicity (OR = 4.90, p = 0.0384)(17) It is worth not-

ing that the presence of other types of HPV, low-risk strains, 

was not associated with CAD in this study, suggesting that 

Chart 1. Data of the selected articles for the study

Authors Title Year Study Type

Brito et al.(17) Human papillomavirus and coronary artery disease in climacteric women: is there an association? 2019 Cross-sectional study

Reis et al.(18) HPV infection as a risk factor for atherosclerosis: a connecting hypothesis. 2020 Review article

Carvalho et al.(19) The impact beyond cancer of the HPV vaccine 2020 Letter to the editor

Tonhajzerova et al.(20) Novel biomarkers of early atherosclerotic changes for personalised prevention of cardiovascular disease 

in cervical cancer and human papillomavirus infection.

2019 Review article

Machado de Carvalho et al.(21) Prevalence of Dyslipidemia in HIV-Positive Women with HPV Coinfection: A Preliminary Study 2021 Clinical, cross-sectional
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high-risk HPV types have specific mechanisms that con-

tribute to the risk of CAD. This observation may facilitate 

the identification of these mechanisms by investigating 

the molecular and pathophysiological differences between 

high and low-risk HPV. The same study revealed that 44.2% 

of all women studied tested positive for HPV DNA, and 69.6% 

of these women had CAD. Therefore, the authors support the 

hypothesis that HPV infection associated with CAD occurs 

due to a high-risk HPV type, suggesting that the virus affects 

coronary arteries, promoting the development of atheroscle-

rotic plaques. It was also suggested that HPV may promote 

the development of atheroma plaques through its classic 

cellular targets, the p53 protein and the retinoblastoma pro-

tein (pRb), as loss of p53 protein function in macrophages 

has been strongly associated with increased atherosclerot-

ic lesions.(22,23) Further studies involving larger populations 

would be useful to confirm the findings of this study.

Discussion
In the following study, hypotheses were presented to justify 

the association between HPV and CAD.(18) It was suggested 

that HPV infection may promote the development of ather-

omas in several ways, either by increasing systemic inflam-

mation and consequent endothelial damage or by HPV nu-

cleic acids and proteins reaching the endothelial cells in the 

blood vessel walls through the bloodstream, for example, via 

extracellular vesicles such as exosomes. This latter hypothe-

sis would explain observations from a previous study, which 

described that women with vaginal HPV have a threefold 

higher risk of cardiovascular diseases compared to HPV-

negative women.(17)  In that study, HPV DNA and proteins 

were detected in 50% of atherosclerotic coronary arteries in 

a small sample of 20 deceased donors.(22) 

Moreover, occasional studies claim that HPV can be 

found in circulating leukocytes in the blood(24,25) and endo-

thelial cells,(26) which may help localize the virus to athero-

sclerotic plaques. Interestingly, the type of HPV observed in 

endothelial cells and blood leukocytes in these studies(25,26) 

was also the high-risk HPV16, which has been associated 

with an increased risk of CAD. The presence of HPV in these 

cell types is uncommon, but some animal papillomaviruses 

are also known to infect other cell types beyond the basal ke-

ratinocytes of keratinized epithelia.(4)

Another line of thought suggests that HPV, like other 

viruses, interferes with lipid metabolism, which may also 

contribute to CAD. In another study, the findings demon-

strate a significant association between HPV infection and 

coronary artery disease (CAD) among menopausal women, 

especially HPV19.(19) In this study, the HPV-positive group 

had lower blood levels of HDL cholesterol and higher blood 

pressure compared to the HPV-negative group, which 

could be explained by a possible association between HPV 

infection and lipid metabolism. Furthermore, in the study 

by Machado de Carvalho et al.,(21) which included 82 HIV-

positive women, predominantly aged 35 to 49 years, it was 

observed that 50% of the patients were also positive for 

HPV DNA. Regarding risk factors for CAD, such as dyslipid-

emia, the most common comorbidities in women with HIV 

and HPV coinfection were dyslipidemia (46.3%) and smok-

ing (46.3%), unlike the group without coinfection. Although 

HPV is known to alter cellular lipid metabolism,(27) addi-

tional studies are needed to clarify its potential role in reg-

ulating systemic lipid metabolism.

In addition to the regulation of lipid metabolism, en-

dogenous sex hormones (estrogens, progesterone) in pre-

menopausal women have shown cardioprotective effects, 

resulting in a lower incidence of cardiovascular diseases. 

Since the 20th century, it has been suggested that sex hor-

mones, such as estrogens, appear to be a necessary factor 

for the progression of vaginal HPV infection to malignant 

disease,(28) and increased exposure to sex hormones, for 

example, due to prolonged use of oral contraceptives, is 

associated with an increased risk of cervical cancer.(29) On 

the other hand, Kuo and Fujise(12) suggest that HPV infection 

may somehow cooperate with factors related to menopause 

(e.g., hypoestrogenism, adipose tissue remodeling) to pro-

mote atheroma formation.

Although HPV has mechanisms that allow it to evade 

immune system surveillance, notably by minimizing local 

inflammation, advanced lesions can induce significant 

inflammatory phenomena.(30) In fact, it has been observed 

that older women with persistent HPV infection of the uter-

ine cervix showed elevated levels of pro-inflammatory cy-

tokines.(29) Theoretically, this increase in pro-inflammatory 

factors may also contribute to a higher risk of CAD, but there 

is currently no data to support this possibility.

Finally, low socioeconomic status is a well-known risk 

factor for a wide range of diseases, including cervical can-

cer and cardiovascular diseases, particularly those related 

to atherosclerosis.(29-33) Improving the living conditions of 

disadvantaged populations, their level of education, and 

access to healthcare, including vaccination programs, are 

crucial steps in promoting health.

Conclusion
A study reported a significant association between HPV in-

fection and CAD in menopausal women. It is important to 

note that high-risk HPV genotypes associated with cancer 

were selectively associated with CAD, while no associa-

tion was observed with low-risk genotypes. This is consis-

tent with previous studies that detected the two common 

high-risk HPV types, HPV16 and HPV18, in atherosclerotic 

plaques, but not low-risk types. Thus, the review supports 

the hypothesis that there is an association between HPV 
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infection and coronary artery disease in menopausal wom-

en. Hypotheses regarding the role of HPV in atherogenesis 

include increased levels of circulating inflammatory medi-

ators, expression of oncogenic proteins E6 and E7 in cells 

involved in atherogenesis, and an influence on lipid metab-

olism. Further studies using larger populations and experi-

mental models are needed to establish and better elucidate 

the role of HPV in atherogenesis.

Acknowledgements
This study was supported by CAPES finance code 001 and by 

grant  PPSUS-02160/20 financed by FAPEMA, CNPq and the 

Brazilian Ministry of Health.

References
1.	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global cancer 

statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 
cancers in 185 countries. CA Cancer J Clin. 2021;71(3):209-49. doi: 10.3322/caac.21660

2.	 zur Hausen H. Papillomaviruses and cancer: from basic studies to clinical application. 
Nat Rev Cancer. 2002;2(5):342-50. doi: 10.1038/nrc798

3.	 de Villiers EM. Cross-roads in the classification of papillomaviruses. Virology. 
2013;445(1-2):2-10. doi: 10.1016/j.virol.2013.04.023

4.	 Gil da Costa RM, Medeiros R. Bovine papillomavirus: opening new trends for 
comparative pathology. Arch Virol. 2014;159(2):191-8. doi: 10.1007/s00705-013-1801-9

5.	 Estêvão D, Costa NR, Gil da Costa RM, Medeiros R. Hallmarks of HPV carcinogenesis: 
the role of E6, E7 and E5 oncoproteins in cellular malignancy. Biochim Biophys 
Acta Gene Regul Mech. 2019;1862(2):153-62. doi: 10.1016/j.bbagrm.2019.01.001

6.	 Bosch FX, Lorincz A, Muñoz N, Meijer CJ, Shah KV. The causal relation between human 
papillomavirus and cervical cancer. J Clin Pathol. 2002;55(4):244-65. doi: 10.1136/
jcp.55.4.244

7.	 Kudela E, Holubekova V, Farkasova A, Danko J. Determination of malignant potential of 
cervical intraepithelial neoplasia. Tumour Biol. 2016;37(2):1521-5. doi: 10.1007/s13277-
015-4677-3

8.	 Sewell A, Brown B, Biktasova A, Mills GB, Lu Y, Tyson DR, et al. Reverse-phase protein 
array profiling of oropharyngeal cancer and significance of PIK3CA mutations in 
HPV associated head and neck cancer. Clin Cancer Res. 2014;20(9):2300-11. doi: 
10.1158/1078-0432.CCR-13-2585

9.	 de Martel C, Plummer M, Vignat J, Franceschi S. Worldwide burden of cancer 
attributable to HPV by site, country and HPV type. Int J Cancer. 2017;141(4):664-70. doi: 
10.1002/ijc.30716

10.	 Medeiros-Fonseca B, Mestre VF, Estêvão D, Sanchez DF, Cañete-Portillo S, Fernández-
Nestosa MJ, et al. HPV16 induces penile intraepithelial neoplasia and squamous cell 
carcinoma in transgenic mice: first mouse model for HPV-related penile cancer. J 
Pathol. 2020;251(4):411-9. doi: 10.1002/path.5475

11.	 Cochicho D, Esteves S, Rito M, Silva F, Martins L, Montalvão P, et al. PIK3CA gene 
mutations in HNSCC: systematic review and correlations with HPV status and patient 
survival. Cancers. 2022;14(5):1286. doi: 10.3390/cancers14051286

12.	 Kuo HK, Fujise K. Human papillomavirus and cardiovascular disease among U.S. 
women in the national health and nutrition examination survey, 2003 to 2006. J Am 
Coll Cardiol. 2011;58(19):2001-6. doi: 10.1016/j.jacc.2011.07.038

13.	 Sivro A, Lajoie J, Kimani J, Jaoko W, Plummer FA, Fowke K, et al. Age and menopause 
affect the expression of specific cytokines/chemokines in plasma and cervical lavage 
samples from female sex workers in Nairobi, Kenya. Immun Ageing. 2013;10(1):42. doi: 
10.1186/1742-4933-10-42

14.	 Sophonsritsuk A, Appt SE, Clarkson TB, Shively CA, Espeland MA, Register TC. 
Differential effects of estradiol on carotid artery inflammation when administered 
early versus late after surgical menopause. Menopause. 2013;20(5):540-7. doi: 10.1097/
GME.0b013e31827461e

15.	 Mansoor H, Elgendy IY, Segal R, Hartzema A. Duration of reproductive years and the 
risk of cardiovascular and cerebrovascular events in older women: insights from 
the national health and nutrition examination survey. J Womens Health (Larchmt). 
2017;26(10):1047-52. doi: 10.1089/jwh.2016.6013

16.	 Gyllensten U, Gustavsson I, Lindell M, Wilander E.  Primary high-risk HPV screening 
for cervical cancer in postmenopausal women. Gynecol Oncol. 2012;125(2):343-5. doi: 
10.1016/j.ygyno.2012.01.036

17.	 Brito LM, Brito HO, Corrêa RG, de Oliveira Neto CP, Costa JP, Monteiro SC, et al. Human 
papillomavirus and coronary artery disease in climacteric women: is there an 
association? ScientificWorldJournal. 2019;2019:1872536. doi: 10.1155/2019/1872536

18.	 Reis DR, Medeiros-Fonseca B, Costa JM, de Oliveira Neto CP, Gil da Costa RM, Oliveira 
PA, et al. HPV infection as a risk factor for atherosclerosis: A connecting hypothesis. 
Med Hypotheses. 2020;144:109979. doi: 10.1016/j.mehy.2020.109979

19.	 Carvalho NS, Moron GA, Bertelli J. The impact beyond cancer of the HPV vaccine. Braz 
J Sex Transm Dis. 2020;32:e203225. doi: 10.5327/DST-2177-8264-20203225

20.	 Tonhajzerova I, Olexova LB, Jurko A Jr, Spronck B, Jurko T, Sekaninova N, et al. 
Novel biomarkers of early atherosclerotic changes for personalised prevention of 
cardiovascular disease in cervical cancer and human papillomavirus infection. Int J 
Mol Sci. 2019;20(15):3720. doi: 10.3390/ijms20153720

21.	 Machado de Carvalho M, Fook KD, Araújo MJ, Guimarães SJ, Souza CP, Barbosa CD, et al. 
Prevalence of dyslipidemia in HIV-positive women with HPV coinfection: a preliminary 
study. Scientifica (Cairo). 2021;2021:4318423. doi: 10.1155/2021/4318423

22.	 van Vlijmen BJ, Gerritsen G, Franken AL, Boesten LS, Kockx MM, Gijbels MJ, et al. 
Macrophage p53 deficiency leads to enhanced atherosclerosis in APOE*3-Leiden 
transgenic mice. Circ Res. 2001;88(8):780-6. doi: 10.1161/hh0801.089261

23.	 Merched AJ, Williams E, Chan L. Macrophage-specific p53 expression plays a crucial 
role in atherosclerosis development and plaque remodeling. Arterioscler Thromb Vasc 
Biol. 2003;23(9):1608-14. doi: 10.1161/01.ATV.0000084825.88022.53

24.	 Lawson JS, Glenn WK, Tran DD, Ngan CC, Duflou JA, Whitaker NJ. Identification of 
human papillomaviruses in atheromatous coronary artery disease. Front Cardiovasc 
Med. 2015;2:1-6. doi: 10.3389/fcvm.2015.00017

25.	 Foresta C, Bertoldo A, Garolla A, Pizzol D, Mason S, Lenzi A, et al. Human papillomavirus 
proteins are found in peripheral blood and semen CD20+ and CD56+ cells during HPV-
16 semen infection. BMC Infect Dis. 2013;13:593. doi: 10.1186/1471-2334-13-593

26.	 Füle T, Máthé M, Suba Z, Csapó Z, Szarvas T, Tátrai P, et al. The presence of human 
papillomavirus 16 in neural structures and vascular endothelial cells. Virology. 
2006;348(2):289-96. doi: 10.1016/j.virol.2005.12.043

27.	 Cruz-Gregorio A, Aranda-Rivera AK, Ortega-Lozano AJ, Pedraza-Chaverri J, Mendoza-
Hoffmann F. Lipid metabolism and oxidative stress in HPV-related cancers. Free Radic 
Biol Med. 2021;172:226-36. doi: 10.1016/j.freeradbiomed.2021.06.009

28.	 Arbeit JM, Howley PM, Hanahan D. Chronic estrogen-induced cervical and vaginal 
squamous carcinogenesis in human papillomavirus type 16 transgenic mice. Proc 
Natl Acad Sci U S A. 1996;93(7):2930-5. doi: 10.1073/pnas.93.7.2930

29.	 Gillison ML, Castellsagué X, Chaturvedi A, Goodman MT, Snijders P, Tommasino M, et al. 
Eurogin Roadmap: comparative epidemiology of HPV infection and associated cancers 
of the head and neck and cervix. Int J Cancer. 2014;134(3):497-507. doi: 10.1002/ijc.28201

30.	 Gil da Costa RM, Aragão S, Moutinho M, Alvarado A, Carmo D, Casaca F, et al. HPV16 
induces a wasting syndrome in transgenic mice: amelioration by dietary polyphenols 
via NFkB inhibition. Life Sci. 2017;169:11-9. doi: 10.1016/j.lfs.2016.10.031

31.	 Kemp TJ, Hildesheim A, García-Piñeres A, Williams MC, Shearer GM, Rodriguez AC, et 
al. Elevated systemic levels of inflammatory cytokines in older women with persistent 
cervical human papillomavirus infection. Cancer Epidemiol Biomarkers Prev. 
2010;19(8):1954-9. doi: 10.1158/1055-9965.EPI-10-0184

32.	 Puolakka E, Pahkala K, Laitinen TT, Magnussen CG, Hutri-Kähönen N, Kähönen 
M, et al. Childhood socioeconomic status and arterial stiness in adulthood: The 
Cardiovascular Risk in Young Finns Study. Hypertension. 2017;70(4):729-35. doi: 10.1161/
HYPERTENSIONAHA.117.09718

33.	 Joseph P, Leong D, McKee M, Anand SS, Schwalm JD, Teo K, et al. Reducing the global 
burden of cardiovascular disease, Part 1: the epidemiology and risk factors. Circ Res. 
2017;121(6):677-94. doi: 10.1161/circresaha.117.308903


