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Abstract

Bacterial vaginosis (BV), a condition of altered vaginal flora, is associated with various adverse
reproductive health outcomes. We evaluated the association between diet and the presence of BV in
a subset of 1521 women (86% African-American) from a larger study of vaginal flora. Participants
completed the Block Food Questionnaire and clinical assessments and self-report measures of sexual
and hygiene behavior. A total of 42% of the women were classified as having BV (Nugent score >7).
Severe BV (Nugent score >9 and vaginal pH >5) was present in 14.9% of the women. BV was
associated [adjusted OR (AOR)] with increased dietary fat (1.5, 1.1-2.4) after adjusting for other
energy nutrients and behavioral and demographic covariates. Severe BV was associated with total
fat (2.3, 1.3-4.3), saturated fat (2.1, 1.2-3.9), and monounsaturated fat (2.2, 1.2-4.1). Energy intake
was only marginally associated (P = 0.05) with BV (1.4, 1.0-1.8). There were significant inverse
associations between severe BV and intakes of folate (0.4, 0.2-0.8), vitamin E (0.4, 0.2-0.8), and
calcium (0.4, 0.3-0.7). We conclude that increased dietary fat intake is associated with increased risk
of BV and severe BV, whereas increased intake of folate, vitamin A, and calcium may decrease the
risk of severe BV.

Introduction

Bacterial vaginosis (BV)9 is a common vaginal infection in women of reproductive age. It is
a condition of altered vaginal flora in which the quantity of hydrogen peroxide producing
lactobacilli decreases and the concentration of anaerobic bacteria increases (1,2). BV is
associated with spontaneous preterm birth and other adverse pregnancy outcomes (3,4) as well
as acquisition of other genital tact infections and HIV-1 (2). Although factors such as race (the
rate of BV in African-American women is higher compared with other ethnic groups), smoking,
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chronic stress, vaginal douching, and contraceptive pill use are associated with BV, the etiology
of BV is not well understood (4).

Deficiencies in local immunity may predispose women to BV. Women who are chronically
stressed have a higher prevalence of BV (4). BV was found to be more common among women
with inflammatory response gene polymorphisms that cause reduced immune function (5).
Protein-energy malnutrition and intake of several nutrients such as vitamins A and C, iron, and
zinc have been reported to affect the immune system, particularly local immunity (6). Even
marginal deficiencies of micronutrients, which in Western countries are more common than
gross deficiencies, are associated with depressed immune response (7). Furthermore, iron
deficiency has been shown to affect the host response against bacterial colonization (8). It is
therefore plausible that certain nutrient intakes may be associated with BV.

Very few studies have evaluated the role of nutritional status as a risk factor for BV in pregnant
or nonpregnant women (8-10). To our knowledge, no published studies have examined the
relationship between BV and nutritional status as measured by energy, macro, and
micronutrient intake. This study was conducted to assess the relationship between dietary
intake (energy and nutrients) and presence of BV in a sample of non-pregnant women.

Material and Methods

Subjects and procedures

The subjects of this study were drawn from women who participated in the Longitudinal Study
of Vaginal Flora, which has been previously described (4). Nonpregnant women 15-45 y old
were enrolled from August 1999 to February 2002 when presenting for routine health care at
1 of 12 clinics in the Birmingham, Alabama area. Women were assessed at baseline and
quarterly for a year for a total of up to 5 visits. Exclusion criteria included major medical or
gynecological conditions, receipt of chronic antibiotics, planning to move from the area in the
next 12 mo, nonfluency in English, and inability to provide informed consent (4). Written
informed consent was obtained from all participants. The protocol was approved by the
institutional Review Boards of the Jefferson County Department of Health, the University of
Alabama at Birmingham, and the National Institute of Child Health and Human Development.

At each visit, participants completed a questionnaire and underwent a standardized pelvic
examination. Vaginal flora was evaluated by Gram stain according to Nugent criteria (11). BV
was defined as a Nugent score of >7 and severe BV was defined as Nugent score >9 and vaginal
pH >5. Because of the extensive nature of the first visit assessment (n = 3620), the Block 98
FFQ (12) was administered at the next study visit 3 mo following the first visit. This validated,
100-item questionnaire, which measures long-term nutrient intake, was administered by trained
interviewers unaware of participants’ BV status. The interviewers received training on
administration of the interview and were provided an instruction booklet published by the
Block Dietary Data Systems (12). Due to the time required to complete the questionnaire and
a determination that the accrued sample provided adequate power, the measure was
discontinued after being administered to the first 2005 consecutive study participants who
completed visit 2 (from a total of 2751 women completing the visit). Demographic and
behavioral factors were not significantly different for all the subjects and those who provided
dietary information. Three months later, participants completed visit 3 (n = 2458) during which
vaginal flora was again evaluated.

Dietary analysis of the questionnaires was conducted by the Block Dietary Data Systems
(12), which analyzes for energy, energy nutrients, and various vitamin and mineral intakes.
Questionnaires of 178 women contained severe errors (e.g. too many or too few consumed or
all the serving sizes were identical, etc.). As recommended by Block et al. (12), nutrient values
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of these subjects were not used in further analyses. Missing data on demographic, laboratory,
or health behavior variables reduced the sample for multivariate analyses to 1520.

Statistical analyses

Results

Both cross-sectional and prospective analyses were conducted. Descriptive statistics were used
to assess the overall energy and nutrient intake of participants. The relationship of potential
covariates to BV and severe BV was assessed using logistic regression; those variables
demonstrating significant relations (P < 0.05) were entered as covariates in later adjusted
models. Energy and nutrient variables were divided into quartiles and analyzed as discrete
variables. Logistic regression was used to assess the relation of each energy and nutrient
variable to BV and severe BV. The measure of association reported in this study is adjusted
OR (AOR). Both unadjusted and adjusted models were analyzed. Multivariate models were
adjusted for those demographic and health practices variables that were significantly associated
with BV classifications (Supplemental Table 1). In adjusted models, one model was fitted
for total energy intake, adjusting for age, race, education, marital status, BMI, douching, oral
contraceptive use, and alcohol use. Separate models were fitted for each macronutrient (protein,
carbohydrate, and fat), including the same behavioral and demographic covariates as
mentioned above. For each energy nutrient, total energy intake was adjusted by including all
3 energy nutrients simultaneously in the model (Table 2), an accepted method of energy
adjustment (13). Finally, individual models were fitted for each type of fat (saturated,
polyunsaturated, monounsaturated, and cholesterol) and micronutrients, adjusting for protein,
carbohydrate, and behavioral and demographic covariates. These covariates included, age,
race, BMI (BV only), income, education (BV only), douching contraceptive pill use, and
alcohol intake (BV only) (Tables 2 and 3).

In the prospective analyses, women were classified into 1 of 4 groups based on their BV status
at both visits 2 and 3 using a Nugent score cutoff of < 7 as BV negative and >7 as BV positive.
In BV negative women at visit 2, those BV negative at visit 3 were classified as “maintaining
BV negative” and those BV positive at visit 3 as “incident BV.” In those BV positive at visit
2, those BV positive at visit 3 were classified as “persistent BV” and those BV negative at visit
3 as “remitting BV.” We used logistic models (with the same covariates as above) to assess
the relationship of the various dietary components with maintaining BV negative vs. incident
BV and with persistent BV vs. remitting BV.

Analyses were conducted by SAS statistical software (version 9, SAS Institute). Values in the
text are means £ SD unless otherwise noted.

This sample consisted predominantly of African-American (86%), unmarried women (71.6%).
Their age was 25.0 + 6.7 y and they had completed 12.1 + 3.4 y of education. Their BMI was
high (29.6 £ 8.5) and 45% were classified as obese. The prevalence of BV was 41.8% of severe
BV, 14.9%. Both BV and severe BV were significantly more prevalent in African-Americans
than Caucasians (45.2 vs. 27.1%, and 16.4 vs. 3.5%, respectively). We conducted analyses
stratified by race; associations between macro- and micronutrients, BV, and severe BV
remained essentially the same as in the combined sample (data not shown). Race was adjusted
for in all analyses evaluating the relationship between both classifications of BV and nutrients.

There was a wide variation in the energy intake in this sample and the mean (603.2 + 220.7
kJ) exceeded the recommended daily allowance (RDA) (14) for adult women (Table 1). Also,
the energy, fat, and carbohydrate intakes of the women were considerably higher than those
reported in NHANES (1999-2000) for women of comparable age (15). The mean intakes of
total energy, fat, and protein were higher (P < 0.01) in African-American women than
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Caucasians (604.4 + 217.2 vs. 530.9 £ 166.0 kJ, 110.2 £ 46.8 vs.87.5 £ 36.7 g and 78.7 + 31.3
vs. 67.6 = 23.0 g, respectively). A large percentage of subjects had intakes < two-thirds RDA/
adequate intake (Al) (14) for calcium, potassium, iron, vitamin E, and folate. Fiber intake of
all the subjects was < two-thirds Al.

Some demographic and behavioral characteristics of the women were associated with BV and
severe BV (Supplemental Table 1). Age, race, income, education, BMI, douching, current birth
control pill use, and alcohol use were significantly associated with BV. Severe BV was
significantly associated with age, race, education, douching, and current use of birth control
pills.

In unadjusted analyses, energy (OR = 1.6, 95% CI = 1.2-2.1), fat (OR = 1.6, 95% CI = 1.2—
2.0), carbohydrate (OR = 1.5, 95% CI = 1.1-1.9), and protein (OR = 1.5, 95% Cl = 1.1-1.9)
intakes (highest vs. lowest quartile) were significantly associated with BV. Severe BV was
significantly associated only with fat intake (OR = 1.5, 95% CI = 1.1-2.1). There was no
significant association between any micronutrient intake and BV or severe BV.

After adjusting for demographic and behavioral covariates, total energy intake was only
marginally (P = 0.05) associated with BV (AOR = 1.4, 95% CI = 1.0-1.9) (Table 2). Among
the macronutrients, only total fat intake was significantly associated with the BV (AOR = 1.5,
95% Cl = 1.1-2.4). Total fat (AOR = 2.3, 95% CI = 1.3-4.3), saturated fat (AOR = 2.3, 95%
Cl = 1.2-3.9), and monounsaturated fat (AOR = 2.3, 95% CI = 1.2-4.1) intakes were
significantly associated with severe BV. Protein intake was significantly inversely ssociated
with severe BV (AOR = 0.5, 95% CI = 0.3-0.9).

There were significant inverse associations between severe BV and the intakes of the
micronutrients folate (AOR = 0.4, 95% CI = 0.2-0.8), vitamin E (AOR = 0.41, 95% CI = 0.22—
0.79), and calcium intake (AOR = 0.4, 95% CI = 0.3-0.7) after adjusting for energy nutrients
and other covariates (Table 3). Neither BV nor severe BV was associated with the intake of
any other micronutrients (data not shown).

Actotal of 1319 of the participants completed visit 3; 727 (55.1%) were classified as maintaining
negative BV, 166 (12.6%) as incident BV, 225 (17.6%) as persistent BV, and 201 (15.2%) as
remitting BV. In unadjusted analyses, a marginally significant association (P = 0.05) between
incident BV and total energy (OR = 1.6, 95% CI = 1.0-2.6) and fat intake (OR = 1.6, 95% ClI
= 1.0-2.6) was observed. After adjusting for demographic and behavioral covariates, total
energy intake remained marginally significant (OR = 1.7, 95% CI = 1.0-2.9) (P = 0.05). When
persistent BV was compared with remitting BV, none of the nutrients (macro- or
micronutrients) or their components (specific types of fats) were significantly associated.

Discussion

To our knowledge, this is the first study to evaluate the relationship between BV and total
nutritional intake. After adjusting for demographic and behavioral covariates, the risk of BV
was 50% higher in women who had high energy intake compared with those with low energy
intake, but this association was only marginally significant (P = 0.05). However, energy-
adjusted total fat was a significant predictor of BV. The risk of severe BV was more than twice
as high in women with total fat, saturated fat, and monounsaturated fat intakes in the highest
quartile compared with those in the lowest quartile. There was significantly lower risk of severe
BV in women with high intakes of folate, vitamin E, and calcium.

A few studies have evaluated the relationship between BVand specific micronutrient intakes.
Westney et al. (9) evaluated the association between dietary intakes of protein and vitamins C
and A, and the prevalence of genital tract infections in a cohort of pregnant, low-income
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African- American women. Energy and fat intake was not measured. Similar to our findings,
there was no significant association between prevalence of genital tract infections and the
nutrients measured in that study. In another case-control study, no association between BV and
routine biochemical indices of iron status was observed in well-nourished pregnant women
(8). However, subclinical iron deficiency (measured by soluble transferrin receptor levels) was
a significant predictor of BV. Because the mean nutrient intakes in both our study and that of
Westney et al. (9) were more than adequate, it is possible that an association with BV might
have been obscured due to a lack of substantial variation in the micronutrient intakes.

In 2 studies conducted in women with overall poor nutritional status, there was no significant
association between BV and nutritional status. In a study of vitamin A-deficient, nonpregnant
women in the Central African Republic, BV was not significantly associated with blood levels
of vitamin A (10). In a study of low socio-economic status, nonpregnant Indian women (5),
the incidence of BV was not significantly different between well-nourished (BMI >18.5) and
undernourished women (BMI < 18.5) but was higher (72%) in severely malnourished women
(BMI < 16). Results of these studies seem to indicate that in both well-nourished and
malnourished women, nutritional status as measured by BMI or specific micronutrient intakes
is not associated with BV.

In our study, total fat intake adjusted for energy and other covariates was a significant predictor
of both BV and severe BV. Saturated fat intake was a significant predictor of severe BV. The
marginally significant association between energy intake and BV could be due to confounding
by a high fat intake (39% of energy from fat) in this cohort. Because there was no association
between BV and either carbohydrates or protein intake, this indicates that a high fat intake is
a predictor of BV independent of energy intake. To our knowledge, no other studies have

evaluated the relationship between micronutrients and risk of BV. Our results indicate that high
intakes of folate, vitamin E, and calcium are associated with decreased risk of severe BV.

Vitamin E is a strong antioxidant and studies have indicated an association between vitamin
E status and immune response (16-18). Studies in elderly patients have reported reduced
infection rates and respiratory problems with vitamin E supplementation (16,17). Folate intake
is linked with decreased risk of certain cancers, but human and animal studies of its effect on
immune response have reported contradictory results (19,20). However, it is plausible that
intakes of folate and vitamin E may be improve immune functioning, thereby decreasing the
risk of severe BV (Nugent score >9; pH >5). The role of calcium intake in decreasing the risk
of severe BV is not clear. To our knowledge, calcium intake has not been associated with
infections or immune response in humans.

The mechanism for an association between fat intake and BV is unclear. High fat intake,
particularly saturated fat, may increase vaginal pH, thereby increasing the risk of BV. Some
of the factors associated with high vaginal pH are age, race, frequency of douching, and
menopausal status (2,21,22). This study consisted of predominantly African-American women
who had both a high fat intake (106 + 48 g) and a high vaginal pH (5.1 = 0.80). There was a
small but significant association between dietary fat intake and vaginal pH (r =0.10; P <0.001).
Thus, it is possible that a high fat intake may alter the vaginal microflora, which may increase
the vaginal pH and increase the risk of BV.

Another plausible mechanism for the relationship between high fat intake and BV may be
related to the role of dietary fat as a stimulator of immunological functions of intestinal mucosa.
Fat intake is a known modulator of the immune system (23). The mucosal immune system,
which functions independently of the systemic immune system, is regulated by gut-associated
lymphoid tissue (24). Studies have indicated that both the amount and type of dietary fat intake
affect lymphoid cell subsets, proliferation response to mitogens, and cytokine production
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(25). Thus, it is plausible that a high dietary fat intake of subjects in this study may affect the
mucosal immune system and thereby increase the risk of bacterial infections related to BV.

Strengths of our study include a large sample across a broad age range, recruitment at routine
health care visits, and use of a validated instrument measuring long-term dietary intake. Rates
of BV were similar to published national estimates. However, the sample consisted primarily
of lower socioeconomic status African-American women drawn from 1 geographic area. This
may have caused limited variance in dietary intake; for example, dietary fiber was uniformly
low, suggesting limited consumption of health-protective foods such as fruits and vegetables.
As such, generalization of findings should be approached with caution.

This study suggests further research to clarify the mechanism of relationship between dietary
fatintake and increased risk of BV and confirm the observed inverse association between folate,
vitamin E, and calcium intakes and severe BV. In addition, studies addressing overall dietary
patterns in addition to specific nutrient intake may be useful. Although further research is
needed, findings from this study suggest that dietary practices may be associated with
maintenance of normal vaginal flora.
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