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regnancy-specific association of vitamin D
eficiency and bacterial vaginosis

atherine J. Hensel, MPH; Tara M. Randis, MD; Shari E. Gelber, MD, PhD; Adam J. Ratner, MD, MPH
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BJECTIVE: Recent data suggest vitamin D deficiency (VDD) is associ-
ted with bacterial vaginosis (BV) during pregnancy. We hypothesized
hat VDD is a risk factor for BV in nonpregnant women.

TUDY DESIGN: Using National Health and Nutrition Examination Sur-
ey data, we conducted multivariable logistic regression analyses strat-
fied by pregnancy.

ESULTS: VDD was associated with BV only in pregnant women (ad-
usted odds ratio [AOR], 2.87; 95% confidence interval [CI],
.13–7.28). Among nonpregnant women, douching (AOR, 1.72; 95%
010;203:xx-xx.
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83% in the first trim

oi: 10.1016/j.ajog.2010.08.013
ace (AOR, 2.41; 95% CI, 1.67–3.47) were associated with BV; oral
ontraceptive use was inversely associated with BV (AOR, 0.60; 95%
I, 0.40–0.90). VDD moderated the association between smoking and
V in nonpregnant women.

ONCLUSION: Risk factors for BV differ by pregnancy status. VDD was
modifiable risk factor for BV among pregnant women; evaluation of

itamin D supplementation for prevention or adjunct therapy of BV in
regnancy is warranted.

ey words: bacterial vaginosis, National Health and Nutrition

I, 1.25–2.37), smoking (AOR, 1.66; 95% CI, 1.23–2.24), and black Examination Survey, pregnancy, smoking, vitamin D

ite this article as: Hensel KJ, Randis TM, Gelber SE, et al. Pregnancy-specific association of vitamin D deficiency and bacterial vaginosis. Am J Obstet Gynecol
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acterial vaginosis (BV) is exceed-
ingly prevalent, affecting nearly

0% of women of child-bearing age in
he United States.1 Although the dra-

atic changes in vaginal microflora that
haracterize BV2 often occur in the ab-
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ence of symptoms,3 they are associated
ith numerous adverse sequelae includ-

ng an increased risk of sexually trans-
itted infections, preterm labor, and

ostpartum endometritis.4-7 Although
radication of BV is possible with appro-
riate antimicrobial therapy, recurrent
isease remains a formidable challenge.8

reatment of pregnant women with BV
s particularly problematic because large
linical trials have failed to demonstrate
reduction in adverse pregnancy out-

omes following antibiotic therapy.9 The
dentification of potentially modifiable
isk factors represents a unique opportu-
ity to reduce the burden of BV and its
ssociated morbidities.

Recently Bodnar et al10 identified vi-
amin D deficiency (VDD) as an inde-
endent risk factor for BV in pregnant
omen. This cross-sectional analysis

evealed a significant association be-
ween serum concentrations of 25-hy-
roxyvitamin D (25D), the major cir-
ulating vitamin D metabolite, and the
resence of BV in the first trimester.
hese findings have enormous public
ealth implications in light of the high
revalence of VDD in the United
tates, estimated at 78% among non-
regnant women and ranging from
ester to 47% in n

MONTH 2010 Ame
he third trimester among pregnant
omen.11,12 Because VDD is modifi-

ble through supplementation13 at
ery low cost,14 it provides a possible
oint of intervention in reducing the
urden of BV.
It is now well recognized that vita-
in D is an important regulator of

ost immune responses, and VDD
as been associated with increased
usceptibility to numerous infectious
iseases.15-17 Binding of 1, 25-dihy-
roxyvitamin D to its receptor ulti-
ately results in the transcription of

undreds of genes, including integral
omponents of the innate immune sys-
em.18 Therefore, vitamin D may lo-
ally regulate host immune signaling.19

ltered immunity in the vaginal mi-
roenvironment provides a potential
echanistic explanation for the ob-

erved association between VDD and
he development of BV.

The relationship between VDD and BV
n nonpregnant women has not yet been
xplored. Furthermore, it is unknown
hether other risk factors for BV differ by
regnancy status. We assessed whether BV
isk factors differ between pregnant and
onpregnant women with a special focus
n VDD across subgroups using a large,

ationally representative data set.

rican Journal of Obstetrics & Gynecology 1.e1
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ATERIALS AND METHODS

he National Health and Nutrition Ex-
mination Survey (NHANES) is an on-
oing national survey conducted by the
ational Center for Health Statistics

NCHS), Centers for Disease Control
nd Prevention, that assesses disease and
isk factors among the civilian, noninsti-
utionalized population of the United
tates.20,21 NHANES uses a complex,
ultistage, probability sample design

nd oversampled African Americans,
exican Americans, low-income per-

ons, and adolescents aged 12-19 years
uring 2001-2004 to obtain sample sizes

arge enough for stable estimates among
hese groups. Health examinations and
ome interviews, including sexual be-
avior and reproductive health, were
onducted at a mobile examination cen-
er (MEC).

Inclusion criteria for this analysis were
omen aged 14-49 years who partici-
ated in the MEC components of
HANES. Exclusion criteria included
o reported Nugent score for BV and/or
o reported 25D serum concentration.
Participants aged 12 years or older pro-

ided consent for examination and inter-
iew; parents of participants younger than
8 years also provided consent for their
hildren’s participation. The National
enter for Health Statistics Research Eth-

cs Review Board approved all protocols.
he Columbia University Medical Center

nstitutional Review Board provided ex-
mption for this analysis.

Race/ethnicity was self-reported and
lassified as non-Hispanic white, non-
ispanic black, Mexican American, and

ther, including multiracial persons and
ersons of non-Mexican Hispanic de-
cent. Poverty index was calculated by
omparing the family’s self-reported in-
ome to the family’s appropriate poverty
hreshold.22 An index less than 1 indi-
ated income below the poverty thresh-
ld.22 Educational attainment, marital
tatus, current oral contraception use,
nd douching frequency in the past 6
onths were self-reported. Sexual be-

aviors, including ever having sex, num-
er of lifetime sexual partners (including
oth male and female sexual partners),
TABLE 1
Multivariable analysis of demographic, behavioral, and clinical
characteristics associated with BV (n � 3523)

Characteristic

Overall (n � 3523)

AOR (95% CI) P valuea

Vitamin Db

.....................................................................................................................................................................................................................................

Sufficient 1.00 (reference)
.....................................................................................................................................................................................................................................

Deficient 1.03 (0.75–1.44) .84
..............................................................................................................................................................................................................................................

Age, y 1.00 (0.98–1.02) .95
..............................................................................................................................................................................................................................................

Race/ethnicity
.....................................................................................................................................................................................................................................

White 1.00 (reference)
.....................................................................................................................................................................................................................................

Black 2.41 (1.64–3.55) � .01
.....................................................................................................................................................................................................................................

Mexican American/other 1.54 (1.00–2.37) .04
..............................................................................................................................................................................................................................................

Education
.....................................................................................................................................................................................................................................

High school graduate/GED or more 1.00 (reference)
.....................................................................................................................................................................................................................................

Less than high school 1.12 (0.74–1.70) .58
..............................................................................................................................................................................................................................................

Poverty index
.....................................................................................................................................................................................................................................

At or below poverty level 1.00 (reference)
.....................................................................................................................................................................................................................................

Above poverty level 0.78 (0.60–1.00) .05
..............................................................................................................................................................................................................................................

Marital status
.....................................................................................................................................................................................................................................

Not married 1.00 (reference)
.....................................................................................................................................................................................................................................

Married/living as married 0.89 (0.62–1.27) .52
..............................................................................................................................................................................................................................................

Age at first sex, yc

.....................................................................................................................................................................................................................................

Never had sex 1.00 (reference)
.....................................................................................................................................................................................................................................

�14 3.04 (1.12–8.24) .03
.....................................................................................................................................................................................................................................

15 or 16 2.55 (0.94–6.94) .07
.....................................................................................................................................................................................................................................

17 or 18 2.24 (0.79–6.33) .13
.....................................................................................................................................................................................................................................

�19 2.16 (0.85–5.49) .10
..............................................................................................................................................................................................................................................

Number lifetime partnersc

.....................................................................................................................................................................................................................................

0 or 1 1.00 (reference)
.....................................................................................................................................................................................................................................

2-4 0.78 (0.53–1.17) .23
.....................................................................................................................................................................................................................................

5-8 0.94 (0.61–1.47) .80
.....................................................................................................................................................................................................................................

�9 0.89 (0.62–1.27) .51
..............................................................................................................................................................................................................................................

Ever had female sex partnerc

.....................................................................................................................................................................................................................................

No 1.00 (reference)
.....................................................................................................................................................................................................................................

Yes 1.76 (1.07–2.91) .03
..............................................................................................................................................................................................................................................

Unprotected sexc,d

.....................................................................................................................................................................................................................................

No 1.00 (reference)
.....................................................................................................................................................................................................................................

Yes 1.13 (0.78–1.64) .51
..............................................................................................................................................................................................................................................

Pregnancy status
.....................................................................................................................................................................................................................................

Not pregnant 1.00 (reference)
.....................................................................................................................................................................................................................................

Pregnant 0.59 (0.32–1.07) .08
..............................................................................................................................................................................................................................................
ver having a female sexual partner, age
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t first sex, and unprotected sex in the
ast 30 days, were self-reported in an au-
io computer-assisted self-interview.
Participants were instructed to con-

ider oral, anal, and vaginal sex as “sex”
n their responses. Only women who re-
orted multiple sex partners in the past
ear were asked about condom use in the
receding 30 days. Therefore, the classi-
cation of having “unprotected sex” is

imited to women who had more than 1
exual partner in the past year and who
eported sex without a condom at least
nce in the preceding 30 days. Women
ith only 1 sexual partner in the past year
ere categorized as not having “unpro-

ected sex” because they were not asked
bout condom use. This analysis in-
ludes sexual behavior data only for
omen 20 years old or older.
Pregnancy status was confirmed by

rine testing. Body mass index (BMI)
as calculated from height and weight
easurements and classified into the fol-

owing categories: normal, BMI �18.5
g/m2 and �24.9 kg/m2; underweight,
MI �18.5 kg/m2; overweight, BMI
25.0 kg/m2 and �29.9 kg/m2; obese,

MI �30.0 kg/m2.23 Vitamin D and co-
inine (a serum metabolite of nicotine)
evels were determined using serum col-
ected via venipuncture by certified phle-
otomists at the MEC. Analysis methods
re described elsewhere.24,25 In this anal-
sis, VDD was classified as less than 30
g/mL based on current recommenda-

ions.26 Cotinine levels greater than 3
g/mL were indicative of active smok-

ng.27 Vaginal swabs used for determin-
ng BV were self-collected in the MEC.
he MEC staff then rolled the swabs onto
lass slides, which were subsequently
hipped to Magee Women’s Hospital
Pittsburgh, PA) for Gram staining and
ugent scoring.28 A Nugent score of

-10 indicates BV.29

Statistical analysis was conducted us-
ng survey procedures in SAS (version
.2; SAS Institute, Cary, NC), which ac-
ount for the unequal weighting of per-
ons in the complex NHANES sample
esign, and missing data were excluded

rom analysis. Weights reported by
CHS for the 2001-2002 and 2003-2004
ata cycles were used to reflect the un-

qual probability of selection and to ad- p
ust for nonresponse among sample per-
ons.30 Taylor series linearization was
sed for variance estimation to produce
nbiased estimates.30

In bivariable analyses, unadjusted lo-
istic regression was used to compute
rude odds ratios with 95% confidence
ntervals. Associated P values were calcu-
ated using Wald �2 tests. Variables with
� .10 were included as covariates in the
ultivariable logistic regression analysis

s were age, which was included out of
onvention, and pregnancy status, which
as of interest based on the literature.10

A second analysis stratified the study
opulation by pregnancy status. Bivari-
ble analyses for pregnant and nonpreg-
ant women were conducted as de-
cribed earlier. Multivariable logistic
egression analyses were conducted sep-
rately for pregnant and nonpregnant
omen and included the same covariates
sed in the unstratified multivariable

ogistic regression analysis, excepting

TABLE 1
Multivariable analysis of demograp
characteristics associated with BV

Characteristic

Current oral contraception use
..........................................................................................................

No
..........................................................................................................

Yes
...................................................................................................................

Douching frequency last 6 months
..........................................................................................................

Never
..........................................................................................................

At least once
...................................................................................................................

Cotinine level
..........................................................................................................

�3 ng/mL
..........................................................................................................

�3 ng/mL
...................................................................................................................

BMIe
..........................................................................................................

Normal
..........................................................................................................

Underweight
..........................................................................................................

Overweight
..........................................................................................................

Obese
...................................................................................................................

AOR, adjusted odds ratio; BMI, body mass index; BV, bacteria
development; OC, oral contraceptive.
a By Wald �2 test; b Vitamin D deficiency defined as �30 ng/m

no condom 1 time or more in past 30 days among women wi
�24.9 kg/m2; underweight, BMI �18.5 kg/m2; overweight,

Hensel. Pregnancy, vitamin D, and BV. Am J Obstet Gyne
regnancy status. d

MONTH 2010 Ame
Finally, a multivariable logistic regres-
ion analysis was stratified by vitamin D
tatus. Results of other multivariable lo-
istic regression models in this larger
nalysis suggested the association be-
ween cotinine levels and BV may be de-
endent on vitamin D status. Stratifying
y vitamin D status allowed an examina-
ion of this hypothesized moderating ef-
ect. Covariates included in this model
ere the same as those used in the un-

tratified multivariable logistic regres-
ion analysis, excepting vitamin D status.

ESULTS
f 3527 women who satisfied the inclu-

ion and exclusion criteria, 4 women
ho reported never having sex had pos-

tive urine pregnancy tests at time of ex-
mination. These women were excluded
rom the analysis resulting in an n �
523 for the sample. BV prevalence was
9%.
Similar to previous findings,1 several

, behavioral, and clinical
� 3523) (continued)

Overall (n � 3523)

AOR (95% CI) P valuea

..................................................................................................................

1.00 (reference)
..................................................................................................................

0.60 (0.40–0.90) .01
..................................................................................................................

..................................................................................................................

1.00 (reference)
..................................................................................................................

1.68 (1.21–2.33) � .01
..................................................................................................................

..................................................................................................................

1.00 (reference)
..................................................................................................................

1.63 (1.22–2.16) � .01
..................................................................................................................

..................................................................................................................

1.00 (reference)
..................................................................................................................

0.82 (0.38–1.77) .62
..................................................................................................................

1.29 (0.88–1.90) .19
..................................................................................................................

1.26 (0.87–1.81) .22
..................................................................................................................

inosis; CI, confidence interval; GED, general educational

ncluded only for women aged 20-49 years; d Unprotected sex:
ultiple partners in past year; e Normal, BMI �18.5 kg/m2 and
�25.0 kg/m2 and �29.9 kg/m2; obese, BMI �30.0 kg/m2.

010.
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TABLE 2
Multivariable analysis of demographic, behavioral, and clinical characteristics
associated with BV according to pregnancy status

Characteristic

Nonpregnant (n � 3044) Pregnant (n � 440)

AOR (95% CI) P valuea AOR (95% CI) P valuea

Vitamin Db

.......................................................................................................................................................................................................................................................................................................................................................................

Sufficient 1.00 (reference) 1.00 (reference)
.......................................................................................................................................................................................................................................................................................................................................................................

Deficient 0.99 (0.69–1.40) .93 2.87 (1.13–7.28) .03
................................................................................................................................................................................................................................................................................................................................................................................

Age, y 1.00 (0.98–1.02) .94 1.01 (0.91–1.13) .84
................................................................................................................................................................................................................................................................................................................................................................................

Race/ethnicity
.......................................................................................................................................................................................................................................................................................................................................................................

White 1.00 (reference) 1.00 (reference)
.......................................................................................................................................................................................................................................................................................................................................................................

Black 2.41 (1.67–3.47) � .01 2.10 (0.59–7.54) .25
.......................................................................................................................................................................................................................................................................................................................................................................

Mexican American/other 1.63 (1.09–2.44) .02 0.61 (0.16–2.36) .48
................................................................................................................................................................................................................................................................................................................................................................................

Education
.......................................................................................................................................................................................................................................................................................................................................................................

High school graduate/GED or more 1.00 (reference) 1.00 (reference)
.......................................................................................................................................................................................................................................................................................................................................................................

Less than high school 1.12 (0.74–1.70) .59 1.61 (0.42–6.21) .49
................................................................................................................................................................................................................................................................................................................................................................................

Poverty index
.......................................................................................................................................................................................................................................................................................................................................................................

At or below poverty level 1.00 (reference) 1.00 (reference)
.......................................................................................................................................................................................................................................................................................................................................................................

Above poverty level 0.76 (0.58–1.01) .05 0.96 (0.32–2.89) .94
................................................................................................................................................................................................................................................................................................................................................................................

Marital status
.......................................................................................................................................................................................................................................................................................................................................................................

Not married 1.00 (reference) 1.00 (reference)
.......................................................................................................................................................................................................................................................................................................................................................................

Married/living as married 0.89 (0.63–1.26) .51 0.79 (0.22–2.90) .73
................................................................................................................................................................................................................................................................................................................................................................................

Age at first sex, yc,d

.......................................................................................................................................................................................................................................................................................................................................................................

Never had sex 1.00 (reference) —
.......................................................................................................................................................................................................................................................................................................................................................................

�14 3.02 (1.07–8.58) .04 — —
.......................................................................................................................................................................................................................................................................................................................................................................

15 or 16 2.64 (0.97–7.17) .06 — —
.......................................................................................................................................................................................................................................................................................................................................................................

17 or 18 2.14 (0.76–6.03) .15 — —
.......................................................................................................................................................................................................................................................................................................................................................................

�19 2.21 (0.88–5.56) .09 — —
................................................................................................................................................................................................................................................................................................................................................................................

Number of lifetime partnersc

.......................................................................................................................................................................................................................................................................................................................................................................

0 or 1 1.00 (reference) 1.00 (reference)
.......................................................................................................................................................................................................................................................................................................................................................................

2-4 0.80 (0.52–1.22) .29 0.40 (0.11–1.44) .16
.......................................................................................................................................................................................................................................................................................................................................................................

5-8 0.93 (0.58–1.49) .76 1.39 (0.43–4.54) .58
.......................................................................................................................................................................................................................................................................................................................................................................

�9 0.86 (0.58–1.28) .46 1.56 (0.51–4.80) .43
................................................................................................................................................................................................................................................................................................................................................................................

Ever had female sex partnerc

.......................................................................................................................................................................................................................................................................................................................................................................

No 1.00 (reference) 1.00 (reference)
.......................................................................................................................................................................................................................................................................................................................................................................

Yes 1.66 (0.96–2.86) .07 4.51 (0.97–21.07) .06
................................................................................................................................................................................................................................................................................................................................................................................

Unprotected sexc,e

.......................................................................................................................................................................................................................................................................................................................................................................

No 1.00 (reference) 1.00 (reference)
.......................................................................................................................................................................................................................................................................................................................................................................

Yes 1.22 (0.82–1.81) .33 0.33 (0.07–1.54) .16
................................................................................................................................................................................................................................................................................................................................................................................

Current OC used

.......................................................................................................................................................................................................................................................................................................................................................................

No 1.00 (reference) —
.......................................................................................................................................................................................................................................................................................................................................................................

Yes 0.60 (0.40–0.90) .01 — —
................................................................................................................................................................................................................................................................................................................................................................................
Hensel. Pregnancy, vitamin D, and BV. Am J Obstet Gynecol 2010. (continued )
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haracteristics were significantly associ-
ted with BV in the bivariable analysis,
ncluding black race (P � .01), Mexican
merican/other race/ethnicity (P � .01),

ess than a high school education (P �
01), ever having sex (P � .05), sexual
ebut 14 years old or younger (P � .01)
r at ages 15 or 16 years (P � .03), num-
er of lifetime sexual partners (5-8; 9 or
ore; P � .01 for each), douching at

east once in the past 6 months (P � .01),
nd being overweight (P � .03) or obese
P � .01).

VDD (P � .01), having unprotected
ex in the last 30 days (P � .01), and co-
inine levels of 3 ng/mL or greater (P �
01) were also significantly associated
ith BV. Income above the poverty level

P � .01), being married/living as mar-
ied (P � .01), and current oral contra-
eptive (OC) use (P � .01) were signifi-
antly inversely associated with BV.

edian serum concentration of 25D was
3.00 ng/mL (interquartile range [IQR],
7.00 –30.00).
In the bivariable analysis stratified by

regnancy status, among nonpregnant
omen, VDD (P � .01), black race (P �

01), Mexican American/other race/eth-

TABLE 2
Multivariable analysis of demograp
associated with BV according to pr

Characteristic

Douching frequency last 6 months
..........................................................................................................

Never
..........................................................................................................

At least once
...................................................................................................................

Cotinine level
..........................................................................................................

�3 ng/mL
..........................................................................................................

�3 ng/mL
...................................................................................................................

BMIf
..........................................................................................................

Normal
..........................................................................................................

Underweight
..........................................................................................................

Overweight
..........................................................................................................

Obese
...................................................................................................................

AOR, adjusted odds ratio; BMI, body mass index; BV, bacteria
a By Wald �2 test; b Vitamin D deficiency defined as �30 g/mL

sex: no condom 1 or more times in past 30 days among wom
�25.0 kg/m2 and �29.9 kg/m2; obese, BMI �30.0 kg/m2

Hensel. Pregnancy, vitamin D, and BV. Am J Obstet Gyne
icity (P � .01), less than a high school c
ducation (P � .02), ever having sex
P � .05), sexual debut at age 14 years or
ounger (P � .01) or at age 15 or 16 years
P � .02), number of lifetime sexual
artners (5-8; �9; P � .01 for each), ever
aving had a female sexual partner (P �

01), unprotected sex in the past 30 days
P � .01), douching at least once in the
ast 6 months (P � .01), cotinine levels
f 3 ng/mL or greater (P � .01), and be-

ng overweight (P � .03) or obese (P �
01) were all significantly associated with
V. Income above the poverty level (P �

01), being married/living as married
P � .01), and current OC use (P � .01)
ere significantly inversely associated
ith BV among nonpregnant women.
Among pregnant women, VDD (P �

01), black race (P � .02), and ever hav-
ng a female sexual partner (P � .01)
ere significantly associated with BV in

he bivariable analysis; marital status
P � .01) was significantly inversely as-
ociated with BV. Median serum con-
entrations of 25D were 23.00 ng/mL
IQR, 17.00 –30.00) among nonpreg-
ant women and 25.00 ng/mL (IQR,
7.00 –31.00) among pregnant women.
Several characteristics remained asso-

, behavioral, and clinical characteris
nancy status (continued)

Nonpregnant (n � 3044)

AOR (95% CI) P valuea

.........................................................................................................................

1.00 (reference)
.........................................................................................................................

1.72 (1.25–2.37) � .01
.........................................................................................................................

.........................................................................................................................

1.00 (reference)
.........................................................................................................................

1.66 (1.23–2.24) � .01
.........................................................................................................................

.........................................................................................................................

1.00 (reference)
.........................................................................................................................

0.79 (0.35–1.77) .57
.........................................................................................................................

1.30 (0.87–1.95) .20
.........................................................................................................................

1.26 (0.85–1.85) .25
.........................................................................................................................

inosis; CI, confidence interval; GED, general educational developm

cluded only for women aged 20-49 years; d Dashes indicate zero
ith multiple partners in past year; f Normal, BMI �18.5 kg/m2 and

010.
iated with BV in the multivariable logis- 9

MONTH 2010 Ame
ic regression analysis (Table 1). Black
ace (adjusted odds ratio [AOR], 2.41;
5% confidence interval [CI], 1.64 –
.55), Mexican American/other race/
thnicity (AOR, 1.54; 95% CI, 1.00 –
.37), sexual debut at age 14 years or
ounger (AOR, 3.04; 95% CI, 1.12–
.24), ever having a female sexual part-
er (AOR, 1.76; 95% CI, 1.07–2.91),
ouching at least once in the past 6
onths (AOR, 1.68; 95% CI, 1.21–2.33),

nd serum cotinine level of 3 ng/mL or
reater (AOR, 1.63; 95% CI, 1.22–2.16)
ere significantly associated with BV.
urrent OC use (AOR, 0.60; 95% CI,
.40 – 0.90) was significantly inversely
ssociated with BV.

Characteristics significantly associated
ith BV differed by pregnancy status in

he stratified multivariable model (Table
). Among nonpregnant women, black
ace (AOR, 2.41; 95% CI, 1.67–3.47),

exican American/other race/ethnicity
AOR, 1.63; 95% CI, 1.09 –2.44), sexual
ebut at 14 years old or younger (AOR,
.02; 95% CI, 1.07– 8.58), douching at
east once in the past 6 months (AOR,
.72; 95% CI, 1.25–2.37), and cotinine
evels of 3 ng/mL or greater (AOR, 1.66;

s

Pregnant (n � 440)

AOR (95% CI) P valuea

..................................................................................................................

1.00 (reference)
..................................................................................................................

1.06 (0.22–5.13) .95
..................................................................................................................

..................................................................................................................

1.00 (reference)
..................................................................................................................

0.77 (0.22–2.64) .67
..................................................................................................................

..................................................................................................................

1.00 (reference)
..................................................................................................................

3.56 (0.32–39.42) .30
..................................................................................................................

1.21 (0.31–4.68) .78
..................................................................................................................

1.27 (0.40–3.97) .69
..................................................................................................................

; OC, oral contraceptive.

t cell for reference category; AOR not available; e Unprotected
4.9 kg/m2; underweight, BMI �18.5 kg/m2; overweight, BMI
hic tic
eg

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

l vag ent

; c In coun
en w �2
.

5% CI, 1.23–2.24) were significantly as-
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TABLE 3
Multivariable analysis of demographic, behavioral, and clinical characteristics
associated with BV according to vitamin D status

Characteristic

Vitamin D sufficient (n � 736) Vitamin D deficient (n � 2787)a

AOR (95% CI) P valueb AOR (95% CI) P valueb

Age, y 0.97 (0.93–1.01) .09 1.01 (0.99–1.03) .54
................................................................................................................................................................................................................................................................................................................................................................................

Race/ethnicity
.......................................................................................................................................................................................................................................................................................................................................................................

White 1.00 (reference) 1.00 (reference)
.......................................................................................................................................................................................................................................................................................................................................................................

Black 1.78 (0.25–12.54) .56 2.60 (1.79–3.78) � .01
.......................................................................................................................................................................................................................................................................................................................................................................

Mexican-American/other 3.37 (1.26–9.02) .02 1.45 (0.93–2.29) .10
................................................................................................................................................................................................................................................................................................................................................................................

Education
.......................................................................................................................................................................................................................................................................................................................................................................

High school graduate/GED or more 1.00 (reference) 1.00 (reference)
.......................................................................................................................................................................................................................................................................................................................................................................

Less than high school 1.29 (0.39–4.24) .68 1.08 (0.69–1.69) .73
................................................................................................................................................................................................................................................................................................................................................................................

Poverty index
.......................................................................................................................................................................................................................................................................................................................................................................

At or below poverty level 1.00 (reference) 1.00 (reference)
.......................................................................................................................................................................................................................................................................................................................................................................

Above poverty level 0.36 (0.18–0.72) � .01 0.92 (0.67–1.26) .60
................................................................................................................................................................................................................................................................................................................................................................................

Marital status
.......................................................................................................................................................................................................................................................................................................................................................................

Not married 1.00 (reference) 1.00 (reference)
.......................................................................................................................................................................................................................................................................................................................................................................

Married/living as married 1.29 (0.62–2.67) .50 0.86 (0.61–1.23) .42
................................................................................................................................................................................................................................................................................................................................................................................

Age at first sex, yc,d

.......................................................................................................................................................................................................................................................................................................................................................................

Never had sex — 1.00 (reference)
.......................................................................................................................................................................................................................................................................................................................................................................

�14 — — 2.31 (0.82–6.53) .11
.......................................................................................................................................................................................................................................................................................................................................................................

15 or 16 — — 2.01 (0.75–5.36) .17
.......................................................................................................................................................................................................................................................................................................................................................................

17 or 18 — — 2.00 (0.72–5.56) .19
.......................................................................................................................................................................................................................................................................................................................................................................

�19 — — 1.86 (0.73–4.73) .19
................................................................................................................................................................................................................................................................................................................................................................................

Number lifetime partnersc

.......................................................................................................................................................................................................................................................................................................................................................................

0 or 1 1.00 (reference) 1.00 (reference)
.......................................................................................................................................................................................................................................................................................................................................................................

2-4 1.61 (0.63–4.15) .32 0.70 (0.48–1.04) .08
.......................................................................................................................................................................................................................................................................................................................................................................

5-8 1.94 (0.76–4.99) .17 0.92 (0.61–1.18) .69
.......................................................................................................................................................................................................................................................................................................................................................................

�9 1.71 (0.71–4.11) .23 0.85 (0.61–1.18) .32
................................................................................................................................................................................................................................................................................................................................................................................

Ever had female sex partnerc

.......................................................................................................................................................................................................................................................................................................................................................................

No 1.00 (reference) 1.00 (reference)
.......................................................................................................................................................................................................................................................................................................................................................................

Yes 1.83 (0.47–7.09) .38 1.64 (0.95–2.84) .08
................................................................................................................................................................................................................................................................................................................................................................................

Unprotected sexc,e

.......................................................................................................................................................................................................................................................................................................................................................................

No 1.00 (reference) 1.00 (reference)
.......................................................................................................................................................................................................................................................................................................................................................................

Yes 1.87 (0.58–5.98) .29 0.98 (0.63–1.52) .92
................................................................................................................................................................................................................................................................................................................................................................................

Pregnancy status
.......................................................................................................................................................................................................................................................................................................................................................................

Not pregnant 1.00 (reference) 1.00 (reference)
.......................................................................................................................................................................................................................................................................................................................................................................

Pregnant 0.14 (0.06–0.31) � .01 0.82 (0.41–1.64) .58
................................................................................................................................................................................................................................................................................................................................................................................

Current OC use
.......................................................................................................................................................................................................................................................................................................................................................................

No 1.00 (reference) 1.00 (reference)
.......................................................................................................................................................................................................................................................................................................................................................................

Yes 0.44 (0.22–0.91) .03 0.65 (0.37–1.16) .15
................................................................................................................................................................................................................................................................................................................................................................................
Hensel. Pregnancy, vitamin D, and BV. Am J Obstet Gynecol 2010. (continued )
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ociated with BV. Current OC use (AOR,
.60; 95% CI, 0.40 – 0.90) was signifi-
antly inversely associated with BV
mong nonpregnant women. Among
regnant women, VDD (AOR, 2.87;
5% CI, 1.13–7.28) was significantly as-
ociated with BV.

In the multivariable model stratified
y vitamin D status (Table 3), Mexican
merican/other race/ethnicity (AOR,
.37; 95% CI, 1.26 –9.02), douching at
east once in the past 6 months (AOR,
.12; 95% CI, 1.33–7.31), and being
verweight (AOR, 1.85; 95% CI, 1.03–
.32) were significantly associated with
V among vitamin D-sufficient women.

ncome above the poverty level (AOR,
.36; 95% CI, 0.18 – 0.72), being preg-
ant (AOR, 0.14; 95% CI, 0.06 – 0.31),
nd current OC use (AOR, 0.44; 95% CI,
.22– 0.91) were significantly inversely
ssociated with BV among vitamin
-sufficient women. Among vitamin D-
eficient women, black race (AOR, 2.60;
5% CI, 1.79 –3.78), douching at least
nce in the past 6 months (AOR, 1.50;
5% CI, 1.20 –1.87), and cotinine levels
f 3 ng/mL or greater (AOR, 1.72; 95%
I, 1.23–2.39) were significantly associ-

TABLE 3
Multivariable analysis of demograp
associated with BV according to vi

Characteristic

Douching frequency last 6 months
..........................................................................................................

Never
..........................................................................................................

At least once
...................................................................................................................

Cotinine level
..........................................................................................................

�3 ng/mL
..........................................................................................................

�3 ng/mL
...................................................................................................................

BMIf
..........................................................................................................

Normal
..........................................................................................................

Underweight
..........................................................................................................

Overweight
..........................................................................................................

Obese
...................................................................................................................

AOR, adjusted odds ratio; BMI, body mass index; BV, bacteria
a Vitamin D deficiency defined as �30 ng/mL; b By Wald �2 te

sex: no condom 1 or more times in past 30 days among wom
�25.0 kg/m2 and �29.9 kg/m2; obese, BMI �30.0 kg/m2

Hensel. Pregnancy, vitamin D, and BV. Am J Obstet Gyne
ted with BV. m
OMMENT

haracteristics associated with BV in the
ultivariable model were consistent
ith previous findings.1 Smoking, black

ace, Mexican American ethnicity, and
ouching are known risk factors for
V1,31,32 and were significantly associ-
ted with BV prevalence in this analysis
smoking AOR, 1.63; 95% CI, 1.22–2.16;
lack race AOR, 2.41; 95% CI,
.64 –3.55; Mexican American/other
ace/ethnicity AOR, 1.54; 95% CI, 1.00 –
.37; douching AOR, 1.68; 95% CI, 1.21–
.33). Ever having a female sex partner, a
haracteristic inconsistently associated
ith BV in the literature1,33-35 was also

ignificantly associated with BV (AOR,
.76; 95% CI, 1.07–2.91). Current OC
se, which was previously found to be
rotective against BV1,36 and may mod-
late local host immunity in the setting
f BV37 was inversely associated with BV
AOR, 0.60; 95% CI, 0.40 – 0.90). Sexual
ebut at age 14 years or younger was also
ignificantly associated with BV in this
nalysis (AOR, 3.04; 95% CI, 1.12– 8.24).
hese associations with BV held in the
ultivariable analysis, even after adjust-

, behavioral, and clinical characteris
in D status (continued)

Vitamin D sufficient (n � 736)

AOR (95% CI) P valueb

.........................................................................................................................

1.00 (reference)
.........................................................................................................................

3.12 (1.33–7.31) � .01
.........................................................................................................................

.........................................................................................................................

1.00 (reference)
.........................................................................................................................

1.13 (0.46–2.79) .80
.........................................................................................................................

.........................................................................................................................

1.00 (reference)
.........................................................................................................................

2.18 (0.33–14.41) .42
.........................................................................................................................

1.85 (1.03–3.32) .04
.........................................................................................................................

0.99 (0.36–2.76) .99
.........................................................................................................................

inosis; CI, confidence interval; GED, general educational developm

ncluded only for women aged 20-49 years; d Dashes indicate zero
ith multiple partners in past year; f Normal, BMI �18.5 kg/m2 and

010.
ent for several other characteristics as- n

MONTH 2010 Ame
ociated with BV. This suggests that BV
s a complex disease with many risk and
rotective factors that contribute to its
revalence in the reproductive-aged
opulation.
Risk factors for BV differed by preg-

ancy status. VDD was associated with
V among pregnant women (AOR, 2.87;
5% CI, 1.13–7.28), consistent with pre-
ious findings.10 In contrast to our initial
ypothesis, VDD was not significantly
ssociated with BV among nonpregnant
omen (AOR, 0.99; 95% CI, 0.69 –1.40).
mong nonpregnant women, sexual de-
ut at age 14 years or younger (AOR,
.02; 95% CI, 1.07– 8.58), douching
AOR, 1.72; 95% CI, 1.25–2.37), smok-
ng (AOR, 1.66; 95% CI, 1.23–2.24),
lack race (AOR, 2.41; 95% CI,
.67–3.47), and Mexican American/
ther race/ethnicity (AOR, 1.63; 95% CI,
.09 –2.44) were significantly associated
ith BV; current OC use was inversely

ssociated with BV (AOR, 0.60; 95% CI,
.40 – 0.90).
In the multivariable analysis stratified

y pregnancy status, active smoking, in-
icated by cotinine levels of 3 ng/mL or
reater, was associated with BV among

s

Vitamin D deficient (n � 2787)a

AOR (95% CI) P valueb

..................................................................................................................

1.00 (reference)
..................................................................................................................

1.50 (1.20–1.87) � .01
..................................................................................................................

..................................................................................................................

1.00 (reference)
..................................................................................................................

1.72 (1.23–2.39) � .01
..................................................................................................................

..................................................................................................................

1.00 (reference)
..................................................................................................................

0.48 (0.12–1.91) .30
..................................................................................................................

1.16 (0.75–1.80) .50
..................................................................................................................

1.22 (0.77–1.94) .40
..................................................................................................................

; OC, oral contraceptive.

t cell for reference category; AOR not available; e Unprotected
4.9 kg/m2; underweight, BMI �18.5 kg/m2; overweight, BMI
hic tic
tam

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........
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onpregnant women (AOR, 1.66; 95%
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I, 1.23–2.24) but not among pregnant
omen (AOR, 0.77; 95% CI, 0.22–2.64).
urthermore, we noted smoking was as-
ociated with BV when VDD was not sig-
ificantly associated with BV. Subse-
uently we stratified the multivariable
odel by vitamin D status to examine

he association between smoking and
V. Among vitamin D-deficient women,

moking was significantly associated
ith BV (AOR, 1.72; 95% CI, 1.23–2.39).
mong vitamin D-sufficient women,
owever, smoking was not significantly
ssociated with BV (AOR, 1.13; 95% CI,
.46 –2.79).
The results of these 2 stratified analy-

es indicate that although the association
etween VDD and BV differs by preg-
ancy status, VDD may be important in
levated BV prevalence among both
regnant and nonpregnant women. For
regnant women, VDD is directly asso-
iated with increased odds of BV and is a
otentially modifiable risk factor for
isease. In nonpregnant women, VDD
ay moderate the relationship between

moking and increased odds of BV.
herefore, treatment of VDD among
oth pregnant and nonpregnant women
ould theoretically reduce the prevalence
f BV in the general population.
Discrepancies in BV risk factors with a

revious NHANES analysis1 merit dis-
ussion. Our analysis demonstrated that
levated cotinine levels, which correlate
ith active smoking, were significantly

ssociated with BV in the multivariable
odel. Cotinine levels were available for

ll but a limited number of women in
ur sample. In the prior analysis, smok-

ng data had been unavailable for the
003-2004 data cycle, and 2001-2002
ata were available only for women 20
ears old or older. Ever having a female
exual partner and sexual debut at 14
ears old or younger were significantly
ssociated with BV in the current analy-
is but not in the previous analysis.
ncreasing number of lifetime sexual
artners was not significant in this mul-
ivariable logistic regression analysis but
ad been previously.1,38 These discrep-
ncies may be due to differences in sam-
le sizes in data for sexual behavior.
This analysis has several strengths and
ome limitations. First, this analysis ex- q

.e8 American Journal of Obstetrics & Gynecology
mined VDD and its association with BV
revalence among a general, nationally
epresentative population of adolescent
nd adult women. Previous research on
DD and BV has been conducted among

n exclusively obstetric population.10

econd, this analysis used serum cotin-
ne levels to evaluate the association be-
ween smoking and BV prevalence. Pre-
ious studies have relied on self-reported
moking status.1,32 Third, this analysis
ncluded a multivariable model stratified
y pregnancy status. This allowed a side-
y-side examination of risk factors for
oth pregnant and nonpregnant women
mong a nationally representative sam-
le of women.
This analysis was limited by its cross-

ectional design; temporality between
haracteristics and BV could not be es-
ablished. Additionally, sexual behavior
ata were limited to women 20 years old
r older, and information on unpro-
ected sex was asked only of women re-
orting multiple sexual partners in a
ear. Variability in the vitamin D assay
ecause of changes in laboratory meth-
ds over time has been noted as a limita-
ion. 24 Finally, this analysis did not ex-
mine the association between VDD and
V by trimester of pregnancy. The per-
entage of vitamin D–sufficient women
ncreases from the first to third trimester
s duration of supplementation in-
reases, and odds of BV are lower among
itamin D-sufficient women in the first
rimester.10,12 Therefore, we speculate
hat BV prevalence may decrease from
he first to third trimester as vitamin D
ufficiency increases.

Our findings on VDD and BV among
regnant women validate those of a pre-
ious study.10 Because limited data are
vailable on VDD and BV in pregnancy
nd the strength of association in our
nalysis is significant but moderate, ad-
itional studies are needed. Particularly,
rospective studies are necessary to es-
ablish temporality in the relationship
etween VDD and BV in pregnancy.
urther epidemiologic studies of VDD
nd BV among nonpregnant women are
lso needed to confirm our findings.

Because antimicrobial treatment for
V has failed to reduce some adverse se-

uelae of this disease in pregnancy,9 BV J

MONTH 2010
revention is paramount. VDD is highly
revalent among women in the United
tates11 and can be corrected through
upplementation.13 Therefore, identifi-
ation of VDD as a modifiable risk factor
or BV among pregnant women may be
mportant in improving health out-
omes among this population.

Smoking also remains prevalent in the
nited States despite declines in recent

ears.39 Whereas smoking is an indepen-
ent and modifiable risk factor for BV in
onpregnant women, VDD may provide
nother point of intervention. Both
moking40 and VDD41 may decrease in-
ate immune responses at the mucosal

evel, but the mechanistic relationship
mong vitamin D, smoking, and BV
eeds further exploration.
VDD was identified as the only modi-

able risk factor among pregnant
omen. VDD may also moderate the re-

ationship between smoking and BV
mong nonpregnant women. Vitamin D
upplementation may have a role in new
reventive and therapeutic strategies for
V in both obstetric and nonobstetric
opulations, although additional study

s needed prior to implementation of
hese proposed interventions. In addi-
ion, optimization of strategies for the
se of prenatal vitamins, including pre-
onceptual use, may aid in the preven-
ion of BV during pregnancy. f
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