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Background. A sufficient level of vitamin D enhances protection against several infectious diseases; however, its association with
cervicovaginal human papillomavirus (HPV) infection has not been studied.

Methods. Data for this cross-sectional study were from National Health and Nutrition Examination Survey 2003–2006. A total
of 2353 sexually active women for whom cervicovaginal HPV infection status and serum 25-hydroxyvitamin D (25[OH]D) level were
known were studied. Associations between serum 25(OH)D levels (continuous and categorical forms) and cervicovaginal HPV in-
fection (due to high-risk HPV or vaccine-type HPV) were estimated using weighted logistic regression.

Results. After adjustment for age, race/ethnicity, and marital status, the odds of high-risk HPV infection were increased per each
10 ng/mL decrease in serum 25(OH)D level (adjusted odds ratio [aOR], 1.14; 95% confidence interval [CI], 1.02–1.27). Similarly, the
odds of vaccine-type HPV infection were increased in women with vitamin D levels that were severely deficient (serum 25[OH]D
level, <12 ng/mL; aOR, 2.90; 95% CI, 1.32–6.38), deficient (12–19 ng/mL; aOR, 2.19; 95% CI, 1.08–4.45), and insufficient (20–29 ng/
mL; aOR, 2.19; 95% CI, 1.22–3.93), compared with those with vitamin D levels that were sufficient (≥30 ng/mL).

Conclusions. Cervicovaginal HPV prevalence is associated with less-than-optimal levels of serum vitamin D.
Keywords. human papillomavirus; HPV; vitamin D; 25-hydroxyvitamin D; cervix; NHANES.

Human papillomavirus (HPV) is the most common sexually
transmitted virus in the United States. According to a nation-
wide survey, 39.9 million US women (42.5%) aged 14–59
years were estimated to have at least 1 type of HPV in 2003–
2006 [1].While a majority of HPV infections are spontaneously
cleared by natural immune responses, a portion of HPV infec-
tions become persistent, which can lead to disease [2]. The risk
of acquiring and clearing HPV infection varies from one person
to another, and the underlying reasons for this variability are
poorly understood [3, 4]. Approximately 40 HPV types, classi-
fied as high-risk HPV (HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56,
58, 59, and 68) or low-risk HPV (HPV 6, 11, 26, 40, 42, 53, 54,
55, 61, 62, 64, 66, 67, 69, 70, 71, 72, 73, 81, 82, 83, 84, 89, and
IS39) according to their carcinogenic potential at the cervix, can
infect the cervicovaginal region [5].

About 11 000 incident cases of cervical cancer and 800 inci-
dent cases of vaginal cancer occur annually in the United States

[6]. Almost all cervical malignancies (99.7%) and approximately
40% of vaginal cancers are caused by HPV [7, 8]. Although cer-
vical cancer incidence in the United States has declined with reg-
ular screening, cervical cancer is still one of the 10 most common
cancers among black and Hispanic women in the United States
[1]. Also, cervical cancer is the leading cancer among women in
resource-poor countries, where HPV-associated Papanicolaou
cytology and colposcopy are prohibitively expensive [9].

There are vaccines to prevent HPV infection and related mor-
bidity. A prophylactic vaccine that covers HPV 6, 11, 16, and 18
has been approved for use in US women since late 2006 [10].
These 4 HPV genotypes are responsible for the majority of
HPV-associated disease. HPV types 16 and 18 are responsible
for 70% of cervical cancers, and HPV types 6 and 11 are respon-
sible for 90% of genital warts [11,12].A new vaccine was approved
for protection against 9 HPV types in December 2014 [13].

Vitamin D is well known for its essential role in bone homeo-
stasis, with a major source of this micronutrient being endoge-
nous synthesis after sun exposure [14]. Generally, serum levels
of 25-hydroxyvitamin D (25[OH]D) are used as a standard in-
dicator of vitamin D [15]. It reflects levels of active vitamin D
(1,25-dihydroxyvitamin D), which controls gene expression
[16]. Levels of serum 25(OH)D vary by age, race/ethnicity,
diet, duration, and quantity of sun exposure [17–19]. Generally,
serum 25(OH)D levels are lower in higher latitudes and in win-
ter, owing to less sun exposure [17]. Also, older people and
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people with darker skin tend to have lower serum 25(OH)D lev-
els [18, 19].

Over the last decade, the role of vitamin D in supporting the
immune system has drawn significant attention [20]. Sufficient
levels of vitamin D offer protection against certain infectious dis-
eases, while suboptimal levels of vitamin D correlate with an in-
creased risk and severity of disease. For example, upper and lower
respiratory tract infections (eg, influenza and respiratory syncytial
virus infection) are inversely correlated with serum 25(OH)D
levels and peak during the winter, when vitamin deficiency is
more prevalent [21, 22]. Also, a high level of serum 25(OH)D
was found to be associated with a 2-fold reduction in acute respi-
ratory tract infections, as well as reduced infection duration [23].
In addition, serum 25(OH)D levels were found to be inversely
associated with the risk of active tuberculosis, as well as positively
associated with faster recovery from tuberculosis [24].These phe-
nomena occur because vitamin D strengthens innate and adap-
tive immunity against infection [20].

Considering the relationship between serum 25(OH)D levels
and other infections, we postulated that serum 25(OH)D might
play a protective role in cervicovaginal HPV infection. The
objective of the current analyses was to explore the association
between serum 25(OH)D levels and the prevalence of cervico-
vaginal HPV infection. This study focused on oncogenic HPV
types and types in the quadrivalent HPV vaccine, which are re-
sponsible for a majority of HPV-associated diseases [11, 12].

METHODS AND MATERIALS

Study Design and Study Population
We used National Health and Nutrition Examination Survey
(NHANES) 2003–2006 data to investigate the association be-
tween serum 25(OH)D levels and the prevalence of HPV infec-
tion. NHANES is a nationwide survey conducted to evaluate the
health conditions of people in the United States, and it uses a
complex, multistage, probability sampling design to obtain a na-
tionally representative sample. This survey is released in 2-year
cycles by the National Center for Health Statistics. NHANES
has been approved by the National Health Statistics Institutional
Review Board.

We selected women who provided a self-collected cervicovaginal
swab specimen for an HPV DNA assay, had available data on
serum 25(OH)D level, and reported a history of vaginal, anal, or
oral sex in a sexual behavior interview. Women aged 14–59 years
provided cervicovaginal swab specimens and sexual behavior infor-
mation. The age range of the study population was limited to 20–59
years because sexual behavior information for women age <20
years was not publicly available. Women who provided an inade-
quate cervicovaginal swab specimen (n = 41), or reported 0 sex
partners during their lifetime (n = 7) were excluded; thus, among
2401 women initially included, our final analysis sample comprised
2353 women. There were demographic and behavioral differences
between women who submitted an adequate cervicovaginal swab

specimen and women who refused to or did not submit an ade-
quate cervicovaginal swab specimen [25].

Cervicovaginal HPV Infection
NHANES performed Roche Linear Array HPV genotyping tests
for self-collected vaginal swab specimens and reported the re-
sults of HPV DNA detection tests for 37 types of HPV. We de-
termined the high-risk HPV infection status and quadrivalent
vaccine-type HPV infection status of each woman. A specimen
was labeled as high-risk HPV infection if it had at least 1 of 13
oncogenic HPV types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
59, or 68), regardless of the presence of any other HPV geno-
type [5]. A specimen was labeled as vaccine-type HPV infection
if it had at least 1 of 4 HPV types (6, 11, 16, or 18), regardless of
the presence of any other HPV genotype [10]. Given increased
potential for disease, the current analysis focuses on 13 high-
risk types and HPV-6 and HPV-11.

Serum 25(OH)D Levels
The serum 25(OH)D level was used as the indicator of an indi-
vidual’s vitamin D level [15]. Serum for vitamin D analysis was
collected in the winter (November–April) in the southern Unit-
ed States and in the summer (May–October) in the northern
United States [26]. NHANES used the DiaSorin radioimmuno-
assay kit (DiaSorin, Stillwater, Minnesota) to measure serum 25
(OH)D levels in women’s blood samples. The serum 25(OH)D
level was modeled and analyzed in continuous and categorical
forms. A variable was created by dividing the serum 25(OH)D
values in the original NHANES data set by 10, to evaluate the
effect of a continuous 10-ng/mL decrease in serum 25(OH)D
level on the prevalence of cervicovaginal HPV infection. In ad-
dition, we categorized serum 25(OH)D levels according to prior
clinical conventions, as follows: <12 ng/mL, indicative of severe
vitamin D deficiency; 12–19 ng/mL, indicative of vitamin D de-
ficiency; 20–29 ng/mL, indicative of vitamin D insufficiency;
and ≥30 ng/mL, indicative of vitamin D sufficiency [27, 28].

Other Variables
Using prior literature, directed acyclic graphs [29–31], and a
10% change in estimate method, we assessed variables, specified
as follows, that might potentially confound the association be-
tween serum 25(OH)D levels and cervicovaginal HPV infec-
tion: age (20–59 years), race/ethnicity (non-Hispanic white,
non-Hispanic black, Mexican American, or other), marital sta-
tus (married, widowed/divorced/separated, living with partner,
or never married), poverty level (below the poverty level or at or
above the poverty level), smoking status (former, current, or
never), season of examination (November–April or May–
October), lifetime number of sex partners (range, 1–2003),
and number of sex partners in the past 12 months (range, 0–43).

Statistical Analysis
All analyses were conducted using SAS Survey Procedure (SAS
Institute, version 9.3; Cary, North Carolina). Responses coded as
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“don’t know,” “refused,” or “missing” in the original NHANES
data were treated as missing. We used the Medical Examination
Center (MEC) examination sampling weights provided by the
National Center for Health Statistics to take into account the un-
equal probability of selection and nonresponse. All estimates
shown were weighted by these sampling weights except when re-
porting the sample size by demographic characteristics.

Descriptive statistics (sample sizes and weighted proportions)
were computed along with mean serum 25(OH)D levels, the
weighted prevalence of categorical serum 25(OH)D levels, and
the weighted prevalence of high-risk HPV and vaccine-type
HPV infection for the following characteristics of the study
population: age, race/ethnicity, marital status, poverty level,
smoking status, season of the examination, lifetime number of
sex partners, and number of sex partners in the past 12 months.
Additionally, the weighted means and standard deviations of
age were calculated. The Rao-Scott χ2 test was used to assess
whether categorical serum 25(OH)D levels or the prevalence
of HPV infection were different between categories of each
characteristic. A type I error level of 0.05 was used. In addition,
the prevalence of high-risk HPV and vaccine-type HPV was
plotted by 10-ng/mL levels of serum 25(OH)D.

We estimated crude odds ratios (ORs) and 95% confidence in-
tervals (CI) between serum 25(OH)D levels and HPV infection,
using weighted logistic regression. Taylor series linearization was
used for robust variance estimation [32]. Model 1 described the
association between high-risk HPV infection and a 10-ng/mL de-
crease in serum 25(OH)D level, while model 2 described the as-
sociation between vaccine-type HPV infection and a 10-ng/mL
decrease in serum 25(OH)D level. Model 3 described the associ-
ation between high-risk HPV infection and categorical serum
25(OH)D levels, and model 4 described the association between
vaccine-type HPV infection and categorical serum 25(OH)D
levels.

We developed a multivariable model, using a change-in-
estimate method. This variable selection procedure was con-
ducted for all 4 models. Variables substantially affecting any
model were considered as confounders in each model. Adjusted
ORs (aORs) and their 95% CIs were reported. According to the
results of confounding analyses, the 4 models were adjusted for
age, race/ethnicity, and marital status. Other variables, includ-
ing number of sex partners, did not substantially affect ORs. We
did not consider statistical interactions in this investigation.

RESULTS

Summary statistics of the study population are described in
Table 1. More than half of the sexually active women were
≥40 years old. The majority of women (72.0%) were non-
Hispanic white. Most women (58.9%) were married, and
12.6% were living below the poverty line. More than half
(55.7%) never smoked, but 25.2% were current smokers. Over
70% of women had ≥3 sex partners in their lifetime.

Serum 25(OH)D levels ranged from 3 to 76 ng/mL (data not
shown). Approximately 25.3% of women had vitamin D defi-
ciency (serum 25[OH]D level, 12–19 ng/mL), while 10.2% of
women had severe vitamin D deficiency (serum 25[OH]D
level, <12 ng/mL; Table 1). About 39.7% of women had an in-
sufficient vitamin D level (serum 25[OH]D level, 20–29 ng/
mL). Categorical serum 25(OH)D levels were different by age,
race/ethnicity, marital status, poverty level, smoking status,
and season at examination. The prevalence of high-risk HPV
infection and vaccine-type HPV infection in the total study
population was 21.7% and 8.2%, respectively. For both high-
risk and vaccine-type HPV infection, prevalence was different
by age, race/ethnicity, marital status, poverty level, smoking
status, number of sex partners in lifetime, and number of sex
partners in the past 12 months. Figure 1 shows the prevalence
of high-risk HPV and vaccine-type HPV infection by serum
25(OH)D level. In each group, prevalence declined as serum
25(OH)D level increased.

In unadjusted analyses using weighted logistic regression,
both continuous and categorical serum 25(OH)D levels were in-
versely associated with cervicovaginal HPV infection (Table 2).
An OR of >1 means the exposure is associated with a higher
odds of the outcome, and a 95% CI excluding 1 implies the pres-
ence of statistical significance. Each 10-ng/mL decrease in
serum 25(OH)D level was significantly associated with an in-
creased odds of high-risk HPV infection (OR, 1.15; 95% CI,
1.03–1.28). When categorical serum 25(OH)D levels were
used as the exposure, the odds of HPV infection continued to
be inversely associated with serum 25(OH)D levels. For exam-
ple, compared with women with vitamin D sufficiency, women
with severe vitamin D deficiency had an increased odds of high-
risk HPV infection (OR, 1.67; 95% CI, 1.15–2.41) and vaccine-
type HPV infection (OR, 2.37; 95% CI, 1.22–4.60).

After adjustment for confounders, each 10-ng/mL decrease
in serum 25(OH)D level was associated with an increased
odds of high-risk HPV infection (aOR, 1.14; 95% CI, 1.02–
1.27; Table 3). All categories of serum 25(OH)D levels below
sufficiency (<30 ng/mL; ie, severe deficiency, deficiency, or in-
sufficiency) were associated with an increased prevalence of vac-
cine-type HPV infection. The odds of vaccine-type HPV
infection were more than double in women with severe vitamin
D deficiency (aOR, 2.90; 95% CI, 1.32–6.38), vitamin D defi-
ciency (aOR, 2.19; 95% CI, 1.08–4.45), and vitamin D insuffi-
ciency (aOR, 2.19; 95% CI, 1.22–3.93), compared with
women with sufficient levels of vitamin D.

DISCUSSION

We analyzed HPV prevalence prior to the introduction of HPV
vaccination among a subpopulation of sexually active US
women. To the best of our knowledge, this is the first study to
explore an association between serum 25(OH)D level and cer-
vicovaginal HPV infection. As we hypothesized, a lower level of
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Table 1. Summary Statistics of the Study Population, by Overall Serum 25-Hydroxyvitamin D (25[OH]D) Level, Categorical Serum 25(OH)D Level, and Human
Papillomavirus (HPV) Prevalence

Characteristic
Subjects,
No. (%)

Overall 25(OH)D
Level, ng/mL,

Mean

Categorical 25(OH)D Level, Subjects, %a HPV Prevalence, Subjects, %b

<12
ng/mL

12–19
ng/mL

20–29
ng/mL

≥30
ng/mL

High-Risk
Genotypes

Vaccine
Genotypes

Overall 2353 (100.0) 23.8 10.2 25.3 39.7 24.8 21.7 8.2

Age, y

Mean ± SD 39.9 ± 11.0 . . . . . . . . . . . . . . . . . . . . .

20–24 344 (10.9) 24.7 13.4 24.5 32.2 29.9 35.2 18.3

25–29 332 (10.5) 25.7 5.1 24.3 39.8 30.7 27.0 12.1

30–39 601 (25.3) 24.6 10.4 24.1 36.9 28.6 23.5 8.8

40–49 602 (29.1) 22.6 12.0 25.0 44.0 19.0 17.8 5.4

50–59 474 (24.2) 23.3 8.4 27.9 40.9 22.9 16.2 4.6

Race/ethnicity

Non-Hispanic white 1184 (72.0) 26.3 4.8 19.4 44.4 31.4 20.7 8.5

Non-Hispanic black 530 (11.9) 14.4 39.5 41.5 16.6 2.4 29.8 11.1

Mexican American 466 (7.7) 19.2 16.7 39.3 34.3 9.7 22.9 6.3

Otherc 173 (8.5) 20.6 8.9 40.2 36.7 14.2 18.2 3.4

Marital status

Married 1290 (58.9) 24.7 6.8 23.9 42.6 26.6 14.6 4.9

Widowed/divorced/
separated

407 (17.3) 22.1 13.4 28.2 39.2 19.2 27.3 6.9

Living with partner 213 (7.9) 24.6 10.3 26.5 36.8 26.4 34.1 19.9

Never married 442 (16.0) 22.0 18.9 27.1 31.0 23.0 35.4 15.9

Missingd 1 (0.0) . . . . . . . . . . . . . . . ND ND

Poverty income ratioe

<1 443 (12.6) 21.1 15.4 32.3 35.2 17.1 32.9 15.0

≥1 1826 (84.0) 24.3 9.3 23.8 41.0 25.8 19.8 7.4

Missingd 84 (3.4) . . . . . . . . . . . . . . . ND ND

Smoking status

Former smoker 423 (19.0) 24.3 8.0 22.5 44.1 25.5 16.6 8.5

Current smoker 532 (25.2) 23.7 13.2 27.4 32.2 27.2 31.3 12.6

Never smoker 1396 (55.7) 23.7 9.5 25.3 41.7 23.5 19.1 6.1

Missingd 2 (0.0) . . . . . . . . . . . . . . . ND ND

Season at examination

November–April 1081 (41.1) 21.4 14.7 32.6 34.1 18.5 23.8 8.5

May–October 1272 (58.9) 25.5 7.0 20.2 43.6 29.2 20.3 8.0

Sex partners, no.

In lifetime

1 430 (17.5) 23.9 6.7 29.5 41.2 22.6 7.0 2.8

2 242 (9.9) 23.2 12.1 23.5 44.3 20.0 16.8 4.6

3–5 661 (27.3) 23.2 11.4 27.0 38.3 23.4 23.0 7.9

≥6 992 (44.3) 24.3 10.4 22.8 39.1 27.7 28.2 11.5

Missingd 28 (1.0) . . . . . . . . . . . . . . . ND ND

In past 12 mo, no.

0 279 (12.8) 21.6 13.3 29.1 42.2 15.5 14.3 4.1

1 1720 (73.4) 24.3 9.4 24.7 39.2 26.7 19.3 7.2

2 180 (7.3) 23.3 11.5 25.5 39.6 23.5 39.1 14.5

≥3 156 (6.0) 23.9 11.3 22.3 41.0 25.3 47.4 22.0

Missingd 18 (0.5) . . . . . . . . . . . . . . . ND ND

All percentages are weighted.
a Severe vitamin D deficiency was defined as a serum 25[OH]D level of <12 ng/mL; deficiency, as a level of 12–19 ng/mL; insufficiency, as a level of 20–29 ng/mL; and sufficiency, as a level of
≥30 ng/mL.
b The Rao-Scott χ2 test was used to compare categorical serum 25(OH)D level and HPV prevalence between categories of each population characteristic. All P values were <.01, except
categorical serum 25(OH)D levels and number of sex partners in lifetime (P = .09), categorical serum 25(OH)D levels and number of sex partners in past 12 months (P = .09), high-risk
genotypes by season at examination (P=.11), vaccine genotype by race/ethnicity (P = .02), and vaccine genotype by season at examination (P = .67).
c
“Other Hispanic” and “other race” in the National Health and Nutrition Examination Survey 2003–2006 data set were collapsed into “other” in the current study.

d HPV prevalence was not determined (ND) for individuals with missing data on serum 25(OH)D level.
e Calculated as the ratio of family income to the poverty threshold defined by the Department of Health and Human Services.
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serum 25(OH)D was generally associated with an increased
odds of high-risk HPV and vaccine-type HPV infection, after
adjustment for confounders.

Although the association between serum 25(OH)D level and
HPV infection has not been studied until now, other infections
of the cervicovaginal region have been reported as being corre-
lated with vitamin D levels in both humans and animals. Hensel
et al reported that low serum 25(OH)D levels (<20 ng/mL) were
associated with bacterial vaginosis, although this result was lim-
ited to pregnant women [33]. He et al observed that vitamin D
receptor knockout mice were more likely to be infected with
Chlamydia trachomatis and cleared the infection more slowly
[34]. Also, they reported that replication of Chlamydia was de-
creased in epithelial cells that were pretreated with 1,25(OH)2D,
compared with nonpretreated epithelial cells, supporting a role
of vitamin D in preventing Chlamydia infection.

The role of serum 25(OH)D on innate immunity could explain
the inverse associations observed in this study. Serum 25(OH)D
is involved in the regulation of expression of antimicrobial pep-
tides (AMPs), which nonspecifically protect a host from invading
pathogens [35]. Therefore, if serum 25(OH)D levels are subopti-
mal, AMP production would be restricted [36].AMPs directly in-
activate a pathogen and also attract other immune cells such as
phagocytes, resulting in enhanced innate immune responses [14].
For many other infections that are protectively associated with
serum 25(OH)D, this AMP regulation of serum 25(OH)D has
been suggested as the mechanism behind the associations [37–
39]. Impaired production of AMPs is linked to increased suscept-
ibility to and severity of certain infections [40].

Endothelial cells at the vagina and cervix produce AMPs in
response to a pathogen [41, 42]. AMPs may block the initial
phase of HPV infection by eliminating the invading virus
[43]. Buck et al reported that certain AMPs protect against
HPV infection, even before the virus establishes infection in tar-
geted cells [44]. Since HPV suppresses inflammatory responses
and avoids systemic adaptive immune responses, this kind of
nonspecific innate defense before the establishment of the infec-
tion may be critical for protection from HPV [45]. AMP levels
can be measured but are not available data from NHANES.

In addition, vitamin D makes the physical barriers, including
the skin, respiratory tract, and genitourinary tract, more resis-
tant to bacteria and viruses by upregulating proteins that pro-
mote tight junctions, gap junctions, and adhere junctions
[46]. Therefore, sufficient vitamin D may interfere with HPV
penetration into the basal layer by making the mucosal barriers
stronger [45, 47]. Conversely, insufficient levels of vitamin D
may lead to a higher prevalence of HPV infection by increasing
vulnerability to HPV penetration and reducing the host’s ability
to clear the virus.

Figure 1. High-risk human papillomavirus (HPV) and vaccine-type HPV preva-
lence, by serum 25-hydroxyvitamin D (25[OH]D) level.

Table 2. Unadjusted Analysis of the Association Between Serum 25-
Hydroxyvitamin D (25[OH]D) Level and Cervicovaginal Human Papillomavirus
(HPV) Infection Among 2353 Participants in the National Health and Nutrition
Examination Survey 2003–2006

Variable

Crude OR (95% CI), by HPV Genotype

High Risk Vaccine Based

Continuous serum 25(OH)D level Model 1 Model 2

Per 10 ng/mL decrease 1.15 (1.03–1.28) 1.14 (.93–1.41)

Categorical serum 25(OH)D levela Model 3 Model 4

<12 ng/mL 1.67 (1.15–2.41) 2.37 (1.22–4.60)

12–19 ng/mL 1.35 (.97–1.87) 1.62 (.83–3.19)

20–29 ng/mL 1.08 (.82–1.42) 1.73 (.98–3.06)

≥30 ng/mL 1.0 1.0

Abbreviations: CI, confidence interval; OR, odds ratio.
a Severe vitamin D deficiency was defined as a serum 25[OH]D level of <12 ng/mL;
deficiency, as a level of 12–19 ng/mL; insufficiency, as a level of 20–29 ng/mL; and
sufficiency, as a level of ≥30 ng/mL.

Table 3. Adjusted Analysis of the Association Between Serum 25-
Hydroxyvitamin D (25[OH]D) Level and Cervicovaginal Human Papillomavirus
(HPV) Infection Among 2353 Participants in the National Health and Nutrition
Examination Survey 2003–2006

Variable

aOR (95% CI), by HPV Genotype

High Risk Vaccine Based

Continuous serum 25(OH)D level Model 1 Model 2

Per 10 ng/mL decrease 1.14 (1.02–1.27) 1.25 (.97–1.60)

Categorical serum 25(OH)D levela Model 3 Model 4

<12 ng/mL 1.46 (.96–2.23) 2.90 (1.32–6.38)

12–19 ng/mL 1.41 (1.00–1.99) 2.19 (1.08–4.45)

20–29 ng/mL 1.19 (.87–1.62) 2.19 (1.22–3.93)

≥30 ng/mL 1.0 1.0

The models were adjusted for age, race/ethnicity, and marital status.

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval.
a Severe vitamin D deficiency was defined as a serum 25[OH]D level of <12 ng/mL;
deficiency, as a level of 12–19 ng/mL; insufficiency, as a level of 20–29 ng/mL; and
sufficiency, as a level of ≥30 ng/mL.
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As expected, the number of sex partners was strongly associ-
ated with HPV prevalence in these data; however, the number of
partners was not associated with the level of vitamin D (Table 1).
Therefore, the number of sex partners was not considered as a
confounder. Similarly, seasonality was associated with categor-
ical serum 25(OH)D levels, but it was not associated with HPV
prevalence in our data. Therefore, season at examination was
also not considered as a confounder. In addition, we tested
whether the number of sex partners in the past 12 months
was associated with the season of vitamin D measurement but
found no association (χ2 = 6.34, P = .10).

While vitamin D levels are generally higher in lower latitudes,
an inverse association between vitamin D level and HPV preva-
lence does not imply lower cervical cancer rates in lower latitudes,
since other factors also affect progression to cervical cancer [8].
Higher cervical cancer rates in developing countries at lower lat-
itudes are primarily a result of lack of cervical cytology and col-
poscopy screening. In addition, global HPV infection patterns are
inconsistent, with high HPV infection prevalence found at both
equatorial and temperate latitudes [48].

There are different opinions on optimal vitamin D levels for
health and the classification of sufficient versus nonsufficient vi-
tamin D levels; however, <12 ng/mL of serum 25(OH)D is gen-
erally considered to indicate a severe deficiency in vitamin D,
since this level can cause rickets in children and osteomalacia
in adults [27]. The National Institutes of Health defines a
serum 25(OH)D level of ≥20 ng/mL as adequate; however,
some experts believe that 20–29 ng/mL is still not sufficient,
owing to interference with intestinal calcium absorption and,
instead, regard ≥30 ng/mL as sufficient [27, 28].

In addition, there is no professional consensus on a cutoff
of serum 25(OH)D that is associated with a lower risk of in-
fections in general (ie, due to HPV or other pathogens), although
25(OH)D deficiency has been reported as increasing the risk of
a number of infections [23, 24].We found that categorical serum
25(OH)D levels indicative of vitamin D insufficiency were signif-
icantly associated with a higher odds of having vaccine-type HPV
infection. Given our finding, levels of serum 25(OH)D indicative
of vitamin D sufficiency should be investigated further as an
appropriate clinical goal to prevent HPV infection. Unfortunate-
ly, a significant percentage of the US population has suboptimal
serum 25(OH)D levels. For example, 1 of 3 persons aged ≥1 year
in the United States had a serum 25(OH)D level of <20 ng/mL
according to NHANES 2001–2006 data [49]. In our analysis,
35% of women had a serum 25(OH)D level of <20 ng/mL, and
75% had a serum level of <30 ng/mL.

There are a number of strengths of our study. First, the study
population was large in this analysis and is representative of the
US population. Therefore, the results are reliable and generaliz-
able for noninstitutionalized, sexually active US women aged
20–59 years who are willing to provide their sexual history
and serum and cervicovaginal specimens for a national survey.

Second, we used a comprehensive approach evaluating serum
25(OH)D levels both as continuous and categorical variables.
As a result, we not only detected trends in a continuous
model but also found supporting evidence of the clinical impor-
tance of the categorical classification. Third, we analyzed HPV
infection by 2 outcome types, which were detected by a highly
sensitive polymerase chain reaction–based test. Fourth, all var-
iables in the study were assessed as potential confounders, with
age, race/ethnicity, and marital status the only variables associ-
ated with both exposure and outcome in the study which also
modified ORs by more than 10%; thus, the association of vita-
min D and HPV infection was independent of the effects of
these 3 variables.

The study also has limitations. First, the cross-sectional design
does not allow us to infer temporality. Second, the season-at-
examination variable used in this analysis was binary, although
season and sun exposure are critical to serum 25(OH)D levels.
However, that binary variable was the only available temporal in-
formation, since NHANES does not provide the date of examina-
tion. Third, cervicovaginal samples were self-collected; therefore,
there is the possibility that sampling was not accurately per-
formed, resulting in potentially incorrect HPV DNA results;
however, self-collected samples have been shown to be highly
comparable to physician-collected samples [50]. Fourth, there
was a potential for selection bias since women who provided
an adequate cervicovaginal swab specimens were different (eg,
age and race/ethnicity) from women who refused to or did not
provide a swab specimen [25].Nonresponders to sexual behavior
questions may also have different characteristics than responders,
resulting in biased estimates. Finally, current HPV DNA detec-
tion methods for large epidemiological studies are not able to dis-
tinguish whether HPV is from the participant or their partner or
whether it indicates active infection [25].

In conclusion, results from this US nationally representative
sample support the hypothesis that vitamin D level, accessed by
measurement of serum 25(OH)D levels, is inversely associated
with prevalence of cervicovaginal HPV infection in sexually ac-
tive women. This adds to the rapidly growing literature about
vitamin D’s association with infection. Future studies are war-
ranted to assess the association between vitamin D and HPV
persistence and to clarify the underlying mechanism for the
associations.
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