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Abstract: Background: Cervical dysplasia is a pre-malignant condition of the uterine
cervix and is highly prevalent in Sub-Saharan Africa; especially affecting HIV-infected
Black women. The anti-dysplastic effect of vitamin D hormones in cervical dysplasia is
poorly understood. Therefore, we conducted a cross-sectional case–control observational
study to assess the relationship between serum 25-hydroxycholecalciferol (25(OH)D) and
cervical dysplasia, amongst Black women with and without HIV infection. Methods: The
study participants attended a gynaecologic oncology clinic at an academic hospital in
Pretoria, South Africa (n = 109). Patient clinical data were obtained during consultation.
Cervical dysplasia was identified by cytology (PAP smear) which classified the case group
as high-grade squamous epithelial lesions (HSILs), and the control group as <HSIL. Serum
biochemistry measured 25(OH)D and its covariate biochemical variables. The data were
statistically modelled to adjust for clinical and biochemical covariates, identify a significant
relationship (p ≤ 0.05) between 25(OH)D and cervical dysplasia, and analyse subgroup
interaction between HIV status and cervical dysplasia. Results: The data showed high
levels of vitamin D insufficiency and deficiency in Black women with and without HIV
infection. After covariate adjustment, 25(OH)D demonstrated an inverse relationship
with HSIL in HIV-uninfected Black women. Furthermore, an interaction effect between
women with and without HIV infection was observed. Conclusions: The role of 25(OH)D
in the primary prevention of cervical dysplasia in Black women without HIV infection
is promising, and dosing strategies require investigation. Also, future studies exploring
the immunomodulatory role of 25(OH)D in cervical dysplasia in HIV-infected women
is warranted.

Keywords: 25-hydroxycholecalciferol; cervical dysplasia; high-grade squamous intraep-
ithelial lesion; HSIL; HIV; low-grade squamous intraepithelial lesions; LSIL; vitamin D

1. Introduction
Cervical cancer exerts a global health burden, especially in resource-constrained

countries [1]; for example, cervical cancer constituted 21.7% (n = 12 983) of new cancer cases
in South Africa in 2018 [2]. The Human Papillomavirus (HPV), especially the oncogenic
types of HPV, is the principal biological agent of cervical pre-cancerous lesions and cervical
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cancer [3]. Upon the entry of HPV into the uterine cervical epithelium, the virus persists
in the cytoplasm or intercalates with human DNA, upregulating oncoprotein expression,
which dysregulates tumour suppressor genes, causing pre-malignant dysplastic lesions of
the cervical epithelium [3–5].

The Bethesda cytological classification identifies low-grade squamous epithelial lesions
(LSILs), high-grade squamous epithelial lesions (HSILs), and other less common dysplastic
lesions [6]. LSILs usually clear in most patients; however, HSILs demonstrate a high
potential to transform into cervical cancer [7]. The key determinants of HSIL progression
and cervical cancer are HPV oncogenic type and persistent HPV infection [8]. Abnormal
cervical screening tests by cervical cytological assessment and molecular-based HPV assays
are histologically assessed by cervical biopsy. Dysplastic changes observed in cervical
biopsies are graded into three categories of cervical intraepithelial neoplasia (CIN): mild
dysplasia (CIN 1), moderate dysplasia (CIN 2), and severe dysplasia or carcinoma-in situ
(CIN 3). CIN 3 is considered a pre-malignant condition that can progress to cervical cancer
and correlates with HSIL cytology.

The incidence and prevalence of HSILs, CIN of all grades, and cervical cancer increase
in HIV infection [9–14]. HPV co-infection is more persistent in women with HIV infec-
tion [15], and immune biomarker levels influence risks and CIN grade [16]. Cervical cancer
is defined as an AIDS-defining condition [17,18], and the early initiation of highly active
antiretroviral treatment (HAART) with sustained adherence, limits progression to CIN and
the incidence of invasive cervical cancer [19].

Pre-clinical studies that have investigated the anti-cancer action of early vitamin D
precursors (cholecalciferol and 25-hydroxycholecalciferol, 25(OH)D) and the fully acti-
vated hormone (calcitriol, 1.25-dihydroxycholecalciferol) in cervical cancer have shown
chemotherapeutic promise [20–24]. These pre-clinical studies have demonstrated a grow-
ing body of data showing that the vitamin D metabolome exerts anti-cancer actions by
numerous intracellular mechanisms, including anti-inflammation, apoptosis, cell cycle
arrest, and anti-angiogenesis [25–27].

There are limited clinical studies describing the effect of serum 25(OH)D, the currently
recommended biomarker of vitamin D status [28], in early cervical tumorigenesis. The
clinical studies that have investigated the effect of 25(OH)D levels in cervical pre-malignant
lesions on the outcomes of dysplastic cervical grade and HPV clearance demonstrate con-
flicting results [29,30]. Furthermore, studies exploring the relationship between 25(OH)D in
Black women in Africa and HIV infection in cervical tumorigenesis are neglected research
topics. However, these populations are at risk of vitamin D deficiency from traditional and
HIV-related factors [31,32]. Thus, clinical studies have currently identified inconclusive evi-
dence to support the role of vitamin D in cancer prevention and treatment [33]. Therefore,
formal clinical guidelines for primary and secondary cancer prevention and treatment are
unspecified [34].

The assessment of 25(OH)D levels in cervical pre-malignancy conditions is also com-
plicated by the variable cut-off points based on optimal bone health outcomes and debated
amongst leading international clinical societies [35]. For example, the Endocrine Society
Task Force [26] defines clinically relevant categories of vitamin D as sufficiency (25(OH)D
> 30 ng/mL [>75 nmol/L]); insufficiency (25(OH)D: 21–29 ng/mL [52.5–72.5 nmol/L]),
and deficiency (25(OH)D < 20 ng/mL [<50 nmol/L]) [28] and contrasts to the lower cut-off
points by the Institute of Medicine (IOM) [33,36].

In order to understand the impact of vitamin D on cervical dysplastic progression in
African women, 25(OH)D body reserve status was evaluated in women who demonstrated
abnormal cervical cytology showing advanced cervical dysplasia (HSIL) and benign cervi-
cal dysplasia (<HSIL). Owing to the direct negative impact of HIV on the progression of
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cervical dysplasia, the anti-dysplastic relationship of 25(OH)D on African women both with
and without HIV infection was evaluated. Therefore, this study employed a case–control
analysis to model the relationship between serum 25(OH)D in HSIL cases and <HSIL
controls in cervical dysplasia groups of Black women with and without HIV infection.

2. Results
2.1. Characteristics of the Study Population

The sample demographic data of participants are listed in Table 1.

Table 1. Characteristics of the study population.

HIV-Uninfected
(%, n)

HIV-Infected
(%, n)

Cervical dysplasia HSIL <HSIL HSIL <HSIL

Age (years)
Mean age 42.67 46.30 43.60 38.17
(95% CI) (38.23–47.11) (42.44–50.16) (39.24–47.95) (33.74–42.61)

Comorbidities
Hypertension (n) 4 11 4 2
Diabetes (n) 0 2 0 0
Arthritis (n) 0 1 0 0
Anaemia (n) 1 0 1 0
Asthma (n) 0 2 1 0
Hypercholesterolemia (n) 0 1 1 0
Peptic ulcer disease (n) 1 1 0 0

Cervical dysplasia
Total 25 33 28 23
LSIL 8 8
ASCUS 12 6
ASC-H 12 8
AGC 1 1
HSIL 25 28

Mass (kg)
(mean ± SD)

78.69
(±7.07) 77.42 (±17.71) 69.49 (±11.42) 67.65 (±10.73)

Height (m)
(mean ± SD)

1.62
(±0.08)

1.61
(±0.05)

1.57
(±0.11)

1.58
(±0.10)

Body mass index (kg/m2),
(mean ± SD)

29.90
(±6.02) 30.00 (±6.86) 28.18 (±5.79) 28.06

(±6.92)

2.2. Biomarker Summary Statistics of 25(OH)D and Covariate Serum Analyte Parameters
Affecting 25(OH)D Levels

A summary of 25(OH)D and covariate serum analytes impacting 25(OH)D levels in the
women with and without HIV infection with cervical dysplasia is listed in Table 2. Notably,
the 25(OH)D levels (with and without seasonal adjustment) were below the sufficiency
cut-off point of 30 ng/ml in HIV-infected and HIV-uninfected women.

Table 2. Summary of serum analytes in case (HSIL) and control (<HSIL) groups.

Analyte (Serum) HIV-Infected HIV-Uninfected
(Reference Interval) HSIL <HSIL HSIL <HSIL

Calcium 2.35 (±0.00) 2.40 (±0.12) 2.33 (±0.11) 2.31 (±0.11)
(2.15–2.50 mmol/L)

Calcium Corrected 2.35 (±0.10) 2.38 (±0.11) 2.32 (±0.09) 2.31 (±0.08)
(2.15–2.50 mmol/L)

Albumin 40.38 (±4.95) 42.13 (±2.39) 40.07 (±3.77) 41.00 (3.71)
(35–52 g/L)
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Table 2. Cont.

Analyte (Serum) HIV-Infected HIV-Uninfected
(Reference Interval) HSIL <HSIL HSIL <HSIL

Magnesium 0.83 (±0.02) 0.83 (±0.08) 0.81 (±0.06) 0.82 (±0.07)
(0.66–1.07 mmol/L)

Phosphate 1.03 (±0.13) 1.08 (±0.16) 0.99 (±0.22) 1.05 (0.19)
(0.78–1.42 mmol/L)

25(OH)D 22.05 (±5.52) 26.01 (±7.51) 24.79 (±9.29) 21.48 (±7.00)
(Sufficiency: >30ng/ml)

25(OH)D (adjusted) 23.28 (±4.24) 26.06 (±7.70) 26.79 (±9.16) 22.17 (±6.59)
(Sufficiency:
>30 ng/ml)

PTH 35.52 (±19.09) 35.86 (±12.30) 40.85 (±17.0) 33.17 (±9.51)
(15–65 pg/mL)

ALT 17.85 (±0.71) 18.63 (±12.38) 21.29 (±7.12) 24.26 (±12.5)
(<50 U/L)

Creatinine
(64–104 µmol/L)

64.85
(±2.12)

62.34
(±11.14)

65.25
(±17.90)

66.78
(±16.08)

eGFR
(>90 mL/min/1.73 m2)

113.45
(±1.41)

114.09
(12.51)

110.32
(±16.85)

106.96
(±23.16)

2.3. Clinical Classification of Vitamin D Status

The clinical classification of vitamin D status is elaborated in Table 3, which indi-
cates three categorical levels of vitamin D status classified by the Endocrine Society Task
Force [28].

Table 3. Clinical classification of vitamin D status based on seasonally adjusted 25(OH)D.

HSIL (n) <HSIL (n) TOTAL (n, %)

HIV-uninfected women
Sufficient 5 10 15 (26%)

Insufficient 12 16 28 (49%)
Deficient 7 7 14 (25%)

Total 24 * 33 57

HIV-infected women
Sufficient 12 2 14 (28%)

Insufficient 9 10 19 (37%)
Deficient 7 11 18 (35%)

Total 28 23 51
* One participant’s 25(OH)D level was not tested due to an administrative requisition error.

2.4. Evaluating the Relationship Between Serum 25(OH)D and Cervical Dysplasia Case and
Control Groups in Women with and Without HIV Infection
2.4.1. Evaluation of Clinical and Biochemical Parameters Associated with the Main Effects
of Cervical Dysplasia and HIV Status

The clinical parameters age, height, mass, and body mass index (BMI) and the bio-
chemical parameters serum creatinine, eGFR, serum corrected calcium, albumin, serum
magnesium, serum phosphate, parathyroid hormone, and 25(OH)D were evaluated for
their association with the main effects of cervical dysplasia (HSIL and <HSIL) and HIV
status. Significant interactions were observed with the outcome variables age (p = 0.038)
and 25(OH)D (p = 0.013) (Table S1, Supplementary Data).

The mean age for patients with HSIL differed from those with <HSIL by 0.61 years
and was insignificant (p = 0.780). In contrast, a subgroup analysis in patients with HIV
infection identified a marginally significant difference in mean age (5.42, 95% CI −0.79–11.63;
p = 0.087). The interaction between HSIL and HIV status was significant (Table S1; p = 0.038)
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and indicates that the mean age of women with and without HIV infection changed in
opposing directions in the cervical dysplastic categories.

The mean 25(OH)D levels in women with HIV between controls vs. cases showed
marginal significance with cervical dysplasia (Table S1; p = 0.061). The interaction between
cervical dysplasia and HIV status was significant (p = 0.013) and suggests that lower levels
of 25(OH)D level predict progression to HSIL in women without HIV compared to women
with HIV infection.

2.4.2. Adjustment for 25(OH)D by Clinical and Biochemical Parameters

Clinical and biochemical parameters were assessed for the confounding effects on
25(OH)D (Table S2, Supplementary Data), and notably, parathyroid hormone (PTH) showed
a significant effect on 25(OH)D (p = 0.004). This identifies an effect modifier property where
the variable interacts with the risk factor and, in this instance, shows a physiological
homeostatic relationship. This effect-modifying action of PTH changes the relationship
between 25(OH)D on the main effects of cervical dysplasia and HIV status. There were
no significant confounding effects by other variables (Table S2): BMI (p = 0.083), serum
creatinine (p = 0.285), eGFR (p = 0.578), corrected calcium (p = 0.983), ALT (p = 0.848), serum
magnesium (p = 0.205), and serum phosphate (p = 0.469).

2.4.3. Final Model and Analysis of 25(OH)D as a Function of Cervical Cytology, HIV Status,
Interaction Term, and Adjustment for PTH

The final model (Figure 1), adjusted for the modifying effect of PTH, showed that
the interaction between cervical dysplasia and HIV status was significant (p = 0.005). In
particular, for women without HIV, protective anti-dysplastic action to high-grade cervical
dysplasia was observed with a mean 25(OH)D of 22.31 (95% CI: 19.25–25.37) ng/mL
compared to 26.31 (95% CI: 23.64–29.00) ng/mL for <HSIL. In contrast, women with HIV
infection had an increased cervical dysplastic effect with a mean 25(OH)D level of 25.59
(95% CI: 22.58–28.59) ng/mL compared to 21.11 (95% CI:18.18–24.05) ng/mL for <HSIL.
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Figure 1. Linear predicted means of 25(OH)D adjusted for PTH covariate in women with and without
HIV infection in the cervical dysplasia categories of <HSIL (control) and HSIL (cases).

3. Discussion
The high incidence and prevalence of cervical cancer in Sub-Saharan Africa emphasises

the need for alternative approaches such as nutritional support to promote the clearance
of uterine cervical HPV infection [37]. Pre-clinical studies demonstrate the anti-cancer
action of calcitriol and precursor vitamin D metabolites in cervical cancer [20–25] which
complements other chemotherapeutic interventions [26]. However, the potential anti-
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dysplastic action of endogenous vitamin D metabolites in uterine cervical dysplasia is
limited, especially amongst Black women and in HIV infection. Therefore, our case–control
study modelled 25(OH)D serum levels (adjusted for clinical and biochemical confounders
and covariates) in HSIL cases and a control group (<HSIL) in Black women with and
without HIV infection in South Africa.

This study classified the majority of participants in both groups with and without
HIV infection into clinically insufficient or deficient 25(OH)D categories based on the
Endocrine Society Task Force’s 25(OH)D cut-off point recommendations [28]. Black women
are reported to have lower vitamin D reserves than White women in the USA [38], owing
to their darker pigmented skin, which impairs the activation of 7-dehydrocholesterol skin
precursor to cholecalciferol [39]. In the group with HIV infection, traditional risk factors and
HIV antiretroviral therapy may further contribute to an insufficient or deficient 25(OH)D
status [40]. Despite the lower 25(OH)D status, Black females demonstrate lower bone
turnover, bone loss, fractures, and higher calcium absorption and retention [41]. Bone
regeneration and formation are dependent on the host immunity and metabolic factors,
and close inter-dependence with electroactive and electrosensitive components of bone
tissue, together with bone matrix components [42–44].

The optimal cut-off points for extra-skeletal anti-cancer and immunomodulatory
actions for 25(OH)D are currently unavailable [28]. The effect-modifying action of PTH in
this study reflects the negative physiological feedback by low 25(OH)D on the parathyroid
hormone secretion [42] and is observed in Black females [43]. Also, skeletal resistance to
PTH in Black women and improved calcium retention [44] may account for the corrected
calcium level within the reference interval. PTH secretion and action may also be impaired
in HIV infection and additionally be affected by HAART regimen [45], and, thus, the
effect-modifying action of PTH in HIV infection additionally requires the consideration of
non-traditional factors that affect PTH secretion and action.

In this study, the women not infected with HIV showed an inverse relationship
between HSIL and 25(OH)D serum levels, suggesting that 25(OH)D decreased progression
from <HSIL to HSIL. In addition, there was an interaction effect between women with
HIV and women without HIV infection, where it was observed that the women with
HIV showed an unexpected direct relationship between HSIL and serum 25(OH)D levels,
suggesting that 25(OH)D was not protective against progression to HSIL in this group.

Many studies support our finding of an inverse relationship between 25(OH)D serum
level and HSIL in women without HIV. In a cross-sectional study (n = 2353) by the National
Health and Nutrition Examination Survey (NHANES), 2003–2006, the association between
25(OH)D (as continuous and clinical categorical variables) and cervicovaginal HPV infec-
tion showed that the adjusted odds ratio for serum 25(OH)D conferred protection against
HPV infection. Each 10 ng/mL decrease in 25(OH)D level increased HPV infection risk
(adjusted odds ratio, 1.14; 95% CI, 1.02–1.27). Furthermore, the authors demonstrated that
the odds of acquiring HPV infection amongst HPV-vaccinated women were increased at
levels of serum 25(OH)D lower than the sufficient cut-off point of ≥30 ng/mL [46]. A recent
follow-up study by Gupta et al. [47] examined the NHANES data from 2009 to 2014 and
showed that 25(OH)D deficiency (<20 ng/mL) was significantly associated with low-risk
and high-risk HPV (hrHPV) cervical infection (RR 1.41, CI 1.23–1.61, p < 0.001; RR 1.25,
CI 1.04–1.49, p = 0.014, respectively). This finding is consistent with a study in mid-adult
women in the USA that showed a significant positive association between multiple serum
vitamin D biomarkers and short-term persistence of fourteen high-risk HPV types [29].
Furthermore, a case–control study amongst Turkish women observed that the mean serum
25(OH)D was significantly lower (p = 0.009) in women with HPV infection with abnormal
cytological smears [48]. Collectively, these studies are consistent with our observation
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of an inverse relationship between 25(OH)D serum level and HSIL in women without
HIV infection and invite further investigation by longitudinal 25(OH)D supplementation
studies in various patient sub-populations to clarify the protective action of 25(OH)D in
cervical dysplasia.

In contrast, other studies show contrary findings to our observation, describing the
modest or absent relationships between 25(OH)D serum level and HSIL in women without
HIV infection. These studies show variable observational designs, patient demographics,
and ethnic inclusion, which may impact 25(OH)D’s association with HPV clearance and
protective effects against cervical dysplastic progression. The HITCH Cohort Study enrolled
18- to 24-year-old sexually active university students in Montreal, Canada, and showed only
a modest negative association with HPV clearance with every 10 ng/mL increase in serum
25(OH)D level (hazard ratio [HR], 0.76; 95% CI, 0.60–0.96) and a marginal association between
HPV clearance and 25(OH)D levels <30 ng/mL compared to >30 ng/mL (odds ratio [OR],
2.14; 95% CI, 0.99–4.64) [49]. Another study investigating multiple vitamin D biomarkers did
not identify a significant association between 25(OH)D and other serum biomarkers of vitamin
D metabolism with hrHPV prevalence in women between 30 and 50 years old in the USA.
However, the catabolic 25(OH)D product, 24,25-dihydroxycholecalciferol (24,25(OH)2D3),
showed a significant association with higher odds of hrHPV infection [30]. Additionally, in a
case–control study in an endemically vitamin D-deficient region in Turkey, the association
between 25(OH)D and hrHPV infection types (n = 49) with HPV-negative control (n = 94)
did not identify a significant change in serum 25(OH)D as a continuous variable (p = 0.774)
or as a clinical classifier of 25(OH)D status (p = 0.989) [50]. The variability in study results
supporting the protective role of 25(OH)D in cervical dysplasia reveals variation in study
design, sample size, and the inclusion of diverse ethnic participant groups. Furthermore, it
would be interesting to consider the variance between studies by investigating the autocrine
vitamin D metabolism in cervical dysplastic lesions to elucidate intracellular vitamin D
metabolism and HPV clearance.

There has been limited investigation of 25(OH)D nutritional supplementation on
the regression of cervical dysplastic lesions. In a randomised, double-blind, placebo-
controlled trial of Iranian patients with CIN 1 (n = 29 placebo group and n = 29 experimental
group), supplementation with 50 000 IU vitamin D3 twice weekly for six months showed
significant CIN 1 regression in participants who received vitamin D3 supplementation
(84.6% vs. 53.8%, p = 0.01) [51]. In a case–control study amongst Japanese women, an
insignificant association between dietary vitamin D intake evaluated by a semiquantitative
food frequency questionnaire and CIN3 risk was observed (p for trend = 0.109) [52]. This
study was limited by modest sample size, recall bias, and the omission of serum 25(OH)D
measurement. A noteworthy observation from these two studies is the potential variation
in ethnic characteristics that may mediate the protective effect of 25(OH)D supplementation
in cervical dysplasia. Furthermore, longitudinal studies need to establish the protective role
and dosing requirements to maintain 25(OH)D at optimal therapeutic levels to enhance
cervical HPV clearance and progression to HSIL.

The significant interaction effect between 25(OH)D levels in women with and without
HIV infection and cervical dysplasia was unexpected and suggests an altered immune
regulation by 25(OH)D in women with HIV infection. HPV is efficient at evading host
detection by blunting the adaptive immune arm, resulting in HPV persistence with an
increased probability of progressing to HSIL [53]. The T-helper CD4+ lymphocyte is critical
to mounting effective cell-mediated immunity (CMI). Persons with HIV infection, even on
HAART, show an incomplete restitution of the CD4+ T cell population [54] and, therefore,
HPV persistence and early progression to cervical cancer [55,56]. Inflammation contributes
to the development and progression of cancer mediated by pro-inflammatory proteins by
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activating tumorigenic signalling pathways [57–60]. In contrast, calcitriol demonstrates anti-
inflammation properties via various intracellular mechanisms that regulate the intrinsic and
adaptive arms of the immune system via vitamin D receptor upregulation in most immune
cells [27,61]. Our findings postulate that higher 25(OH)D serum levels cause an incomplete
and sub-optimal CMI response owing to an impaired CD4+ cell population in Black women
with HIV infection, thus paradoxically triggering a chronic pro-inflammatory tumour
microenvironment, viral persistence, and dysplastic progression to HSIL. Clinical studies
in a large cohort with HIV infection examining inflammation pathways and inflammatory
biomarkers in cervical dysplasia may assist in elucidating immune mechanisms which
mediate our study’s observation.

The strengths of our study include investigating 25(OH)D’s anti-dysplastic action
in a population of women who show a high prevalence of cervical dysplasia (i.e., Black
women with HIV infection), which is poorly investigated in Africa. Therefore, we studied
the anti-dysplastic action of 25(OH)D in Black women, who have a high prevalence of
cervical dysplasia in Sub-Saharan Africa. We further included an important population
subgroup consisting of women with HIV infection who demonstrate poor HPV clearance,
persistent cervical dysplasia, and rapid progression to cervical cancer compared to women
without HIV infection. In addition, the adjustment for relevant clinical and biochemical
confounding variables yielded an accurate and valid model to describe the relationship
between 25(OH)D and cervical dysplasia. This study, however, was limited by the lack
of genotyping HPV types, which may have clarified the relationship between oncogenic
HPV types, cervical dysplastic grade, and 25(OH)D. Furthermore, the cross-sectional
sampling limited our understanding of 25(OH)D’s role in the dynamic clearance of cervical
HPV infection and attributing causation. The latter limitation is inherent to case–control
observational studies, and, therefore, this study provides an exploratory relationship of
25(OH)D’s anti-dysplastic action in cervical cancer.

4. Materials and Methods
4.1. Study Setting

The study was conducted at the Gynaecologic Oncology Clinic at Steve Biko Academic
Hospital, a public tertiary academic hospital in Pretoria, Gauteng, South Africa. Black
African female patients from peripheral health clinics were referred to this hospital with
abnormal cervical cytology results (<HSIL and HSIL) for consultation regarding histological
confirmation and treatment.

4.2. Study Population
4.2.1. Size of Study Population

This study was conducted within a factorial study design with the main effects of HIV
status (positive or negative) and cervical cytology status (HSIL or <HSIL). Data analysis
employed a two-way analysis of variance, or an appropriate linear regression, with the two
main effects and their interaction. The sample size for this scenario was generally regarded
as adequate when the residual mean square degrees of freedom was at least thirty, i.e., at
least nine patients for each HIV status–cytology combination. However, since estimates
within HIV status cytology combination groups were also of interest, a sample size of
approximately twenty-five patients per group was the aim. The interpretation of statistical
significance also considered clinical relevance.
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4.2.2. Enrolment of Study Participants

Briefly, patients attended a clinical consultation, and patients who met the inclusion
and exclusion criteria for participation in this study consented as outlined in the institu-
tional ethics clearance informed consent form.

During the consultation, medical history was recorded, and a registered health pro-
fessional reviewed the clinical information. All patients enrolled for participation met the
inclusion and exclusion criteria of the study and signed an informed consent form. Women
included in the study were Black and HIV-suppressed on highly active antiretroviral drug
(HAART) regimens adherent to the South African state sector clinical guidelines [62].

Women with a history of cancer or the consumption of nutritional supplementation
with calcium or vitamin D, tobacco smokers, and those taking anti-epileptic and oral
contraceptives were excluded from the study. Patients with renal and liver disease were
also excluded from participation.

All patients had their height (m) and mass (kg) measured, and their body mass index
(BMI) was calculated using the equation: BMI = mass (kg)/height (m)2. The patient’s
history and laboratory data were obtained from history taking and clinical notes during
the consultation and the laboratory information system, respectively.

The study was conducted according to the guidelines of the Declaration of Helsinki and
approved by the Research Ethics Committee of the Faculty of Health Sciences, University
of Pretoria (protocol code 31/2021, and date of approval 16 April 2021). All participants
selected for inclusion in the study signed an informed consent form at enrolment.

4.3. Biochemical Analysis

All biochemical analytes were quantified at a private diagnostic South African lab-
oratory (Ampath Laboratories, Pretoria, South Africa), which holds national laboratory
accreditation. Assay kits for each analyte were purchased from the instrument manu-
facturer, the methods were validated, and quality was assured by running daily internal
quality controls and subscribing to external quality assurance schemes, with all assays per-
forming within acceptable precision and accuracy parameters. The parathyroid hormone
was quantified by an electrochemiluminescent immunoassay on a Roche Cobas e411 in-
strument (Basel, Switzerland). The serum total 25(OH)D was quantified by a paramagnetic
particle chemiluminescent immunoassay by a UNiCel Dxl Immunoassay System (Beckman
Coulter, Brea, California, USA). As seasonal variation affects 25(OH)D levels [63,64], the
measured 25(OH)D levels were seasonally adjusted for the Southern Hemisphere [65,66].
The serum phosphate was determined by a photometric UV method that uses molybdate to
form a heteropolyacid complex with inorganic phosphate, analysed by spectrophotometric
measurement at 340/380 nm on an AU Chemistry Analyser (Beckman Coulter, CA, USA).
The serum creatinine was measured by the kinetic Jaffe uncompensated method traceable
to the IDMS reference method, analysed on an AU Chemistry Analyser (Beckman Coulter,
CA, USA), with the estimated glomerular filtration rate (eGFR) calculated by the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) equation [67]. The serum total
calcium was measured by a photometric test based on calcium ions reacting with Arsenazo
III to form a purple-coloured compound, quantified bi-chromatically at 660/700 nm on an
AU Beckman Coulter chemianalyser (Brea, CA, USA). The serum albumin was measured
by the bromocresol green complexing to albumin and was spectrophotometrically assessed
(600/800 nm) and used to adjust the serum calcium measurement by the following equa-
tion: Adjusted calcium = Total measured calcium + [(39.9 − Albumin) × 0.012], where albumin
is in g/L and calcium in mmol/L. The serum alanine transaminase was analysed based
on the International Federation of Clinical Chemistry (IFCC) recommendations using a
kinetic UV two-step assay, which quantifies the consumption of NADH at 340 nm and is
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proportional to ALT activity and was performed on an AU Chemistry analyser (Beckman
Coulter, CA, USA).

4.4. Statistical Analysis

A maximum likelihood regression model was employed to determine the relationship
between the individual clinical and biochemical parameters and the fixed effects of cervical
dysplasia (<HSIL; HSIL) and HIV status (uninfected; infected) and their interaction. The fit-
ted model reported marginal means, 95% confidence intervals, and p-values (Supplemental
Table S1). For 25(OH)D, the above model was also assessed using clinical and biochem-
ical covariates. The covariates were included individually in the model (Supplementary
Table S2), and those covariates that came up significant at the liberal significance level of 0.1
were then included together in the model. Only two covariates, BMI (p = 0.083) and PTH
(p = 0.004), qualified for inclusion, and ultimately, only PTH remained in the model. All
the data were analysed by StataCorp. 2021. Stata Statistical Software: Release 17. College
Station, TX, USA: StataCorp LLC.

5. Conclusions
Our case–control study reveals that vitamin D insufficiency and deficiency states in

Black South African women with and without HIV infection with cervical dysplasia are
common. A model adjusting for confounding variables showed an inverse relationship
between 25(OH)D level and the progression of <HSIL to HSIL in HIV-uninfected cases.
In addition, the interaction between HIV-infected and HIV-uninfected status identifies a
paradoxical relationship between 25(OH)D and high-grade cervical lesions in HIV infection
and suggests a disruption of immune modulation in HIV infection. Future longitudinal
observational studies can benefit from exploring inflammatory biomarkers and immune
activation pathways in HIV infection to mechanistically clarify the role of 25(OH)D in cervi-
cal dysplastic progression. Furthermore, studies can investigate 25(OH)D supplementation
to identify optimal dosing strategies to curb HSIL in Black women without HIV infection.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/jcm14113817/s1: Table S1: Evaluation of clinical and biochemical
parameters associated with cervical dysplasia and HIV status; Table S2: 25(OH)D adjusted for each
potential confounder variable.

Author Contributions: Conceptualisation, R.P., G.D. and T.S.P.; study design, R.P., G.D. and T.S.P.;
data collection, R.P. and G.D.; statistical analysis, R.P.; writing—original draft preparation, R.P.;
writing—review and editing, R.P., G.D. and T.S.P. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by the National Research Foundation (NRF) (grant number
A0Z631) and the South African Medical Research Council (SAMRC) under a Self-Initiated Research
Grant, grant number A1A083. The views and opinions expressed are those of the authors and do not
necessarily represent the official views of the SAMRC. T.S.P. was funded by the NRF via the NRF
Incentive fund for rated researchers.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Research Ethics Committee of the Faculty of Health Sciences,
University of Pretoria (protocol code 31/2021, and date of approval 16 April 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: The original contributions presented in the study are included in the
article/Supplementary Materials; further inquiries can be directed to the corresponding author/s.

https://www.mdpi.com/article/10.3390/jcm14113817/s1
https://www.mdpi.com/article/10.3390/jcm14113817/s1


J. Clin. Med. 2025, 14, 3817 11 of 13

Acknowledgments: The statistical support of Piet Becker at the Faculty of Health Sciences, University
of Pretoria, is acknowledged. The authors are also indebted to the nursing staff at the Gynaecology
Oncology Clinic at Steve Biko Academic Hospital, Pretoria, who assisted with patient enrolment.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Cohen, P.A.; Jhingran, A.; Oaknin, A.; Denny, L. Cervical Cancer. Lancet 2019, 393, 169–182. [CrossRef] [PubMed]
2. Bray, F.; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global Cancer Statistics 2018: Globocan Estimates of

Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2018, 68, 394–424. [CrossRef]
3. Woodman, C.B.; Collins, S.I.; Young, L.S. The Natural History of Cervical Hpv Infection: Unresolved Issues. Nat. Rev. Cancer

2007, 7, 11–22. [CrossRef] [PubMed]
4. Crosbie, E.; Einstein, M.; Franceschi, S.C.; Kitchener, H. Human Papillomavirus and Cervical Cancer. Lancet 2013, 382, 889–899.

[CrossRef] [PubMed]
5. Walboomers, J.M.; Jacobs, M.V.; Manos, M.M.; Bosch, F.X.; Kummer, J.A.; Shah, K.V.; Snijders, P.J.; Peto, J.; Meijer, C.J.; Muñoz, N.

Human Papillomavirus Is a Necessary Cause of Invasive Cervical Cancer Worldwide. J. Pathol. 1999, 189, 12–19. [CrossRef]
6. Nayar, R.; Wilbur, D.C. The Bethesda System for Reporting Cervical Cytology: Definitions, Criteria, and Explanatory Notes; Springer:

Berlin/Heidelberg, Germany, 2015.
7. McCredie, M.R.; Sharples, K.J.; Paul, C.; Baranyai, J.; Medley, G.; Jones, R.W.; Skegg, D.C. Natural history of cervical neoplasia

and risk of invasive cancer in women with cervical intraepithelial neoplasia 3: A retrospective cohort study. Lancet Oncol. 2008, 9,
425–434. [CrossRef] [PubMed]

8. Wright, J.D.; Goff, B.; Chakrabarti, A. Cervical Intraepithelial Neoplasia: Terminology, Incidence, Pathogenesis and Preven-
tion: UpToDate [Updated 5 Februaryl 2025]. Available online: https://www.uptodate.com/contents/cervical-intraepithelial-
neoplasia-terminology-incidence-pathogenesis-and-prevention (accessed on 14 May 2025).

9. Sun, X.W.; Kuhn, L.; Ellerbrock, T.V.; Chiasson, M.A.; Bush, T.J.; Wright, T.C., Jr. Human Papillomavirus Infection in Women
Infected with the Human Immunodeficiency Virus. N. Engl. J. Med. 1997, 337, 1343–1349. [CrossRef]

10. Wang, C.; Wright, T.C.; Denny, L.; Kuhn, L. Rapid Rise in Detection of Human Papillomavirus (HPV) Infection Soon after Incident
HIV Infection among South African Women. J. Infect. Dis. 2011, 203, 479–486. [CrossRef]

11. Wright, T.C., Jr.; Ellerbrock, T.V.; Chiasson, M.A.; Van Devanter, N.; Sun, X.W. Cervical Intraepithelial Neoplasia in Women
Infected with Human Immunodeficiency Virus: Prevalence, Risk Factors, and Validity of Papanicolaou Smears. New York
Cervical Disease Study. Obstet. Gynecol. 1994, 84, 591–597.

12. Peedicayil, A.; Thiyagarajan, K.; Gnanamony, M.; Pulimood, S.A.; Jeyaseelan, V.; Kannangai, R.; Lionel, J.; Abraham, O.C.;
Abraham, P. Prevalence and Risk Factors for Human Papillomavirus and Cervical Intraepithelial Neoplasia among HIV-Positive
Women at a Tertiary Level Hospital in India. J. Low. Genit. Tract Dis. 2009, 13, 159–164. [CrossRef]

13. Rositch, A.F.; Levinson, K.; Suneja, G.; Monterosso, A.; Schymura, M.J.; McNeel, T.S.; Horner, M.-J.; Engels, E.; Shiels, M.S.
Epidemiology of Cervical Adenocarcinoma and Squamous Cell Carcinoma among Women Living with Human Immunodeficiency
Virus Compared with the General Population in the United States. Clin. Infect. Dis. 2022, 74, 814–820. [CrossRef] [PubMed]

14. Stelzle, D.; Tanaka, L.F.; Lee, K.K.; Ibrahim Khalil, A.; Baussano, I.; Shah, A.S.V.; McAllister, D.A.; Gottlieb, S.L.; Klug, S.J.; Winkler,
A.S.; et al. Estimates of the Global Burden of Cervical Cancer Associated with HIV. Lancet. Glob. Health 2021, 9, e161–e169.
[CrossRef]

15. Pérez-González, A.; Cachay, E.; Ocampo, A.; Poveda, E. Update on the Epidemiological Features and Clinical Implications of
Human Papillomavirus Infection (HPV) and Human Immunodeficiency Virus (HIV) Coinfection. Microorganisms 2022, 10, 1047.
[CrossRef] [PubMed]

16. Ahdieh, L.; Klein, R.S.; Burk, R.; Cu-Uvin, S.; Schuman, P.; Duerr, A.; Safaeian, M.; Astemborski, J.; Daniel, R.; Shah, K. Prevalence,
Incidence, and Type-Specific Persistence of Human Papillomavirus in Human Immunodeficiency Virus (HIV)- Positive and
HIV-Negative Women. J. Infect. Dis. 2001, 184, 682–690. [CrossRef]

17. Jay, N.; Moscicki, A.B. Human Papillomavirus Infections in Women with HIV Disease: Prevalence, Risk, and Management. AIDS
Read. 2000, 10, 659–668. [PubMed]

18. Yarchoan, R.; Uldrick, T.S. HIV-Associated Cancers and Related Diseases. N. Engl. J. Med. 2018, 378, 1029–1041. [CrossRef]
19. Kelly, H.; Weiss, H.A.; Benavente, Y.; de Sanjose, S.; Mayaud, P. Association of Antiretroviral Therapy with High-Risk Human

Papillomavirus, Cervical Intraepithelial Neoplasia, and Invasive Cervical Cancer in Women Living with HIV: A Systematic
Review and Meta-Analysis. Lancet HIV 2018, 5, e45–e58. [CrossRef]

20. Bhoora, S.; Pather, Y.; Marais, S.; Punchoo, R. Cholecalciferol Inhibits Cell Growth and Induces Apoptosis in the Caski Cell Line.
Med. Sci. 2020, 8, 12. [CrossRef]

https://doi.org/10.1016/S0140-6736(18)32470-X
https://www.ncbi.nlm.nih.gov/pubmed/30638582
https://doi.org/10.3322/caac.21492
https://doi.org/10.1038/nrc2050
https://www.ncbi.nlm.nih.gov/pubmed/17186016
https://doi.org/10.1016/S0140-6736(13)60022-7
https://www.ncbi.nlm.nih.gov/pubmed/23618600
https://doi.org/10.1002/(SICI)1096-9896(199909)189:1%3C12::AID-PATH431%3E3.0.CO;2-F
https://doi.org/10.1016/S1470-2045(08)70103-7
https://www.ncbi.nlm.nih.gov/pubmed/18407790
https://www.uptodate.com/contents/cervical-intraepithelial-neoplasia-terminology-incidence-pathogenesis-and-prevention
https://www.uptodate.com/contents/cervical-intraepithelial-neoplasia-terminology-incidence-pathogenesis-and-prevention
https://doi.org/10.1056/NEJM199711063371903
https://doi.org/10.1093/infdis/jiq083
https://doi.org/10.1097/LGT.0b013e31818fb40d
https://doi.org/10.1093/cid/ciab561
https://www.ncbi.nlm.nih.gov/pubmed/34143885
https://doi.org/10.1016/S2214-109X(20)30459-9
https://doi.org/10.3390/microorganisms10051047
https://www.ncbi.nlm.nih.gov/pubmed/35630489
https://doi.org/10.1086/323081
https://www.ncbi.nlm.nih.gov/pubmed/11186191
https://doi.org/10.1056/NEJMra1615896
https://doi.org/10.1016/S2352-3018(17)30149-2
https://doi.org/10.3390/medsci8010012


J. Clin. Med. 2025, 14, 3817 12 of 13

21. Bhoora, S.; Pillay, T.S.; Punchoo, R. Cholecalciferol Induces Apoptosis Via Autocrine Metabolism in Epidermoid Cervical Cancer
Cells. Biochem. Cell Biol. 2022, 100, 387–402. [CrossRef]

22. Punchoo, R.; Dreyer, G.; Pillay, T.S. 25-Hydroxycholecalciferol Inhibits Cell Growth and Induces Apoptosis in Siha Cervical Cells
Via Autocrine Vitamin D Metabolism. Biomedicines 2023, 11, 871. [CrossRef]

23. Zhou, E.; Bhoora, S.; Pillay, T.S.; Punchoo, R. Induction of Cell Death and Regulation of Autocrine Vitamin D Metabolism in
Cervical Cancer by Physiological and GI20 Doses of 25-Hydroxycholecalciferol. Int. J. Mol. Sci. 2025, 26, 4008. [CrossRef]

24. Friedrich, M.; Rafi, L.; Mitschele, T.; Tilgen, W.; Schmidt, W.; Reichrath, J. Analysis of the Vitamin D System in Cervical Carcinomas,
Breast Cancer and Ovarian Cancer. In Recent Results in Cancer Research (Fortschritte der Krebsforschung Progres dans les Recherches
sur le Cancer); Springer: Berlin/Heidelberg, Germany, 2003; Volume 164, pp. 239–246.

25. Bhoora, S.; Punchoo, R. Policing Cancer: Vitamin D Arrests the Cell Cycle. Int. J. Mol. Sci. 2020, 21, 9296. [CrossRef]
26. Punchoo, R.; Zhou, E.; Bhoora, S. Flow Cytometric Analysis of Apoptotic Biomarkers in Actinomycin D-Treated SiHa Cervical

Cancer Cells. J. Vis. Exp. 2021, 174, e62663. [CrossRef]
27. Feldman, D.; Krishnan, A.V.; Swami, S.; Giovannucci, E.; Feldman, B.J. The role of vitamin D in reducing cancer risk and

progression. Nat. Rev. Cancer 2014, 14, 342–357. [CrossRef] [PubMed]
28. Holick, M.F.; Binkley, N.C.; Bischoff-Ferrari, H.A.; Gordon, C.M.; Hanley, D.A.; Heaney, R.P.; Murad, M.H.; Weaver, C.M.

Evaluation, Treatment, and Prevention of Vitamin D Deficiency: An Endocrine Society Clinical Practice Guideline. J. Clin.
Endocrinol. Metab. 2011, 96, 1911–1930. [CrossRef] [PubMed]

29. Troja, C.; Hoofnagle, A.N.; Szpiro, A.; Stern, J.E.; Lin, J.; Winer, R.L. Understanding the Role of Emerging Vitamin D Biomarkers
on Short-Term Persistence of High-Risk Human Papillomavirus Infection among Mid-Adult Women. J. Infect. Dis. 2021, 224,
123–132. [CrossRef]

30. Troja, C.; Hoofnagle, A.N.; Szpiro, A.; Stern, J.E.; Lin, J.; Winer, R.L. Serum Concentrations of Emerging Vitamin D Biomarkers
and Detection of Prevalent High-Risk HPV Infection in Mid-Adult Women. Cancer Epidemiol. Biomark. Prev. Publ. Am. Assoc.
Cancer Res. Cosponsored Am. Soc. Prev. Oncol. 2020, 29, 1468–1474. [CrossRef]

31. Mansueto, P.; Seidita, A.; Vitale, G.; Gangemi, S.; Iaria, C.; Cascio, A. Vitamin D Deficiency in Hiv Infection: Not Only a Bone
Disorder. Biomed. Res. Int. 2015, 2015, 735615. [CrossRef]

32. Nesby-O’Dell, S.; Scanlon, K.S.; Cogswell, M.E.; Gillespie, C.; Hollis, B.W.; Looker, A.C.; Allen, C.; Doughertly, C.; Gunter, E.W.;
Bowman, B.A. Hypovitaminosis D Prevalence and Determinants among African American and White Women of Reproductive
Age: Third National Health and Nutrition Examination Survey, 1988–1994. Am. J. Clin. Nutr. 2002, 76, 187–192. [CrossRef]

33. Amrein, K.; Scherkl, M.; Hoffmann, M.; Neuwersch-Sommeregger, S.; Köstenberger, M.; Berisha, A.T.; Martucci, G.; Pilz, S.; Malle,
O. Vitamin D Deficiency 2.0: An Update on the Current Status Worldwide. Eur. J. Clin. Nutr. 2020, 74, 1498–1513. [CrossRef]

34. Mondul, A.M.; Weinstein, S.J.; Layne, T.M.; Albanes, D. Vitamin D and Cancer Risk and Mortality: State of the Science, Gaps, and
Challenges. Epidemiol. Rev. 2017, 39, 28–48. [CrossRef] [PubMed]

35. Roth, D.E.; Abrams, S.A.; Aloia, J.; Bergeron, G.; Bourassa, M.W.; Brown, K.H.; Calvo, M.S.; Cashman, K.D.; Combs, G.; De-Regil,
L.M.; et al. Global Prevalence and Disease Burden of Vitamin D Deficiency: A Roadmap for Action in Low- and Middle-Income
Countries. Ann. N. Y. Acad. Sci. 2018, 1430, 44–79. [CrossRef] [PubMed]

36. National Academy of Sciences (US). Institute of Medicine Committee to Review Dietary Reference Intakes for Vitamin D, Calcium.
The National Academies Collection: Reports Funded by National Institutes of Health. In Dietary Reference Intakes for Calcium and
Vitamin D; Ross, A.C., Taylor, C.L., Yaktine, A.L., Del Valle, H.B., Eds.; National Academies Press: Washington, DC, USA, 2011.

37. García-Closas, R.; Castellsagué, X.; Bosch, X.; González, C.A. The Role of Diet and Nutrition in Cervical Carcinogenesis: A Review
of Recent Evidence. Int. J. Cancer 2005, 117, 629–637. [CrossRef]

38. Ginde, A.A.; Liu, M.C.; Camargo, C.A. Demographic Differences and Trends of Vitamin D Insufficiency in the Us Population,
1988–2004. Arch. Intern. Med. 2009, 169, 626–632. [CrossRef]

39. Holick, M.F. Chapter 4 —Photobiology of Vitamin D. In Vitamin D, 4th ed.; Feldman, D., Ed.; Academic Press: Cambridge, MA,
USA, 2018; pp. 45–55.

40. Lake, J.E.; Adams, J.S. Vitamin D in HIV-Infected Patients. Curr. HIV/AIDS Rep. 2011, 8, 133–141. [CrossRef]
41. Aloia, J.F. African Americans, 25-Hydroxyvitamin D, and Osteoporosis: A Paradox. Am. J. Clin. Nutr. 2008, 88, 545s–550s.

[CrossRef] [PubMed]
42. Cundy, T.; Grey, A.; Reid, I.R. Chapter 6—Calcium, Phosphate And magnesium. In Clinical Biochemistry: Metabolic and Clinical

Aspects, 3rd ed.; Marshall, W.J., Lapsley, M., Day, A.P., Ayling, R.M., Eds.; Churchill Livingstone: London, UK, 2014; pp. 93–123.
43. Aloia, J.F.; Chen, D.G.; Chen, H. The 25(Oh)D/PTH Threshold in Black Women. J. Clin. Endocrinol. Metab. 2010, 95, 5069–5073.

[CrossRef]
44. Cosman, F.; Morgan, D.C.; Nieves, J.W.; Shen, V.; Luckey, M.M.; Dempster, D.W.; Lindsay, R.; Parisien, M. Resistance to Bone

Resorbing Effects of PTH in Black Women. J. Bone Min. Res. 1997, 12, 958–966. [CrossRef]
45. Weinberg, M.; Schambelan, M. Bone and Calcium Disorders in HIV. UptoDate [Internet]. Waltham, MA, USA. 2023. Available

online: https://www.uptodate.com/contents/bone-and-calcium-disorders-in-patients-with-hiv (accessed on 25 April 2023).

https://doi.org/10.1139/bcb-2022-0049
https://doi.org/10.3390/biomedicines11030871
https://doi.org/10.3390/ijms26094008
https://doi.org/10.3390/ijms21239296
https://doi.org/10.3791/62663
https://doi.org/10.1038/nrc3691
https://www.ncbi.nlm.nih.gov/pubmed/24705652
https://doi.org/10.1210/jc.2011-0385
https://www.ncbi.nlm.nih.gov/pubmed/21646368
https://doi.org/10.1093/infdis/jiaa711
https://doi.org/10.1158/1055-9965.EPI-20-0126
https://doi.org/10.1155/2015/735615
https://doi.org/10.1093/ajcn/76.1.187
https://doi.org/10.1038/s41430-020-0558-y
https://doi.org/10.1093/epirev/mxx005
https://www.ncbi.nlm.nih.gov/pubmed/28486651
https://doi.org/10.1111/nyas.13968
https://www.ncbi.nlm.nih.gov/pubmed/30225965
https://doi.org/10.1002/ijc.21193
https://doi.org/10.1001/archinternmed.2008.604
https://doi.org/10.1007/s11904-011-0082-8
https://doi.org/10.1093/ajcn/88.2.545S
https://www.ncbi.nlm.nih.gov/pubmed/18689399
https://doi.org/10.1210/jc.2010-0610
https://doi.org/10.1359/jbmr.1997.12.6.958
https://www.uptodate.com/contents/bone-and-calcium-disorders-in-patients-with-hiv


J. Clin. Med. 2025, 14, 3817 13 of 13

46. Shim, J.; Pérez, A.; Symanski, E.; Nyitray, A.G. Association between Serum 25-Hydroxyvitamin D Level and Human Papillo-
mavirus Cervicovaginal Infection in Women in the United States. J. Infect. Dis. 2016, 213, 1886–1892. [CrossRef]

47. Gupta, A.; Villa, A.; Feldman, S.; Citow, B.; Sroussi, H. Site and Sex-Specific Differences in the Effect of Vitamin D on Human
Papillomavirus Infections: Analyses of NHANES 2009–2014. Sex. Transm. Infect. 2021, 97, 75–76. [CrossRef]
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