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DOI: 10.7759/cureus.93506 Bacterial vaginosis (BV) is a prevalent vaginal infection in women of reproductive age, characterized by a
dysbiosis of the vaginal microbiota. A healthy vaginal environment is typically dominated by Lactobacillus
species, which maintain a low pH that inhibits pathogenic bacterial growth. Emerging evidence suggests that
diet may significantly influence the composition and function of the vaginal microbiota, offering a
modifiable risk factor for BV. This systematic review examines the relationship between dietary patterns and
BV risk, focusing on the effect of vitamins/minerals, fruits/vegetables, dairy/probiotics, carbohydrates/sugar,
grains/fibers, and protein on vaginal health. It has been shown that deficiencies in vitamins A, C, E, and D
may increase susceptibility to BV due to their roles in immune function, antioxidative defense, and vaginal
epithelial health. Increased fruit and vegetable consumption, which provides these essential vitamins
alongside phytochemicals such as betaine, correlates with a reduced risk of BV. Conversely, high glycemic
diets appear to promote BV through increased oxidative stress. Whole grains and dietary fiber, rich in anti-
inflammatory compounds and essential nutrients, support Lactobacillus-dominant microbiota and reduce
BV risk. Additionally, obesity is associated with increased BV prevalence, suggesting a potential link
between metabolic health and vaginal microbiota. The role of probiotics and dairy in fostering Lactobacillus
colonization shows promise, while plant-based protein sources may further support vaginal health by
reducing inflammation and maintaining pH balance. Despite these findings, limitations exist, including the
need for longitudinal studies to determine causality, dose-dependent relationships, and the impact of
dietary interventions across diverse populations. Future research should explore the efficacy of specific
dietary nutrients and probiotics, particularly in high-risk groups, to develop targeted dietary
recommendations for BV prevention.
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Introduction And Background

Bacterial vaginosis (BV) is a prevalent vaginal infection occurring in women of reproductive age due to
dysbiosis of the vaginal microbiota. A healthy vaginal microbiome is typically dominated by Lactobacillus
species and has a low pH. This imbalance in BV is characterized by decreased Lactobacillus species and
increased anaerobic bacteria, such as Gardnerella species [1]. Common symptoms due to this imbalance
include vaginal odor, discharge, and discomfort. Persistent infection is associated with an increased risk of
pelvic inflammatory disease (PID), preterm birth, sexually transmitted infections (STIs), and infertility [2].
Although BV is highly prevalent around the world, affecting as many as 60% of females per country, effective
long-term management strategies are limited, indicating the necessity for the exploration of modifiable risk
factors, such as diet [2].

Risk factors of BV include douching, smoking, sexual activity, antibiotic use, socioeconomic status, and
hygiene, all of which can cause an imbalance in the vaginal microbiota, thus increasing the risk for BV [3].
Another potential risk factor that has been recently identified due to its role in contributing to systemic
inflammation is obesity [3]. Moreover, due to increased susceptibility to STIs such as human
immunodeficiency virus (HIV), BV, although not classified as an STT itself, is a significant issue in public
health [4]. In addition, with the imbalance occurring in reproductive-age women, pregnant women are at
higher risk for BV [2]. Other comorbidities of BV include endometriosis and post-surgical infections, on top
of PID and fertility issues [5]. Dietary intake can modulate systemic inflammation and the vaginal
microbiome through mechanisms involving immune regulation, oxidative stress, and metabolic health.
These pathways may underlie potential associations between nutrition and BV risk [5].

In studies conducted among various ethnic groups, including African Americans, those suffering from BV
were 1.5 to over 3.0 times more likely to have suboptimal diets [5]. Due to the implications of BV, it is
essential to research prevention strategies. Recent research has shown promising results with the
relationship between vaginal health and diet, suggesting that deficiencies in certain nutrients can increase
the risk of contracting BV. Recognizing the role of specific dietary components, dietary patterns, and specific
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micronutrients may be beneficial in creating a proactive prevention and/or treatment plan. This systematic
review aims to explore relationships between specific dietary patterns and provide evidence-based
recommendations for reducing BV risk.

Review
Methodology

An initial literature search was conducted on Google Scholar to gain a brief overview of the topic, after
which certain keywords were sought from relevant articles. With BV being the pathology of interest, the
keyword “Bacterial vaginosis” was searched across abstracts, keywords, and titles, alongside second-level
keywords, including “bacterial vaginitis” OR “non specific vaginitis” OR “nonspecific vaginitis” OR
“vaginosis, bacterial”. Next, keywords such as “Gardnerella vaginalis” OR “Corynebacterium vaginale” OR
“Corynebacterium vaginalis” OR “Haemophilus haemolyticus vaginalis” OR “Haemophilus hemolyticus
vaginalis” OR “Haemophilus vaginalis” OR “hemophilus vaginalis” were searched for across abstracts,
keywords, and titles due to the known association between BV and these microbial species. Articles from
these two keyword searches were further connected via the Boolean operator “OR.” Finally, the keyword
“Diet” was searched across abstracts, keywords, and titles, alongside second-level keywords, including “diet
influence” OR “diet regimen” OR “diet surveys” OR “dietary effect” OR “dietary influence” OR “dietary
survey” OR “dietary surveys” OR “dieting” and were connected with the previous article findings via the
Boolean operator “AND.” The search strategy was replicated across three databases, namely, EMBASE, Ovid
MEDLINE, and Web of Science on November 19th, 2024. The initial search yielded 163 articles.

Before screening and the article selection process, EndNote 21 was used to remove duplicates, after which
108 articles were imported to Rayyan. In total, 26 articles were immediately excluded for being incorrect
publication types for systematic reviews. The remaining 82 articles went through Tier 1 title and abstract
screening, after which 49 articles were excluded, leaving 33 articles. Further, 12 more articles were excluded
after full-text screening, leaving 21 articles to be included in the scoping review. The Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart details the study’s article screening
and selection process (Figure 1) [6].

[ Identification of studies via databases and registers J
e
Records identified from:
Embase (n = 55)
OVID Medline (n = 35)
Web of Science (n = 73)
Records removed before screening:
) Duplicate records removed (n= 55)
Incorrect publication type (n= 26 )
Total Articles Abstract/Title
Screened: (n = 82)

Records excluded (n=49)

Reasons:

Foreign Language (n=1)

No discussion of BV/GV and dietary association
(n=48)

Screening

Total Articles Full Text Screened:
(n=33)

Full-text reports excluded (n=12)
Reasons:

Unable to access full paper (n=5)
L Ineligible context (n=7)

Studies included in review (n =21)

( includea | |

FIGURE 1: Preferred Reporting Systems for Systematic Reviews and
Meta-Analyses (PRISMA) flowchart of the selection procedure.

Results

Data were extrapolated from the final 21 papers and charted independently by each of the three reviewers.
The variables utilized in the form included aspects of the study design and nutrition category. Table / shows
the 21 articles analyzed for the study design, nutrition category, and number of subjects in the selected
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studies [7-21].
Stud Study desi Nutrient cat Number of
u u esign utrient catego!

& Y S e subjects
Bisanz et al., 2015 [7] Clinical trial Vitamins and minerals 56
Noormohammadi et al., . . . . .

Case-control study  Vitamins and minerals, protein, diet, BMI 295
2022 [8]
Cross-sectional
Rosen et al., 2021 [9] stud I Vitamins and minerals, fruits and vegetables, grains and fiber 634
udy
Tuddenham et al., 2019 Cross-sectional
) I Vitamins and minerals 104
[10] study
Cross-sectional
Song et al., 2020 [11] stud I Vitamins and minerals, fruits and vegetables, diet, BMI 26
udy
Noormohammadi et al., Vitamins and minerals, fruits and vegetables, carbohydrates and
Case-control study - 294
2022 [12] sugar, protein, diet
Khademian et al., 2024 N .
[3] : Case-control study  Vitamins and minerals 294
Cross-sectional L .
Akoh et al., 2017 [14] Vitamins and minerals, BMI 158
study
Noormohammadi et al., . .
! Case-control study  Fruits and vegetables, protein, BMI 294
2022 [15]
Vargas-Robles et al., 2024 Cross-sectional .
9 I Fruits and vegetables 48
[16] study
i Cross-sectional . L
Fettweis et al., 2014 [17] Dairy and probiotics 1,684
study
Randomized
Laue et al., 2018 [18] X n |.ze Dairy and probiotics 36
clinical trial
Cross-sectional . L
Happel et al., 2017 [19] Dairy and probiotics -
study
Oerlemans et al., 2022 [20] Clinical trial Dairy and probiotics 52
Gabriela et al., 2023 [21] Cohort study Dairy and probiotics 516
Randomized
Houttu et al., 2022 [22] an oml.ze Dairy and probiotics 439
clinical trial
Noormohammadi et al., . X
Case-control study  Carbohydrates and sugar, grains and fiber 301
2022 [23]
Dall'Asta et al., 2021 [24] Cohort study Carbohydrates and sugar, grains and fiber, protein, BMI 24
Miller et al., 2024 [25] Cohort study Carbohydrates and sugar -
Randomized . .
Sun et al., 2022 [26] . . Grains and fiber 303
clinical trial
. i Cross-sectional i X
Shivakoti et al., 2020 [27] Grains and fiber 104

study

TABLE 1: Analysis of selected studies.

BMI: body mass index

Figure 2 shows a pie chart of the most prevalent evidence-based nutrient categories and their relationship
with BV based on the number of papers found in this scoping review of recent literature: vitamins and
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minerals with eight articles, fruits and vegetables with five articles, dairy and probiotics with six articles,
carbohydrates and sugar with four articles, grains and fiber with five articles, protein with four articles, diet
with three articles, and BMI with five articles [7-27].

BMI

Vitamins and Minerals
Diet
Protein

Fruits and Vegetables

Grains and Fiber

Dairy and Probiotics

Carbohydrates and Sugar

FIGURE 2: This pie chart summarizes the findings of the studies
recorded in Table 1 and groups the nutrient categories based on the
number of papers identified in this review.

BMI: body mass index

Vitamins and Minerals

Table 2 shows the pertinent findings of articles that analyze the relationship between vitamins and minerals

and BV [7-14].
Study Pertinent findings
Bisanz et al. [7] Increased calcium levels from probiotic consumption correlates with increased vaginal microbial diversity

Noormohammadi et al.

8] BV affected women had lower calcium supplement use than controls

Increased intake of vitamin D associated with increased Lactobacillus crispatus in the vaginal microbiome in
Rosen et al. [9] black women

Tuddenham et al. [10] Low betaine dietary intake correlated with higher odds of having BV
Song et al. [11] Low vitamins A, C, and E and B-carotene are associated with increased risk of BV

Noormohammadi et al.

[2] Excess sodium consumption raises risk of contracting BV

Khademian et al. [13] Higher intake of dietary phytochemicals lowers risk of BV

Akoh et al. [14] Identified an increased prevalence of BV in adolescents who were deficient of several essential micronutrients

TABLE 2: Pertinent findings of studies describing the role of vitamins and minerals in BV.

BV: bacterial vaginosis

Several vitamin and mineral deficiencies, such as low calcium and vitamin D, were found to be associated
with an increased risk of BV [7-10]. Additionally, deficiencies in vitamins A, C, and E, as well as low beta-
carotene and betaine, have also been linked to acquiring BV [10,11]. However, excess sodium consumption
appeared to increase the odds of developing BV [12]. A higher intake of dietary phytochemicals, on the other
hand, was shown to lower the risk of BV, emphasizing the potential benefits of a plant-based diet [13]. Other
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minerals, such as zinc, selenium, and lutein, only showed borderline significant association with BV [10].

Results of a study performed specifically on pregnant populations demonstrate similar findings. The results
of this study utilized estimated average requirement (EAR), a daily nutrient intake level estimated to meet
the needs of 50% of healthy individuals in a specific group, as a measure of adequate nutrient intake [14]. Of
158 pregnant adolescents studied, the majority (70-90%) did not meet the EAR for several essential
micronutrients. In this population, BV was found to be one of the four most commonly diagnosed infections
[14].

Fruits and Vegetables

Table 3 shows the pertinent findings of articles that analyze the relationship between fruits and vegetables
and BV [9,11,12,15,16].

Study Pertinent Findings

Increased intake of fruits associated with increased Lactobacillus crispatus in the vaginal microbiome in black
Rosen et al. [9] women

Song et al. [11] Vegetarians demonstrated a higher vaginal microbial diversity when compared to nonvegetarians. (p = 0.004)

Noormohammadi et

al. [12] Vegetables linked to decreased odds of BV

Noormohammadi et A significant association found between the highest tertiale of vegetables and decreased BV odds in both crude and
al. [15] adjusted models

Vargas-Robles et Pregnant women with optimal vegetable intake demonstrated a vaginal microbiota dominated by Lactobacillus
al. [16] crispatus, leading to a decreased risk of BV

TABLE 3: Pertinent findings of studies describing the role of fruits and vegetables in BV.

BV: vacterial vaginosis

Multiple studies have highlighted the role of fruits and vegetables in preventing BV by emphasizing their
potential to promote a healthier vaginal microbiota [9,11,12,15,16]. High vegetable intake was found to

decrease BV risk, with odds of BV 72% and 66% lower with a vegetable intake of more than 415 g/day [12,15].

This finding supports a trend discovered in pregnant and nonpregnant individuals in which a higher intake
of vegetables is associated with greater vaginal microbial diversity (p = 0.004) and Lactobacillus
crispatus levels [9,16].

Dairy and Probiotics

Table 4 shows the pertinent findings of articles that analyze the relationship between dairy and probiotics
and BV [17-22].
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Study Pertinent findings
Fettweis et ) ’ . . - )
|17 A negative correlation with BV-associated bacteria with greater yogurt consumption
al.
Laue et al The administration of a yogurt containing Lactobacillus crispatus, Lactobacillus gasseri, Lactobacillus rhamnosus, and
18] " Lactobacillus jensenii in addition to antibiotic treatment improved recovery rate and symptoms of BV in 100% of clinical trial

group compared to only 76.5% in the placebo group

Happel et Unclear relationship between probiotic use and vaginal health, however stressed the role of influencing factors (e.g.,

al. [19] smoking, lower income, etc.) on BV
Oerlemans . . . - o
etal. [20] The samples from the probiotic group showed higher relative abundances of lactobacilli than non-probiotic groups (p = 0.04)
Gabriela et Women with vaginal microbiota dominated by Lactobacillus iners who consume milk and/or dairy present increased
i
al. [21] abundances of Lactobacillus crispatus which has protective properties of temporal microbiota stability and, consequently,

increased protection against infections

Houttu et The vaginal microbiota composition was strengthened by the findings of a reduced abundance of potential pathobionts,
al. [22] namely, Prevotella, Peptoniphilus, Dialister, and Campylobacter from early to late pregnancy

TABLE 4: Pertinent findings of studies describing the role of dairy and probiotics in BV.

BV: bacterial vaginosis

Several studies have explored the role of probiotics and dairy products in reducing BV risk and improving
outcomes by supporting a Lactobacillus-dominated vaginal microbiota [17-20]. An increased relative
abundance of L. crispatus and L. iners has been reported to be higher for those with milk/dairy intake [21].
Previous literature has shown that Lactobacillus species with more L. iners-dominated samples, prevalent in
probiotic groups, demonstrate a trend toward lower relative abundances of Prevotella [20]. Additionally,
probiotic use reduced some potential pathobionts during pregnancy [22]. Overall, a trend toward reduced BV
risk is demonstrated with greater yogurt consumption [17,18]. Though there may be an unclear relationship
between probiotic use, these authors suggested other influencing factors, such as smoking and lower
income, pointing to the multifactorial nature of BV [19].

Carbohydrates and Sugar (High Glycemic Index)

Table 5 shows the pertinent findings of articles that analyze the relationship between carbohydrates and
sugar and BV [12,23-25].

Study Pertinent findings

Noormohammadi Sugar-sweetened beverages and fruit juice, trans fatty acids, and sodium intake were directly associated with bacterial
etal. [12] vaginosis odds

Noormohammadi In this hospital-based case-control study, greater adherence to high-DGI/DGL diet and a low-fiber diet was significantly

etal. [23] associated with increased odds of BV after adjustment for other covariates
Dall'Asta et al. Obesity and higher BMI were linked to a shift towards vaginal dysbiosis and higher Nugent scores, suggesting an
[24] imbalance in the vaginal microbiota (p = 0.034)

Greater carbohydrate intake was associated with a higher abundance of Lactobacillus crispatus, while lower

Miller et al. [25] . . ) . .
carbohydrate intake trended toward more Lactobacillus iners and anaerobic species (p = 0.056)

TABLE 5: Pertinent findings of studies describing the role of carbohydrates and sugar in BV.

DGI: dietary glycemic index; DGL: dietary glycemic load; BV: bacterial vaginosis

Studies have aimed to speculate the role of carbohydrates and sugars in influencing BV risk, which appears
to vary based on the population studied [12,23-25]. Studies performed on non-pregnant individuals show
that a high dietary glycemic index (DGI) and dietary glycemic load (DGL), measures of carbohydrate and
sugar intake, have been shown to significantly increase the risk of BV (p = 0.003 and 0.029, respectively)
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[12,23]. One study showed that sugar-sweetened beverages and fruit juice intake were directly associated
with BV odds [12]. Conversely, specific studies on pregnant populations have shown that a higher intake of
carbohydrates and sugars seemed to be associated with a lower Nugent score (a standardized Gram stain-
based scoring system to diagnose BV) and a Lactobacillus-dominated vaginal flora, indicative of good vaginal
health [24,25].

Grains and Fiber

Table 6 shows the pertinent findings of articles that analyze the relationship between grains and fiber and
BV [9,23,24,26,27).

Study Pertinent findings

Increased intake of fiber associated with increased Lactobacillus crispatus in the vaginal microbiome and statistical

Rosen et al. [9
9] heterogeneity

Noormohammadi ) ) ) . ) . ) ) '

etal. 23] A low dietary fiber diet was associated with an increased risk of BV after adjustment of potential confounders

Dall'Asta et al. ) ) ) - - g

24] A higher intake of fiber was found to be associated with a lower risk of BV

Sun et al. [26] Pregnant women with a higher intake of grains demonstrated a trend of decreased alpha diversity of the vaginal
u .

microbiome with an increase of Lactobacillus-dominant bacteria

Shivakoti et al.

27] An inverse relationship was found between a diet rich in fiber and BV odds

TABLE 6: Pertinent findings of studies describing the role of grains and fiber in BV.

BV: bacterial vaginosis

In addition to fruits and vegetables, numerous studies have shown that grains and fiber have a significant
role in the risk and management of BV [9,23,24,26,27]. Specifically, a 75% increase in whole-grain intake in
the diet corresponded to a higher Lactobacillus-dominant vaginal microbiota, thus lowering the risk of BV
[26]. Moreover, there is an association between increased fiber intake and decreased risk of BV, with odds
ratios of 0.22 and 0.49, and vice versa, as fiber promotes a balanced vaginal microbiome [9,23,24,27].

Protein

Table 7 shows the pertinent findings of articles that analyze the relationship between protein and BV
8,15,23,24].

Study Pertinent findings
Noormohammadi et al. [8]  Unhealthy diet pattern including the consumption of red meats had a 2.04 higher chance for BV

) Participants in the last tertile of meat consumption in the alternative healthy eating index had lower odds of
Noormohammadi et al. [15] BV

. Participants in the last tertile of meat consumption in the alternative healthy eating index had lower odds of
Noormohammadi et al. [23] BV

Dall'Asta et al. [24] Higher intake of animal-sourced protein was associated with an increased risk of BV during pregnancy

TABLE 7: Pertinent findings of studies describing the role of protein in BV.

BV: bacterial vaginosis

Numerous studies have demonstrated that a Lactobacillus-dominated vaginal microbiota is negatively
associated with higher pre-pregnancy consumption of animal-sourced protein. This association emphasizes
the benefits of plant-based protein and fiber-rich diets in reducing BV risk [15,23,24]. Diets high in red meat
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are associated with increased BV risk, emphasizing plant-based patterns as a potential dietary modification
in BV prevention [8].

Diet

Table 8 shows the pertinent findings of articles that analyze the relationship between diet and BV [8,11,23].

Study Pertinent Findings

Noormohammadi Unhealthy diet pattern comprising of sugar, solid oils, sweets and desserts, red meat, fried potato, refined grains,
et al. [8] visceral meat, and sweet drinks, had a 2.04 higher chance for BV

Song et al. [11] Participants following a vegetarian diet exhibited higher average vaginal microbial diversity than nonvegetarians

Noormohammadi

Plant-based dietary patterns lower BV odds
etal. [23] e w

TABLE 8: Pertinent findings of studies describing the role of diet in BV.

BV: bacterial vaginosis

Some studies have assessed the benefits of a plant-based diet in demonstrating a protective effect against
BV due to decreased BV-associated bacteria and increased beneficial bacteria in the vaginal microbiome
[11,23]. One study showed that women who ate an ovo-vegetarian diet, which consisted of all kinds of
vegetables, beans, whole grains, and eggs, had an 84% lower chance of experiencing BV [8]. In a similar
study, participants following a vegetarian diet exhibited higher average vaginal microbial diversity than
nonvegetarians, lowering their risk for infection [23].

BMI

Table 9 shows the pertinent findings of articles that analyze the relationship between BMI and BV
[8,11,14,15,24].

Study Pertinent findings

Noormohammadi et al. [8] Compared to the healthy women, BV-affected women tended to have higher levels of obesity (p =0.016)
Song et al. [11] Obesity was associated with increased odds of BV

Akoh et al. [14] In the teen cohort, higher pre-pregnancy BMI was associated with increased risk of BV

Noormohammadi et al. [15] BV cases had a substantially higher median BMI than healthy controls

Dall'Asta et al. [24] Higher BMI was associated with a lower poorer vaginal status

TABLE 9: Pertinent findings of studies describing the role of BMI in BV.

BV: bacterial vaginosis; BMI: body mass index

Numerous studies have indicated a positive correlation between elevated BMI and obesity with risk for BV in
both pregnant and non-pregnant individuals [8,11,14,15,24]. One study, in particular, identified a
statistically significant higher level of obesity in BV-affected women compared to healthy women (p = 0.016)

[8].

Discussion

BV is one of the most common vaginal infections affecting several people globally. This condition is
triggered by the imbalance of the vaginal microbiota. Disease typically occurs due to the overpopulation of
Gardnerella species in an environment typically predominated by lactobacilli species. Given its lasting
implications on reproductive and physical health, its association with diet is vital to study. Primary care
physicians and physicians of obstetrics and gynecology (OB-GYN) should take the time to educate their
young female patients on vital dietary modifications to protect their healthy vaginal microbiome from
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disease.

Based on the analysis of this systematic review, deficiencies of vitamins A, C, E, and D can increase the odds
of procuring BV [7-10]. Vitamin D plays a significant role in promoting vaginal epithelial cell growth, which
functions to improve the barrier nature of the vagina [28]. Vitamin D supplementation has been shown to
benefit patients with atrophic vaginitis, suggesting that its incorporation in the diet might be beneficial for
avoiding BV through improved barrier mechanisms [29]. Given the growing evidence linking vitamin D
sufficiency to improved vaginal epithelial integrity and reduced infection risk, primary care providers and
OB-GYNs should routinely assess vitamin D status in patients with recurrent BV as well as high-risk groups
such as Black women and those with limited sun exposure. Furthermore, vitamins A, C, and E are known
antioxidants, and they may play a role in reducing the oxidative stress in the vaginal microbiome, thus
enhancing immunity against the pathogens that may cause BV [30]. Along a similar vein, beta-carotene, a
pro-vitamin A, similarly renders immunity against pathogens via an antioxidative effect [31]. Additionally,
this review identified the potential benefits of the consumption of betaine and other dietary
phytochemicals [10,11,13]. While their specific role is unclear, the hypothesis is that betaine plays a role in
the survival and growth of lactobacilli species by promoting the bacteria’s osmotolerance [10].

Moreover, our findings suggest an association between increased consumption of fruits and vegetables with
a reduced risk of BV [7-13]. The benefit of fruits and vegetables in association with BV can be postulated due
to the high content of antioxidants, vitamins, and phytochemicals, which contribute to and support the
vaginal microbiota [13]. Based on this evaluation, specific fruits and vegetables high in vitamins A, C, E, D,
and betaine can be recommended to lower the risk of BV. Sources of beta-carotene, or vitamin A, include
carrots, sweet potatoes, butternut squash, and dark leafy greens [32]. To ensure adequate levels of vitamin C,
at-risk individuals should consume citrus fruits, bell peppers, and strawberries [33]. Sources of vitamin E
include avocado, spinach, swiss chard, and beet greens [34]. Although most fruits and vegetables do not
contain adequate amounts of vitamin D, mushrooms contain high levels [35]. In addition to sources of
vitamin-rich fruits and vegetables, beets and spinach are abundant sources of betaine [13]. Overall, our
findings underscore the importance of a diet high in fruits and vegetables to lower the risk of BV due to the
implications of a low vitamin and mineral diet in terms of vaginal health. Encouraging individuals to “eat
the rainbow” by consuming a wide variety of colorful fruits and vegetables is a practical strategy to enhance
intake of essential vitamins, antioxidants, and phytochemicals that support vaginal health. Nutrient synergy
can further enhance these effects; for example, the absorption of fat-soluble compounds such as beta-
carotene and vitamin E is improved when consumed alongside healthy fats such as avocado or olive oil.
These nutrients collectively help reduce oxidative stress, modulate inflammation, and strengthen epithelial
and immune function, factors critical to maintaining a balanced vaginal microbiome. Preparing vegetables
with herbs and spices such as turmeric, oregano, and ginger may further support anti-inflammatory
pathways. Emphasizing diverse, plant-forward meals that include both raw and cooked forms of fruits and
vegetables can help optimize nutrient variety and bioavailability. In line with these strategies, the World
Health Organization and Food and Agriculture Organization recommend a daily consumption of at least 400
g of edible fruits and vegetables, equivalent to about five servings of 80 g each as a population-wide target
to prevent noncommunicable diseases and micronutrient deficiencies [36]. Overall, our findings underscore
the importance of a diet high in fruits and vegetables to lower the risk of BV due to the implications of a low
vitamin and mineral diet in terms of vaginal health.

Carbohydrate and sugar intake appear to have a strong correlation with increasing BV risk according to the
studies in this review [12,23-5]. This is because foods with higher glycemic index and load tend to cause
increased oxidative stress in the body, thereby suppressing immune support from the prevention of disease
[12]. However, the results of this review show a converse relationship between carbohydrates and pregnant
populations. Pregnant women with a higher intake of carbohydrates and sugars demonstrated healthier
vaginal microbiota and vaginal health [24,25]. Lactobacilli species in the vagina ferment carbohydrates into
simple sugars, producing lactic acid during the fermentation process. This results in a lower pH in the
vaginal environment, which restricts the growth of bacteria such as Gardnerella vaginalis that tend to be
sources of BV infection [35]. This review hypothesizes that the difference in the relationship between
carbohydrates and BV in pregnant and non-pregnant populations can be explained by the increased energy
demand for both maternal and fetal health in pregnancy. Changes to maternal hormone secretions as well as
fetal nutrient supply result in increased metabolism of carbohydrates in pregnant women compared to non-
pregnant women, resulting in increased lactic acid concentrations and thus a more protective vaginal
environment [37]. The results of this review thus lead us to recommend that pregnant women increase their
carbohydrate intake, and that non-pregnant women consume smaller quantities of carbohydrates to protect
from BV infection.

A higher intake of whole grains and dietary fiber decreases the risk of BV due to the promotion of a
Lactobacillus-dominant vaginal microbiota [9,23,24,26,27]. Dietary fiber serves as a prebiotic substrate,
promoting beneficial gut bacteria that produce short-chain fatty acids (SCFAs) such as butyrate. These SCFAs
help regulate inflammation and strengthen mucosal barriers, influencing not only gut but also vaginal
microbial health [38]. Whole grains contain fiber and polyphenols that have been shown to lower
inflammatory markers in the body [39]. With this, diets high in whole grains and dietary fiber can reduce
systemic inflammation associated with BV to maintain a balanced vaginal microbiota by modulating gut
microbiota, lowering oxidative stress, and improving insulin sensitivity [23]. SCFAs generated from fiber
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fermentation contribute to lowering systemic inflammation and improving insulin sensitivity, which
supports a vaginal environment favorable to Lactobacillus species dominance and reduced BV risk [38].
Moreover, whole grains also contain essential nutrients such as zinc, magnesium, and B vitamins, which play
arole in the immune system [40]. Specifically, zinc increases IL-2 production and supports Th1l responses,
magnesium supports the regulation of pro-inflammatory cytokines like interleukin (IL)-6 and tumor

necrosis factor-alpha, and B vitamins, particularly B6, influence IL-2 production and lymphocyte
proliferation, while folate and B12 support DNA synthesis in immune cells. Together, these nutrients
coordinate to enhance immune responses and maintain mucosal defenses essential for a balanced vaginal
microbiome. Due to this, the indirect role of whole grains in immune system support suggests the
maintenance of the vaginal microbiota and resistance imbalances [41].

Based on the results of this review, a diet rich in fiber and whole grains is recommended to prevent BV.
Whole-grain foods high in fiber and B vitamins include quinoa, brown rice, oats, millets, and whole-wheat
bread/pasta, as well as other whole grains commonly consumed in diverse cultural diets [42]. Consuming a
variety of fiber types, including soluble and insoluble fibers from legumes, whole grains, and seeds, supports
diverse gut bacteria and sustains SCFA production vital for immune regulation. In addition, legumes such as
lentils and chickpeas are rich in prebiotic fiber [43]. For further anti-inflammatory effects, at-risk individuals
should consume flaxseeds and chia seeds, which are sources of soluble fiber [44].

This study identified that all women with elevated BMI, which is typically associated with overweight states
and obesity, have an increased odds of acquiring BV infection [8,11,14,15,24]. Obesity is considered a
chronic inflammatory state itself, and results in increased secretion of pro-inflammatory proteins, such as
leptin, from the greater concentration of adipose tissue in an obese individual. While this mechanism is not
fully understood, it is hypothesized that these alterations in the immune system likely create an unfavorable
environment for lactobacilli species in the vagina [45].

Building on the discussion of strategies for improving women’s health, it is vital to understand the impact of
dietary choices, particularly dairy and probiotics, on the prevention and management of BV and its
associated outcomes. This review highlights multiple studies that have examined how probiotics and dairy
products influence BV risk by fostering a vaginal microbiota dominated by Lactobacillus species [17-20].
During the fermentation of dairy products, the process of proteolysis breaks down milk proteins, thereby
releasing bioactive peptides. These peptides, along with the probiotics present, contribute to gut microbiota
balance and support overall health [46]. Specifically, the vaginal ecosystem, lactobacilli strains help
maintain this balance by producing lactic acid, which lowers vaginal pH and inhibits organisms that may
cause BV [30]. While these lactobacilli are unsuitable as primary fermentation starters for industrial dairy
production, certain strains of L. crispatus and L. gasseri maintain high viability in pasteurized milk. This
suggests their potential as adjunct cultures in developing functional dairy products tailored toward women’s
health, representing a step toward innovation in the dairy industry [47]. This also underscores the potential
for probiotics to serve as a targeted strategy to modulate the vaginal microbiota, reducing harmful bacteria
and possibly lowering the risk of BV. Additionally, incorporating these probiotic strains into dietary
recommendations could enhance preventive and therapeutic approaches for maintaining vaginal health.

There is also evidence that probiotics help reduce the presence of certain harmful bacteria during pregnancy,
further supporting their potential health benefits [22]. Specifically, increased yogurt intake has been
associated with a lower likelihood of developing BV [17,18]. Such dietary recommendations may serve as
practical adjuncts to other prevention strategies. However, despite these associations, some researchers
emphasize that BV risk is influenced by multiple factors. For instance, smoking and lower socioeconomic
status may also contribute to BV risk [19]. This points to the need for a comprehensive approach to BV
prevention that considers not only dietary and probiotic interventions but also socioeconomic and lifestyle
factors, such as income, education, employment opportunities, and access to quality healthcare.

Shifting the focus to another dietary component, it is also vital to examine the role of protein intake and its
potential impact on the prevention and outcomes of BV. Plant-based proteins may offer distinct advantages
for vaginal microbiota compared to animal-based proteins due to their effects on pH balance, inflammation,
and bacterial composition. High-protein diets, particularly those rich in animal proteins, contribute to an
increased dietary acid load, which can disrupt systemic pH balance and may influence vaginal acidity, which
is an essential factor in the development of BV [12]. Conversely, plant-based foods, which are rich in fiber
and alkaline precursors, help maintain a more favorable vaginal pH, therefore making the vaginal
environment less likely for the development of BV. Additionally, plant-based diets are abundant in
flavonoids, known anti-inflammatory agents which inhibit NF-kB activation, thereby inhibiting pro-
inflammatory pathways linked to BV [48,49]. Given that inflammation and pH dysregulation are central to
BV pathogenesis, shifting towards plant-based protein sources may foster a healthier vaginal microbiome by
reducing acidity and inflammation, thereby lowering BV risk.

The above-mentioned recommendations to consume a diet rich in fruits, vegetables, legumes, whole grains,
fiber, dairy, and plant-based protein to protect from BV align with the data in this review that show the
protective nature of a plant-based or vegetarian diet [8,11,12]. Given the multinational prevalence of BV and
the accessible nature of the components of this recommended diet, these recommendations stand for all
populations globally. Furthermore, higher scores on global diet quality indices are strongly associated with
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reduced BV risk, emphasizing that overall dietary patterns, rather than individual nutrients alone, are
critical for maintaining vaginal and reproductive health [50]. Encouraging diverse, nutrient-dense diets
supports a balanced vaginal microbiome and broader systemic well-being.

Limitations

While this review hypothesizes the way dietary nutrients affect vaginal health, further studies must be
performed to truly understand these specific mechanisms and determine dose-dependent relationships to
determine optimal intake of each dietary nutrient. Several limitations should be considered when
interpreting the results. These constraints highlight the need for further research to address potential gaps.
Furthermore, it is important to note that this review utilized articles from three databases only, suggesting
that there may be more existing research available on databases not explored by this review.

One study determined a borderline significant association of some minerals, such as zinc, selenium, and
lutein, with BV, and further studies are essential to ascertain their specific relationship [10]. Furthermore,
this review was unable to postulate the efficacy of these dietary nutrients against each other, as this type of
data is currently unavailable. Additionally, there is a need for longitudinal studies that assess dietary
patterns over time to determine causality rather than mere correlation, and would also enable the control of
confounding variables that may affect both diet and microbiota composition. These considerations
underscore the importance of an integrative approach to dietary recommendations, where nutritional
guidance is tailored to promote reproductive tract health.

Further studies are also required to determine how these dietary recommendations might have to be altered
for populations based on age range, gender, ethnicity, and even sociocultural practices. For example, a study
found an association between an increased intake of fruits and increased L. crispatus in the vaginal
microbiome only in Black women [9]. More studies specifically altered for diverse populations would be
beneficial in making specific dietary recommendations. With the same idea, BV is associated with many
comorbidities, and this review fails to identify and explain the diet modifications for individuals with BV
who are also suffering from these comorbidities. Moreover, the studies in this review demonstrated
promising results; however, many limitations, such as small sample sizes and a shortage of longitudinal
studies, need to be addressed in further studies to address the lack of regulatory approval and clinical
validation.

Conclusions

The findings of this review highlight the influential role diet plays in BV susceptibility for both pregnant and
non-pregnant women around the world. Given BV’s high prevalence and lack of management strategies,
educating patients on their nutritional intake is vital for overall health. Therefore, physicians and healthcare
providers must incorporate conversations about nutritional status with at-risk patients. Increasing intake of
nutrients such as plant-based proteins, whole grains, and dietary fibers may help women lower their risk of
BV.
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