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Abstract

Cervical cancer is the fourth most common cancer among women worldwide and remains a
significant cause of cancer-related mortality. Alcohol consumption is linked to an increased
risk of several cancers and is a controversial risk factor for developing cervical cancer.
This review updates existing information on the correlation between alcohol consumption
and the risk of developing cervical cancer. Several comprehensive studies from different
geographical regions have shown that moderate and heavy drinking is positively correlated
with the development of cervical cancer. There is a synergistic relationship between human
papillomavirus (HPV) viral load and alcohol use among drinkers with a high HPV viral
load. Excessive alcohol consumption and exposure to second-hand smoke may elevate
the risk of persistent HPV infection. Furthermore, high-risk behaviors associated with
Human immunodeficiency virus (HIV)/HPV co-infection are more common among binge
drinkers. However, several observations failed to establish a relationship between these
factors. Despite some inconsistency in the literature, evidence suggests a modest association
between alcohol consumption and increased risk of persistent HPV infection, causing
cervical cancer.

Keywords: cervical cancer; alcohol consumption; immune response; smoking; HIV/HPV
co-infection; risk factors

1. Introduction

Cervical cancer is the fourth most common cancer in women worldwide, accounting
for 660,000 new cases and 94% of 350,000 deaths in low- and middle-income countries in
2022 [1,2]. Low- and middle-income countries have the highest rates of cervical cancer
incidence and mortality due to inequities in access to national human papillomavirus (HPV)
vaccination, screening, and treatment services, as well as social and economic determi-
nants [1,3]. The main preventable risk factors for cervical cancer include HPV infection,
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multiple sex partners, smoking, immunocompromised status (e.g., AIDS), chlamydia infec-
tion, long-term use of oral contraceptives, having numerous full-term pregnancies, young
age at first full-term pregnancy, and low economic status [4].

Alcohol consumption is the third most significant modifiable cancer risk factor after
tobacco use and excess body weight [5]. It is a recognized cause of at least seven types of
cancer [6]. Alcohol is classified as a Group 1 carcinogen by the International Agency for
Research on Cancer (IARC) of the World Health Organization (WHO) [7]. Addressing high-
risk alcohol consumption is a crucial strategy for reducing the burden of cancer. Alcohol is
a modifiable risk factor for several cancers, and reducing or eliminating alcohol use can
significantly lower the risk of developing these diseases [8].

Alcohol has several direct and indirect effects that underpin carcinogenesis, affecting
genetic, epigenetic, biochemical, and immunological defects and causing chronic inflam-
mation and carcinogenesis [9]. Alcohol metabolites are either oxidative or nonoxidative,
yielding acetaldehyde and other metabolites [10]. Alcohol influences carcinogenesis via
its metabolites through several mechanisms [9,11]. These mechanisms lead to genetic,
epigenetic, biochemical, and immunological defects, resulting in chronic inflammation and
carcinogenesis [9,11]. Research on the association between alcohol use and cancer risk in
the cervix, uterus, vulva, and vagina has shown conflicting or inconclusive findings [12,13].
However, the potential role of alcohol consumption in the etiology of cervical cancer has not
been extensively studied. This comprehensive review article highlights the most current
epidemiological evidence studies examining alcohol consumption patterns and cervical
cancer risk, molecular mechanisms underlying alcohol-induced carcinogenesis, alterations
in alcohol-mediated tumor immunology responses, and synergistic effects of alcohol intake
combined with smoking and HPV-HIV co-infections in cervical cancer progression and
clinical development outcomes.

2. Alcohol and Cancer

In 2012, alcohol caused 5.5% of all new cancer cases and 5.8% of all cancer-related
deaths globally [14], with approximately 3.5% of cancer deaths in the US attributed to
alcohol consumption [15]. The distribution of the estimated number of cancer cases in
2020 attributed to alcohol consumption by site was shown in Figure 1A, while Figure 1B
presents the same distribution by population group by both sexes [16]. Between 2016-2017
and 2020-2021, annual U.S. deaths attributed to excessive alcohol use rose sharply from
about 138,000 to 178,000, an increase of over 40,000 deaths (29%) [17]. The link between
alcohol consumption and cancer remains complex and somewhat controversial, depending
on the site of malignancy. The relationship between alcohol consumption and cancer risk is
not uniform across all types of cancer, and some associations are stronger than others [18].
Alcohol is a well-established risk factor for cancers of the oral cavity, pharynx, esophagus,
colorectum, liver, larynx, and female breast. However, its role in other malignancies is
less clear. Some studies suggest an association with pancreatic, prostate, and melanoma
cancers [19,20].

Elderly individuals, especially women, are at greater risk due to gender-related
metabolic variances and age-related physiological differences [21]. Alcohol consump-
tion has been linked to an increased risk of cancer mortality in men, with an average risk
ratio of 1.53 [21]. This increase is evident in men who consume three to five alcoholic
beverages per day, while women who consume multiple drinks have a risk ratio of 1.23 [22].
Even moderate alcohol consumption can raise the risk of cancer, with severe, long-term
usage posing the most significant hazards [8]. Aside from oncology, alcohol consumption
and abuse are serious public health issues. Population studies show that around 12% to
14% of adults currently suffer from alcohol use disorder, and 29% have experienced such a
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disorder in their lifetime [23]. The risk of cancer increases with higher alcohol consumption,
regardless of the type of alcohol consumed [24]. Other metrics used to evaluate the effect
of alcohol include excessive drinking, binge drinking, and heavy drinking. Excessive
drinking, also known as binge drinking, is characterized by consuming four or more drinks
in one sitting for women and five or more drinks for men. Binge drinking is the most
prevalent form of excessive drinking, compared to heavy drinking, which includes eight or
more drinks per week or three or more drinks per day for women. Over the past decade,
severe binge drinking among adults has increased, with over four to five drinks consumed
daily [25]. Moderate drinking is defined as one drink per woman and two drinks per
man [14,26], but most excessive drinkers do not meet alcoholism or dependency crite-
ria [26,27]. Compromised alcohol-induced immunity heightens vulnerability to infections,
including bacterial pneumonia, septicemia, tuberculosis, and hepatitis [28]. However,
limited research and epidemiological evidence demonstrate associations between alcohol
intake and cervical cancer.
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Figure 1. The number of new cancer cases worldwide in 2020 may be attributed to alcohol, both
sexes using the data shown by cancer site (A) and population (B). The data sources are Rumgay H
et al. (2021) [16], Graph production: Global Cancer Observatory (http://gco.iarc.fr/), Accessed on
19.08.2025. © International Agency for Research on Cancer 2025.

3. Human Papillomavirus and Other Risk Factors in Cervical Cancer

Cervical cancer development from transient HPV infection depends on immune
status, sexually transmitted diseases, reproductive factors, contraceptives, genetics, and
host factors [29]. HPV represents a significant global health challenge, with high-risk
strains accounting for 10.4% of worldwide infections and reaching rates as high as 36.5%
in certain developing regions. [30,31]. HPV is primarily acquired after sexual activity,
often transmitted to the vaginal canal, with higher chances of transmission with multiple
partners or a history of other sexually transmitted infections [32,33]. Chlamydia trachomatis
infection increases cervical squamous cell carcinoma risk, with DNA detected in 40% of
cases [31]. Herpes simplex virus type 2 (HSV-2) seropositivity significantly correlates with
invasive cervical cancer (ICC) development [34]. Combined oral contraceptive (OC) use is
strongly associated with increased cervical cancer risk [35]. Research demonstrated that
obese and overweight women face twice the risk of developing cervical adenocarcinoma
compared to average-weight women [36]. Smoking represents a critical cervical cancer risk
factor, with nearly double the risk for smokers versus non-smokers [37-39]. Tobacco causes
local immune suppression and DNA damage in squamous cells [40]. Persistent high-risk
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HPV infections drive cervical cancer development, with malignant transformation typically
occurring at the cervical transformation zone, where metaplastic epithelial changes create
vulnerable tissue [40]. Age is also an essential determinant of the risk of HPV infection [41].
The peak risk is observed during puberty and pregnancy. Following menopause, this risk
tends to decline and may be attributed to a decrease in sexual activity, which consequently
leads to lower exposure to the virus [42]. Approximately 30 HPV strains are transmitted
sexually and infect genital areas, including the cervix, vagina, vulva, penis, scrotum, rectum,
and anus. HPVs are categorized as high-risk or low-risk types based on their association
with cervical cancer and precursor lesions [43]. HPV types 6, 11, 42, 43, 44, 54, 61, 70, 72,
and 81 are low-risk types, while 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, 73, and 82
are high-risk or oncogenic types [44].

HPV, a member of the Papillomaviridae family, is a small, non-enveloped, icosahedral
virus. The genome of the virus is a circular double-stranded DNA, containing approxi-
mately 8000 bp, organized into three regions: the long control region (LCR), the early (E)
region for viral replication products, and the late (L) region for structural proteins [44—46]
(Figure 2). The first is a “non-coding upstream regulatory region” known as the long
control region (LCR) or upstream regulatory region (URR). Positioned between L1 and E6
genes, the LCR houses the p97 early promoter controlling E6/E7 transcription and DNA
replication [47].

The LCR is approximately 1000 base pairs long and consists of three sub-segments:
the 5 segment, which contains transcription termination signals and a nuclear matrix
binding region; the central segment, which contains transcription factors regulating viral
gene expression; and the 3’ segment, which includes the early promoter and replication
origin [48]. The second is called the early (E) region, which comprises 6-8 open read-
ing frames encoding essential E1, E2, E5, E6, E7, and E1"E4 proteins that facilitate viral
replication and cellular oncogenesis processes. The third is referred to as the “late region
(L),” which produces critical L1 and L2 capsid proteins, designated as major and minor
structural components, respectively, which mediate viral entry into susceptible host cells
during the initial infection process [49]. HPV establishes productive infections by invad-
ing the mucocutaneous epithelium, typically through microabrasions, and subsequently
replicates within mature epithelial cells [50]. HPV integrates its viral DNA into the host
genome, disrupting cellular genes and normal cell cycle regulation mechanisms. This
integration can lead to the deletion of E2 ORF and stimulate unregulated cell division,
ultimately resulting in the accumulation of genetic abnormalities [51]. Furthermore, E6
and E7 oncoproteins are essential for infected cells to enter mitosis and amplify the HPV
genome, partly dependent on the cell division program. While E6 and E7 oncoproteins
are essential for cancer development, their expression is required for HPV replication [52].
E7 drives cell cycle progression by facilitating G1-S phase transition through interaction
with tumor suppressor pRb and Cullin 2 ubiquitin ligase, resulting in pRb degradation.
This process releases transcription factor E2F from pRb inhibition, promoting expression
of target genes, including cyclin E, cyclin A, and p16INK4A [53]. Meanwhile, E6 interacts
with tumor suppressor p53, forming a complex with E6-associated protein (E6AP) that
promotes p53 degradation via the proteasome pathway [54]. This mechanism inhibits p53
functions such as apoptosis induction and DNA damage repair [53]. Additionally, both E6
and E7 activate multiple signaling pathways that facilitate viral replication and maintain
the cellular environment necessary for continued HPV genome replication [55].
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Figure 2. HPV structure, genomic organization, and gene regulation. (A) HPV Structure: HPVs are
small, non-enveloped viruses made of double-stranded DNA, icosahedral in shape and measuring
7.9 kilobases. They have eight major genes, six of which are open reading frames (ORFs): E1, E2, E4,
E5, E6, and E7, and two genes, L1 and L2, in the late regions. (B) HPV genome organization and
gene regulation: red and green represent early proteins; blue represents late proteins; LCR/upstream
regulatory region (URR); p(A)L, late polyadenylation signal; p(A)E, early polyadenylation signal.
The early proteins are essential for viral replication, transcription, and cellular regulation, including
apoptosis and immune modulation. The LCR, positioned between early and late regions, harbors
four E2 binding sites where transcriptional regulator E2 binds, while replication protein E1 associates
with the origin of replication (ORI) to initiate viral DNA synthesis. Many cellular transcription factors,
including the E2 dimer, help regulate viral early gene expression by binding to the LCR’s regulatory
sequences. Type 1) The methylation on LCR at E2BS1, towards the 3’ ends (downstream) of the L1
open reading frame, is shown in blue, and the E6 gene located upstream at the 5’ end is shown in red.
The LCR has four highly conserved E2BS (E2BS1, E2BS2, E2BS3, and E2BS4) DNA sequences. E2BS2
methylation results in the E2 regulatory protein no longer inhibiting the promoter, and the binding
of TFs hyperactivates the promoter p97, leading to a high level of E6/E7 oncoproteins. Type 2) In
unmethylated E2BS, the E2 protein activates the p97 promoter by binding to the high-affinity E2BS1
site, leading to low-level expression of the E6/E7 early genes. (C) Alternate Splicing Events: HR-HPV
oncogenic E6/E7 mRNA splicing is regulated by various mechanisms. A group of proteins called
the spliceosome cuts the mRNA by removing the non-coding introns from a pre-mRNA and joining
the exons, making the final mRNA that codes for proteins. The introns are marked by a 5’ splice site
(splice donor) and a 3’ splice site (splice acceptor). This image was created with BioRender.com on 20
May 2025 (BioRender.com/ma29rh9).

4. Molecular Mechanism of Alcohol-Mediated Carcinogenicity

The link between alcohol use and cancer risk has been investigated through various
pathways, with key mechanisms discussed in Figure 3 to explain that the carcinogenic
effects of alcohol consumption might also relate to cervical cancer. Ethanol metabolism
involves both oxidative and non-oxidative processes. Ethanol is metabolized oxidatively
by key enzymes, including alcohol dehydrogenase (ADH), cytochrome P450 2E1 (CYP2E1),
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or bacterial catalase, which generate acetaldehyde as the primary metabolite [10,56,57].
However, there is little evidence on the molecular mechanism of alcohol-mediated carcino-
genicity, especially in the context of cervical cancer.
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Figure 3. Molecular mechanism of alcohol-mediated carcinogenicity and metabolism. Cytosolic ADH
converts ethanol to acetaldehyde, which is then oxidized by the mitochondrial ALDH enzyme to form
acetate. The endoplasmic reticulum (ER) also oxidizes ethanol, producing ROS. The mitochondria
reoxidize NADH to NAD+, which may lead to increased ROS generation. Acetaldehyde and ROS can
bind to DNA, forming DNA adducts—polymorphisms in ALDH cause varying amounts of aldehyde
production and oxidation. A CYP2E1 polymorphism increases the production of ROS, which are
involved in carcinogen metabolism. Excessive alcohol consumption can cause changes in the CYP2E1
enzyme, disrupting the balance of retinoids and potentially contributing to cancer development. This
image was created with BioRender.com on 20 May 2025 (BioRender.com/z5l6teh).

4.1. Acetaldehyde Production

Acetaldehyde converts to acetic acid via aldehyde dehydrogenase (ALDH), CYP2E1,
or a combination of aldehyde oxidase (AO) and xanthine oxidase (XO) [10,56,58]. This
highly reactive metabolite forms DNA adducts, altering DNA structure and blocking syn-
thesis/repair [59]. These genotoxic adducts create DNA-protein and interstrand cross-links,
promoting carcinogenesis [59]. Acetaldehyde and ethanol modulate DNA methylation,
affecting oncogene and tumor-suppressor expression [9]. Acetaldehyde inhibits DNA
methyltransferase (DNMT) activity, reduces DNMT mRNA, and blocks S-adenosyl-L-
methionine synthesis—both critical for methylation [60,61]. Studies of cervical cancer SiHa
cells and tumor-bearing mouse models showed that ethanol altered methyl donor and
DNMT expression, reduced intracellular DNA methylation levels, and promoted tumor
growth through hypomethylation [62].

ADH polymorphisms correlate with cancer risk [63-65], and they encompass three
gene loci (ADH1A, ADH1B, ADHI1C) containing genetic variations that elevate cancer risk,
particularly with heavy alcohol consumption. The ADH1B2 allele produces enzyme activity
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40-fold higher than ADH1BI, rare in Caucasians but prevalent in Asians [9]. ADHI1B
and ADHIC variations increase alcoholism and cirrhosis susceptibility in Asians [66].
ADH1B*1/1 genotype carriers face higher risks for upper aerodigestive tract, oral cavity,
hypopharynx, and ovarian cancers. Women carrying the ADH1C1 variant show 1.8-fold
increased breast cancer risk, especially premenopausal women [67]. Several isozymes, such
as CYP1A1 and CYP2E1, modulate genetic cancer risk, notably in colon, lung, and breast
carcinomas [68-71]. Heavy alcohol use worsens HCC risk, especially in Asians with certain
CYP2E1 genotypes [72]. Limited evidence currently exists linking enzyme polymorphism
to alcohol-mediated carcinogen metabolism in HPV-related cervical cancer development.
Cervical cancer patients show elevated serum ADH and ADH I levels versus controls [73].

Cervical cancer cells demonstrated significantly elevated class I ADH activity com-
pared to healthy mucosa, with increased total ADH activity, while ALDH remained un-
changed [74]. Furthermore, in other gynecological cancers, such as endometrial cancer,
patients exhibit significantly elevated total ADH and class I ADH activities compared to
healthy controls and patients with uterine myomas [75]. ADH I demonstrates moderate
diagnostic potential with an AUC of 0.682 with 69% sensitivity and 77% specificity, in-
dicating possible utility as a tumor biomarker [75]. However, this moderate diagnostic
performance suggests that ADH I alone is insufficient as a standalone diagnostic test for
endometrial cancer detection. The AUC value below 0.7 reflects limited discriminatory
power, necessitating further investigation. These findings indicate that ADH I would be
effectively utilized as a component within a comprehensive multi-biomarker panel rather
than as an independent diagnostic tool.

4.2. Oxidative Stress

Excessive ethanol consumption induces oxidative stress, generating reactive oxy-
gen species (ROS) and hydrogen peroxide (H,O;) that contribute to the development of
various cancer, including cervical cancer [9,76,77]. ROS function as signaling molecules
driving cancer initiation, promotion, and progression [78]. ROS accumulation upregulates
monocyte chemotactic protein-1 (MCP-1) and vascular endothelial growth factor (VEGF),
mediating tumor angiogenesis and metastasis. These factors significantly influence CIN
development and progression [79]. Chronic ethanol consumption elevates hepatic CYP2E1
enzyme levels 10-20 fold, substantially increasing ROS production [76]. This leads to lipid
peroxidation, generating toxic products including malondialdehyde and 4-hydroxynonenal
(4-HNE) [80]. These compounds react with DNA bases, forming highly mutagenic exo-
cyclic DNA adducts [81,82]. Such adducts can induce mutations in critical genes like TP53
(codon 249), encoding the p53 tumor suppressor protein, regulating apoptosis and cell
growth [83]. DNA adduct levels depend on antioxidant defense systems, genetic polymor-
phisms (glutathione-S-transferase), DNA repair mechanisms, and apoptotic processes [84].
These adducts correlate with HPV infection in squamous cell cervical cancer, serving as
molecular oncogenesis markers [85].

4.3. Altered Retinoid Metabolism

Retinoids play a significant role in regulating carcinogenesis by inhibiting cell growth,
differentiation, and apoptosis [86]. Retinoids demonstrate significant anti-proliferative
effects on HPV-infected cervical epithelial cells while modulating cellular differentiation
pathways [87,88]. However, alcohol can alter retinoid metabolism by inhibiting vitamin
A oxidation into retinoic acid and increasing cytochrome P450, family 2, subfamily E,
polypeptide 1 (CYP2E1) activity, leading to toxic retinoid metabolites [89]. This may explain
the excess lung cancer risk in smokers with 3-carotene supplements. Prolonged alcohol
intake is linked to decreased liver retinoids and a higher risk of head and neck cancers [90].
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Changes in ADH and ALDH activity can disrupt the retinoid balance [91,92], resulting
in abnormal cellular differentiation processes and potentially heightening susceptibility
to HPV infection in cervical epithelial tissues. The reduced level of all-trans-retinoic acid
(ATRA) in serum has been found to activate the progression of cervical lesions to invasive
cancer [93]. However, ATRA plays a beneficial role by attenuating the progression of human
cervical neoplasia through the enhancement of the secretion of transforming growth factor-
beta [94]. This suggests a complex relationship where ATRA levels can influence the
progression of cervical cancer, potentially offering pathways for therapeutic interventions.

4.4. Changes to Estrogen Regulation

Excessive consumption of alcohol has been linked to elevated levels of oestrone (E1),
oestradiol (E2), and dehydroepiandrosterone sulfate in the bloodstream [95]. Studies have
demonstrated that the steroid hormone estrogen and the presence of estrogen receptors
(ERs) are linked to cancers caused by HPV infection [96]. ERs have been shown to con-
tribute significantly to cervical cancer progression. In this context, ER antagonists such as
fulvestrant and raloxifene, both of which are United States Food and Drug Administration
approved for the treatment of human breast cancer, have shown promising effects in reduc-
ing cervical cancer progression in mouse models. ER antagonists in mouse models have
demonstrated that these drugs can help mitigate the progression of cervical cancer and
associated conditions [97]. The sex-hormone treatment can increase colony formation in
HPV+ cell lines [98], while estrogen treatment can stimulate HPV16 transcript production in
SiHa cells [99]. Studies on HPV+ cell lines revealed that ERx truncation, ER-a36, mediates
estrogen-stimulated MAPK/ERK. Furthermore, the overexpression of this isoform resulted
in enhanced invasion, migration, and proliferation of both cell lines [100]. HPV+ cervical
cancer cells, such as HeLa, SiHa, and CaSki, exhibit high levels of 173-hydroxysteroid
dehydrogenase type 1 (HSD17B1), which converts estrone to estradiol. This suggests that
these cells may transform the circulating hormone [101]. Additionally, alcohol consumption
can increase the level of estrogen, which promotes the expression of HPV by stimulating
progesterone receptors and growth factors, leading to cell proliferation [56,57].

4.5. Immune Suppression Compromises HPV Clearance

Alcohol consumption exerts profound immunosuppressive effects that may facilitate
HPV persistence and progression to malignancy [102,103]. Multiple studies have docu-
mented that alcohol decreases the number and cytotoxic activity of natural killer (NK)
cells, which play crucial roles in eliminating virus-infected and transformed cells through
innate immune mechanisms [102,104]. In the context of HPV infection, reduced NK cell
function may impair viral clearance and allow persistence of infection, creating conditions
conducive to malignant transformation [90,102,103,105,106].

The immunosuppressive effects extend beyond NK cells to include alterations in
T-cell function, cytokine production, and dendritic cell maturation [107]. Chronic alcohol
exposure activates monocytes and macrophages, resulting in increased production of pro-
inflammatory cytokines including tumor necrosis factor-« (TNF-«), interleukin-1 (IL-1),
interleukin-6 (IL-6), and interleukin-8 (IL-8) [102]. This chronic inflammatory milieu may
promote cellular transformation and support tumor progression [102,103,108].

5. Synergistic Effects of Tobacco and Alcohol on Cervical Cancer

Alcohol is often implicated as a social cue for smoking, and vice versa, in that people
seem to smoke for prolonged periods if they consume alcohol. Studies demonstrate that
individuals who use both alcohol and tobacco have significantly higher risks of developing
various types of cancers than those who use either substance alone [109,110]. It is also found
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that the combined impact of tobacco use and alcohol consumption exceeds the multiplica-
tive model for oral cavity cancers (OCC) [109]. Heavy alcohol consumption and smoking
can lead to a 300-fold higher risk of oral and pharyngeal cancer [111]. Current smokers
and alcohol consumption also increase the level of toxic and cancerous acetaldehyde in the
oral cavity [112,113]. Women who consume excessive alcohol and smoke together or are
exposed to secondhand smoke might be at a high risk of HPV persistence [114]. A critical
milestone in causing cervical cancer. Furthermore, high alcohol intake was also associated
with an increased risk of HPV infection among non-smokers and current smokers [115].
We have recently reported that Exposure to benzo[a]pyrene and /or ethanol upregulated
HPV16 E6/E7 oncogene expression and epithelial-mesenchymal transition (EMT) markers
in cervical cancer cells, enhancing migration and invasion. These agents activated TNF-
o/ NF-kB signaling, increasing IL-6 and VEGF levels, which promoted inflammation and
tumor progression. Curcumin (Cur) and its PLGA nanoparticle formulation (PLGA-Cur)
effectively attenuated these molecular effects, suggesting therapeutic potential in cervical
cancer prevention/treatment [116].

6. Synergistic Effects of HPV-HIV Co-Infection and Alcohol Use on
Cervical Cancer

Furthermore, high-risk sexual behaviors, including drug trading, multiple partner
sex, unprotected anal intercourse, and injection drug use, can potentially lead to the ac-
quisition of HIV and other sexually transmitted infections (STIs) [109]. Women with HIV
infections are more likely to experience persistent HPV infection and cervical dyspla-
sia progression, and vice versa. [117]. The risk of cervical cancer is six times higher in
HIV-positive women than in HIV-negative women (103). HPV-HIV co-infection signifi-
cantly elevates the risk of cervical cancer, and alcohol consumption may exacerbate this
risk through persistent HPV infection and potentially synergistic effects with HPV viral
load. Binge drinkers often exhibit high-risk HIV/HPV co-infection behaviors [118]. Binge
drinkers (>5 drinks for males or >4 drinks for women in the preceding 30 days) often
exhibit high-risk HIV/HPV co-infection behaviors [119]. For example, binge drinkers
aged 18 to 64 are twice as likely to report HIV-risky behaviors as non-binge drinkers [119].
Multiple studies have shown an association between binge drinking, unsafe sexual activ-
ities, and HIV/STI infections [120-122]. A study by Olusanya et al. showed that binge
drinkers were more likely to engage in HIV /HPV co-infection high-risk behaviors (OR = 2.1;
95% CI: 1.0-4.5) [123].

7. Epidemiologic Evidence for Alcohol Consumption and
Cervical Carcinogenesis

The epidemiological evidence demonstrates a consistent pattern across diverse popu-
lations, with alcohol consumption showing dose-dependent associations with HPV per-
sistence, CIN development, and poor clinical outcomes. Most remarkably, studies have
identified synergistic interactions between alcohol consumption and HPV viral load, sug-
gesting that these two factors work in concert to dramatically amplify cervical cancer
risk. The clinical implications extend beyond initial carcinogenesis to include treatment
resistance and survival outcomes, indicating that alcohol’s influence persists throughout
the disease continuum [12,13,103,124-126]. A summary of results from cohort studies of
alcohol and cervical cancer is given in Table 1. A study in Sweden between 1965 and 1995
found that heavy alcohol intake increases the risk of ICC in women [12]. The findings
suggested that alcoholic women had a greater incidence of in situ cervical cancer, vaginal
cancer, and ICC. However, no significant increase in vulva cancer risk was observed in
alcohol-consuming women. Alcoholics have an increased risk of in situ cancer, suggesting
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that their increased risk of ICC may not solely be due to less Pap smear screening [12].
Recently, Hy et al. found that alcohol consumption and HR-HPV load have a synergistic
impact on the chance of HR-HPV persistence in Korean women, particularly for long-term
infection [125]. Limiting alcohol intake might be an effective way to prevent cervical cancer
in women with a high HR-HPV burden [125]. In another Korean HPV cohort study (KHPV),
it was found that alcohol consumers have a higher risk of developing CIN1 (OR = 2.18,
95% CI 1.22-3.89) compared to non-drinkers, with more frequent alcohol consumption and
higher ethanol consumption also linked to higher CIN1 risk. Nevertheless, no associations
were found between alcohol use and CIN2/3 or cervical cancer. A recent study aimed to
detect cervical neoplastic transformation in women in the alcohol abuse group, showing
significantly higher levels of cellular proliferation, with Ki67 staining ranging from 29.1%
to 89.7% and p16 staining ranging from 26.2% to 94.8%. The study suggests that diffuse
p16 staining, the specific gravity of cells with a positive IHC response to this protein, and
high reaction intensity may be used to identify CIN IIl and aggressive cancer in individuals
with alcohol abuse [127]. A cohort of US men (N = 1313) was analyzed to evaluate the
link between alcohol consumption and HPV infection prevalence among US men using
data from the food frequency questionnaire (FFQ). The study found a significant increase
in risk for any HPV types and oncogenic HPV types among men. The fourth quartile
of alcohol consumption also increased the risk for HPV infections in all sexual partners,
among never-smokers and frequent smokers, except former smokers. The study concluded
that excessive alcohol consumption increases men'’s risk of prevalent HPV infections [115].
Another study found that heavy alcohol use in 10% of advanced cervical cancer patients
significantly decreased disease-free (HR = 10.57; 95% CI, 2.07-53.93) and overall survival
(HR =10.80; 95% CI, 2.57-45.40) rates after adjusting for covariates [13]. Studies in other
populations have also shown associations between the consumption of alcohol and HPV-
related outcomes. A cross-sectional study on males in the Danish army found a correlation
between alcohol use and harboring numerous HPV types [128]. A prospective study on the
natural history of cervicovaginal papillomavirus infection in women showed a higher risk
of incident HPV infection linked to excessive alcohol intake [129]. Another cross-sectional
study of sexual habits and cervical HPV infection among college women found that alco-
hol usage was substantially more common among women who tested positive for HPV
DNA [130]. Oh et al. 2015 study found that women who recently used alcohol had a
higher risk of developing continuous cervical HPV positivity for three consecutive years
[OR =2.49, 95% CI, 1.32—4.71] [124]. In contrast, other studies have shown no correlation
between alcohol use and HPV outcomes [131,132].

Table 1. Summary of epidemiologic insights for alcohol consumption and cervical carcinogenesis.

Country
Research Title (Publishing Year) Study Type (Study Cases./Study AICOhOI. RR (95% CI) References
. Size Consumption
Period)
Global distribution, risk factors, and recent 3 =1.89,95% CI =0.59-3.19,
trends for cervical cancer: A worldwide Gla(;gg;?N Globally in 2018 Séé’g?’ gi;l ce;stZsS/ corf;l;;hilion p=0.005; 3 =0.98, [133]
country-level analysis (2022) ’ P CI=0.08-1.88, p = 0.033
Factors associated with normal or
abnormal Papanicolaou smear among HIV Case—control Lima, Peru 368 patients Alcohol Abnormal Pap smear OR, [134]
women at a national hospital in Lima, (2012-2015) p consumption 1.77;95% CI =1.06-2.95 N
Peru, 2012-2015 (2021)
Cervical cancer and precancerous cervical
lesions detected using visual inspection . Zambia , Alcohol 0RO (T — () 19
with acetic acid at Livingstone Teaching Cross-sectional (2019-2020) 329 women’s consumption OR,0.30;95% C1=0.12-0.74 (155]

Hospital (2021)
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Table 1. Cont.
Country Cases/Study Alcohol
Research Title (Publishing Year) Study Type (Study Size Consumption RR (95% CI) References
Period) P
Prevalence of sexually transmitted
infections among cervical cancer L
suspected women at University of Gondar ) lgtll;lopla , Alcohol 959, COIR—, :12(%%4 5 136
Comprehensive Cross-sectional (February- 403 women'’s addiction o CL=1. 5, [136]
April 2017) p=0.031
Specialized Hospital, North-west
Ethiopia (2021)
Risk of cancer in individuals with alcohol .
. K . Population- Italy . SIR = 8.6;
and drug use dls'orderg..a registry-based based cohort (1996-3014) 4373 patients Alcohol use 95% CT=2.8-26.7 [137]
study in Reggio Emilia, Italy (2020)
Alcohol Abuse Decreases Pelvic Control Alcohol abuse p=0.005; HR, 10.57;
and Survival in Cervical Cancer: An Retrospective USA 95 patients decreases the 95% CI =2.07-53.93 and OS [13]
Opportunity of Lifestyle Intervention for 3 (2007-2013) p DES p=0.001; HR, 10.80; N
Outcome Improvement (2017) 95% CI =2.57-45.40.
Synergistic effect of viral load and alcohol HR—HPV,OlRy iaii(.)llow—up
consumption on the risk of persistent Prospective Korea 11,140 Diagnosis of 95% Cl =1 8’9—.9 0’5_ 2-year [125]
high-risk human papillomavirus cohort (2002-2011) patients alcohol Oersis_teﬁce (O'R ’ 6 6)’1 . :
infection (2014) F5% Cl = 2.09-209)
Increased risk of CINI; OR,
Alcohol consumption and viral load are Korea 1243 ‘ Z;ﬁgf}/ﬂ’c\} virllont [103]
sYnerglstlcc?ll\lﬁ ?sgtiggated with Cohort (2006-2009) patients Alcohol drinker (>100RLU/PC) with high
risk of CINI, OR, 19.1;
95% CI=6.60-55.3
. Women o .
Moderate alcohol intake and cancer Prospective Klii\m(tie:m m}(,izdsl%- za%e d drinking RR, gfcfoggztief?erceln\éanes [138]
incidence in women (2009) cohort (199 6g— 2001) wome r% several sample sizes N
drinks/week P :
In situ cervical cancer (SIR,
1.7,95%CI=1.6-1.9,
Alcoholism and risk for cancer of the Population- Sweden 36,856 Diagnosis of Invasive cervical cancer SIR, [2]
cervix uteri, vagina, and vulva (2001) based cohort (1965-1995) patients alcoholism 2.9;95% CI =2.4-3.5);
Cancer of vagina (SIR, 4 4.6;
95% CI =2.2-8.5)
Cervix uteri, RR, 3.9;
0 = |
. . ) 187/15,508 95% C1=28-54
Increased cancer risk among Swedish Population- Sweden alcoholic Alcohol abuse vulva, vagina, and [139]
female alcoholics (1996) based cohort (1917-1977) men’ unspecified female genital :
women's organs (RR,4.0;
95% CI=1.3-12)
Cancer incidence among waitresses in Population- Norway 5314 waitresses Alcohol SIR. 1.8: 95% CI [140]
Norway (1994) based cohort (1959-1991) (21/38 cases) consumption s 7o
Cancer morbidity in alcohol Population- Denmark Alcohol om0 1o A
abusers (1994) based cohort (1954-1987) 22/3093 consumption RR,2.0;95% CI=12-30 [141]
Alcoholism and cancer risk: a Population- Sweden Diagnosis of 0RO, T _ 1 B [142]
population-based cohort study (1992) based cohort (1965-1983) 6/1013 alcohol SIR, 4.2;95% CI=1.5-9.1
. . . State University
Natural history of cervicovaginal . . .
papillomavirus infection in young Prospective in New 608 female High alcohol RR, 2.0;95% CI=1.2-3.1 [129]
study Brunswick, students consumption
women, 1998 New Jersey

8. Inconsistent Findings and Study Limitations

8.1. Methodological Heterogeneity

The cervical cancer literature reveals significant methodological heterogeneity that con-

tributes to inconsistent findings across studies. Variations in alcohol exposure assessment,

ranging from simple current/former drinker classifications to detailed beverage-specific

consumption patterns, limit comparability between investigations. Additionally, differ-

ences in outcome definitions, with some studies focusing on invasive cancer while others ex-

amine precursor lesions, may account for apparent discrepancies in results [12,103,143,144].

Population-specific factors, including genetic susceptibility, cultural drinking patterns, and

healthcare access, likely contribute to geographic variations in observed associations. The

robust associations documented in Korean populations may reflect genetic polymorphisms
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in alcohol-metabolizing enzymes that are less prevalent in European or North American
populations [90,145].

8.2. Sample Size and Statistical Power

Many studies examining alcohol-cervical cancer associations suffer from inadequate
statistical power, particularly for detecting modest increases in risk for relatively uncommon
outcomes. The Duke University pilot study, for example, included only 35 participants
and found no association between harmful alcohol use and high-grade dysplasia, but the
confidence intervals were extremely wide, indicating insufficient precision for meaningful
conclusions [144]. Similarly, the Los Angeles CHIS analysis, despite finding significant
associations, included only 441 women with both alcohol consumption and cervical cancer
data, limiting generalizability and precision of risk estimates. These sample size limitations
highlight the need for larger, well-designed studies to definitively establish the magnitude
of alcohol-associated cervical cancer risk [143].

8.3. Confounding and Bias Considerations

Epidemiological studies of alcohol and cervical cancer face significant challenges
related to confounding by associated lifestyle factors and potential bias in exposure assess-
ment. Sexual behavior, which is strongly associated with both alcohol consumption and
HPV acquisition, is often inadequately assessed in health screening questionnaires due
to cultural sensitivities. This limitation is particularly problematic in Asian populations,
where detailed sexual history collection may be culturally challenging [103,124]. Recall
bias in alcohol consumption assessment represents another significant limitation, as ret-
rospective exposure assessment may be influenced by disease status or social desirability
factors. Prospective cohort studies with detailed alcohol exposure assessment collected
before disease development provide the most reliable evidence, but such studies remain
relatively uncommon in the cervical cancer literature [12,103,124].

9. Clinical Implications and Public Health Perspectives
9.1. Screening and Prevention Strategies

The emerging evidence for alcohol-cervical cancer associations has important im-
plications for clinical practice and public health policy. Women with significant alcohol
consumption histories may benefit from enhanced cervical cancer surveillance, particularly
in the presence of persistent HPV infection. The synergistic interaction between alcohol
and HPV suggests that alcohol cessation interventions could potentially reduce cervical
cancer risk among HPV-positive women [103,124]. Healthcare providers should consider
alcohol consumption patterns when counseling women about cervical cancer risk factors,
particularly in populations with high prevalence of alcohol-metabolizing enzyme polymor-
phisms. The demonstration that even light-to-moderate alcohol consumption may increase
HPV persistence risk suggests that current “safe” drinking guidelines may not apply to
cervical cancer prevention [90,124,145].

9.2. Integration with HPV Vaccination Programs

The alcohol-HPV interactions documented in recent studies have implications for
HPV vaccination program design and implementation. While HPV vaccination remains
the most effective primary prevention strategy for cervical cancer, the potential for alcohol
to enhance carcinogenesis in unvaccinated populations or in the context of non-vaccine
HPV types should inform comprehensive prevention approaches [146,147]. Countries
implementing cervical cancer elimination strategies should consider alcohol consumption
patterns in their populations when designing screening and vaccination programs. The
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World Health Organization’s goal of cervical cancer elimination through 90% HPV vaccina-
tion coverage, 70% screening participation, and 90% treatment of identified lesions may
require modification in populations with high alcohol consumption prevalence [148,149].

9.3. Treatment Considerations

Evidence suggests that heavy alcohol consumption may negatively impact cervical can-
cer treatment outcomes. A retrospective study of locally advanced cervical cancer patients
found that alcohol consumption was significantly associated with decreased disease-free
survival, overall survival, and increased risk for pelvic recurrence. These findings suggest
that alcohol cessation should be integrated into comprehensive cervical cancer treatment
protocols [13]. The mechanisms underlying poor treatment outcomes in alcohol-consuming
cervical cancer patients likely involve the same immunosuppressive and oxidative stress
pathways that contribute to initial carcinogenesis. Addressing alcohol consumption as part
of survivorship care may improve long-term outcomes and reduce recurrence risk [13,90].

10. Future Research Directions and Recommendations
10.1. Mechanistic Studies

Future research should prioritize detailed mechanistic investigations to elucidate
the biological pathways linking alcohol consumption to cervical carcinogenesis. Studies
examining the effects of alcohol metabolites on HPV integration, oncogene expression,
and host immune responses will provide crucial insights for prevention and treatment
strategies. Additionally, research into genetic susceptibility factors, particularly alcohol-
metabolizing enzyme polymorphisms, will help identify high-risk populations for targeted
interventions [90,145].

10.2. Large-Scale Prospective Cohorts

The field requires large-scale, prospective cohort studies with detailed alcohol expo-
sure assessment, HPV genotyping, and long-term follow-up to definitively establish the
magnitude and mechanisms of alcohol-associated cervical cancer risk. Such studies should
include diverse populations to assess generalizability across different genetic and cultural
backgrounds [12,124]. Standardized exposure assessment protocols, including validated
questionnaires for alcohol consumption patterns and biomarker validation of self-reported
consumption, will improve comparability between studies and reduce measurement er-
ror. Integration of molecular epidemiology approaches, including HPV genotyping, viral
load assessment, and host genetic profiling, will provide comprehensive insights into
alcohol-HPV interactions [103,124,125,143,144].

10.3. Intervention Studies

Randomized controlled trials examining the effects of alcohol cessation interventions
on HPV clearance and cervical lesion regression will provide the strongest evidence for
causal relationships and inform clinical practice guidelines. Such studies are ethically feasi-
ble given the established health benefits of alcohol cessation and could provide definitive
evidence for alcohol’s role in cervical carcinogenesis [103,124].

11. Conclusions

The accumulated epidemiological evidence supports a modest but consistent asso-
ciation between alcohol consumption and increased risk of cervical precursor lesions,
particularly in the context of high-risk HPV infection. The synergistic interaction between
alcohol consumption and HPV viral load, demonstrated most convincingly in Korean
population studies, provides compelling evidence for biological causation rather than
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simple confounding by associated lifestyle factors. The temporal relationship between
alcohol exposure and early cervical lesions, combined with dose-response patterns across
consumption frequency and quantity, further supports a causal interpretation [103,124,125].

However, in the literature, particularly regarding associations with advanced cervical
lesions and invasive cervical cancer, these inconsistencies may reflect genuine biological
differences in alcohol’s effects on early versus advanced carcinogenesis, methodological
limitations, including inadequate statistical power, or population-specific factors, including
genetic susceptibility variations [90,103,145,146].

The biological mechanisms linking alcohol to cervical carcinogenesis are well-
established and include direct DNA damage through acetaldehyde formation, immune
system suppression affecting HPV clearance, oxidative stress induction, and metabolic
effects on folate and estrogen pathways. These mechanisms provide strong biological
plausibility for observed epidemiological associations [90,108].

From a public health perspective, the evidence is sufficient to warrant inclusion of
alcohol consumption in cervical cancer risk factor counseling, particularly for women
with persistent HPV infection. Healthcare providers should consider alcohol consumption
patterns when developing individualized screening and prevention strategies. However,
the evidence is not yet sufficient to establish specific alcohol consumption thresholds for
cervical cancer risk or to recommend alcohol cessation as a primary prevention strategy in
the general population [103,124].

The time has come to draw preliminary conclusions while acknowledging remaining
uncertainties. Alcohol consumption appears to act as a cofactor in HPV-mediated cervi-
cal carcinogenesis, with the strongest evidence supporting effects on the transition from
transient to persistent HPV infection and the development of early cervical lesions. This
conclusion is based on consistent findings across multiple high-quality studies, demon-
stration of biological interactions with HPV, and well-established carcinogenic mecha-
nisms [90,103,108,124,125].

Future research should focus on large-scale prospective studies with comprehensive
exposure assessment and molecular epidemiology approaches to establish causal relation-
ships and inform evidence-based prevention strategies. Until such studies are completed, a
precautionary approach emphasizing alcohol moderation as part of comprehensive cervical
cancer prevention appears justified based on current evidence [12,90,103,124].
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