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Abstract

Objective: To estimate the association between vitamin D deficiency and bacterial vaginosis (BV) among non-
pregnant HIV-infected and uninfected women.
Methods: In a substudy of the Women’s Interagency HIV Study, including women from Chicago and New York,
the association between BV and vitamin D deficiency, demographics, and disease characteristics was tested
using generalized estimating equations. Deficiency was defined as < 20 ng/mL 25 (OH) vitamin D and insuf-
ficiency as > 20 and £ 30 ng/mL. BV was defined by the Amsel criteria.
Results: Among 602 observations of nonpregnant women (480 HIV infected and 122 uninfected), BV was found
in 19%. Vitamin D deficiency was found in 59.4%, and insufficiency was found in 24.4%. In multivariable
analysis, black race was the most significant predictor of BV (adjusted odds ratio [AOR] 5.90, (95% confidence
interval [CI] 2.52-13.8). Vitamin D deficiency was independently associated with BV among HIV-infected wo-
men (AOR 3.12, 95% CI 1.16-8.38) but not among HIV-uninfected women. There was a negative linear corre-
lation between vitamin D concentration and prevalence of BV in HIV-infected women (r = - 0.15, p = 0.001).
Conclusions: Vitamin D deficiency was very common in this cohort and significantly associated with BV among
HIV-infected women. These preliminary findings suggest that further epidemiologic and mechanistic explora-
tion of the relationship between vitamin D and BV in HIV-infected women is warranted.

Introduction

Bacterial vaginosis (BV) is the most frequent cause

of vaginitis in U.S. women.1 BV involves a shift in vaginal
flora from a predominance of hydrogen peroxide-producing
Lactobacillus species to a polymicrobial flora with a higher
proportion of anaerobes and high pH. Although usually
causing only discomfort, BV is associated with serious mor-
bidities, including postsurgical gynecologic infection and
among pregnant women, premature delivery.2 In addition,
BV is associated with increased susceptibility to sexually
transmitted infections (STI), including HIV, gonorrhea, Chla-
mydia infection, and herpes simplex virus.3–5

A number of demographic and behavioral factors have
been found to be associated with the prevalence of BV, in-
cluding age, race, number of sex partners, menopausal status,
smoking, alcohol use, and use of hormonal contraception.6 It

has long been observed that African American women have a
higher incidence of BV than white women, and this obser-
vation has been found to be independent of behavioral fac-
tors, such as number of sex partners and douching.
Investigators from the University of Pittsburgh observed an
association between vitamin D deficiency and BV. Among 489
pregnant women, the authors found a strong association be-
tween BV and vitamin D concentration < 50 nmol/mL, with a
dose-response relationship. They postulated that this associa-
tion could explain, in part, the racial disparity in the prevalence
and incidence of BV.7 This finding was replicated in a small
study of pregnant HIV-uninfected adolescents,8 and a large
study from National Health and Nutrition Examination Survey
(NHANES) confirmed a correlation between vitamin D defi-
ciency and BV among pregnant women.9 For nonpregnant
women, the NHANES investigators found no relationship be-
tween vitamin D deficiency and BV in the overall multivariate
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model. They found, however, that vitamin D deficiency mod-
erated the association between smoking and BV; among vita-
min D-deficient women, but not among women with sufficient
vitamin D levels, smoking was associated with BV.

Among HIV-infected women, BV has been associated with
increased genital shedding of HIV RNA and increased per-
sistence of BV.10,11 We sought to explore the relationship be-
tween BV and vitamin D deficiency, as a theoretically
modifiable risk factor, in nonpregnant HIV-infected and un-
infected women participating in the Women’s Interagency
HIV Study (WIHS).

Materials and Methods

The WIHS is a longitudinal study of HIV-infected and
uninfected at-risk women at six sites: Chicago, San Francisco
Bay Area, Brooklyn and Bronx/Manhattan, New York, Wa-
shington, DC, and Los Angeles. Women are seen semiannu-
ally for an interview, physical examination, and collection of
blood and genital specimens. Informed consent was obtained
from all participants in accordance with the US Department of
Health and Human Services guidelines and the institutional
review boards of participating institutions. The cohort was
designed to reflect the demographics of the HIV epidemic
among women in the United States. Details of cohort re-
cruitment, retention, and demographics are published else-
where.12,13 We report here a cross-sectional substudy
including 434 observations of women from the Chicago and
168 from the Bronx/Manhattan sites of the WIHS. Vitamin D
measurements had been performed on 475 women in the
context of two studies. The Chicago site performed a preva-
lence study, measuring vitamin D from the most recent
semiannual winter visit for all Chicago participants with
available serum (median date 2007, inter quartile range [IQR]
2007–2008, range 2002–2008). Vitamin D levels had been de-
termined previously in the context of a metabolic substudy
including women from Bronx/Manhattan and Chicago WIHS
sites (median date 2003, IQR 2002–2003, range 2001–2004); the
study included premenopausal women without diabetes
who were not using corticosteroids, exogenous sex steroids,
or bisphosphonates. Vitamin D levels from the Bronx/
Manhattan site were determined from visits throughout the
year. One hundred twenty seven Chicago women were in-
cluded in both studies. The vitamin D measurements for these
women were performed a median of 5 years apart (range 1–7
years). Pregnant women were excluded from the current study.

BV was defined by the Amsel criteria, determined routinely
at each WIHS visit, with the presence of three of four of the
following: abnormal vaginal discharge, amine odor with ad-
dition of 10% KOH to vaginal secretions, clue cells on wet
mount of vaginal secretions, and pH of vaginal dis-
charge > 4.5.14 The BV diagnoses were made by experienced
gynecologic clinicians (MDs, nurse practitioners, and physi-
cian assistants) trained in physical examination and micros-
copy. Certification for BV diagnosis in WIHS involves didactic
then observation of physical examination and microscopy by
an expert clinician/microscopist. At WIHS onset, a training
DVD was also used to teach microscopy.

Vitamin D levels for the Chicago prevalence study were
measured using the liquid chromatography, tandem mass
spectrometry (LC-MS/MS) method. Specimens from the
metabolic study were measured by high performance liquid

chromatography (HPLC) using ultraviolet. Both methods are
sensitive and specific for detecting both forms of 25-hydro-
xyvitamin D (OH)D (25(OH)D2 and 25(OH)D3), with a strong
correlation between results obtained from the two methods:
correlation coefficient 0.997 for 25(OH)D2 and 0.987 for
25(OH)D3 over a range of vitamin D values from 3.2 to
105 lg/L.15 Vitamin D deficiency was defined as 25(OH)D
£20 ng/ml, vitamin D insufficiency was defined as levels
>20 and £ 30 ng/mL, and sufficient vitamin D was defined
as > 30 ng/mL. A vitamin D level of 20 ng/mL is equiva-
lent to 49.92 nmol/mL, the units used in the Bodnar study7

and many European studies of vitamin D; the conversion
factor is 2.496.

Statistical methods

Data in the demographic table (Table 1) are for each indi-
vidual woman and include data from the first visit for women
who contributed two observations to the data. In all analyses,
data for time-varying covariates were from the same visit as
the vitamin D measurement and include presence of BV, age,
CD4 + T lymphocyte count (CD4 count), HIV RNA level, use
of highly active antiretroviral therapy (HAART), smoking
and alcohol use (by self-report), menopausal status (defined
by self-report of cessation of menstrual periods for > 1 year),
use of hormonal contraceptives, genital HPV infection (de-
fined by detection of HPV DNA in cervicovaginal fluid using
L1 consensus primer MY09/MY11/HMB01 PCR assay16),
and number of sexual partners in the last 6 months. The
Pearson correlation coefficient was used to measure

Table 1. Demographics of 475 HIV-Infected

and Uninfected Women Included in Study

Characteristic Number (%)

HIV infected 353 (74.3)
HIV uninfected 122 (25.7)
Race/ethnicity

Non-Hispanic white 115 (24.2)
Non-Hispanic black 313 (65.9)
Other 47 (9.9)

Age < 40 246 (51.8)
Vitamin D status

Deficient ( £ 20 ng/mL) 282 (59.4)
Insufficient ( > 20–30 ng/mL) 116 (24.4)
Sufficient ( > 30 ng/mL) 77 (16.2)

Postmenopausal 58 (12.2)
Educational attainment

Less than high school 181 (38.1)
Completed high school 132 (27.8)
Some college 162 (34.1)

Current smoker 266 (56.0)
Alcohol use

Abstainer 244 (51.4)
Light (< 3 drinks/week) 127 (26.7)
Moderate-heavy ( ‡ 3 drinks/week) 104 (21.9)

Number of sexual partners in last 6 months
None 136 (28.7)
1 280 (59.0)
2 38 (8.0)
‡ 3 21 (4.4)

Recent use of hormonal contraceptives 33 (7.0)
Genital human papillomavirus 176 (37.1)
Antibiotics in last 6 months 37 (7.8)
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correlation. To control for repeated measurements within
women, the crude association between BV and covariates was
assessed using generalized estimating equation (GEE) ad-
justed odds ratios (AORs) and 95% confidence intervals (CI).
Multivariable GEE models were fit to assess the adjusted as-
sociation between vitamin D and BV using ORs and 95% CI.
All variables that were associated with BV in the univariate
model and factors associated with BV in the literature were
included in preliminary multivariate models. Variables that
were significant in the final model or modified the association
between vitamin D and BV by 10% were included in the final
model. All analyses were performed in SAS software, version
9.2 (SAS Institute Inc, Cary NC).

Results

Among 475 WIHS participants, 602 observations were
made, including 480 among HIV-infected and 122 among

uninfected women. Demographic, behavioral, and disease
characteristics of the 475 women are presented in Table 1.
Vitamin D deficiency was common; 59.4% of women had
deficient levels ( £ 20 ng/mL) of vitamin D, and an additional
24.4% had levels defined as insufficient ( > 20–30 ng/mL). In a
univariate analyses that included age, HIV serostatus, body
mass index (BMI), socioeconomic status (SES), HIV therapy,
hepatitis C status, CD4 count, HIV RNA level, and WIHS site
(Chicago vs Bronx/Manhattan), only race was significantly
associated with vitamin D deficiency; 267 of 396 (67.4%) ob-
servations among black women vs. 59 of 149 (39.6%) among
white women (OR 3.15, CI 2.14-4.67) were consistent with
vitamin D deficiency (data not shown).

BV was found in 19% of observations overall, 17.3 % among
HIV-infected women and 25.4% among HIV-uninfected
women (OR 0.62, CI 0.38-1.01, p = 0.05). Table 2 shows
the prevalence of vitamin D deficiency and correlates of BV
for the 480 observations from HIV-infected women.

Table 2. Factors Associated with Bacterial Vaginosis Among 480 Observations of HIV-Infected Women

GEE adjusted Multivariable

Characteristic (n) BV n (%) OR 95% CI p Adjusted OR 95% CI p

Race
Non-Hispanic white (121) 7 (5.8) 1.00 1.00
Non-Hispanic black (315) 75 (23.81) 4.94 2.19-11.17 0.0001 3.53 1.45-8.63 0.006
Other (44) 1 (2.27) 0.41 0.05-3.44 0.41 0.5 0.39-3.22 0.36

Vitamin D, ng/mL
> 30 (86) 5 (5.81) 1.00 1.00
> 20–30 (108) 16 (14.81) 2.56 1.06-6.15 0.04 2.20 0.79-6.17 0.13
£ 20 (286) 62 (21.68) 4.11 1.79-9.49 0.001 3.12 1.16-8.38 0.02

Sex partners in last 6 months
0 (162) 13 (8.02) 1.00 1.00
1 (272) 56 (20.59) 2.94 1.59-5.44 0.0006 2.30 1.1.13-4.67 0.02
2 (31) 9 (29.03) 4.29 1.79-10.31 0.001 3.65 1.33-10.04 0.01
> 2 (15) 5 (33.33) 4.70 1.20-18.41 0.026 3.32 0.77-14.36 0.11

Age < 40 years (206) 46 (22.33) 1.00 0.82 0.46-1.45 0.49
Age ‡ 40 years (274) 37 (13.50) 0.61 0.37-0.99 0.04 1.00
Current smoker (252) 53 (21.03) 1.55 0.93-2.57 0.09
Alcohol consumption

Abstinent (267) 41 (15.36) 1.00 1.00
Light ( < 3 drinks/week) (128) 21 (16.41) 1.10 0.60-2.00 0.77 1.43 0.73-2.76 0.29
Moderate-heavy ( ‡ 3 drinks/week) (85) 21 (24.71) 1.76 1.03-2.98 0.004 1.53 0.83-2.83 0.17

Educational attainment
Less than high school (186) 43 (23.12) 3.69 1.80-7.55 0.0004 3.32 1.56-7.06 0.002
Completed high school (125) 28 (22.40) 3.36 1.56-7.22 0.002 3.17 1.44-6.99 0.004
Some college (169) 12 (7.10) 1.00 1.00

Current use of hormonal contraceptives (31) 4 (12.90) 0.70 0.25-1.94 0.50
Use of antibiotics in last 6 months (31) 5 (16.13) 1.07 0.48-2.35 0.87
Postmenopausal (89) 6 (6.74) 0.36 0.16-0.81 0.01 0.42 0.15-1.15 0.09
HPV infection (215) 38 (17.67) 0.99 0.59-1.66 0.97
HAART use

No (280) 56 (20.0)
Yes (200) 27 (13.5) 0.68 0.45-1.05 0.08

CD4 count
> 500 (163) 23 (14.1) 1.00 1.0
200–500 (213) 34 (16.0) 1.13 0.64-2.01 0.67 1.19 0.62-2.26 0.60
< 200 (104) 26 (25.0) 1.98 1.07-3.67 0.03 1.89 0.94-3.80 0.08

Mean log HIV RNA 8.42 vs 7.32 1.11a 1.03-1.19 0.001

aFor linear values, statistics are t tests.
CI, confidence interval; GEE, generalized estimating equation; HAART, highly active antiretroviral therapy; HPV, human papillomavirus.
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Demographic and disease characteristics associated with BV
by univariate analysis were vitamin D deficiency, vitamin D
insufficiency, black race, age < 40, higher number of sexual
partners, premenopausal status, lower educational attain-
ment, higher levels of alcohol use, lower CD4 count, and
higher HIV RNA. The factors associated with BV in multi-
variable analysis included black race, having one or two
sexual partners vs. sexual abstinence, and lower educa-
tional attainment. Vitamin D deficiency was significantly
associated with BV in HIV-infected women (OR 3.12, CI
1.16-8.38). The analysis was performed for HIV-uninfected
women only (Table 3). Only moderate-heavy alcohol use
was significantly associated with BV; the influence of race
could not be quantified because of sample size. Vitamin D
deficiency was not associated with BV among the HIV-
uninfected women.

Vitamin D level showed a significant negative linear cor-
relation with prevalence of BV among all women ( p < 0.001,
r = - 0.14) and among HIV-infected women ( p = 0.001,
r = - 0.15) (Fig. 1).

Discussion

In this large cohort of HIV infected and uninfected women,
we found that vitamin D deficiency was very common and
independently associated with BV among HIV-infected

women; 59% of women studied had vitamin D deficiency, and
an additional 24% had insufficient levels of vitamin D.

HIV-infected women deficient in vitamin D were more
than three times as likely by multivariable analysis to have
BV compared to HIV-infected women with sufficient vita-
min D levels. In HIV-uninfected women, we found no as-
sociation between vitamin D deficiency and BV, although the
number of observations was relatively small. The mecha-
nism by which vitamin D deficiency may increase suscepti-
bility to BV is not clear. The classic infections associated with
vitamin D deficiency are mycobacterial diseases.17 The
mechanism underlying this association is thought to be the
role of vitamin D in regulating the production and function
of innate antimicrobial defense molecules, such as cathe-
licidin, a neutrophil degradation product found in the female
genital tract.18 Cathelidicin has antibacterial properties and
may influence susceptibility to intracellular as well as ex-
tracellular pathogens; the molecule is found in granules in
the neutrophils that are destined for exocytosis.19 Vitamin D
receptors are found in many human tissues and have been
found to be an important regulator of host immune response
to bacterial infections, such as dental infections and lower
respiratory tract infections.20 Vitamin D is also linked to
cytokine expression in a number of disease states and in vitro
model systems.21 In HIV infection specifically, our under-
standing of the effect of vitamin D on immune function is

Table 3. Factors Associated with Bacterial Vaginosis Among 122 Observations of HIV Uninfected Women

GEE adjusted Multivariable

Characteristic (n) BV n (%) OR 95% CI p Adjusted OR 95% CI p

Race
Non-Hispanic white (28) 0 (0) 1.00
Non-Hispanic black (81) 28 (34.57) N/A
Other (13) 3 (23.08)

Vitamin D, ng/mL
> 30 (14) 3 (21.43) 1.00 1.00
> 20–30 (34) 7 (20.59) 0.95 0.21-4.36 0.95 0.39 0.07-2.18 0.29
£ 20 (74) 21 (28.38) 1.45 0.37-5.73 0.59 1.05 0.22-5.10 0.95

Sex partners in last 6 months
0 (29) 5 (17.24) 1.00 1.00
1 (74) 20 (27.03) 1.78 0.60-5.30 0.30 2.03 0.54-7.69 0.30
2 (11) 3 (27.27) 1.80 0.35-9.28 0.48 1.73 0.23-12.98 0.59
> 2 (8) 3 (37.50) 2.88 0.51-16.17 0.23 2.55 0.37-17.46 0.34

Age < 40 years (67) 19 (28.36) 1.00 0.53 0.18-1.51 0.23
Age ‡ 40 years (55) 12 (21.82) 0.71 0.31-1.62 0.41 1.00
Current smoker (74) 22 (29.73) 1.83 0.76-4.42 0.18
Alcohol consumption

Abstinent (53) 10 (18.87) 1.00 1.00
Light ( < 3 drinks/week) (34) 7 (20.59) 1.11 0.38-3.28 0.84 1.17 0.37-3.69 0.79
Moderate-heavy ( ‡ 3 drinks/week) (35) 14 (40.0) 2.87 1.09-7.52 0.032 3.90 1.30-11.72 0.02

Educational attainment
Less than high school (41) 10 (24.39) 1.13 0.41-3.07 0.81 1.32 0.43-4.08 0.63
Completed high school (36) 11 (30.56) 1.54 0.57-4.18 0.40 2.23 0.77-6.48 0.14
Some college (45) 10 (22.22) 1.00 1.00

Current use of hormonal contraceptives (8) 1 (12.50) 0.40 0.05-3.39 0.40
Use of antibiotics in last 6 months (15) 3 (20.0) 0.71 0.19-2.68 0.61
Postmenopausal (14) 3 (21.43) 0.78 0.20-2.80 0.72 2.03 0.31-13.48 0.46
HPV infection (22) 3 (13.64) 0.41 0.11-1.48 0.17
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rapidly evolving but far from clear.22 Vitamin D deficiency
was associated with lower CD4 count in one study of post-
menopausal women,23 but other studies have not confirmed
the association.24,25

Women with HIV were less likely to have BV, but among
HIV-infected women, those with a lower CD4 count were
more likely to have BV. These apparently contradictory
findings are explained, we believe, by two separate phe-
nomena. Women with HIV are more likely to be sexually
abstinent and when they do have intercourse, are more likely
to use condoms.26 However, HIV infection, particularly im-
munosuppression defined by a CD4 count < 200, is associated
with more persistent infection once BV occurs.11

This study is one of several reporting an association be-
tween BV and specific nutritional deficiencies or nutritional
status. The current study and all such studies need to be in-
terpreted with the recognition that nutritional deficiencies
rarely occur in isolation and are often a reflection of poor
health status overall, which in turn may reflect poverty and
other social or economic adversity. BV has been found to be
associated with iron deficiency among pregnant women,27

lower concentrations of vitamins A, C, E, and beta carotene
among HIV-infected and uninfected women in the HIV Epi-
demiology Research Study (HERS) study,28 higher intake of
dietary fat and lower intake of vitamin E, folate, and protein
among nonpregnant women,29 and lower BMI in a cohort of
nonpregnant women in India.30 We did not have diet history
or levels of other nutrients available to aid in the interpreta-
tion of our data from the WIHS participants.

Vitamin D deficiency may partially explain the higher rates
of BV observed in black women compared to white women.
Racial discrepancies in the prevalence of BV have long been
observed but are not fully explained and have been found to
be independent of markers of SES, sexual practices, and other
behaviors, such as smoking and douching.31 Several biologic

differences between black and white women may be relevant
to this racial disparity. Differences in genital cytokine ex-
pression have been found between black and white pregnant
women with normal flora,32 and differences in coordinated
regulation of the local genital immune response have also
been reported.33 BV prevalence and incidence has been found
to be associated with higher chronic stress levels,34 and there
may be genetic differences across ethnicities in stress-related
genes that affect BV prevalence.35 Whether there is a rela-
tionship between vitamin D deficiency and these racial dif-
ferences in immune response is unclear and requires further
mechanistic study.

Limitations

This is a cross-sectional study; confirmation of these find-
ings will require larger longitudinal epidemiologic studies.
BV in our study was defined by the Amsel criteria, which is
not the gold standard diagnostic test. When compared against
the gold standard Nugent gram stain, Amsel criteria are
found to be 36%–70% sensitive and 94%–98% specific, with
the lower sensitivity reported in a previous study in the
WIHS.36,37 Because of the specificity of the Amsel criteria, we
are confident that the vast majority of cases are true cases.
However, the lack of sensitivity implies that cases of BV were
missed and could have biased our analysis; thus, our findings
should be considered preliminary. For the women partici-
pating in the metabolic substudy, vitamin D measurements
were performed in the context of a substudy looking at bone
health. The inclusion criteria for this study (lack of diabetes,
corticosteroids, or bisphosphonates medications) would not
be expected to alter the relationship between BV and vitamin
D deficiency. Because the population was not chosen ran-
domly, however, there may be unanticipated effects for which
we have not controlled.

FIG. 1. Correlation between prevalence of bacterial vaginosis and 25(OH) vitamin D concentration among HIV-infected
women (r = - 0.15, p = 0.001).
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Conclusions

In this cross-sectional study of nonpregnant HIV-infected
and uninfected women, BV and vitamin D deficiency were
both common. Vitamin D deficiency was significantly corre-
lated with BV among HIV-infected women, with a trend to-
ward correlation among all women. The relationship between
vitamin D and BV, if it is confirmed by larger longitudinal or
mechanistic studies, may partially explain the increased in-
cidence of BV among black women and may be a modifiable
risk factor for the disorder. Further study is needed to deter-
mine if nutritional or behavioral interventions aimed at in-
creasing vitamin D levels will decrease the occurrence of BV.
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