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Abstract

BACKGROUND: Some studies suggest that higher body mass index is associated with increased
susceptibility to bacterial vaginosis (BV), but results are conflicting.

METHODS: Female sex workers aged 16-45 and participating in an open, prospective cohort
study in Mombasa, Kenya between 2000 and 2014 were included in this analysis. Up to 2 years of
follow-up were included per woman. Body mass index (BMI) was categorized as underweight
(<18.5), normal (18.5-24.9), overweight (25-29.9), and obese (=30). Bacterial vaginosis was
assessed using Nugent scores. Generalized estimating equations were used to estimate relative
risks of the association between BMI and BV.

RESULTS: At baseline, 32.1% (n=625) of 1,946 women had BV. Half of women were
overweight (31.1%, n=606) or obese (20.1%, n=391). Participants contributed 14,319 follow-up
visits. Adjusting for age, compared to women with normal BMI, overweight (adjusted relative risk
[aRR] 0.91, 95%CI 0.81-1.02) and obese (aRR 0.82, 95%CI 0.71-0.94) women were at lower risk
for BV (joint p-value=0.03).
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CONCLUSIONS: Obese women had a nearly 20% lower risk of BV compared to women with
normal BMI. Potential mechanisms for this effect, including possible effects of diet, obesity-
associated changes in the gut microbiome, and systemic estrogen levels, should be explored.

Short Summary:

A prospective cohort study of female sex workers in Mombasa, Kenya found that obese women
had a nearly 20% lower risk of incident bacterial vaginosis compared to normal weight women.
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BACKGROUND

Optimal vaginal microbiota is dominated by Lactobacillus species. In particular, L. crispatus
and L. jensenii are most consistently associated with a healthy vaginal environment?.
Bacterial vaginosis (BV), a diagnosis associated with vaginal microbiota disruption, is
characterized by a reduction in Lactobacillus and replacement by a diverse bacterial
community with a high concentration of anaerobic bacteria. Bacterial vaginosis is the most
common vaginal infection and cause of vaginal discharge?. It is also associated with
increased risk of acquiring sexually transmitted infections (STIs), HIV, pelvic inflammatory
disease, and preterm birth2. Given the range of adverse reproductive consequences of BV,
identification of novel risk factors may be helpful in identifying new targets for prevention.

Obesity is associated with chronic health conditions including diabetes and heart disease3.
Limited research has been conducted on the relationship between body mass index (BMI)
and disrupted vaginal microbiota, and results are conflicting. Three studies, one in pregnant
adolescents, one in predominately African-American women in the US, and one in young
South African women, found significant associations between higher BMI and vaginal
microbiota disruption#-. In contrast, in a general population study of US women and in the
Vaginal Human Microbiome Project, higher BMI was not significantly associated with
BV'S8,

Conflicting findings and limited prospective research examining the association between
BMI and incident BV support the need for further research. This prospective analysis
examined the association between BMI and incident BV using data from the Mombasa
Cohort, a long-term open cohort study of Kenyan female sex workers (FSWSs).

METHODS

Population

The Mombasa Cohort is a prospective, open-cohort study of FSWs initiated in 1993 to study
risk factors for STI and HIV acquisition. Detailed procedures have been published®. HIV-
seronegative and seropositive FSWs participating in the Mombasa Cohort between 2000,
when height measurement began, and March 2014 were eligible for these analyses. The
analysis population included participants <46 years old (proxy for menopause), and with
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>two follow-up visits with height, weight, and vaginal Gram stain data. The study was
approved by the institutional review boards of Kenyatta National Hospital and the University
of Washington. All participants provided written informed consent.

Participants in the Mombasa Cohort complete a standardized face-to-face interview at
enrollment and at monthly follow-up visits to ascertain demographic characteristics, sexual
behaviors, and clinical symptoms. At each visit, women undergo a pelvic examination with
collection of vaginal and cervical specimens for STI testing, and height and weight are
measured. Syndromic management of STI symptoms was provided according to Kenyan
national guidelines. Additional therapy was provided as needed, based on laboratory results
available at a one-week follow-up appointment. Beginning in March 2004, HIV-seropositive
women were provided with antiretroviral therapy (ART) per Kenyan national guidelines.

Vaginal swabs were collected for Gram stain, and scored to assess vaginal microbiota using
Nugent score (0-3 normal, 4-6 intermediate microbiota, 7-10 BV)10. Bacterial vaginosis
was also assessed using Amsel’s criteria, which require the presence of at least three of four
clinical signs including: 1) clue cells on wet mount, 2) vaginal pH>4.5, 3) amine odor when
vaginal fluid is exposed to 10% potassium hydroxide, and 4) abnormal vaginal discharge
consistent with BV identified on clinical examinationl!. Vaginal specimens were inoculated
onto Rogosa agar for detection of cultivable Lactobacillus, isolates were sub-cultured on
tetramethylbenzidine (TMB) agar containing horseradish peroxidase to assess hydrogen
peroxide (H,0,) production. Neisseria gonorrhoeae was diagnosed by culture of cervical
specimens inoculated onto modified Thayer-Martin media. Beginning in 2006, the Aptima
Combo-2 CT/NG Detection System (Hologic Corporation, San Diego, California) was
utilized for N. gonorrhoeae and Chlamyadia trachomatis detection. Trichomonas vaginalis
was identified on wet mount microscopy and/or by the Aptima 7richomonas vaginalis assay
(initiated in October 2010). Antibodies to herpes simplex virus type-2 (HSV-2) were
detected by ELISA with an optical density index value threshold of >2.1 indicating
positivity (HerpeSelect2 ELISA, Focus Diagnostics, Cypress, California)l2. Due to the high
HSV-2 prevalence in HIV-seropositive women in the cohort, HSV-2 testing was only
conducted for HIV-seronegative participants. HIV-1 screening was conducted using an
ELISA, with positive screens confirmed by a follow-up test!3. Quantification of CD4
lymphocytes was performed every three months for HIV-seropositive participants
(FACSCount, Becton Dickinson, San Jose, California).

Statistical methods

For these analyses, the baseline visit was each woman’s first visit with height, weight, and
vaginal Gram stain data. The analysis included the first two years of follow-up data for each
participant through March 2014. Participants who turned 46 during follow-up were
administratively censored. For missing weight measurements, measurements from the prior
monthly visit were carried forward. Only visits with Nugent score data were included. Visits
associated with clinical trials assessing therapies to reduce recurrent vaginal infections were
excluded*15, Participant visits after trial completion were retained, because the intervention
effect did not persist after cessation of the intervention!®. Body mass index (kilograms/
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meters?) was categorized as underweight (<18.5), normal (18.5-24.9), overweight (25—
29.9), and obese (=30).

Baseline characteristics were compared across BMI categories using X2 for categorical
variables and the Kruskal-Wallis test to compare distributions of continuous variables. To
examine the relationship between BMI and incident BV at follow-up visits, analyses were
conducted using generalized estimating equations (GEE) specifying the log-link, Poisson
family, independent correlation structure, a time offset (log of days between visits), robust
standard errors, and clustering by participant to estimate relative risks (RR) and 95%
confidence intervals (Cls). Body mass index, measured at each visit, was modeled as a time-
varying, categorical exposure. Vaginal microbiota disruption was modeled in two ways: 1)
BV (Nugent =7) vs No BV (Nugent 0-6), and 2) Abnormal vaginal microbiota (Nugent >4)
vs Normal (Nugent 0-3). A sensitivity analysis was conducted using Amsel’s criteria to
diagnose BV. Lastly, analyses were performed to determine whether BMI was associated
with incident cultivable Lactobacillus, utilizing the model described above.

Age was included a prioriin the adjusted models of the relationship between BMI and
vaginal microbiota disruption, because increasing age is associated with both reductions in
BV17 and increases in BMI. To determine which additional variables to include in the
adjusted model, bivariate GEE regression was performed with potential confounders
selected based on known associations between both BMI and BV including HIV status
(seronegative, seropositive), ART status (HIV-seronegative, HIV-seropositive not taking
ART, HIV-seropositive taking ART), CD4 count (HIV-seronegative, <200 cells/mm3, 200-
350 cells/mm3, >350 cells/mm3), frequency of sex in last week (continuous), hormonal
contraception (none/non-hormonal, implant, injectable, oral contraceptive pills), and
smoking. Vaginal washing and HSV-2 serostatus have been associated with BV, but have not
been independently associated with BMI, so were not assessed as potential confounders. A
manual, forward, stepwise model building approach was used to evaluate potential
confounders. None of these potential confounding factors changed the estimates of the
associations between BMI and BV (Nugent =7) or abnormal vaginal microbiota (Nugent =4)
by >10% (RR scale), so none were retained in the final adjusted models. Testing for
interaction between BMI and hormonal contraceptive use (none/non-hormonal versus oral
contraceptive pills/implant/injectable) was performed, setting the threshold for identifying
important effect modification at p<0.10 for the interaction term.

A Kaplan-Meier plot was generated to assess whether time-to-clearance of first incident BV
episode differed by BMI category. The start of an incident BV episode was defined as the
midpoint between a visit with Nugent score 0-6 and a subsequent visit with Nugent score
>7. Clearance was defined as the midpoint between the visit with the last Nugent score >7
and the subsequent visit with Nugent 0-6, censoring women who were BV-positive at their
last study visit. Women with prevalent BV at baseline who cleared their prevalent episode
and subsequently experienced incident BV were included in this analysis. A sensitivity
analysis was conducted to assess clearance of first incident abnormal vaginal microbiota
(Nugent =4 to Nugent 0-3).
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Of the 1,946 women eligible for these analyses, 41.8% (813/1945) were HIV-seropositive at
baseline. The median age of participants was 30 (interquartile range [IQR]: 26-35) (Table
1). The majority of women had vaginal microbiota disruption by Nugent score; 32.1%
(n=625) had BV, 23.4% (n=456) had intermediate microbiota, and 44.5% (n=865) had a
normal microbiota. Half of women were either overweight (31.1%, n=606) or obese (20.1%,
n=391).

Participants contributed 14,319 follow-up visits (2,210.6 person-years). The median number
of visits per participant was 6 (IQR 3-12), and the median interval between visits was 33
days (IQR: 28-52). Neither median visit interval (p=0.25) nor median days between visits
(p=0.10) differed by BMI category. Weight was missing for 5.9% (n=842) of follow-up
visits, so measurements from the prior monthly visit were carried forward. Most
participants’ BMI category did not change during follow-up (71.6%, 1,394/1,946), while
27.5% (535/1,946) changed one category, and 0.87% (17/1946) changed two categories.

Bacterial vaginosis (Nugent =7) was detected at 35.7% (5,805/16,265) of visits, and
abnormal microbiota (Nugent =4) was detected at 56.6% (9,200/16,265) of visits. Seventy
percent (1362/1,946) of participants had BV at one or more visits. Few visits with BV
detection were accompanied by self-reported vaginal discharge (7.1%, 401/5,648) or
metronidazole prescriptions (5.9%, 344/5,794). Bacterial vaginosis by Amsel’s criteria was
detected at 20.6% (2,071/10,068) of visits with data available for all four criteria. Cultivable
Lactobacillus was detected at 10.7% (1,743/16,235) of visits, and 42.9% (747/1,743) of
isolates were H,O,-producing.

BMI and Vaginal Microbiota

During follow-up, BV was detected at 41.0% (226/551) of visits for underweight women,
37.5% (2,265/6,034) of visits for normal weight women, 35.2% (1,623/4,608) of visits for
overweight women, and 34.1% (1,066/3,126) of visits for obese women. In unadjusted
analyses, obese women were at significantly lower risk for incident BV (Nugent =7)
compared to women with normal BMI (RR 0.84, 95%CI 0.73-0.96) (Table 2). This
relationship was similar after adjustment for age (adjusted RR [aRR] 0.82, 95%CI 0.71-
0.94). Compared to women with normal BMI, both overweight (aRR 0.93, 95%CI 0.85-
1.01) and obese (aRR 0.84, 95%CI 0.76-0.93) women were also less likely to have
abnormal vaginal microbiota (Nugent 4-10). The interaction term for BMI and hormonal
contraception was not statistically significant (p=0.14).

In sensitivity analysis assessing whether the association between BMI and incident BV was
consistent using Amsel’s criteria, obese women remained at a reduced risk for incident BV
(aRR 0.80, 95%CI 0.65-0.99). Body mass index was not significantly associated with
detection of cultivable Lactobacillus species by culture (Table 2).

Time-to-Clearance of BV

There were 1,068 first incident BV (Nugent =7) episodes. Only 4.3% (46/1,065) of women
received a metronidazole prescription at the visit with BV detection; this did not differ by
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BMI category (p=0.82). The median time-to-clearance of BV was 91.5 days (95%CI: 85-99)
and did not differ by BMI category (Figure 1, log rank p=0.28). Similarly, in the sensitivity
analysis assessing time-to-clearance of 1,162 first incident abnormal vaginal microbiota
(Nugent >4) episodes, median time-to-clearance did not differ by BMI category (log rank
p=0.38).

DISCUSSION

This large, prospective cohort study with frequent measurement of BMI and vaginal
microbiota disruption is the first study to conclude that obese women may be at lower risk
for BV. In contrast to prior studies finding a small increased likelihood of BV among women
with higher BMI4>, obese Kenyan FSWs had a nearly 20% lower risk of BV. Overweight
women had a 10% reduction in BV that was of borderline significance, suggesting a dose-
response effect.

Research assessing the association between BMI and BV is limited. Three studies found that
higher BMI was associated with a slightly increased likelihood of BV4-6. Pregnant
adolescents in the US with self-reported overweight or obese pre-pregnancy BMI were
slightly more likely to be diagnosed with BV during pregnancy compared to adolescents
with a normal or underweight pre-pregnancy BMI (aOR 1.16, 95%CI 1.04-1.30)*. In the
US-based Longitudinal Study of Vaginal Flora cohort, including predominately African-
American women, obese women had a higher likelihood of BV compared to women with a
normal BMI (unadjusted OR: 1.3, 95%CI 1.2-1.8). Among 16-22 year-old, HIV-
seronegative South African women, those with a higher BMI were more likely to have
vaginal microbiota that was not Lactobacillus-<dominant (aOR 1.2, 95%CI 1.0-1.3)°. Two of
these studies were conducted in adolescents*®, and may be less generalizable to all
reproductive-aged women. In contrast, in an analysis of National Health and Nutrition
Examination Survey data, higher BMI (continuous) was associated with prevalent BV in
bivariate (p<0.0001, trend), but not in multivariate analysis adjusting for race/ethnicity,
lifetime number of sex partners, education, and other characteristics’. Similarly, there was
no association between higher BMI (continuous) and prevalent BV in a study comparing risk
factors for vaginal microbiota disruption in African American women versus women of
European descent in the Vaginal Human Microbiome Project (OR: 0.98, 95%CI 0.94-1.0)8.
In the same study, BMI was not associated with the overall relative abundance of a group of
pre-selected BV-associated bacteria including Gardnerella vaginalis, Leptotrichia/Sneathia,
Prevotella, Atopobium, Megaspheara, Ureaplasma, Mycoplasma, Fusobacterium, BVABI,
BVABZ, BVAB3 (Mageeibacillus indolicus), and Mobiluncus, measured by broad-range 16S
rRNA gene PCR and deep sequencing methods (adjusted multiple linear regression
coefficient=-0.321, p=0.18)8. Some of these studies are limited by their cross-sectional
designs’:8. In addition, the results of the study among pregnant adolescents may not be
generalizable to non-pregnant women, as the vaginal microbiota becomes more dominated
by Lactobacillus during pregnancyl8. Variation in results could also be due to different
approaches to assessing vaginal microbiota disruption. Two studies used clinical criteria to
identify symptomatic BV#:8, two used Nugent score8’, and two employed molecular
methods®8. Furthermore, because African American and African women have a higher
prevalence of vaginal microbiota disruption-19:20 and higher BMI21, compared to Caucasian
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women, inadequate control for important confounders like race/ethnicity could contribute to
conflicting results.

In the study presented here, obese women were at lower risk for incident BV. A number of
biological effects could explain this association. Menses is consistently associated with a
higher rate of BV and with reductions in Lactobacill*2. Some overweight and obese women
have ovulatory dysfunction22, which may lower their risk of incident BV. In addition, higher
estrogen levels produced by adipose tissue may increase the glycogen content of vaginal
epithelial cells?2. Increased glycogen promotes Lactobacillus colonization and production of
lactic acid, which could support a more optimal vaginal environment23. In this analysis, BMI
was not associated with significantly increased detection of cultivable Lactobacillus species.
However, given the low proportion of visits with cultivable Lactobacillus, power may have
been insufficient to detect an association. In addition, Lactobacillus inerswould not have
been detected, since it does not grow on Rogosa agar?. Inability to detect L. iners may be
particularly important, as increasing evidence suggests that African and African American
women have more diverse vaginal bacterial communities and more frequent colonization by
L. iners compared to Caucasian and Asian women®:19, Future work to disentangle possible
biological mechanisms should consider speciating Lactobacillus and assessing estrogen
levels.

An association between BMI and BV could also be explained by diet-driven or obesity-
related changes in gut microbiota. A growing body of literature suggests that obesity is
correlated with a less diverse gut microbiota which is, itself, associated with several chronic
diseases3. Changes in the gut microbiota may be shared by the vaginal microbiota through
translocation of bacteria, or shared host-immune characteristicsZ®. Interestingly, while a
decrease in microbial diversity generally reflects dysbiosis in the gut, a less diverse vaginal
microbiota is considered to be optimall. This study found reduced BV episodes among
obese women, suggesting that the vaginal microbiota, like the gut microbiota, becomes less
diverse with obesity. Potential shared drivers of reduced microbial diversity in the vagina
and gut, including hormonal and immunologic effects as well as translocation of bacteria,
are worthy of further consideration.

This study had a number of strengths. The longitudinal design allowed for monthly
measurement of weight, combined with vaginal microbiota assessment by both Nugent score
and Amsel’s criteria. In addition, Mombasa Cohort participants are a relatively homogenous
group in terms of race/ethnicity, sexual activity, and socioeconomic status, introducing less
potential bias from these confounders. This homogeneity is, in part, demonstrated by the
lack of meaningful changes in the risk estimates when potential confounders were examined
in the multivariable model building (ex: HIV status, frequency of sex). Finally, the large
sample size and follow-up time provided significant power to detect an association between
BMI and BV.

This analysis was also subject to a number of limitations. First, vaginal microbiota
disruption diagnosed at consecutive visits may reflect persistence rather than recurrence, and
we were unable to distinguish between them in this analysis. However, regardless of whether
all BV episodes were incident, the analysis suggests that obese women had a lower burden
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of BV. Second, data were not collected on important comorbidities including diabetes and
polycystic ovarian syndrome22, which may have reduced the ability to completely control
for confounding factors. Third, disentangling the relationship between nutritional intake,
obesity, gut microbiota, and vaginal microbiota is complex. This study did not incorporate
dietary intake or gut microbiota assessment, so it was not possible to assess the effect of
BMI independent of diet on BV®:26 nor consider the effect of the obesity-gut microbiota3.
Fourth, given racial differences in the vaginal microbiotal19, these results may not be
generalizable to all populations. Lastly, while this observational study examined the
temporal relationship between BMI and incident BV, it cannot prove that obesity is causally
linked to lower BV incidence.

In summary, this is the first study to demonstrate that obese women may have a reduced
incidence of BV compared to women with a normal BMI. This relationship will be
important to consider when exploring other areas of women’s health where both BV and
obesity can be associated with adverse outcomes, such as spontaneous pre-term birth27,
postpartum endometritis and wound infections28:29, and infertility?2:30. Determining whether
BMI is causally associated with BV and elucidating the potential mechanism for reduced
BV among obese women could provide insights into the pathogenesis of this common
vaginal condition. Such insights could lead to novel approaches to reduce the prevalence,
incidence, and recurrence of BV.
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Figure 1.
Days until clearance of 1,068 first incident bacterial vaginosis episodes by body mass index

category — Of the 1,068 first incident BV episodes, 48 (4.5%) were in underweight women,
452 (42.3%) were in normal weight women, 345 were in overweight women (32.3%), and
114 (10.7%) in overweight women. The proportion of participants clearing their first
incident BV episode within 30, 60, and 90 days was 10.7% (n=114), 33.7% (n=360), and
44.9% (n=479), respectively. Clearance rates within 30, 60, and 90 days did not differ by
BMI category (30 days: p=0.31, 60 days: p=0.76, 90 days: p=0.85).
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