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BACKGROUND: Bacterial vaginosis is 1 of the most common vaginal
conditions in the United States. Recent studies have suggested that obese
women have an abnormal microbiota reminiscent of bacterial vaginosis;
however, few studies have investigated the prevalence of bacterial vagi-
nosis in overweight and obese populations. Moreover, despite the
increased prevalence of obesity and bacterial vaginosis in black women, it
is not known whether racial disparities exist in the relationship between
obesity and bacterial vaginosis.

OBJECTIVE: The objective of this study was to examine the relationship
between body mass index and bacterial vaginosis as determined by
Nugent score and to determine the influence of race in this context.
STUDY DESIGN: We performed a cross-sectional study using patient
data and vaginal smears from 5918 participants of the Contraceptive
CHOICE Project. Gram-stained vaginal smears were scored with the
Nugent method and categorized as bacterial vaginosis—negative
(Nugent score, 0—3), bacterial vaginosis—intermediate (Nugent score,
4—6), or bacterial vaginosis—positive (Nugent score, 7—10). Body mass
index was determined with Centers for Disease Control and Prevention
guidelines, and obese individuals were categorized as class |, Il, or lll
obese based on National Institutes of Health and World Health Orga-
nization body mass index parameters. Linear regression was used to
model mean differences in Nugent scores; Poisson regression with
robust error variance was used to model prevalence of bacterial
vaginosis.

RESULTS: In our cohort, 50.7% of participants were black; 41.5% were
white, and 5.1% were of Hispanic ethnicity; the average age of 25.3 years
old. Overall, 28.1% of participants were bacterial vaginosis—positive.
Bacterial vaginosis was prevalent in 21.3% of lean, 30.4% of overweight,
and 34.5% of obese women (P<.001). The distribution of bacterial
vaginosis—intermediate individuals was similar across all body mass index
categories. Compared with the scores of lean women, Nugent scores were
highest among overweight and obese class | women (adjusted mean
difference: overweight women, 0.33 [95% confidence interval,
0.14—0.51] and obese women, 0.51 [95% confidence interval,
0.29—0.72)). Consistent with this, overweight and obese women had a
higher frequency of bacterial vaginosis compared with lean women, even
after adjustment for variables that included race. Among white women, the
prevalence of bacterial vaginosis was higher for overweight and class | and
class II/lll obese white women compared with lean white women, which is
a phenomenon not observed among black women and suggests an effect
modification.

CONCLUSION: Overweight and obese women have higher Nugent
scores and a greater occurrence of bacterial vaginosis compared with lean
women. Black women have a greater prevalence of bacterial vaginosis
independent of their body mass index compared with white women.

Key words: bacterial vaginosis, body mass index, Nugent score,
obesity, overweight, race

B acterial vaginosis (BV) is 1 of the
most common vaginal conditions
in the United States and is present in
approximately 1 of every 3 women.' BV
is characterized by lower levels of bene-
ficial Lactobacilli and an overgrowth of
fastidious anaerobic bacteria, such as
Gardnerella vaginalis, Atopobium vaginae
and species of Prevotella and Mobi-
luncus.” Women with BV are at an
increased risk for sexually transmitted
infections (STIs; eg, gonorrhea, chla-
mydia, HIV, and trichomoniasis), uri-
nary tract infection, pelvic inflammatory
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disease, and adverse pregnancy out-
comes that include preterm birth.” "’
Nugent scoring is the gold standard for
laboratory-based BV diagnosis and uses
morphotype evaluation of Gram-stained
slides to quantify the representation of
Gram-positive  (Lactobacillus),  small
Gram-negative or -variable (Gardnerella,
Bacteroides), and curved organisms (such
as Mobiluncus) in vaginal fluid smears."*
These measurements are reported as a
score that ranges from 0—10; scores of
0—3 indicate a “normal” Lactobacillus-
dominant microbiota and of 7—10 indi-
cate a positive BV diagnosis. Women with
a score of 4—6 have an “intermediate”
microbiota and, similar to BV-positive
individuals, may be at greater risk for
acquiring STIs compared with women
with a “normal” Lactobacillus-dominant
microbiota.”’>~"" Although the patho-
logic significance of BV-intermediate
status is still not clear in all situations,
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this type of vaginal microbiota is often
considered along with BV as an
“abnormal microbiota”®'®'” It is known
that several factors that include
menstruation,””*! douching,l’zz’23 and
high numbers of sexual partners’* are
associated with disruptions of the vaginal
microbiota. Many questions still remain
about how BV negatively influences
women’s reproductive health. Unfortu-
nately, there is little mechanistic infor-
mation about how the dysbiotic BV
microbiome develops or how individual
bacteria interact with the host to produce
disease. However, recent studies in mouse
models have further implicated G vagi-
nalis as a cause of features related to
BV.”>”° These unknowns and the fact that
BV is a common condition in the United
States underscore the importance of the
identification of BV-associated risk fac-
tors to identify women at high risk for
adverse  gynecologic and obstetric
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Why was this study conducted?

context.

Key findings

prevalence of bacterial vaginosis.

regardless of body mass index.

Although several risk factors for bacterial vaginosis have been identified, whether
obesity/overweight is a risk factor for bacterial vaginosis is not clear. This study
was conducted to determine whether an association between obesity/overweight
and prevalence of bacterial vaginosis exists and to examine the role of race in this

Key findings of this study are that obese and overweight women have higher
Nugent scores and increased prevalence of bacterial vaginosis. We also show that
race is an effect modifier of the relationship between body mass index and

What does this add to what is known?

This study uncovered an association between obesity/overweight and frequency
of bacterial vaginosis and demonstrates that, unlike white women, black women
exhibit higher Nugent scores and increased prevalence of bacterial vaginosis,

outcomes and to design more effective
treatments and prevention strategies.
Although a relationship between
increased body mass index (BMI) and gut
dysbiosis has been studied widely,”” >
little is known about the relationship
between BMI and BV prevalence. Most
recently, it has been reported that the
vaginal microbiota of overweight and
obese Korean women exhibited a larger
proportion of L iners and Prevotella
compared with lean women.”””* This is
of interest because both of these taxa
previously have been associated with
BV.”® Although these studies suggest
that there may be an increased prevalence
of BV in overweight/obese women,
participant BV status was not re-
ported.”** One study conducted among
US women reported a positive correlation
between high BMI and BV; however, after
multivariable modeling, this study
showed BMI was not associated inde-
pendently with BV.”” This study had
several caveats that included that less than
one-third of the women who were
examined were black, and that it did not
examine the relationship between BMI
and women with an “intermediate”
microbiota (Nugent score, 4—6). More-
over, all obese women were categorized
into a single BMI group, regardless of the
subclass of obesity. Both the National
Institutes of Health and the World Health

Organization categorize obese in-
dividuals into 3 subclasses based on BMI:
class I (30—34.9 kg/m?), class II (35—39.9
kg/mz), and class IIT (>40 l<g/rnz).38‘39
Reports have shown an association be-
tween obesity class level and an increased
prevalence of disease.*”"" Given the racial
disparities among overweight and obese
women and the higher prevalence of BV
in black women, an understanding of the
relationship between BVand BMI and the
role of race is highly warranted."**~**

To increase our understanding of the
vaginal microbiota among overweight/
obese women and the extent to which
this association may be influenced by
race, we examined the correlation be-
tween BMI, Nugent score, and BV
prevalence among women in the St.
Louis region. Specifically, we examined
whether BMI positively correlated with
higher Nugent scores and increased BV
prevalence. To test whether factors such
as race influenced the proposed re-
lationships, we performed multivariable
modeling using information gathered
from 5918 reproductive aged women, of
whom 50.7% were black.

Materials and Methods

Study design

We conducted a cross-sectional substudy
of participants from the Contraceptive
CHOICE  Project  (CHOICE)."”

CHOICE obtained written informed
consent from all participants before
enrollment in accordance with its
approved Institutional Review Board
protocol from Washington University in
St. Louis, MO. CHOICE participants
consented to the use of questionnaire
data and stored vaginal samples by
future substudies. The current substudy
obtained Institutional Review Board
approval (ID# 201108155) from Wash-
ington University in St. Louis and fol-
lowed the principles outlined in the
Declaration of Helsinki for human
research.

Over a 4-year period, CHOICE
enrolled 9256 women from the St.
Louis region and provided Food and
Drug Administration—approved
reversible contraceptive methods at
no-cost.”” Eligibility criteria included
women 14—45 vyears of age, self-
reported sexual activity in the past 6
months or plans to become sexually
active with a male partner, and a desire
to prevent pregnancy through the use
of a reversible contraceptive method.
Participants with a history of tubal
ligation or hysterectomy were excluded
from the study. The CHOICE cohort
predominantly consisted of black and
white participants, which is represen-
tative of the racial make-up of the St.
Louis region. The current substudy
included only women with a complete
baseline questionnaire survey, BMI
measurement, and Nugent score (n=
5918). The baseline questionnaire
included age, self-reported race and
ethnicity, highest level of education
obtained, monthly income, receipt of
public assistance, difficulty paying for
basic necessities, tobacco history,
number of sexual partners, history of
douching in last 30 and 180 days, his-
tory of STIs, or positive for an STI at
enrollment. Menstrual status was esti-
mated as last menstrual period within 6
days of enrollment, and a flag for recent
hormonal contraceptive method use
was created for those who reported
contraceptive pills, patch, ring, or in-
jection, the levonorgestrel intrauterine
system, or subdermal implant. History
of STI was defined as ever told by a
healthcare provider that she had 1 of
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the following sexually transmitted in-
fections: chlamydia, gonorrhea, tricho-
moniasis, syphilis, human
papillomavirus or genital warts, human
immunodeficiency virus or herpes;
current STT was defined as positive test
for Chlamydia trachomatis, Neisseria
gonorrhoeae, or Trichomonas vaginalis at
enrollment.

Assessment of BV

At the time of CHOICE enrollment and
before long-acting reversible contracep-
tive method insertion, participants were
instructed by a medical professional for
self-collection of vaginal fluid from a
mid-vaginal site (approximately 2 inches
into the vagina) using a double-headed
rayon swab (Starplex Scientific Inc,
Etobicoke, Ontario, Canada). Vaginal
swabs were rolled immediately onto
glass slides to create vaginal smears,
which were Gram-stained and scored
with the Nugent method.'* The Nugent
method consisted of microscopic evalu-
ation of bacterial morphotypes to score
the overall character of the vaginal
flora.'* Nugent scores range from 0—10,
based on the prevalence of 3 bacterial
morphotypes that roughly correspond to
Lactobacillus, G vaginalis or Bacteroides,
and Mobiluncus. The number of long
rod-shaped Gram-positive bacilli are
scored 0—4, where 0 indicates high
numbers of Lactobacillus; small Gram-
negative and Gram-variable rods and
coccobacilli (Bacteroides and G vaginalis)
are scored 0—4, with 4 denoting the
highest observed number of these bac-
teria; and curved rods (eg, Mobiluncus
spp.) are scored 0—2, where 2 indicates
the highest observed numbers. To ensure
consistency in the amount of vaginal
fluid on each slide and Gram-staining
and Nugent scoring, all swabs were rol-
led by the same technician, and all slides
were stained and scored by the same
technician. To assess the reliability of our
scoring, a subset of smears was also
scored by the laboratory of Dr Sharon
Hillier (who established the Nugent
score method'*) at the Magee-Womens
Research Institute, University of Pitts-
burgh, and was reproducible between
both research groups. Samples were
categorized as BV-negative (score, 0—3),

BV-intermediate (score, 4—6), or BV-
positive (score, 7—10).

BMI determination

Weight and height of participants were
measured at the clinics by research
personnel who used a standardized
protocol at the time of enrollment.
Weight was recorded in pounds, and
height was recorded in feet and inches.
Participants removed shoes and heavy
outer clothing before being measured.
These data were converted to BMI with
the use of the formula published by the
Centers for Disease Control and Pre-
vention™: (weight [pounds]/
[height(inches)]z)x703. Women were
categorized by BMI based on National
Institutes of Health and World Health
Organization recommendations: under-
weight (<18.5 kg/m?®), lean (18.5—24.9
kg/m?), overweight (25—29.9 kg/m®),
class I obese (30—34.9 kg/mz), class 1II
(35—39.9 kg/m®) obese, and class III
(>40 kg/mz) obese.”®?’

Statistical analysis

Participant characteristics were
described for all women and among
strata of BMI categories. Probability
values for these comparisons were esti-
mated with chi-square tests (all categoric
variables) or linear regression (age). We
examined multiple metrics of BV in
relation to BMI: Nugent score category
(including  intermediate), Nugent-
defined BV, and symptomatic BV
(report of discharge, itching, odor, or
pain during urination®’ during the 7
days before the clinic visit and sample
collection).

Crude and adjusted mean differences
and 95% confidence intervals (Cls) were
estimated with linear regression strati-
fied by BMI among all participants and
by self-identified race group (black or
white). Potential confounders (Table 1)
were evaluated for association with BMI
and Nugent score. All variables that were
significant at the alpha level <.05 were
retained for inclusion in the fully
adjusted model. Hispanic ethnicity and
ever use of tobacco were not associated
with Nugent score and were excluded.
Variables that were significant in the fully
adjusted model (public assistance,
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education, current smoker, douching in
the last 30 days, sexually transmitted
infection at baseline, and current hor-
monal contraception) were included in
the final adjusted model. The all partic-
ipant models were also adjusted for race.
Prevalence ratios of BV were estimated
with Poisson regression with robust er-
ror variance. This approach provides an
unbiased estimate of the prevalence ratio
in the instance of a common binary
outcome. The probability value for the
interaction term for BMI and race served
as an indicator of effect modification.
Probability values for 2-tailed tests less
than alpha .05 were considered statisti-
cally significant. All analyses were con-
ducted in Stata software (version 13.0;
StataCorp LP, College Station, TX).

Results

Participant characteristics

Of the 9256 CHOICE participants, 6022
(65.1%) had a baseline questionnaire
survey, BMI measurement, and Nugent
score. The main reason for missingness
(n=2417; 26.1%) was the absence of a
vaginal smear for Nugent scoring, which
is an element that was added to the
protocol after enrollment began. Of the
6022 eligible participants, 5918 (98.3%)
had complete data and were included in
the current analysis. Participant data and
vaginal specimens were obtained at the
time of enrollment. Participants aver-
aged 25.3 years old, and 50.7% of them
self-identified as black (Table 1). Over
one-half of participants (53.1%) re-
ported a monthly income of <$800, and
38.1% reported some form of public
assistance at enrollment. One-third of
participants (33.9%) reported a high
school diploma as the highest degree
obtained. Most women reported multi-
ple lifetime sexual partners (median, 3);
27.5% of participants reported 2—4
partners; 29.2% reported 5—7; 14.2%
reported 8—12, and 19.7% reported >13
lifetime sexual partners. Forty-six
percent had a history of smoking, with
23.1% self-reporting as current smokers
at the time of enrollment.

In this cohort, 27.3% of women were
BV-intermediate, and 28.1% were BV-
positive (Table 2). Of the women diag-
nosed as BV-positive, 17.2% reported
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TABLE 1

Demographics of Contraceptive CHOICE Project participants by body mass index category, N=5,918

Participants by body mass index category, kg/m?

Class | obese
All participants  Underweight Lean 18.5—24.9  Overweight 30—34.9 Class lI/lll

Demographic (N=5918) <185 (n=174) (n=2312) 25—29.9 (n=1540) (n=934) obese >35 (n=958)  Pvalue®
Mean age, y (standard deviation) 25.3+5.9 23.2+4.7 241454 25.6+6.0 26.1+6.2 26.9+6.1 <.001
Race, n (%)

Black 3001 (50.7) 72 (41.4) 870 (37.6) 809 (52.5) 570 (61.0) 680 (71.0) <.001

White 2457 (41.5) 84 (48.3) 1250 (54.1) 604 (39.2) 296 (31.7) 223 (23.3)

Other 460 (7.8) 18 (10.3) 192 (8.3) 127 (8.3) 68 (7.3) 55 (5.7)
Hispanic 300 (5.1) 9(5.2) 105 (4.5) 99 (6.4) 53 (5.7) 34 (3.6) 014
Monthly income, n (%)

None 1226 (20.8) 35 (20.1) 524 (22.7) 304 (19.8) 187 (20.1) 176 (18.4) <.001

$1-800 1903 (32.3) 75 (43.1) 780 (33.9) 494 (32.1) 258 (27.7) 296 (31.0)

$801—1600 1666 (28.2) 45 (25.9) 587 (25.5) 436 (28.4) 295 (31.7) 303 (31.7)

>$1601 1106 (18.7) 19 (10.9) 413 (17.9) 304 (19.8) 190 (20.4) 180 (18.9)
Receiving public assistance, n (%) 2250 (38.1) 48 (27.8) 639 (27.7) 625 (40.6) 445 (47.7) 493 (51.5) <.001
Trouble paying for basic necessities, n (%) 2393 (40.5) 62 (35.6) 828 (35.9) 625 (40.6) 433 (46.4) 445 (46.5) <.001
Education, n (%)

< High school 2007 (33.9) 71 (40.8) 734 (31.8) 535 (34.8) 345 (37.0) 322 (33.6) <.001

Some college 2512 (42.4) 67 (38.5) 895 (38.7) 670 (43.5) 408 (43.8) 472 (49.3)

College graduate 1396 (23.6) 36 (20.7) 683 (29.5) 334 (21.7) 179 (19.2) 164 (17.1)
Smoking

Ever 2765 (46.7) 79 (45.4) 1123 (48.6) 731 (47.5) 514 (55.0) 546 (57.0) .037

Current 1367 (23.1) 48 (27.6) 550 (23.8) 374 (24.3) 199 (21.3) 196 (20.5) .044
Sexual partners last 30 days

None 1125 (19.2) 21 (12.4) 390 (17.1) 316 (20.7) 191 (20.7) 207 (21.8) .004

1 4356 (74.5) 136 (80.0) 1750 (76.8) 1124 (73.6) 673 (72.8) 673 (70.9)

>2 370 (6.3) 13 (7.7) 139 (6.1) 88 (5.8) 61 (6.6) 69 (7.3)
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TABLE 1
Demographics of Gontraceptive CHOICE Project participants by body mass index category, N="5,918 (continued)

Participants by body mass index category, kg/m?

Class | obese
All participants  Underweight Lean 18.5—24.9  Overweight 30—34.9 Class I/l

Demographic (N=5918) <18.5 (n=174) (n=2312) 25—29.9 (n=1540) (n=934) obese >35 (n=958) APvalue®
Lifetime sexual partners, n (%)

None 39(0.7) 0 2 (0.5) 14 (0.9) 4(0.4) 9(1.0) <.001

1 516 (8.7) 4(8.1) 253 (10.9) 128 (8.3) 72 (1.7) 49 (5.1)

2—4 1630 (27.5) 56 (32.2) 680 (29.4) 433 (28.1) 231 (24.7) 230 (24.0)

5—7 1727 (29.2) 56 (32.2) 646 (27.9) 428 (27.8) 303 (32.4) 294 (30.7)

8—12 839 (14.2) 15 (8.6) 308 (13.3) 225 (14.6) 136 (14.6) 155 (16.2)

>13 1167 (19.7) 33(19.0) 413 (17.9) 312 (20.3) 188 (20.1) 221 (23.1)
Douching, n (%)

In the past 180 days 1340 (22.7) 32 (18.4) 407 (17.6) 354 (23.0) 248 (26.6) 299 (31.2) <.001

In the past 30 days 590 (10.0) 19 (10.9) 168 (7.3) 162 (10.6) 99 (10.6) 142 (14.9) <.001
Sexually transmitted infection, n (%)

Past 2461 (41.6) 63 (36.2) 801 (34.7) 660 (42.9) 441 (47.2) 496 (51.8) <.001

At baseline 518 (8.8) 7(9.8) 170 (7.4) 132 (8.6) 85 (9.1) 114 (11.9) .001
Current menstruation flag, n (%) 856 (14.5) 9(10.9) 342 (14.8) 216 (14.0) 129 (13.8) 150 (15.7) 458
Current hormonal contraceptive method before 1520 (25.7) 38 (21.8) 636 (27.5) 412 (26.8) 199 (21.3) 235 (24.5) .003

enrollment, n (%)

& Determined by chi-square test (all categoric variables) or linear regression (age). For categoric variables, probability values represent the distribution of a given categoric variable for all participants and within a specific body mass index category.
Brookheart et al. Obesity and the prevalence of bacterial vaginosis. Am ] Obstet Gynecol 2019.
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Class I/l
obese >35

Class | obese
30—34.9

Overweight
25—29.9

Lean 18.5—24.9

Participants by body
mass index category, kg/m?

Underweight

All participants

Nugent score and prevalence of bacterial vaginosis by body mass index category

TABLE 2

symptoms associated with BV (e,
‘“g _ _ _ abnormal discharge, foul odor, and
s |8 8 P vaginal itching’’) at the time of
x|V v enrollment.
BV prevalence by BMI category
= g|lg 8 g g &< Of the 5918 study participants, 2.9% were
L 0 | v (se] .
B a8 88 82 underweight (BMI, <18.5 kg/m?); 39.1%
l:" 3 23 S 8 8 < were lean (BMI, 18.5—24.9 kg/m?); 26;/0
were overweight (BMI, 25—29.9 kg/m~),
and 32% were obese (BMI >30 kg/mz;
Table 1). As shown in Table 2, 34.5% of
- oo & = & s < obese, 30.4% of overweight, and 21.3% of
< DO N [{o I p] AN | I~ .. .
e AR S © ® = lean women were BV-positive. Given that
J RIFE == L B8z we observed no relationship between
£ P ERARY) © | ™ N S . . . .
5 BMI and BV-intermediate scores in this
8 cohort, we examined the number of
Y N PR Y | = women below the threshold of BV (BV-
— NS T S g g . . . .
g NIPYES o S = || E negative and -intermediate) and found it
TN |2 =R A L = |5 .
2 ~ | w® | oo o oo 2 to be highest among lean women (78.7%)
I O~ | © ~ | © | 0|8
= ©|= = =E ™ g and lowest among obese women (65.5%;
- Table 2).
£ We next examined whether a rela-
B . . . .
E tionship existed between obesity class
| = = —| = | —~| 2 and BV prevalence. Because of the
— Q= |™ ~ ™ |~ 8 ..
g slgls gl S=s ¥1m%te.d nurgber Qf class II and IIT obese
N ol o » o o o ~|& individuals in this cohort, members of
I ~ < o - | o o |3 2
£ T|le|T ® | = 5 these 2 classes (BMI, >35 kg/m~) were
e grouped together (n=958) and members
s of class I (n=934) remained separate.
S 5 Nugent scores were higher in the over-
Tl sla sl lalal o = B weight (0.33 [95% CI, 0.14,0.51]), class I
= || <@ Qe o
= IINIS g5 832 obese (0.51 [95% CI, 0.29—0.72]), and
) o || o © | o -~ 2 class II/III obese groups (0.37 [95% CI,
v ~N 9 < SRS 3 < S o .
B 53 0.16—0.59]) compared with lean women
3 E (Table 3). Consistent with this observa-
& tion, the adjusted prevalence ratio of BV
. o |1z g was 1.25 (95% CI, 1.12—1.39) for over-
g §n 2% S~ 29 weight, 1.31 (95% CI, 1.16—1.47) for
% Slel = = olols & class I obese, and 1.25 (95% CI,
= 3o 3 8 & s & 34 1.11—1.41) for class II/II] obese women
2% compared with lean women (Table 4).
P The role of race in the BMI-BV
S g = relationship
= - To determine whether the relationship
(72} S = .
‘2 23 between BMI and BV was influenced by
I S & oy
. = g race, we performed a within-race anal-
S = S ysis of the mean difference in Nugent
< z 5 g § scores and the prevalence ratio of BV
= 2 8 g = among black women (n=3001) in each
- £ = 50 .
L = Lo = BMI category. Adjusted Nugent scores
8 = © =% . . .
2 ol= £ B s were higher in overweight (0.30 [95%
E & E i I £ 9 8 E‘ 2 8 £ s CI, 0.01—0.58)] and class I obese (0.41
[&] D S
E S > 32 [95% CI, 0.10—0.73]) black women,
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TABLE 3

Body mass index

Nugent score,
mean (standard

Difference in Nugent
score, mean (95%
confidence interval)

Mean difference in Nugent score by body mass index category overall and within each race

Crude

Fully adjusted®

Final adjusted”

Black vs white
interaction Pvalue

category, kg/m? deviation)
All women®
<18.5 4.27 (3.01)
18.5—24.9 3.90 (2.85)
25—29.9 4.53 (2.94)
30—34.9 4.87 (2.99)
>35 4.93 (2.96)
Black women
<185 5.08 (3.02)
18.5—24.9 4.98 (3.01)
25-29.9 5.24 (3.01)
30—34.9 5.37 (3.06)
>35 5.19 (3.00)
White women
<18.5 3.63 (2.79)
18.5—-24.9 3.21 (2.51)
25—29.9 3.62 (2.70)
30—34.9 3.99 (2.78)
>35 4.08 (2.71)

0.30 (—0.14—0.73)
Referent

0.40 (0.22—0.59)"
0.61 (0.39—0.83)"
0.53 (0.31—0.75)"

0.10 (—0.62—0.83)
Referent

0.26 (—0.03—0.55)
0.39 (0.07—0.71)°
0.21 (—0.09—0.51)

0.43 (—0.15—1.01)
Referent

0.42 (0.16—0.67)°
0.78 (0.45—1.11)"
0.88 (0.50—1.25)°

0.15 (—0.29—0.58)
Referent

0.29 (0.11—0.48)"
0.44 (0.23—0.66)"
0.28 (0.07—0.50)"

0.00 (—0.72—0.72)
Referent

0.23 (—0.06—0.52)
0.34 (0.02—0.66)°
0.07 (—0.23—0.38)

0.23 (—0.34—0.81)
Referent

0.24 (—0.02—0.49)
0.51 (0.18—0.84)°
0.51 (0.13—0.88)"

0.19 (—0.24—0.62)
Referent

0.33 (0.14—0.51)°
0.51 (0.29—0.72)°
0.37 (0.16—0.59)°

0.00 (—0.72—0.71)
Referent

0.30 (0.01—0.58)"
0.41 (0.10—0.73)°
0.18 (—0.12—0.48)

0.30 (—0.28—0.87)
Referent

0.24 (—0.01—0.49)
0.56 (0.23—0.89)°
0.58 (0.21—0.95)°

557
Referent
891
401
.064

# Included income, public assistance, trouble paying for basics, education, number of sex partners in the last 30 days, lifetime number of sex partners, current tobacco use, douching in last 30 days,
douching in last 180 days, history of sexually transmitted infection, current sexually transmitted infection; ® Adjusted for public assistance, education, current smoker, douching in the last 30 days,
and sexually transmitted infection at baseline; © The All Women model was also adjusted for race; ¢ Statistically significant value.
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compared with lean black women
(Table 3). However, the adjusted Nugent
scores of class II/III obese black women
were not  significantly  different
compared with lean counterparts.
Among white women (n=2457), Nugent
scores were higher for class I (0.56 [95%
CI, 0.23—0.89]) and class II/IIT (0.58
[95% CI, 0.21—0.95]) obese white
women compared with lean white
women. We observed no significant dif-
ference in Nugent scores for overweight
white women compared with lean white
women (Table 3).

We next examined the adjusted
prevalence ratio of BV for black women
across all BMI categories. We observed
that only class I obese black women had
an increased occurrence of BV (1.14
[95% CI, 1.00—1.31]) compared with
lean black women, although the

prevalence of BV for overweight and
class II/IIT obese black women was not
statistically different than lean black
women (Table 4). Among white
women, the adjusted prevalence ratio of
BV was greater in overweight (1.44
[95% CI, 1.16—1.79), class I (1.73 [95%
CI, 1.35—2.22]), and class II/III (1.63
[95% CI, 1.23—2.15]) obese white
women compared with lean white
women (Table 4). We next examined
the effect modification of race on the
BMI-BV relationship. The statistical
interaction of increasing BMI and race
in relation to BV prevalence was sig-
nificant for overweight (P=024) and
obese (class I [P=.001] and class II/III
[P=.002]) women (Table 4). No inter-
action of race was observed in the as-
sociation of BMI and Nugent score
(Table 3).
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Comment

We report that Nugent scores were
higher in overweight (4.53) and obese
(class 1 [4.87] and class II/III [4.93])
women compared with lean (3.90)
women. Overweight and obese women
also had a higher frequency of BV
(overweight [30.4%], obese class I
[33.9%], and class II/III [35%] ). Because
black race is a risk factor for both BV and
obesity in women, "**~** we examined
the relationship between BMI and BV by
race. Among white women, Nugent
scores were higher in obese (class I [3.99]
and class II/III [4.08]) women than in
lean (3.21) women. White overweight
(19.9%) and obese (class I [24.7%)] and
class II/III [24.2%]) women had a higher
prevalence of BV compared with lean
(12.5%) white women. However, among
black women, this phenomenon was not
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Prevalence ratio of bacterial vaginosis by body mass index category overall and within each race

Prevalence ratio (95%
confidence interval)

Crude

Fully adjusted®

Final adjusted”

Black vs white
interaction Pvalue

1.25 (0.98—1.60)
Referent

1.28 (1.15—1.43)°
1.36 (1.20—1.53)"
1.31 (1.16—1.48)"

1.11 (0.82—1.50)
Referent

1.11 (0.98—1.26)
1.13 (0.99—-1.30)
1.07 (0.94—1.23)

1.53 (0.96—2.43)
Referent

1.59 (1.28—1.98)°
1.98 (1.54—2.53)"
1.94 (1.47—2.55)"

1.18 (0.92—1.51)
Referent

1.23 (1.10—1.36)°
1.26 (1.12—1.42)°
1.20 (1.07—1.35)°

1.08 (0.80—1.46)
Referent

1.09 (0.97—1.24)
1.11 (0.97—1.27)
1.03 (0.90—1.17)

1.37 (0.86—2.18)
Referent

1.42 (1.14—1.76)"
1.69 (1.31—2.17)°
1.56 (1.18—2.07)°

1.20 (0.94—1.54)
Referent

1.25 (1.12—1.39)°
1.31 (1.16—1.47)°
1.25 (1.11—1.41)°

1.07 (0.79—1.45)
Referent

1.12 (0.99—1.27)
1.14 (1.00—1.31)°
1.07 (0.98—1.18)

1.4 (0.92—2.25)
Referent

1.44 (1.16—1.79)°
1.73 (1.35—2.22)°
1.63 (1.23—2.15)"

314
Referent
.024°
.001¢
.00°

2 Included income, public assistance, trouble paying for basics, education, number of sex partners in the last 30 days, lifetime number of sex partners, current tobacco use, douching in last 30 days,
douching in last 180 days, history of sexually transmitted infection, current sexually transmitted infection; ® Adjusted for public assistance, education, current smoker, douching in the last 30 days,
and sexually transmitted infection at baseline; © The All Women models also adjusted for race; ¢ Statistically significant value.

TABLE 4
Body mass index Bacterial vaginosis
category, kg/m? prevalence, %
All women®
<18.5 27.6
18.5—24.9 21.3
25—29.9 30.4
30—34.9 33.9
>35 35.0
Black women
<185 38.9
18.5—24.9 35.2
25—29.9 39.1
30—34.9 39.8
>35 37.8
White women
<18.5 19.1
18.5—24.9 12.5
25—29.9 19.9
30—34.9 247
>35 24.2
Brookheart et al. Obesity and the prevalence of bacterial vaginosis. Am ] Obstet Gynecol 2019.

present, which suggests that BV occur-
rence in black women is independent of
their BMI. We observed a significant
interaction of race and increasing BMI in
relation to BV prevalence for overweight
(P=.024) and obese (class I [P=.001] and
class II/II [P=002]) women, which
suggests that race is an effect modifier of
the association of increasing BMI and
BV prevalence. Although the interaction
of race on the BMI-BV relationship has
not been reported previously, studies
have shown that obese white women
exhibit a higher avoidance of female
preventative healthcare services (eg,
Papanicolaou test and breast cancer
screening), which is a phenomenon not
observed in obese black women.***’
Multiple factors likely contribute to the
significant interaction among race, BMI,
and BV in our study; the previously
observed higher level of delay and

avoidance toward preventative genital
health services among obese white
women may be 1 factor.”

Few studies have explored the rela-
tionship between BMI and BV preva-
lence, and a consensus on whether BMI
is a risk factor for BV has not been
reached. In 1 study of 2906 US women of
whom 26.2% were black, 36% of obese
women were BV positive; however, after
adjustment for confounders, there was
no relationship between BMI and BV.”
This apparent discrepancy may be due
to our larger sample size (n=5918), a
larger representation of black women
(50.7%), and potential differences in the
differential control of confounders and
levels of residual confounding between
our study and Koumans et al.”” A recent
longitudinal study reported obesity was
associated with nearly a 20% decrease of
BV risk in a cohort of 1946 Kenyan

female sex workers.” The longitudinal
Kenyan study measured relative risk of
BV in obese populations; our cross-
sectional study measured prevalence
(eg, 1 infers a causal relationship; the
other offers association). Differences in
the characteristics of the Kenyan cohort
and our cohort may also account for the
discrepancy between the 2 studies, for
example, our larger sample size
(N=5918 total and n=3001 black
women vs their N=1946). Additionally,
their cohort consisted of only African
women,; our analysis included women of
white (41.5%), black (50.7%), and other
(7.8%) races. This difference may be
important because African and black
women exhibit a higher incidence of
vaginal microbiota disruption compared
with white women’>°%; thus, results of 1
race may vary from results of other
races. Expanding on this point, our
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within-race analyses (Tables 3 and 4)
show that, in white women, increasing
BMI is associated with a higher inci-
dence of a disrupted vaginal microbiota
and increased prevalence of BV; howev-
er, for black women, the same compar-
ison did not reach statistical significance.
Other differences include a high HIV
prevalence (41.8%), and the women
studied were sex workers; the obese
women in the study also appeared to be
more likely to have high CD4 counts
compared with normal women.
Whether these characteristics influenced
BV risk in the Kenyan population was
not explored. Additional studies are
needed to fully understand the relation-
ship between BMI and BV prevalence in
different geographic populations.

Given the complex nature of obesity,
mechanisms  contributing to  the
increased occurrence of BV in obese
women are expected to be multifactorial.
Although reports have shown a positive
correlation between overweight/obese
women and the presence of BV-
associated microbiota,”>”* the mecha-
nisms at play remain unknown. Obesity
may generate a favorable environment
for BV through disturbances in host
hormonal, metabolic, and/or immune
functions. Diet may also influence the
BMI-BV relationship, because certain
dietary habits have been associated with
BV.”*”> A potential role for the gut
microbiota in BV is also plausible,
because the gut microbiota has been
suggested to influence the composition
of the vaginal microbiota by serving as
an extravaginal reservoir of bacteria.” In
addition, given the higher prevalence of
menstrual irregularity in obese women,
the presence of blood may alter vaginal
flora. The role of douching in the BMI-
BV relationship should also be consid-
ered, because douching is associated
with BV and was found in 1 study to be
practiced more often among obese
women.””  The mechanisms that
contribute to the BMI-BV relationship
may best be explored via established
animal models of obesity and BV,
which would allow for a causal analysis
of the role of specific factors such as
obesity-associated ~ hormonal  and

metabolic dysfunctions, dietary habits,
the gut microbiota, and the synergistic
effects these factors may exhibit.

This study had both strengths and
limitations. Our 5918 cohort repre-
sented a diverse group of women socio-
economically and racially. BMI and
Nugent score were determined for each
participant by trained clinical staff who
used universally approved and estab-
lished guidelines.'**° Reproducibility of
our Nugent scoring was verified by Dr
Sharon Hillier’s laboratory (developer of
the Nugent scoring method '*) for a
sample of specimens. In this cohort,
28.1% of women were BV-positive,
which is a figure similar to estimates
from a representative sample of US
reproductive-aged women (29%)”’; at
the time of enrollment, 17.2% of BV-
positive women reported symptoms
associated with BV, which is a percentage
consistent ~ with  another  report
(15.7%),””  thus underscoring  the
commonly asymptomatic nature of BV
from the patient perspective. Limitations
in our study included small numbers of
underweight and class II and III obese
women, a cross-sectional design, and a
lack of information on recent antibiotic
use. Also, our study focuses on 2 races,
black and white, and does not focus on
the relationship between BMI and BV in
other racial populations, because the
sample size of other races in our cohort
was small.

Obesity and BV pose serious threats to
women’s health, and black race is a risk
factor for both of these conditions. Our
study demonstrates that overweight and
obesity are associated with higher
Nugent scores and increased prevalence
of BV and that the relationship between
BMI and BV prevalence varies between
black and white women. Our observa-
tions indicate additional efforts to un-
derstand the relationship between
obesity and BV and the influence of BMI
on the vaginal microbiome in racially
diverse cohorts are highly warranted.
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