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Abstract

Background Human papillomavirus (HPV) is one of the most prevalent sexually transmitted diseases worldwide. The
present review was conducted to accumulate evidence on the relationship between cervicovaginal human papillo-
mavirus infection and serum vitamin D status.

Methods Electronic databases including Web of Science, Embase, Scopus, and PubMed were searched by differ-
ent combinations of keywords related to “human papillomavirus”and “vitamin D, obtained from Mesh and Emtree
with AND, and OR operators without any time restriction until December 24, 2022. Selection of articles was based
on the inclusion and exclusion criteria. Newcastle-Ottawa Scale was used for quality assessment. The Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist was applied for reporting.

Results In total, 276 citations were retrieved. After removing duplicates, and non-related articles, the full texts of 7
articles were reviewed including 11168 participants. Three studies reported that there was a positive relationship
between vitamin D deficiency and cervicovaginal human papillomavirus while three studies did not. One study
showed a significant positive association between higher vitamin D stores and short-term high-risk human papilloma-
virus persistence.

Conclusions The findings showed no firm evidence for any association between serum vitamin D level and cervico-

vaginal human papillomavirus infection, although the possible association could not be discarded. Further investiga-
tions are needed to reach sound evidence.
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Background
Human papillomavirus (HPV) is one of the most preva-
lent sexually transmitted diseases (STDs) worldwide
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cervical cancer cases are diagnosed annually in the
world and the global mortality rate among women is
reported 13.3/100,000 in 2020 [8]. Decreasing the inci-
dence of HPV infections and associated carcinogenicity
is possible by understanding the factors contributing to
the occurrence and persistence of the infection [9].

In previous studies, the relationship between HPV
and some vitamins including vitamin D has been
assessed [10, 11]. It is emphasized that vitamin D, in
addition to its essential role in maintaining calcium
and phosphorus homeostasis and bone health [12],
contains antiviral and immunomodulatory effects, and
plays a key role in the modulation of the immunological
response in infectious diseases [12, 13]. The maturation
of macrophages, function regulation, and prolifera-
tion of lymphocytes are attributed to this vitamin [14].
Indeed, sufficient vitamin D levels protect against some
infectious diseases, while non-optimal levels of this
vitamin are associated with an increased risk of inci-
dence and severity of the disease [15, 16]. The effective-
ness of vitamin D in the successful treatment of viral
hepatitis, respiratory infections, and Herpes virus, is
confirmed [17]. These findings are related to the role of
vitamin D in strengthening innate and acquired immu-
nity against infection [18].

Although there is progressive evidence suggesting that
vitamin D has an important role in the immune system-
boosting [13, 14, 16, 19], and immune response is thought
to have a critical role in preventing and treating HPV
infection, no conclusive evidence is available regarding
serum levels of vitamin D in patients with HPV infection.
Some previous studies reported lower levels of vitamin
D in patients with HPV [20-22], while some other stud-
ies observed inconsistent findings [23, 24]. Considering
these incompatible reports, the present review aimed
to investigate the relationship between cervicovaginal
HPV infection and vitamin D serum levels to compile
evidence on the topic. Understanding this relationship
may ultimately contribute to more effective strategies for

Table 1 An example of PubMed search query
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preventing HPV-related diseases and improving overall
public health.

Methods

Design

This was a systematic review of the literature. The Pre-
ferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) guideline was followed [25].

Search strategy

Electronic databases including Web of Science, Embase,
Scopus, and PubMed were searched. In order to maxi-
mize the search comprehensiveness, general keywords
including human papillomavirus, vitamin D, 25-hydrox-
yvitamin D, cholecalciferol, as well as standardized key-
words of Emtree and Mesh including papillomavirus
infections, Alphapapillomavirus, Human papillomavirus,
vitamin D cholecalciferol, and their combination were
used through relevant operators (such as AND, and OR).
Furthermore, the references of the assessed papers were
reviewed manually. The final keywords were reviewed
by the research supervisor. An example of the PubMed
search query is shown in Table 1.

Selection criteria

Observational studies (cohort, case-control, and
cross-sectional) published in English that assessed the
relationship between HPV infection and vitamin D status
in women included until December 24, 2022. The arti-
cles were selected based on the inclusion and exclusion
criteria, with no restrictions regarding the start date for
article inclusion. Review studies, letters to editors, con-
ference papers, non-English articles, and those with una-
vailable full texts excluded.

Study selection process

The title, abstract, and full text of articles were reviewed
by two authors independently. In the case of meeting the
inclusion criteria, the article was included for the quality

("Alphapapillomavirus" [mh] OR "Human papillomavirus 16" [mh] OR "Human papillomavirus 31" [mh] OR "Human papillomavirus 18" [mh]
OR "Human papillomavirus 6" [mh] OR "Human papillomavirus 11" [mh] OR "Papillomavirus Infections" [mh] OR "Warts" [mh] OR Alphapapillomavi-

ruses [tiab] OR HPV Human Papillomavirus [tiab] OR HPV Human Papillomaviruses [tiab] OR Human Papillomavirus [tiab] OR Human Papillomaviruses
[tiab] OR HPV 16 [tiab] OR Human papillomavirus type 16 [tiab] OR HPV 31 [tiab] OR Human papillomavirus type 31 [tiab] OR HPV 18 [tiab] OR Human
papillomavirus type 18 [tiab] OR HPV 6[tiab] OR Human papillomavirus type 6 [tiab] OR Papillomavirus [tiab] OR HPV 11 [tiab] OR Human papilloma-
virus type 11 [tiab] OR Papillomavirus Infection [tiab] OR Human Papillomavirus Infection [tiab] OR Human Papillomavirus Infections [tiab] OR HPV
Infection [tiab] OR HPV Infections [tiab] OR Wart [tiab]) AND ("Vitamin D" [mh] OR "25-Hydroxyvitamin D 2" [mh] OR "Calcifediol 25-hydroxyvitamin D"
[mh] OR "Cholecalciferol" [mh] OR "Hydroxycholecalciferols" [mh] OR "Calcitriol" [mh] OR 25 Hydroxyvitamin D 2 [tiab] OR 25 Hydroxyergocalciferol
[tiab] OR 25 Hydroxyvitamin D2 [tiab] OR Ercalcidiol [tiab] OR 25 Hydroxycalciferol [tiab] OR 25 Hydroxyvitamin D 3 [tiab] OR 25 Hydroxycholecal-
ciferol Monohydrate [tiab] OR 25 Hydroxyvitamin D3 [tiab] OR Calcidiol [tiab] OR 25 Hydroxycholecalciferol [tiab] OR Calcifediol Anhydrous [tiab]

OR Dedrogy! [tiab] OR Hidroferol [tiab] OR Calderol [tiab] OR 25-hydroxyergocalciferol [tiab] OR Calciol [tiab] OR Vitamin D 3 [tiab] OR Vitamin D3 [tiab]
OR Cholecalciferols [tiab] OR Hydroxyvitamins D [tiab] OR Hydroxycholecalciferol [tiab] OR Bocatriol [tiab] OR Calcijex [tiab] OR Calcitriol KyraMed
[tiab] OR Calcitriol Nefro [tiab] OR Decostriol [tiab])
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assessment and data extraction, and in case of disagree-
ment, the third author was consulted.

Data extraction

Data extraction was done based on a checklist, which
included the first author’s name and year of publication,
country, study design, sample size, and participants, as
well as the most important findings.

Quality assessment

Two reviewers independently assessed the quality of the
selected articles based on the Newcastle-Ottawa Scale
(Newcastle-Ottawa cohort scale version and its modi-
fied version for cross-sectional studies) [26]. This Scale 3
domains (selection, comparability, and outcome. For case
control studies instead of outcome the domain is expo-
sure). The maximum quality score for each type of stud-
ies is 9. Studies with a score of 7-9, are considered as high
quality, 4-6 as high risk, and 0-3 as very high risk of bias.
For cohort studies, a score of 6 or higher is considered as
low risk and good quality, and a score of <6 is considered
as high risk and low quality [27]. Disagreements between
the two reviewers were resolved by discussion with the
research supervisor. The result of quality assessment of
the selected articles is shown in Table 2.

Results

In all, 276 citations were identified (Embase=62, Web
of Science=48, Scopus=82, PubMed=84). After review-
ing the title, duplicate cases were removed (n=161). The
remaining citations were assessed through the abstract
and full text of the papers considering inclusion and
exclusion criteria and an additional 108 irrelevant arti-
cles were excluded. Eventually, 7 full-text articles satisfied
the inclusion criteria. The flow diagram of the review is
shown in Fig 1.

The first article on the relationship between HPV and
vitamin D was published in 2015 [23]. In all studies, vita-
min D was assessed by measuring serum 25-hydroxy-
vitamin D levels [20, 21, 23, 24, 28-30]. Furthermore,
4 emerging biomarkers, (1,25(OH)2D; 24,25(OH)2D;
free vitamin D; and vitamin D binding protein) were
measured in two studies [29, 30]. One study assessed
the short-term persistence of high-risk HPV [29], while
other studies investigated transient or sporadic detec-
tion of high-risk HPV [20, 21, 23, 24, 28, 30]. The HPV
DNA testing was followed by self-collection cervicovagi-
nal swab specimens [20, 24, 29, 30]; cervical sample and
colposcopic investigations [21]; Pap smear and HPV test
[23, 28]. All studies investigated high-risk HPV patients.
However, two studies considered both high-risk and low-
risk patients [20, 24]. One study was conducted on a sam-
ple of women with systemic lupus erythematosus [23].
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According to three studies, there was a significant rela-
tionship between vitamin D deficiency and cervicovagi-
nal HPV [20, 21, 28], while three studies did not show any
relationship [23, 24, 30]. One study showed a significant
positive association between serum vitamin D meas-
ured by multiple biomarkers and short-term high-risk
HPV persistence [29]. However, they emphasized that
the relationship between vitamin D status, as measured
by 5 biomarkers, and short-term persistence of high-risk
HPV led to mixed results [29]. Also, a report showed that
higher levels of a new biomarker 24,25(OH)2D3 were
positively associated with a higher likelihood of high-
risk HPV detection (aOR % 1.22; 95% CI, 0.97-1.52) [30],
whereas the study of Ozgu et al. (2016) showed that defi-
ciency of Vitamin D metabolites can be a possible reason
for HPVDNA persistence and related cervical intraepi-
thelial neoplasia (P=0.009) [21]. Table 3 demonstrates
data extracted from the included Studies.

Discussion

The relationship between HPV infection and serum vita-
min D levels has garnered increasing attention due to its
potential significance in the context of public health and
cervical cancer prevention. In this systematic review, we
aimed to consolidate existing evidence to discern any
noteworthy associations. However, after careful evalu-
ation of the available studies, the findings showed no
clear-cut evidence to suggest vitamin D is associated with
HPYV, although a few studies claimed this association [20,
21, 28]. One of the most striking observations from our
systematic review is the inconsistency in the reported
findings across various studies. While some studies sug-
gested a potential inverse association between serum
vitamin D levels and HPV infection [20, 21, 28], others
failed to establish a significant link [23, 24, 29, 30]. This
heterogeneity in results highlights the complex and mul-
tifaceted nature of HPV infection and vitamin D metabo-
lism. However, one wonders how to interpret and find an
explanation for such observations.

The majority of HPV infections are spontaneously
cleared by natural immune responses without leading
to cancers, and only a small portion of HPV infections
are reported to be persistent, which results in precan-
cerous intraepithelial neoplasia and cancer [3]. Vitamin
D is known for its immunomodulatory properties, and
a deficiency may theoretically compromise the immune
response against viral infections such as HPV [33]. The
potential role of vitamin D in protecting and strength-
ening the immune system is considered in several stud-
ies [13, 14, 34]. The majority of immune system cells
such as macrophages, lymphocytes, and neutrophils,
have vitamin D receptors in their nuclei [35]. Vitamin D
makes the physical barriers such as the skin, respiratory
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Fig. 1 The flow diagram of the review

tract, and genitourinary tract more resistant to bacteria
and viruses by upregulating the proteins that promote
tight junctions, gap junctions, and adherens junctions
[36]. Thus, sufficient vitamin D levels by strengthening
the mucous barriers impair HPV penetration into the
basal layer; conversely, insufficient vitamin D levels, by
increasing vulnerability against HPV penetration and
decreasing the host’s ability to clear the virus, lead to
higher incidence of HPV infection [24, 37]. In keeping
and maintaining an intact epidermal barrier in the skin,
vaginal mucosa, and genitourinary system vitamin D
plays a protective and efficient role [38]. Additionally,
vitamin D has demonstrated anti-inflammatory and
anti-proliferative properties, which could potentially
influence the progression and persistence of HPV infec-
tion [10]. Numerous studies have reported the positive
role of vitamin D in preventing carcinogenic processes
and decreasing the risk of cancer by viral infections,
especially DNA viruses such as HPV [33, 39-41]. An
optimal level of vitamin D might exert beneficial effects
in the early phases of cervical cancer by preventing its
onset and progression [42]. Nevertheless, according to
some studies, vitamin D supplementation does not sig-
nificantly increase the rate of HPV regression [43, 44].
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161 articles were removed
because of duplication

108 articles were excluded for\
the following reasons:

- Irrelevant articles n=65
- Not accessible full-texts n=34
- Inappropriate quality n=2

- Non-English language articles
n=7

o

Excluded evidence

Two studies were not evaluated in the present study
according to the inclusion criteria [31, 32]. One study
compared the vitamin D levels in 30 HPV-negative and
68 HPV-positive patients and found no statistically sig-
nificant difference in vitamin D mean levels between the
two groups [31]. Similarly, another study compared the
vitamin D levels in 94 HPV-negative and 39 HPV-posi-
tive patients and no significant difference was observed
[32]. The source titles that published these studies Appar-
ently, both studies failed to provide sound evidence since
not enough sample sizes were studied, and it seems that
the power for such a comparison in both studies was very
poor.

Strengths and limitations

This review included all studies that reported the rela-
tionship between vitamin D serum levels in various study
populations (reproductive ages, suffering from low-risk
and high-risk types of HPV, with abnormal Pap smear
specimens, and suffering from systemic lupus erythe-
matosus) and not merely one particular group. However,
given the diverse study designs and study populations
represented in this review, it is difficult to infer causality.
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Furthermore, variations in measurement techniques for
serum vitamin D levels or its metabolite substances may
have contributed to the inconsistency in findings. Moreo-
ver, the role of population characteristics, including age,
gender, geographical location, and baseline health sta-
tus of the study participants, might influence vitamin D
metabolism and immune response to HPV that were not
possible to examine in this review. Finally, considering
the design of studies under review, one should note that
the evidence derived from cohort studies and a case-con-
trol study should receive more weight than the evidence
derived from cross-sectional studies. Thus, although not
sharply, one might argue that the findings were in favor of
a positive association rather than no relationship.

Conclusions

The systematic review presented here has thoroughly
examined the existing literature on the relationship
between cervicovaginal HPV infection and serum vita-
min D levels. Despite the initial interest and the poten-
tial biological plausibility of such a relationship, the
findings showed no firm evidence for any association
between HPV infection and serum vitamin D levels. This
inconclusiveness underscores the need for further well-
designed studies to explore this topic comprehensively.

Abbreviations
HPV  Human papillomavirus
STD  Sexually transmitted disease
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