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Abstract

Background: Changing the dietary pattern may be an alternative treatment for bacterial vaginosis, the prevalent
vaginal infection in women.

Methods: One hundred and forty-three bacterial vaginosis-affected women diagnosed by Amsel criteria and 151
healthy controls aged 18 to 45 entered the current case-control research. To calculate the alternative healthy eating
index and dietary acid load score, food consumption was recorded with an accurate and precise food frequency
questionnaire. The dietary acid load was measured by potential renal acid load (PRAL) and net endogenous acid
production (NEAP) indices. Using logistic regression models, the association between the alternative healthy eating
index and dietary acid load score with bacterial vaginosis was investigated.

Results: The last tertile of the alternative healthy eating index had a 75% decreased odds of experiencing bacterial
vaginosis in the adjusted model (adjusted odds ratio (@OR)=0.25, 95% confidence interval (Cl)=0.12-0.53, P for
trend=0.001). Besides, vegetables (@OR=0.34, 95% ClI=0.17-0.69, P for trend =0.003), nuts and legumes (aOR=0.44,
95% C1=0.23-0.87, P for trend =0.028), and meats (@OR=0.31, 95% Cl=0.16-0.60, P for trend=0.001) intake was
linked to a decreased bacterial vaginosis odds. However, sugar-sweetened beverages and fruit juice (@OR=3.47, 95%
Cl1=1.68-7.17, P for trend < 0.001), trans fatty acids (@OR=2.29, 95% Cl=1.18-4.43, P for trend =0.005), and sodium
(aOR=3.44, 95% Cl=1.67-7.06, P for trend =0.002) intake were directly associated with bacterial vaginosis odds. There
was no evidence of a link between dietary acid load and bacterial vaginosis.

Conclusion: According to the present study’s findings, there is no correlation between dietary acid load and the
likelihood of developing bacterial vaginosis. However, following a plant-based dietary pattern based on the healthy
eating index may lead to a lower odds of bacterial vaginosis.
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Background

Bacterial vaginosis (BV) is one of the vaginal infections
in women of reproductive age with a high prevalence. It
is defined by a shift in the predominance of Lactobacil-
lus in the vaginal microbiota to anaerobic species such
as Atopobium, Gardnerella, Prevotella, and Papillibacter
[1]. BV has been considered a microbiological and immu-
nological issue [2]. Patients with BV often experience
vaginal discharge, itching, and burning without red-
ness [3]. Although 50% of affected individuals exhibit no
symptoms, BV associates with obstetric and gynecologic
problems, such as pelvic inflammatory disease and endo-
metriosis [4, 5], affecting the host immune system [6].
The etiology of BV is unknown; even so, risk factors are
ethnic origin (black/Hispanic), frequent vaginal douch-
ing, smoking, and numerous sex partners without con-
dom usage [7]. Oral contraceptives, such as oral estrogen,
decrease BV rates [7]. Half of the women will experience
recurrence after medical treatment in 12 months, and
recurrent BV treatment is challenging [7]. Therefore, an
individual’s diet may serve as an alternative treatment
objective [8]. In this regard, in previous studies, research-
ers have stated a positive link between processed foods
consumption, high glycemic index (GI), and high glyce-
mic load (GL) foods, and an inverse association between
a rich dietary fiber pattern and some components of the
Mediterranean diet with the odds of BV [9-11].

The Healthy Eating Index, HEI is a tool for determin-
ing the dietary quality and how well it adheres to the
Dietary Guidelines for Americans (DGA) [12]. It has
been applied to find and evaluate relationships between
diet quality and particular illnesses, including inflamma-
tory disorders [13]. Thoma et al. demonstrated that BV
was not linked with HEI values less than 70; neverthe-
less, there was a connection between HEI values more
than 70 and a decrease in BV. However, this finding was
restricted in its ability to generalize to other groups due
to the sample’s majority being African American and the
absence of confounding factors such as physical activity
[14]. As a result, it seems that the association between
BV and HEI should be reconsidered.

Moreover, the primary difference between vaginal
eubiosis (defined by beneficial lactobacillus-dominated
microbiota) and dysbiosis (defined by an overgrowth of
anaerobes species) is that the decrease in lactic acid pro-
duction leads to increased vaginal pH [15]. Dietary acid
or base precursors have been recognized to affect acid-
base and pH balance. Protein-rich meals enhance acid-
ity, whereas fruits and vegetables promote alkalinity. A
food’s potential renal acid load is its acid- or base-pro-
ducing capability [16]. Due to the critical role of vaginal
pH alteration in the pathogenesis of BV [15], the pres-
ent study postulated that dietary acid load might have a
principal effect on BV progression through vaginal pH.
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Furthermore, to our knowledge, there has been no inves-
tigation into whether dietary acid load and BV are linked.
This research aimed to determine the link between the
healthy eating index and dietary acid load with BV.

Methods

Study population

In the current case-control research, referred partici-
pants from the gynecology clinic (Imam Hossein Hos-
pital, Tehran) were chosen, using a convenience sample
approach, and provided with written permission to par-
ticipate. Participants entered the study if they were aged
18 to 45 years and were not pregnant or in menopause.
Sample size calculation and other inclusion criteria have
been stated in the previous studies [9-11]. Participants
who did not answer at least 60% of the food frequency
questionnaire (FFQ) items were eliminated, as well as
those who reported energy consumption outside of
the +3 standard deviation (SD) of the mean intake and
decided to quit the study.

Medical assessments

A gynecologist conducted the patient evaluation in order
to determine if they had BV or not. The same diagnostic
test was done for all participants. As a clinical diagnosis,
at least three instances have to meet the Amsel criteria: a
homogenous and diluted vaginal discharge, a vaginal pH
higher than 4.5, the presence of 20% clue cells when using
saline microscopy, and the smell of fish after adding 10%
potassium hydroxide to the discharge slide [8, 17-19].

Data on dietary intake

Food frequency and demographic information forms
(age, sex, education level, employment) and health sta-
tus assessments were completed during the interview
with the participants. This FFQ has 168 dietary items,
each with a typical portion size and following the Willet
method [20]. The validity and reliability of this FFQ have
been confirmed [21], and previous studies have utilized
this questionnaire to identify dietary patterns [22, 23].
Further details are provided in previous studies [9-11].

Anthropometric assessments

Participants’ weights were measured in light clothes with
a 100-gram accuracy. Then heights were measured when
the individual stood in a straight stance, with 1 mm pre-
cision. Details are provided in previous studies [9-11].
Body mass index (BMI) was determined by dividing
weight (kg) by height squared (m2) (square meters).

All participants were asked to fill out questionnaires
and have their anthropometric data assessed by a trained
interviewer. To prevent selection bias, the individual who
conducted the BV diagnosis was not informed of the
patients’ food consumption. To prevent information bias,
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the responses were collected by a professional surveyor
who was blind to the sample findings at the time of the
interview. A hospital lab technician also conducted the
diagnosis.

Alternative healthy eating index and dietary acid load

The Alternative Healthy Eating Index, AHEI, is a revised
version of the original healthy eating index developed
by Kennedy et al. [24]. This approach examined 11 ele-
ments: whole grains, fruits, nuts and legumes, vegetables,
long-chain n-3 fatty acids (DHA and EPA), polyunsatu-
rated fatty acids (PUFA), sugar-sweetened beverages and
fruit juice, red and processed meats, wine, and trans-fat
and sodium. Due to a paucity of data on wine and long-
chain n-3 fatty acids (DHA and EPA) consumption in our
database, we calculated AHEI using nine components in
this research. Individuals in the highest decile of whole
grains, vegetables, fruits, nuts and legumes, and PUFA
got a score of 10, while those who consumed the least
received a score of 1. Individuals in the other deciles got
equivalent scores.

In comparison, participants who consumed the most
sugar-sweetened beverages and fruit juice, trans fatty
acids, red and processed meats, and sodium got a score
of 1, while those who consumed the least of these com-
ponents obtained 10. The participant’s total AHEI score
was then calculated by adding the results for these ten
components. It ranged from 9 to 90.

There are two validated and common measurements
for estimation of the potential acid load produced by the
consumption of a single food or overall diet and potential
renal acid load (PRAL). This is based on dietary protein,
phosphorus, potassium, calcium, and magnesium intake
[25] and net endogenous acid production (NEAP), which
is related to protein and potassium intake [26].:

1) PRAL (mEq/day) = (protein (g/d) x 0.49) + (Phos-
phorous (mg/d) x 0.037) — (potassium (mg/d) x 0.021) —
(Calcium (mg/d) X 0.013) — (magnesium (mg/d) x 0.026).

2) NEAP (mEq/day) = (54.5 X protein (g/d)/potassium
(mEq/d))-10.2.

The validity of both PRAL and NEAP scores compared
to a 24-h urinary acid load is confirmed [25, 26]. Low and
negative PRAL indicate an alkaline diet, opposite to high
and positive PRAL, which shows an acidic diet. Similarly,
higher NEAP scores indicate an acidic diet [25, 26].

Statistical analysis

SPSS software version 22 was used to conduct the statis-
tical analysis. For all hypothesis tests, a P-value of 0.05
or less indicated statistical significance. The continuous
variables were tested for normal distribution using Q-Q
plots and Kolmogorov-Smirnov tests. Frequency and
percentages were used to express the categorical charac-
teristics, and the median (interquartile range, IQR) was
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used for quantitative characteristics. Quantitative data in
BV-affected patients and healthy groups were compared
using the Student t-test, and the Mann-Whitney test was
run for non-normally distributed variables. To compare
qualitative features between the case and control groups,
the Chi-Square test was used. Quantitative and qualita-
tive confounding factors across AHEI tertiles were evalu-
ated using the Kruskal-Wallis test or x2 test/Fisher’s exact
test, respectively. To examine the relationship between
AHEI DAL, and BV, logistic regression was performed to
calculate base and adjusted odds ratios (OR) with 95% CI.
All food items were energy-adjusted using the residual
method. Besides, age (years), BMI (Kg/m2), waist cir-
cumferences, WC (cm), smoking (per day), number of
pregnancies, Iron supplementation (yes/no), and physical
activity (MET/h/d) were controlled for adjusted ORs.

Ethics

This research was authorized by the National Nutrition
and Food Technology Research Institute, Shahid Beheshti
University of Medical Sciences, Tehran, Iran (project NO
99/25,431). The ethics committee code was IR.SBMU.
NNFTRI.REC.1399.054. In order to participate in the
research, each participant had to sign a written informed
consent form. All procedures were conducted according
to the latest version of the Helsinki Declaration.

Results

From 148 BV-affected women and 153 healthy controls,
four patients of the case group and two control group
participants were excluded because the energy intake
was >+43SD or < -3SD from the mean. One BV-affected
woman was excluded from the statistical analysis due to
a lack of data. Therefore, 143 BV-affected women and
151 healthy controls were included in the study. Partici-
pation rates were 96.6% among cases and 98.7% among
controls. The median (Q1-Q3) age in the case and control
group participants was 30 (25-33) and 32 (24-37) years,
respectively. General characteristics of the case and
control group participants according to the AHEI score
tertiles are presented in Table 1. There was a significant
difference in the age of control (P-value=0.020) and case
(P-value<0.001) group participants across the AHEI ter-
tiles. Besides in the case group, participant were signifi-
cantly different according to smoking (P-value=0.003),
number of pregnancies (P-value=0.049), waist circum-
ference (P-value=0.022), and iron supplement consump-
tion (P-value=0.014) (Table 1).

Investigating the association between AHEI and BV
showed that in Model 1, the odds of BV was 81% lower in
the last tertile of AHEI (which was equal to more than 58)
(OR=0.19, 95%CI=0.10-0.39, P for trend<0.001). This
significantly inverse link remained in the adjusted model
(aOR=0.25, 95%CI=0.12-0.53, P for trend=0.001). To
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Table 1 General characteristics separately across tertiles of AHEI-2010

Characteristic? CONTROL CASE
Tertile 1 Tertile2  Tertile 3 P Tertile 1 Tertile2  Tertile 3 P
N=53 N=51 N=47 Value® N=83 N=46 N=14 Value®

Age, year, median (Q;-Q;) 26 (24-33) 35(24-40) 33(25-36) 0.020* 29(25-33) 30(24-33) 37(30-39) <0.001*

Familial history of BV, Yes 13 (24.5) 13 (25.5) 11(234) 0.972 47 (56.6) 23 (50) 7 (50) 0.735

Education 0.546 0.136

Primary/secondary school 13(24.5) 10 (19.6) 16 (34) 17 (20.5) 14 (304) 5(35.7)

Undergraduate 24 (45.3) 27 (52.9) 19 (40.4) 42 (50.6) 26 (56.5) 8(57.1)

Graduate 16 (30.2) 14 (27.5) 12 (25.5) 24 (28.9) 6(13) 1(7.2)

Cigarette per day 0.761 0.003*

0 52(98.1) 51 (100) 46 (97.9) 60 (72.3) 44(95.7) 14 (100)

1-2 0 0 0 10(12) 2(43) 0

>3 1(1.9) 0 1.1) 13(15.7) 0 0

Employment status, Employed 14 (26.4) 11(21.6) 17 (36.2) 0.262 26 (31.3) 14 (30.4) 3(214) 0.827

Monthly family income, < 250 US $ 43 (81.1) 41 (80.4) 37(78.7) 0.954 66 (79.5) 35(76.1) 9(64.3) 0.440

Number of pregnancies 0.208 0.049*%

0 30 (56.6) 21 (41.2) 19 (40.4) 41 (494) 20 (43.5) 2(143)

1-2 18 (34) 22(43.0) 25(53.2) 35(42.2) 23 (50) 8(57.1)

>3 5(94) 8(15.7) 3(64) 7(84) 3(6.5) 4(28.6)

Menstrual cycle, Regular 30 (56.6) 40 (78.4) 32(68.1) 0.059 55 (66.3) 28 (60.9) 11 (78.6) 0.506

Number of sexual partners in the previous 0.053 0.127

month

0 23 (43.4) 19(37.3) 11(23.4) 31(37.4) 16 (34.8) 1(7.1)

1 27 (50.9) 31(60.8) 36 (76.6) 49 (59) 27 (58.7) 13(92.9)

>2 3(5.7) 12 0 3(3.6) 3(6.5) 0

Physical activity (MET/h/d), median (Q;-Q;) 40.5 39.7 40.6 0.891 398 398 412 0.770
(36-46) (35.7-46.7) (37.3-46.9) (35.1-44.3) (36.2-44.8) (35.9-49.9)

Weight (Kg) 64 (56-71.5) 65 (58-72) 67 (57-76)  0.631 69 (60-79) 66 (64-75) 69 0.710

(59.75-76.25)

Height (cm) 162 161 162 0424 163 164 162.5 0.662
(158.5-165) (157-165)  (158-165) (159-167) (160-167)  (157-169.75)

BMI (Kg/m?), median (Q1-Q3) 239 24.8 246 0326 266 25.1 254 0.283
(21.8-26.4) (22.7-28.0) (22-28.6) (22.9-29.1) (23.7-283) (24.0-285)

WC (cm), median (Q;-Qy) 78 82 84 0402 87 85 100 0.022*
(68.5-90) (77-95) (71-95) (76-95) (67.7-90)  (92-103.5)

Supplements

Calcium 500 mg/day, Yes 10(18.9) 8(15.7) 6(12.8) 0.706 6(7.2) 2(4.3) 2(14.3) 0367

Folate 400 pg/day, Yes 8(15.1) 7(13.7) 7(14.9) 0978 17 (20.5) 11(23.9) 2(14.3) 0.787

Vitamin D 50,000 IU/month, Yes 23 (43.4) 18 (35.3) 25(53.2) 0.203 24 (28.9) 22 (47.8) 3(214) 0.058

Iron 30 mg/day, Yes 11(20.8) 17 (33.3) 13(27.7) 0352 12 (14.5) 14 (30.4) 0 0.014*

Omega 3 1-3 gr/day, Yes 3(5.7) 2(39 3(64) 0.905 3(3.6) 4(8.7) 0 0329

a Values are No (%)unless otherwise noted
b Using the Kruskal-Wallis test or x2 test/Fisher’s exact test, as appropriate.

AHEI-2010, Alternative Healthy Eating Index-2010; BV, Bacterial Vaginosis; BMI, Body Mass Index; WC, Waist circumference

consider healthy eating index components, odds of BV
was 72% and 66% lower in the last tertile of vegetables
group (equals to more than 415 gr/day) in both base and
adjusted models (OR=0.28, 95%CI=0.15-0.54, P for
trend<0.001, and aOR=0.34, 95%CI=0.17-0.69, P for
trend=0.003, respectively). High consumption of nuts
and legumes group (equals to more than 77 gr/day) was
associated with 64% and 56% lower odds of BV in base
and adjusted models (OR=0.36, 95%CI=0.19-0.67, P
for trend=0.002, and aOR=0.44, 95%CI=0.23-0.87,

P for trend=0.028, respectively). In Model 1, a signifi-
cant association was observed between odds of BV and
high consumption of sugar-sweetened beverages and
fruit juice group (equals to more than 50 gr/day) and
trans fatty acids group (equal to more than 1.8 gr/day).
In the adjusted model, BV odds was more than 3 times
higher in the last tertile of sugar-sweetened beverages
and fruit juice group (aOR=3.47, 95%CI=1.68-7.17,
P for trend<0.001), and more than 2 times higher in
the last tertile of trans fatty acids group (aOR=2.29,
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95%CI=1.18-4.43, P for trend=0.005). Participants in
the second tertile of the sodium group (equal to more
than 2900 mg/day) and those in the last tertile (equal to
more than 3800 mg/day) had about 3 times higher odds
of BV in both base (P for trend<0.001) and adjusted
models (P for trend=0.002). Interestingly, high consump-
tion of red and processed meats (equals to more than 100
gr/day) was associated with lower odds of BV (aOR=0.31,
95%CI=0.16-0.60, P for trend=0.001) (Table 2).

The association between PRAL and NEAP and the
odds of BV, was not statistically significant (Table 3).

Discussion

In this current study, the link between dietary acid load
and BV was investigated for the first time based on the
literature review. No association between dietary acid
load and BV was observed. However, adherence to
AHEI decreased the odds of BV significantly in base and
adjusted models. Similarly, Thoma et al. observed a sig-
nificant negative association between HEI and BV but
only in the unadjusted model [14].

This study showed that in Model 1, the odds of BV in
the last tertile of the vegetables, nuts and legumes, and
fruits group were lower than the reference tertile. In
addition, in the adjusted model, the odds of BV remained
inversely and significantly associated with the consump-
tion of vegetables, and nuts and legumes. Noormoham-
madi et al. showed that two dietary components in the
Mediterranean diet, including vegetables and legumes,
were associated with lower odds of BV [9]. We have pre-
viously shown a negative link between dietary fiber and
BV odds [10]. Similarly, in one study by Shivakoti et al.
the connection between dietary macronutrient intake
and molecular-BV, fiber (rich in fruits, vegetables, and
legumes) was negatively associated with the risk of BV
[27]. Fiber is a nutrient with prebiotic effects which
improves vaginal microbiota by enhancing the Lactoba-
cillus species [28]. As functional foods, vegetables, fruits,
nuts, and legumes are rich in flavonoids with anti-inflam-
matory effects resulting in the inhibition of nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-kB)
[29]. NF-kB is the primary factor in the pro-inflamma-
tory signaling pathways, and its stimulation in differ-
ent cells in vaginal secretions of those with BV has been
shown [30]. Together, these prebiotics have a beneficial
effect on intestinal health [31]. Fiber intake may enhance
gut barrier integrity, bacterial diversity, and inflammatory
responses [32-35], and the vaginal microbiota may be
impacted by colonization from the rectum in the vagina
[36]. Evidence suggests the effect of functional foods,
probiotics, and prebiotics improve vaginal inflamma-
tion [14, 37]. Immune tolerance is the condition in which
the immunological system is active, tightly controlled,
and resistant to self-antigens or to a specific antigen that
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might cause an immune response in the body [38]. The
lack of inflammation in BV may be explained by immune
tolerance to healthy and unhealthy vaginal microbiota,
primarily obtained from gut microbiota as a consequence
of coevolution with humans. This hypothesis is sup-
ported by short-chain fatty acids, abundantly generated
by intestinal microflora through fermenting dietary fiber,
and are known to modulate immune responses [2]. So
like the probiotics, prebiotic fiber alters the gut microbi-
ota and may execute its role in lowering inflammation by
inducing short-chain fatty acids and bile acids generation
and NF-«B signaling pathway suppression [39].

In another study by Neggers et al., severe BV was nega-
tively correlated with folate (vitamin B9) and vitamin E
intake [40], vitamins that are found mainly in vegetables
and fruits [41, 42]. Vitamin E has antioxidant effects [43—
45], and vitamins B9 and E may decrease severe BV risk
by improving immunological function [40]. In addition,
women lacking micronutrients like beta-carotene and the
vitamins D, C, A, and E are more likely to get BV. This
deficiency may show low fruit and vegetable consump-
tion. Consuming fresh fruit and vegetables on a regular
basis leads to a lower risk of vaginitis [40, 46, 47], and
educating patients about vegetable and fruit intake may
have a significant effect [47]. In contrast to our study,
Thoma et al. did not show any association between HEI
and BV odds after adjusting for confounders. However,
similar to the Noormohammadi et al. study [10], Thoma
et al. showed a direct association between GL and the
persistence and acquisition of BV. High-GL foods dam-
age the host’s immune response leading to increased oxi-
dative stress [14]. Healthy elements found in fruits and
vegetables, such as fiber, may lessen the adverse effects of
high GL diets [48].

This study observed a link between the meat group and
reduced odds of BV in both models. According to Ver-
straelen et al., subclinical iron insufficiency is related to
vaginosis-like microbiota during early pregnancy [49].
Iron is a nutrient found in animal meat [50]. Innate and
adaptive immunological responses in the vaginal mucosa
may cause failure due to iron deficiency. This leads to
more susceptibility to infectious diseases [51, 52]. Neg-
gers et al. observed a significant inverse association
between protein intake and severe BV [40], a primary
macronutrient found in meat [53]. Inversely, processed
meats and fast foods are linked with increased BV odds,
according to Noormohammadi et al. study [11, 54], which
may be due to the rich fat content in these foods and the
link between total fat intake and elevated BV [40].

As shown in the results, the odds of BV in the last ter-
tile of the trans fatty acids group were more than doubled
in contrast to the reference. We have also shown the
direct association between unhealthy dietary patterns,
ultra-processed oil, processed foods, and fast foods high
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Table 2 Adjusted odds ratio (OR) estimates and 95% confidence intervals (Cls) for bacterial vaginosis depending on the tertile of

AHEI-2010*

AHEI and its parameters Tertiles of AHEI P for
1st 2nd 3rd Trend*

AHEI-2010 score (energy-adjusted)

Number of BV patients/Number of healthy participants 83/53 46/ 51 14/47

Model 1T 1.00 (Ref)  062(036-1.06) 0.19(0.10-0.39) <0.001

Model 2 ¥ 1.00 (Ref) 0.86 (0.48-1.53) 0.25(0.12-0.53)  0.001

Fruits group (energy-adjusted, grams per day)

Number of BV patients/Number of healthy participants 63 /50 50/ 51 30/50

Model 11 1.00 (Ref) 090 (0.49-1.65) 0.51(0.28-0.93) 0.028

Model 2 # 1.00 (Ref) 1.17(060-2.28) 0.63(0.33-1.22) 0.156

Vegetable group (energy-adjusted, grams per day)

Number of BV patients/Number of healthy participants 73/50 50/ 51 20/50

Model 17 1.00 (Ref) 069 (041-1.19)  0.28 (0.15-0.54)  <0.001

Model 2 ¥ 1.00 (Ref) 0.71(0.40-1.28) 0.34(0.17-0.69)  0.003

Whole grains group (energy-adjusted, grams per day)

Number of BV patients/Number of healthy participants 54/50 59/51 30/50

Model 11 1.00 (Ref) 1.22(068-2.19) 063 (034-1.17) 0.161

Model 2 # 1.00 (Ref) 1.23(0.65-2.35)  0.60(0.30-1.20) 0.156

Nuts and legumes group (energy-adjusted, grams per day)

Number of BV patients/Number of healthy participants 68/ 50 52/51 23/50

Model 1T 1.00 (Ref)  0.98(0.53-1.81) 0.36(0.19-0.67) 0.002

Model 2 ¥ 1.00 (Ref) 1.20(0.62-2.31) 044 (0.23-0.87) 0.028

PUFA (energy-adjusted, grams per day)

Number of BV patients/Number of healthy participants 39/50 50/ 51 54 /50

Model 11 1.00 (Ref) 1.38(0.76-249)  1.41(0.79-252) 0253

Model 2 # 1.00 (Ref) 1.67(0.87-3.20)  1.79(0.94-341) 0.085

Red and processed meats group (energy-adjusted, grams per day)

Number of BV patients/Number of healthy participants 77 /50 45/ 51 21/50

Model 17 1.00 (Ref.) 061(0.35-1.05) 0.26(0.14-049) <0.001

Model 2 ¥ 1.00 (Ref) 0.60(0.33-1.08)  0.31(0.16-0.60)  0.001

Sugar-sweetened beverages and fruit juice group (energy-adjusted, grams per

day)

Number of BV patients/Number of healthy participants 28/50 34/51 81/50

Model 17 1.00 (Ref) 1.59(0.77-3.27)  355(1.83-6.87) <0.001

Model 2 # 1.00 (Ref.) 1.55(0.71-3.37) 347(1.68-7.17)  <0.001

Trans Fatty Acids group (energy-adjusted, milligrams per day)

Number of BV patients/Number of healthy participants 32/50 25/51 86/50

Model 11 1.00 (Ref) 090 (0.44-1.82)  3.02(1.65-5.55) <0.001

Model 2 * 1.00 (Ref)  0.80(0.38-1.68) 2.29(1.18-4.43)  0.005

Sodium group (energy-adjusted, milligrams per day)

Number of BV patients/Number of healthy participants 17750 62 /51 64 /50

Model 11 1.00 (Ref)  432(2.15-866) 4.10(2.09-8.07) <0.001

Model 2 # 1.00 (Ref.) 336 (1.63-695) 344 (1.67-7.06) 0.002

" logistic regression model

Base model, adjustment for age (years) and total calories intake (Kcal/d)

* Additionally adjusted for body mass index (Kg/m?), waist circumferences (cm), iron supplementation (yes/no), folate supplementation (yes/no), vitamin
D supplementation (yes/no), calcium supplementation (yes/no), physical activity (MET/h/d), number of sexual partners in the previous month, and number of
pregnancies, salary (<250 $/month or 250$/month=<), education (Primary/secondary school, Undergraduate, Graduate), cigarette per day AHEI-2010, Alternative
Healthy Eating Index-2010; BV, bacterial vaginosis

in trans fatty acids with BV odds [11, 54]. Neggers et al.
declared a significant link between total fat consumption
and BV and an association between total fat and satu-
rated fat with severe BV. Consuming fat in high amounts

may lead to elevated vaginal pH, which may increase BV
risk [40]. High fat intake affects the immunological func-
tions of the gut, and due to the vital role of gut-associated
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Table 3 Adjusted odds ratio (OR) estimates and 95% confidence
intervals (Cls) for bacterial vaginosis depending on the tertile of
dietary acid load*

dietary acid load Tertiles of dietary P for
acid load Trend*
1st  2nd 3rd
PRAL (energy-adjusted, mEq/day)
Number of BV patients/Number of 46/ 40/51 57/50
healthy participants 50
Model 11 100 087 118 0567
(Ref) (048- (0.67-
1.57) 2.07)
Model 2 ¥ 100 081 113 0697
(Ref) (042- (0.60-
1.55) 2.13)
NEAP (energy-adjusted, mEq/day)
Number of BV patients/Number of 56/ 29/51 58/50
healthy participants 50
Model 11 1.00 051 1.01 0.947
(Ref) (0.28- (0.58-
093) 175
Model 2 # 1.00 045 094 0742
(Ref) (0.23- (0.51-
087) 1.76)

" logistic regression model
Base model, adjustment for age (years) and total calories intake (Kcal/d)

*Additionally adjusted for body mass index (Kg/m?), waist circumferences (cm),
iron supplementation (yes/no), folate supplementation (yes/no), vitamin D
supplementation (yes/no), calcium supplementation (yes/no), physical activity
(MET/h/d), number of sexual partners in the previous month, and number of
pregnancies, salary (<250 $/month or 250$/month=<), education (Primary/
secondary school, Undergraduate, Graduate), cigarette per day

PRAL, potential renal acid load; NEAP, net endogenous acid production; BV,
bacterial vaginosis

lymphoid tissue on the mucosal immune system, the risk
of BV increases [40, 55-58].

According to the results, being in the last tertile of
sugar-sweetened beverages and fruit juice, foods with a
high GL, would triple BV odds. According to previous
studies, BV odds is directly associated with ultra-pro-
cessed sweets consumption [11], dietary GI, and dietary
GL [10]. Similarly, Thoma et al. state that GL directly
relates to BV [14]. Foods with a high GL or high GI may
fail the immune response toward bacterial colonization
via oxidative stress [36, 59].

The vaginal pH alteration is the principal factor in BV
pathogenesis [15]; therefore, our study assumed that
dietary acid load affects BV progression through vaginal
pH. The present study used PRAL and NEAP for dietary
acid load calculation. These are two validated and com-
mon measurements for dietary acid load estimation [25,
26] that are frequently used in previous epidemiologic
studies [60—64]. PRAL is based on dietary protein, phos-
phorus, potassium, calcium, and magnesium intake [25].
NEAP is based on protein and potassium intake [26].
However, no significant association was found between
dietary acid load and BV. The association between
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protein, phosphorus, potassium, calcium, and magne-
sium intake and BV odds is different from the PRAL and
NEAP calculation using these components [25, 26]. Con-
sidering the association between micro/macronutrients
and the odds of BV would be exciting research suggested
for future studies.

This research provides several advantages in a variety
of ways. Individuals who provided inaccurate or exces-
sive energy intake were excluded. Included were patients
with recently developed BV. An incident case selec-
tion strategy would support a causal interpretation and
reduce memory bias [65, 66]. High involvement rates
were seen in both the cases and controls. Regression
models allowed for the modification of many potential
variables. A single person performed a diagnostic test in
the hospital lab to remove information bias in all groups.
A qualified dietitian who was not aware of the diagnosis
outcomes also collected the questions.

The current study, however, contains a number of sig-
nificant flaws. Even if the researchers took every pre-
caution to prevent bias, a case-control design might still
provide inaccurate findings due to selection bias, mea-
surement bias, and recollection bias. The many bacteria
that cause BV were not looked at in the current study,
which is highly recommended for future studies to be
considered. The gold standard for diagnosing BV, the
Nugent score, was not applied and recommended for
future studies [18]. Besides, it is suggested for future
research to assess serum and urinary pH. Due to Iran’s
cultural and religious restrictions, no statistics on alcohol
or opium were collected.

Conclusion

Dietary acid load is not associated with the odds of BV.
However, following a dietary pattern based on the healthy
eating index is associated with lower odds of BV. High
consumption of vegetables, nuts, legumes, and meats is
associated with reduced odds of BV. In addition, there is
a direct association between sugar-sweetened beverages
and fruit juice, trans fatty acids, and sodium intake with
BV odds. Following a plant-based dietary pattern rich in
plant-based protein foods, which are also high in fiber, is
recommended for women at high risk of BV.

Abbreviations
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BV Bacterial Vaginosis
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PUFA Polyunsaturated Fatty Acids

WC Waist circumference
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