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Abstract 

Background  Bacterial vaginosis (BV) is a widely occurring vaginal inflammation in women of childbearing age 
caused by dysbiosis of the vaginal flora. Few studies have investigated the effect of serum carotenoids on the devel‑
opment and pathogenesis of BV. This study thus aimed to explore the correlation between serum carotenoids and BV 
in American women.

Method  The analysis included 1252 participants with BV from the National Health and Nutrition Examination Survey 
(NHANES) between 2001 and 2004. Multiple logistic regression was conducted to explore the correlation between BV 
and serum carotenoids, while smooth curve fitting was utilized to examine potential nonlinear correlations. Further‑
more, stratified subgroup analyses and sensitivity analyses were conducted. ORs reflected the correlation between BV 
and serum carotenoids.

Result  Results of multiple logistic regression indicated that total serum carotenoids and BV had an inverse correla‑
tion. In the fully adjusted model II, the quartile with the highest levels of α-carotene and β-cryptoxanthin had a sub‑
stantially lower incidence of BV. Smooth curve fitting revealed a significant negative linear correlation between serum 
carotenoids and the incidence of BV. The negative correlation between serum carotenoids and BV was relatively 
stable in stratified analyses. Moreover, in sensitivity analyses, the association between serum carotenoids and BV per‑
sisted, and β-carotene became significantly negatively correlated with BV.

Conclusion  This study found an inverse correlation between serum carotenoids and the prevalence of BV.
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Introduction
Bacterial vaginosis (BV) is a mixed infection caused by 
an imbalance in the normal flora of the vagina, result-
ing in a syndrome of itching and burning of the vulva, 
increased and thin vaginal discharge, and fishy-smell-
ing leukorrhea [1]. The prevalence of BV varies widely 
among women worldwide, ranging from 4 to 75%, with 
an approximate rate of 30% in the United States [2, 3]. 
The treatment for BV is often effective, but it is prone to 
relapse after discontinuation of the medication [4, 5]. In 
addition to causing physical discomfort in women, BV 
may raise their risk of contracting HIV, preterm labor, 
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uterine fibroids, endometriosis, surgical adhesions, and 
other gynecologic disorders [6–8].

Carotenoids are one of the micronutrients in the 
human diet with anti-inflammatory, antioxidant, and 
immunomodulatory properties. Research has linked 
them to conditions such as depression [9], respiratory 
disease [10], and other chronic diseases [11–14]. Carot-
enoids are known to mitigate oxidative stress by directly 
quenching free radicals, reducing damage caused by 
reactive oxygen species, and preventing lipid peroxi-
dation [15]. They are also involved in cellular commu-
nication and maintenance of epithelial cell integrity 
[16]. Studies have suggested that women with cervical 
intraepithelial neoplasia and cervical cancer exhibit 
notably lower levels of β-carotene in cervicovaginal 
cells and plasma [17]. Furthermore, carotenoids have 
also demonstrated the capacity to enhance immune 
functions, including the stimulation of lymphocyte pro-
liferation, the release of cytokines, and the cytotoxic 
activity of natural killer cells [18].

Although the etiology of BV is multifaceted and not 
yet well researched, there is evidence to suggest that the 
progression of BV is accompanied by the accumulation 
of reactive oxygen species and alterations in immuno-
metabolism [19, 20]. Theoretically, carotenoids could 
potentially impact the development of BV by mitigating 
oxidative stress, preserving the integrity of the vaginal 
epithelium, and modulating immune function [21, 22]. 
However, there have been a limited number of relevant 
studies investigating the effect between serum carote-
noids and BV. Hence, the objective of this study was to 
explore the association between different serum carote-
noids and BV by utilizing NHANES data collected from 
2001 to 2004.

Method
Study population
All data are available from the NHANES database, a 
series of research designed to evaluate the health status 
of the citizens and ambulatory populations in Amer-
ica [23]. Data from two survey cycles, 2001–2002 and 
2003–2004, were adopted in this study.

The participant selection process is illustrated in 
Fig.  1, involving 21,161 participants over the two sur-
vey cycles. Firstly, participants with BV were included, 
with a total of 2806 study samples. All participants 
were adult females between the ages of 18–49. Next, 
we excluded participants with missing carotenoid data 
(n = 237). Finally, participants with missing data on 
education, PIR, and other covariates were excluded 
(n = 1317). The analysis comprised a total of 1252 eligi-
ble participants.

Diagnostic for BV
The process of BV diagnosis can be known through 
NHANES documentation [24, 25]. In brief, participants 
collected vaginal swabs at a mobile examination center 
after signing a written informed consent. NHANES staff 
coated the swabs on pH paper and then transferred the 
swabs onto glass slides. Subsequently, the slides under-
went Gram staining and were assessed in a central labora-
tory using the Nugent criteria. The Nugent Score, which 
evaluates the vaginal microecology by quantifying the 
presence of stray bacteria, was utilized. BV was consid-
ered present when the Nugent score fell within the range 
of 7 to 10, while scores from 0 to 6 signified the absence of 
BV [26]. Women who did not have Nugent scoring system 
results were excluded. Nugent score data are available in 
the NHANES database for the 18–49 age group, but data 
are not publicly available for those under 18.

Assessment of carotenoids
The NHANES documentation contains measurements 
of the various serum carotenoids, and high-performance 
liquid chromatography was applied to assess serum con-
centrations of α-carotene, β-carotene, β -cryptoxanthin, 
lycopene, and lutein/zeaxanthin. The six types of carot-
enoids mentioned above account for over 95% of human 
serum carotenoids [11]. Quantification is completed by 
measuring the peak height at 450 nm and then compar-
ing it to the peak height of a standard sample solution. 
The concentrations of the six prime carotenoids in serum 
were summed to obtain the total concentration of carot-
enoids in serum [27, 28].

Covariates
To decrease the error of the model, we selected the fol-
lowing variables as potential covariates for our study 
(age, race, education, body mass index (BMI), Poverty 
Income Ratio (PIR), marital status [29], physical activity 
[30], C-reactive protein [31], serum vitamin A [32, 33], 
serum vitamin E [33], serum calcium [32], high choles-
terol level [32], sexual intercourse [34], birth control pills 
[35], smoking status [36], alcohol consumption [37]).

The details of these variables are described as follows.
The study population consisted of five racial catego-

ries: Mexican American, Hispanic, non-Hispanic white, 
non-Hispanic black, and other races. Education status 
was divided into three categories: below high school edu-
cation, high school graduation, and above high school 
education.

Body Mass Index (BMI), calculated as an individual’s 
weight in kilograms divided by the square of their height 
in meters (weight (kg) / [height (m)]2), served as the basis 
for classifying participants into four BMI categories: 
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underweight (BMI less than 18.5), healthy weight (BMI 
18.5–24.9), overweight (BMI 25–30), and obesity (BMI 
greater than 30) [38, 39].

Marital status encompassed various categories, includ-
ing marriage, widowhood, divorce, separation, never 
getting married, and cohabitation. Physical activity was 
categorized into two primary groups: moderate and vig-
orous, with three supplementary options for each cat-
egory (yes, no, or unable to do activity).

Participants’ information on sexual intercourse and 
birth control pill usage was obtained through NHANES 
questionnaires. Sexual intercourse, as defined in the 
questionnaire, encompassed vaginal intercourse, oral 
sex, and anal sex. Participants with total cholesterol 
values equal to or exceeding 240 mg/dl were catego-
rized as having a high cholesterol level [40]. Respond-
ents were classified as smokers if they had smoked 
at least 100 cigarettes in their lifetime, and as non-
smokers if they had not smoked at least 100 cigarettes 

throughout their lifetime. Alcohol use status included 
three groups: nondrinker, moderate alcohol use, and 
alcoholism, based on the daily drinking criteria estab-
lished by Ratten et al. [41].

Data of the remaining continuous variables, including 
C-reactive protein, serum vitamin A, serum vitamin E, 
and serum calcium, were obtained from the NHANES 
laboratory dataset.

Statistical analysis
Multiple logistic regression analyses were conducted for 
serum carotenoids as a whole and for each of the prime 
components to explore the associations between serum 
carotenoids and the incidence of BV. In the analyses, 
continuous variables that followed a normal distribu-
tion were reported using the mean and standard devia-
tion, while those that did not follow a normal distribution 
were reported using the median. Categorical variables 
were reported as percentages.

Fig. 1  Research flowchart
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Meanwhile, three models (unadjusted model, model I, 
and model II) were constructed to enhance the reliabil-
ity of the findings. The unadjusted model did not incor-
porate adjustments for any covariates. Model I adjusted 
for age, race, education status, BMI, marital status, PIR, 
and physical activity (Moderate and vigorous activity). 
Based on Model I, Model II added covariates for C-reac-
tive protein, serum vitamin A, serum vitamin E, serum 
calcium, high cholesterol level, sexual intercourse, birth 
control pills, smoking status, and alcohol consumption. 
The quartiles of serum carotenoid levels were determined 
based on the distribution within the study population, 
with Q1 ranging from 3.14 to 47.69 μ g/ml, Q2 ranging 
from 47.77 to 64.39 μ g/ml, Q3 ranging from 64.40 to 
85.80 μ g/ml, and Q4 ranging from 85.96 to 331.7 μ g/ml. 
ORs reflected the correlations between clinical outcomes 
and exposure.

Smoothed curve fitting plots were drawn to visual-
ize the correlation between serum carotenoids and BV 
and to explore potential non-linear relationships. Sub-
group analyses, stratified by covariates, were conducted 
to mitigate potential study bias. After excluding missing 
values for BV and serum carotenoids, missing values in 
the covariates were filled in by multiple interpolations as 
a sensitivity analysis.

All of our data were processed and analyzed using 
EmpowerStats software (www.​Empow​erSta​ts.​com) and 
the statistical package R (www.r-​proje​ct.​org). Statistical 
significance was determined by a two-sided P < 0.05.

Result
Baseline characteristics of the study population
In Table 1, the study population has the following base-
line characteristics. There were significant differences in 
PIR, various serum levels of carotenoids (excluding lyco-
pene), and vitamin E among the study population based 
on the presence or absence of BV. Compared with nega-
tive BV results, there was a higher proportion of non-
Hispanic blacks, participants with less than a high school 
diploma, obesity, never married, without vigorous activ-
ity, birth control pill users, smokers, and alcoholism with 
BV-positive results. In addition, age, lycopene, C-reactive 
protein, serum calcium, high cholesterol level, and sexual 
intercourse were not statistically significant (P > 0.05).

The association of total serum carotenoids with BV
Table  2 displays the correlations between quartile total 
serum carotenoids and BV among the three models. 
Compared with the remaining three groups, the preva-
lence of BV was lowest in the group with the highest 
total serum carotenoid content (Q4) [Unadjusted model: 
OR = 0.38 (0.27, 0.54), P < 0.0001, Model I: OR = 0.50 
(0.33, 0.74), P = 0.0005, Model II: OR = 0.63 (0.41, 0.96), 

P = 0.0304]. We visualized the connection between serum 
carotenoid levels and BV by creating a smooth curve fit-
ting and assessing the linear relationship between them. 
As shown in Fig.  2, the relationship between serum 
carotenoids and BV was negative linear and statistically 
significant (P = 0.0362). The smooth curve fitting plot 
indicated a decrease in the incidence of BV with increas-
ing serum total carotenoid concentrations. In summary, 
there was an inverse association between total serum 
carotenoids and the occurrence of BV.

The association of prime components of serum 
carotenoids with BV
Table  3 presents the results of multiple logistic regres-
sion for the prime components of serum carotenoids. 
When comparing quartiles Q3 and Q4, α-carotene and 
β-cryptoxanthin showed significant negative correlations 
with BV (OR < 1, p < 0.05) in all three models. Lutein and 
zeaxanthin showed a significant negative correlation only 
at Q4 in the unadjusted model and in model I. However, 
in model II, the relationship between β-carotene and BV 
was not strong [Q2: OR = 0.85 (0.64, 1.12), p = 0.2512; 
Q3: OR = 0.77 (0.57, 1.02), p = 0.0726; Q4: OR = 0.78 
(0.57, 1.07), p = 0.1257]. The correlations between lyco-
pene and BV were not statistically significant (p < 0.05) in 
all models.

As shown in Fig. 3, we employed smooth curve fitting 
to depict the association between the primary compo-
nents of serum carotenoids and BV. The six smoothed 
curve fittings demonstrated that serum carotenoids were 
negatively associated with the occurrence of BV. We 
did not identify any potential non-linear relationships 
between the six primary carotenoids and the incidence 
of BV. Noteworthy, only the linear relationship between 
lutein/zeaxanthin and BV was significant (P = 0.0458).

Stratified analysis between total serum carotenoids and BV
As shown in Table  4, demographically relevant covari-
ates such as age, race, BMI, birth control pills, smoking 
status, and alcohol consumption were stratified sepa-
rately. In general, the trend of negative correlation of OR 
across subgroups was relatively stable (OR < 1). Serum 
total carotenoids were significantly (P < 0.05) negatively 
correlated with BV at Q2 in females aged between 40 
and 49 years, non-Hispanic whites, overweight individu-
als (24.9 < BMI < 30), smokers, and alcoholics. Further-
more, in women aged 26–33 years, non-Hispanic blacks, 
and contraceptive pill users, serum total carotenoids 
exhibited significant negative correlations with BV in Q4 
(P < 0.05). For underweight women, a stratified statistical 
analysis based on BMI was not feasible due to an insuf-
ficient sample size.

http://www.empowerstats.com
http://www.r-project.org


Page 5 of 12Tan et al. BMC Infectious Diseases           (2024) 24:20 	

Table 1  Baseline characteristics of participants with Bacterial vaginosis

Characteristics Bacterial vaginosis (BV) Overall Negative (Nugent-BV ≤ 6) Positive (Nugent-BV ≥ 7) P-value

N 1252 877 375

Age (years), mean ± SD 33.91 ± 8.53 33.86 ± 8.44 34.03 ± 8.76 0.751

PIR Median (Min-Max) 2.67 (0.00–5.00) 3.09 (0.00–5.00) 1.86 (0.00–5.00) < 0.001

Serum carotenoids (μ g /ml), Median (Min-Max) 63.50 (3.14–262.46) 66.10 (3.14–262.46) 57.80 (13.60–219.40) < 0.001

α-Carotene (μ g /ml), Median (Min-Max) 2.60 (0.21–64.40) 3.00 (0.21–64.40) 1.91 (0.21–49.11) < 0.001

β-Carotene (μ g /ml), Median (Min-Max) 12.69 (0.79–146.30) 13.74 (0.79–146.30) 10.49 (0.86–97.80) < 0.001

β-cryptoxanthin (μ g /ml), Median (Min-Max) 7.50 (0.14–65.96) 8.00 (0.14–65.96) 6.30 (1.01–54.59) 0.002

Lycopene (μ g /ml), Median (Min-Max) 21.91 (0.68–79.80) 22.10 (0.68–68.70) 21.50 (3.62–79.80) 0.116

Lutein + zeaxanthin (μ g /ml), Median (Min-Max) 13.59 (0.97–67.40) 14.00 (0.97–67.40) 12.70 (3.50–45.16) < 0.001

C-reactive protein (mg/dL), Median (Min-Max) 0.24 (0.01–16.30) 0.23 (0.01–16.30) 0.27 (0.01–4.94) 0.141

Vitamin A (μ g /ml), Median (Min-Max) 51.26 (11.94–148.52) 51.90 (11.94–129.50) 49.44 (23.65–148.52) 0.055

Vitamin E (μ g /ml), Median (Min-Max) 209.00 (20.00–1494.00) 199.00 (20.00–1383.00) 234.00 (28.00–1494.00) < 0.001

Calcium (mg/dl), Median (Min-Max) 9.35 (8.10–10.60) 9.30 (8.30–10.60) 9.40 (8.10–10.60) 0.926

Race/ethnicity(%) < 0.001

  Mexican American 251 (20.05%) 175 (19.95%) 76 (20.27%)

  Hispanic 47 (3.75%) 36 (4.10%) 11 (2.93%)

  Non-Hispanic White 678 (54.15%) 529 (60.32%) 149 (39.73%)

  Non-Hispanic Black 227 (18.13%) 105 (11.97%) 122 (32.53%)

  Other Race 49 (3.91%) 32 (3.65%) 17 (4.53%)

Education(%) < 0.001

  Under high school 225 (17.97%) 127 (14.48%) 98 (26.13%)

  High school 265 (21.17%) 173 (19.73%) 92 (24.53%)

  More than high school 762 (60.86%) 577 (65.79%) 185 (49.33%)

BMI (%) < 0.001

  Underweight 34 (2.72%) 29 (3.31%) 5 (1.33%)

  Healthy weight 471 (37.62%) 354 (40.36%) 117 (31.20%)

  Overweight 349 (27.88%) 246 (28.05%) 103 (27.47%)

  Obesity 398 (31.79%) 248 (28.28%) 150 (40.00%)

Marital status (%) < 0.001

  Marriage 668 (53.35%) 511 (58.27%) 157 (41.87%)

  Widowhood 12 (0.96%) 6 (0.68%) 6 (1.60%)

  Divorce 98 (7.83%) 57 (6.50%) 41 (10.93%)

  Separation 52 (4.15%) 29 (3.31%) 23 (6.13%)

  Never getting married 293 (23.40%) 189 (21.55%) 104 (27.73%)

  Cohabitation 129 (10.30%) 85 (9.69%) 44 (11.73%)

Moderate activity (%) 0.012

  Yes 745 (59.50%) 543 (61.92%) 202 (53.87%)

  No 499 (39.86%) 327 (37.29%) 172 (45.87%)

  Unable to do activity 8 (0.64%) 7 (0.80%) 1 (0.27%)

Vigorous activity (%) < 0.001

  Yes 464 (37.06%) 358 (40.82%) 106 (28.27%)

  No 773 (61.74%) 507 (57.81%) 266 (70.93%)

  Unable to do activity 15 (1.20%) 12 (1.37%) 3 (0.80%)

High cholesterol level (%) 0.146

  Yes 167 (13.34%) 125 (14.25%) 42 (11.20%)

  No 1085 (86.66%) 752 (85.75%) 333 (88.80%)

Sexual intercourse 0.226

  Yes 1226 (97.92%) 856 (97.61%) 370 (98.67%)

  No 26 (2.08%) 21 (2.39%) 5 (1.33%)
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Sensitivity analysis
The study used multiple interpolations to populate the 
missing values of covariates for sensitivity analysis. 
The direction of the results of the sensitivity analyses 
(Supplementary Table 1) was generally consistent with 
the formal results, except that β-carotene became sig-
nificant in Model 2.

Discussion
As far as we know, this finding represents the first 
cross-sectional investigation into the association 
between prime serum carotenoid concentrations and 
patients diagnosed with BV. The results of this study 
demonstrated that heightened serum carotenoid 
concentrations were associated with a diminished 
prevalence of BV. Specifically, serum α-carotene and 
β-cryptoxanthin concentrations exhibited significant 
correlations with reduced prevalence of BV. Conversely, 
lycopene did not demonstrate a significant association 
with the prevalence of BV. The reliability of the results 
was confirmed by performing different stratification 

and sensitivity analyses. Therefore, improving serum 
carotenoid status in women may provide a biological 
rationale for the clinical prevention of bacterial vagino-
sis infection and prevention of recurrence.

Carotenoids are abundantly present in various veg-
etables and fruits and constitute a significant cat-
egory of micronutrients [42]. Recent research has 
demonstrated that adhering to a plant-based diet or 
increasing the consumption of antioxidant-rich veg-
etables is linked to a reduced incidence of BV [43–46]. 
Research conducted by Tohill et  al. revealed that spe-
cific micronutrient deficiencies were linked to an ele-
vated occurrence of BV, encompassing deficiencies 
in vitamin A, β-carotene, vitamin E, and vitamin C 
[33]. Furthermore, a randomized controlled trial indi-
cated that increased consumption of β-carotene and 
vitamin A was associated with a reduced prevalence 
of BV [47]. However, past studies have focused pri-
marily on the correlation between β-carotene and BV, 
ignoring other carotenoids. Our results indicated that 
the risk of developing BV decreases with an increase 
in serum carotenoids, especially in α-carotene and 

Table 1  (continued)

Characteristics Bacterial vaginosis (BV) Overall Negative (Nugent-BV ≤ 6) Positive (Nugent-BV ≥ 7) P-value

Birth control pills (%) 0.007

  Yes 1018 (81.31%) 730 (83.24%) 288 (76.80%)

  No 234 (18.69%) 147 (16.76%) 87 (23.20%)

Smoking status(%) < 0.001

  Smokers 579 (46.25%) 375 (42.76%) 204 (54.40%)

  Non-smokers 673 (53.75%) 502 (57.24%) 171 (45.60%)

Alcohol consumption (%) < 0.001

  Nondrinker 449 (35.86%) 346 (39.45%) 103 (27.47%)

  Moderate alcohol use 401 (32.03%) 285 (32.50%) 116 (30.93%)

  Alcoholism 402 (32.11%) 246 (28.05%) 156 (41.60%)

Table 2  Association of total serum carotenoids with BV

Unadjusted model: no covariates were adjusted

Model I: age, race, education status, BMI, marital status, PIR, and physical activity (Moderate and vigorous activity) were adjusted

Model II: age, race, education status, BMI, marital status, PIR, physical activity (Moderate and vigorous activity), C-reactive protein, serum vitamin A, serum vitamin E, 
serum calcium, high cholesterol level, sexual intercourse, birth control pills, smoking status, and alcohol consumption, were adjusted

Unadjusted model Model I Model II

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Serum carotenoids 0.99 (0.98, 0.99) < 0.0001 0.99 (0.99, 1.00) 0.0019 0.99 (0.99, 1.00) 0.0699

Serum carotenoids quartile

Q1 (3.14–47.69 μg /ml) reference reference reference

Q2 (47.77–64.39 μg /ml) 0.57 (0.41, 0.80) 0.0011 0.63 (0.44, 0.91) 0.0129 0.67 (0.46, 0.96) 0.0313

Q3 (64.40–85.80 μg /ml) 0.61 (0.44, 0.85) 0.0035 0.72 (0.50, 1.03) 0.0751 0.77 (0.53, 1.13) 0.1790

Q4 (85.96–331.7 μg /ml) 0.38 (0.27, 0.54) < 0.0001 0.50 (0.33, 0.74) 0.0005 0.63 (0.41, 0.96) 0.0304
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β-cryptoxanthin, suggesting that some serum carote-
noids may influence the occurrence of BV. However, the 
precise mechanisms underlying the impact of serum 
carotenoids on BV remain unclear.

Noteworthy, in the results of the fully adjusted model, 
the negative correlation between β-carotene and BV was 
not significant but became significant in the sensitivity 
analyses. Such discrepancy was also reported in some 
previous studies. For example, a prospective study sug-
gests that the intake of specific nutrients is unrelated to 
BV, including β-carotene [32]. Additionally, a case-con-
trol study indicates an association between α-carotene 
and cervical abnormalities in women, while other types 
of carotenoids do not show such a connection [48]. 
Exploring the exact link between β-carotene and BV may 
require prospective cohort studies with larger sample 
sizes or mechanistic studies.

Several potential biological mechanisms may eluci-
date the significant role of carotenoids in preventing 
the onset of BV. BV often coincides with an imbalance 
in vaginal flora and an increase in opportunistic path-
ogenic bacteria, which can result in an accumulation 
of reactive oxygen species in the vaginal environment 
[19]. Carotenoids, as potent antioxidants, can effec-
tively mitigate the buildup of reactive oxygen species 

and sustain flora diversity [49]. Moreover, research has 
found that a woman’s mucosal immunity plays a piv-
otal role in the prevention of BV, which involves vagi-
nal epithelial cells, local lymphoid tissue, and some 
functional enzymes [50]. Regarding the maintenance 
of vaginal epithelial cells, adequate carotenoids and 
vitamin A were found to be essential [51]. Simultane-
ously, innate and adaptive immunological protection 
is indispensable for the mucosal surfaces of the female 
genital tract [52]. Several carotenoids have been dem-
onstrated to possess the capacity to stimulate the pro-
liferation and differentiation of various lymphocytes, 
thereby strengthening the body’s immune system 
[53]. In particular, carotenoids, including α-carotene, 
β-carotene, and β-cryptoxanthin enhance the function 
of natural killer cells, neutrophils, and other innate 
immune cells [18, 54, 55].

Several limitations of this study warrant acknowledg-
ment. Firstly, the utilization of a cross-sectional design 
precluded the establishment of a definitive causal rela-
tionship between bacterial vaginosis and serum carot-
enoids. A longitudinal study would be more suitable 
for elucidating the causal association between these 
variables. Secondly, it is plausible that intricate addi-
tive effects and biological interactions exist among 

Fig. 2  Correlation of total serum carotenoids with BV. The central red dots represent serum carotenoid concentrations, with each point 
contributing to a continuous fitted curve. The region between the two blue dashed lines corresponds to the 95% confidence interval. The X-axis 
is serum carotenoid levels (continuous variable), and the Y-axis is odds ratios (ORs). ORs were computed from Model II in a multivariate logistic 
regression analysis
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various nutrients and non-nutrient factors, but the 
scope of this study does not cover these aspects. Addi-
tionally, behavioral habits, including the frequency of 
sexual activity and the frequency of partner changes, 
may exert an influence on the outcome [56]. Although 

we incorporated multiple covariates for adjustment, 
the potential for residual confounding remains. Lastly, 
since only single baseline measurements of serum 
carotenoid concentrations were employed, it was not 
feasible to evaluate the time-varying correlation.

Table 3  Association between prime components of serum carotenoids with BV

Unadjusted model: no covariates were adjusted

Model I: age, race, education status, BMI, marital status, PIR, and physical activity (Moderate and vigorous activity) were adjusted

Model II: age, race, education status, BMI, marital status, PIR, physical activity (Moderate and vigorous activity), C-reactive protein, serum vitamin A, serum vitamin E, 
serum calcium, high cholesterol level, sexual intercourse, birth control pills, smoking status, and alcohol consumption, were adjusted

Unadjusted model Model I Model II

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

α-Carotene 0.87 (0.82, 0.91) < 0.0001 0.93 (0.88, 0.98) 0.0099 0.96 (0.91, 1.02) 0.2122

α-Carotene quartile

Q1(0.21–1.37 μ g /ml) reference reference reference

Q2 (1.38–2.59 μ g /ml) 0.46 (0.33, 0.65) < 0.0001 0.57 (0.40, 0.82) 0.0025 0.63 (0.43, 0.91) 0.0132

Q3(2.60–5.12 μ g /ml) 0.36 (0.26, 0.50) < 0.0001 0.49 (0.34, 0.72) 0.0002 0.57 (0.38, 0.85) 0.0052

Q4(5.14–69.2 μ g /ml) 0.31 (0.22, 0.44) < 0.0001 0.50 (0.34, 0.75) 0.0007 0.64 (0.42, 0.99) 0.0433

β-Carotene 0.97 (0.96, 0.98) < 0.0001 0.98 (0.97, 0.99) 0.0171 0.99 (0.98, 1.00) 0.3357

β-Carotene quartile

Q1 (0.79–7.58 μ g /ml) reference reference reference

Q2 (7.59–12.74 μ g/ml) 0.55 (0.39, 0.76) 0.0004 0.62 (0.44, 0.89) 0.0101 0.69 (0.48, 1.00) 0.0495

Q3 (12.76–22.44 μ g/ml) 0.57 (0.41, 0.80) 0.0010 0.70 (0.48, 1.01) 0.0558 0.83 (0.57, 1.21) 0.3336

Q4(22.46–193 μ g /ml) 0.37 (0.26, 0.53) < 0.0001 0.55 (0.37, 0.82) 0.0031 0.72 (0.47, 1.11) 0.1375

β-Cryptoxanthin 0.96 (0.93, 0.98) 0.0005 0.96 (0.93, 0.98) 0.0023 0.97 (0.94, 1.00) 0.0535

β-Cryptoxanthin quartile

Q1 (0.14–5.23 μ g /ml) reference reference reference

Q2 (5.25–8.07 μ g /ml) 0.83 (0.60, 1.15) 0.2630 0.74 (0.51, 1.06) 0.1035 0.77 (0.53, 1.12) 0.1687

Q3(8.10–13.47 μ g /ml) 0.48 (0.34, 0.68) < 0.0001 0.49 (0.33, 0.72) 0.0003 0.56 (0.37, 0.83) 0.0039

Q4 (13.49–99.10 μ g /ml) 0.56 (0.40, 0.79) 0.0009 0.52 (0.35, 0.78) 0.0018 0.63 (0.41, 0.98) 0.0393

Lycopene 0.99 (0.97, 1.00) 0.1225 0.99 (0.97, 1.01) 0.2132 0.99 (0.98, 1.01) 0.3707

Lycopene quartile

Q1 (0.68–15.9 μ g /ml) reference reference reference

Q2 (15.96–21.59 μ g /ml) 0.84 (0.60, 1.17) 0.2999 0.89 (0.62, 1.29) 0.5424 0.95 (0.65, 1.38) 0.7841

Q3 (21.60–28.46 μ g /ml) 0.93 (0.67, 1.31) 0.6887 1.00 (0.70, 1.43) 0.9987 1.02 (0.70, 1.47) 0.9245

Q4 (28.50–81.47 μ g /ml) 0.73 (0.52, 1.03) 0.0764 0.77 (0.53, 1.11) 0.1561 0.82 (0.56, 1.21) 0.3209

Lutein / Zeaxanthin 0.96 (0.94, 0.98) < 0.0001 0.97 (0.94, 0.99) 0.0055 0.97 (0.95, 1.00) 0.0512

Lutein / Zeaxanthin quartile

Q1 (0.14–10.27 μ g /ml) reference reference reference

Q2 (10.28–13.71 μ g /ml) 0.86 (0.62, 1.20) 0.3822 0.86 (0.60, 1.23) 0.4183 0.91 (0.63, 1.32) 0.6261

Q3 (13.72–18.47 μ g /ml) 0.78 (0.55, 1.09) 0.1386 0.79 (0.55, 1.15) 0.2227 0.86 (0.59, 1.26) 0.4437

Q4 (18.50–69.30 μ g /ml) 0.50 (0.35, 0.71) < 0.0001 0.58 (0.39, 0.86) 0.0063 0.67 (0.44, 1.01) 0.0562

(See figure on next page.)
Fig. 3  Correlation between prime components of serum carotenoids and BV. Respectively, Fig. 3 A, B, C, D, and E represent the correlation 
between α-carotene, β-carotene, β-cryptoxanthin, lycopene, lutein/zeaxanthin, and BV. The central red dots represent serum carotenoid 
concentrations, with each point contributing to a continuous fitted curve. The region between the two blue dashed lines corresponds to the 95% 
confidence interval. The X-axis is serum carotenoid levels (continuous variable), and the Y-axis is odds ratios (ORs). ORs were computed from Model 
II in a multivariate logistic regression analysis
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Fig. 3  (See legend on previous page.)
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Conclusion
In a nutshell, the cross-sectional study showed that serum 
carotenoids correlated negatively with bacterial vaginosis. 
Consuming more carotenoid-rich fruits and vegetables or 
taking carotenoid supplements may prevent the onset and 
recurrence of bacterial vaginosis. More specific mecha-
nisms of influence need further experimental verification.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12879-​023-​08908-3.

Additional file 1. 

Acknowledgements
We want to extend our most profound appreciation to every patient and 
clinical researcher who dedicated their time and efforts towards the studies 
included in our research. In addition, special thanks are due to Prof Yan-Ming 
Wu for keeping a check on the grammatical quality of the article.

Authors’ contributions
G. proposed the topic and supervised; T. and F. analyzed the data; T. and H. 
participated in writing, reviewing and editing the manuscript. All authors 
agreed to the final version of the manuscript for publication.

Funding
There was no funding for this study.

Availability of data and materials
The dataset that provides the necessary information and evidence to support 
the conclusions is accessible in the NHANES repository, https://​www.​cdc.​gov/​
nchs/​nhanes/​index.​htm.

Declarations

Ethics approval and consent to participate
The authors bear full responsibility for conducting a thorough investigation 
and resolving any concerns or doubts regarding the accuracy or integrity 
of every study component. The Ethics Review Board of the National Center 
for Health Statistics approved all NHANES protocols, and the study received 
approval from the NCHS Ethics Review Board. All participants signed a written 
informed consent form before participation. All additional materials can be 
downloaded at https://​wwwn.​cdc.​gov/​nchs/​nhanes/​defau​lt.​aspx.

Consent for publication
Not applicable.

Table 4  Stratified analysis between total serum carotenoids and BV

Model II: age, race, education status, BMI, marital status, PIR, physical activity (Moderate and vigorous activity), C-reactive protein, serum vitamin A, serum vitamin E, 
serum calcium, high cholesterol level, sexual intercourse, birth control pills, smoking status, and alcohol consumption, were adjusted

In the stratified analyses for a given covariate, that specific covariate was not included in the adjustment model. The stratified analysis exclusively employed Model II

Stratified variable N Serum carotenoids concentration

Q1 (3.14–47.69 μg /ml) Q2 (47.77–64.39 μg /ml) Q3 (64.40–85.80 μg /ml) Q4(85.96–331.7 μg /ml)

Age (year)

  20–25 283 1.0 0.79 (0.36, 1.75) 0.5596 1.02 (0.46, 2.26) 0.9692 2.30 (0.83, 6.36) 0.1074

  26–33 341 1.0 0.78 (0.34, 1.76) 0.5451 0.78 (0.34, 1.77) 0.5534 0.32 (0.12, 0.86) 0.0234

  34–40 277 1.0 0.76 (0.32, 1.78) 0.5262 0.68 (0.28, 1.63) 0.3826 0.55 (0.21, 1.45) 0.2304

  41–49 351 1.0 0.40 (0.19, 0.84) 0.0164 0.59 (0.26, 1.34) 0.2063 0.44 (0.19, 1.01) 0.0528

Race

  Non-Hispanic White 678 1.0 0.51 (0.30, 0.88) 0.0145 0.80 (0.46, 1.41) 0.4376 0.60 (0.31, 1.15) 0.1257

  Non-Hispanic Black 227 1.0 1.28 (0.55, 2.97) 0.5622 0.77 (0.33, 1.78) 0.5392 0.23 (0.07, 0.75) 0.0152

  Other Race 347 1.0 0.81 (0.36, 1.82) 0.6131 1.14 (0.52, 2.50) 0.7401 1.33 (0.59, 3.03) 0.4903

BMI (kg/m2)

  Healthy Weight 471 1.0 0.86 (0.43, 1.74) 0.6779 0.89 (0.44, 1.79) 0.7379 0.60 (0.28, 1.29) 0.1906

  Overweight 349 1.0 0.29 (0.13, 0.66) 0.0032 0.49 (0.22, 1.06) 0.0713 0.50 (0.22, 1.15) 0.1044

  Obesity 398 1.0 0.97 (0.54, 1.74) 0.9217 1.20 (0.62, 2.31) 0.5851 0.73 (0.32, 1.66) 0.4521

Birth control pills

  Yes 1018 1.0 0.68 (0.46, 1.02) 0.0649 0.73 (0.48, 1.12) 0.1535 0.52 (0.32, 0.84) 0.0073

  No 234 1.0 0.58 (0.22, 1.55) 0.2755 0.74 (0.30, 1.83) 0.5129 0.98 (0.36, 2.67) 0.9738

Smoking status

  Smokers 579 1.0 0.52 (0.32, 0.87) 0.0121 0.67 (0.39, 1.14) 0.1368 0.54 (0.28, 1.04) 0.0635

  Non-smokers 673 1.0 0.98 (0.54, 1.76) 0.9457 0.99 (0.55, 1.78) 0.9630 0.77 (0.42, 1.44) 0.4197

Alcohol consumption

  Nondrinker 449 1.0 0.82 (0.40, 1.69) 0.5914 0.80 (0.38, 1.68) 0.5592 0.55 (0.24, 1.24) 0.1497

  Moderate alcohol use 401 1.0 0.56 (0.28, 1.12) 0.1013 0.69 (0.33, 1.43) 0.3199 0.75 (0.33, 1.67) 0.4767

  Alcoholism 402 1.0 0.52 (0.28, 0.94) 0.0307 0.75 (0.40, 1.42) 0.3802 0.48 (0.22, 1.01) 0.0539

https://doi.org/10.1186/s12879-023-08908-3
https://doi.org/10.1186/s12879-023-08908-3
https://www.cdc.gov/nchs/nhanes/index.htm
https://www.cdc.gov/nchs/nhanes/index.htm
https://wwwn.cdc.gov/nchs/nhanes/default.aspx


Page 11 of 12Tan et al. BMC Infectious Diseases           (2024) 24:20 	

Competing interests
The authors declare no competing interests.

Received: 10 August 2023   Accepted: 13 December 2023

References
	1.	 Paavonen J, Brunham RC. Bacterial vaginosis and Desquamative inflam‑

matory vaginitis. N Engl J Med. 2018;379(23):2246–54.
	2.	 Kenyon C, Colebunders R, Crucitti T. The global epidemiology of bacterial 

vaginosis: a systematic review. Am J Obstet Gynecol. 2013;209(6):505–23.
	3.	 Allsworth JE, Peipert JF. Prevalence of bacterial vaginosis: 2001-2004 

National Health and nutrition examination survey data. Obstet Gynecol. 
2007;109(1):114–20.

	4.	 Bautista CT, Wurapa E, Sateren WB, Morris S, Hollingsworth B, Sanchez JL. 
Bacterial vaginosis: a synthesis of the literature on etiology, prevalence, 
risk factors, and relationship with chlamydia and gonorrhea infections. 
Mil Med Res. 2016;3:4.

	5.	 Abou Chacra L, Fenollar F, Diop K. Bacterial vaginosis: what do we cur‑
rently know? Front Cell Infect Microbiol. 2022;11:1393.

	6.	 Onderdonk AB, Lee ML, Lieberman E, Delaney ML, Tuomala RE. Quan‑
titative microbiologic models for preterm delivery. J Clin Microbiol. 
2003;41(3):1073–9.

	7.	 Laxmi U, Agrawal S, Raghunandan C, Randhawa VS, Saili A. Association of 
bacterial vaginosis with adverse fetomaternal outcome in women with 
spontaneous preterm labor: a prospective cohort study. J Matern -Fetal 
Neonatal Med. 2012;25(1):64–7.

	8.	 Low N, Chersich MF, Schmidlin K, Egger M, Francis SC, van de Wijgert 
JH, et al. Intravaginal practices, bacterial vaginosis, and HIV infec‑
tion in women: individual participant data meta-analysis. PLoS Med. 
2011;8(2):e1000416.

	9.	 Lin S, Shen Y. Dietary carotenoids intake and depressive symptoms in US 
adults, NHANES 2015-2016. J Affect Disord. 2021;282:41–5.

	10.	 Salo PM, Mendy A, Wilkerson J, Molsberry SA, Feinstein L, London SJ, et al. 
Serum antioxidant vitamins and respiratory morbidity and mortality: a 
pooled analysis. Respir Res. 2022;23(1):150.

	11.	 Maiani G, Caston MJ, Catasta G, Toti E, Cambrodon IG, Bysted A, et al. 
Carotenoids: actual knowledge on food sources, intakes, stability and 
bioavailability and their protective role in humans. Mol Nutr Food Res. 
2009;53(Suppl 2):S194–218.

	12.	 Li Z, Chen J, Zhang D. Association between dietary carotenoid intakes 
and hypertension in adults: National Health and nutrition examination 
survey 2007-2014. J Hypertens. 2019;37(12):2371–9.

	13.	 Kim JH, Lee J, Choi IJ, Kim YI, Kwon O, Kim H, et al. Dietary carotenoids 
intake and the risk of gastric Cancer: a case-control study in Korea. Nutri‑
ents. 2018;10(8):1031.

	14.	 Kan B, Guo D, Yuan B, Vuong AM, Jiang D, Zhang M, et al. Dietary 
carotenoid intake and osteoporosis: the National Health and nutrition 
examination survey, 2005-2018. Arch Osteoporos. 2021;17(1):2.

	15.	 Terao J. Revisiting carotenoids as dietary antioxidants for human health 
and disease prevention. Food Funct. 2023;14(17):7799–824.

	16.	 Bar-El Dadon S, Reifen R. Vitamin a and the epigenome. Crit Rev Food Sci 
Nutr. 2017;57(11):2404–11.

	17.	 Palan PR, Mikhail MS, Basu J, Romney SL. Beta-carotene levels in exfoli‑
ated cervicovaginal epithelial cells in cervical intraepithelial neoplasia 
and cervical cancer. Am J Obstet Gynecol. 1992;167(6):1899–903.

	18.	 Milani A, Basirnejad M, Shahbazi S, Bolhassani A. Carotenoids: biochemis‑
try, pharmacology and treatment. Br J Pharmacol. 2017;174(11):1290–324.

	19.	 Chen Z, Zhang Z, Zhang H, Xie B. Analysis of the oxidative stress status 
in nonspecific vaginitis and its role in vaginal epithelial cells apoptosis. 
Biomed Res Int. 2015;2015:795656.

	20.	 Łaniewski P, Herbst-Kralovetz MM. Bacterial vaginosis and health-associ‑
ated bacteria modulate the immunometabolic landscape in 3D model of 
human cervix. NPJ Biofilms Microbiomes. 2021;7(1):88.

	21.	 Ma X, Deng J, Cui X, Chen Q, Wang W. Berberine exhibits antioxidative 
effects and reduces apoptosis of the vaginal epithelium in bacterial 
vaginosis. Exp Ther Med. 2019;18(3):2122–30.

	22.	 Rosca AS, Castro J, Sousa LGV, Cerca N. Gardnerella and vaginal health: 
the truth is out there. FEMS Microbiol Rev. 2020;44(1):73–105.

	23.	 Ahluwalia N, Dwyer J, Terry A, Moshfegh A, Johnson C. Update on 
NHANES dietary data: focus on collection, release, analytical consid‑
erations, and uses to inform public policy. Adv Nutr (Bethesda, Md). 
2016;7(1):121–34.

	24.	 National Health and Nutrition Examination Survey 2001–2002 Labora‑
tory Procedure Manual: Bacterial Vaginosis [ https://​wwwn.​cdc.​gov/​
nchs/​data/​nhanes/​2001-​2002/​labme​thods/​l34_b_​met_​bacte​rial_​vagin​
osis.​pdf ] Accessed 12 Aug 2023.

	25.	 National Health and Nutrition Examination Survey 2003–2004 
Laboratory Procedure Manual: Bacterial Vaginosis [https://​wwwn.​cdc.​
gov/​nchs/​data/​nhanes/​2003-​2004/​labme​thods/​l34_c_​met_​bv.​pdf ] 
Accessed 12 Aug 2023.

	26.	 Nugent RP, Krohn MA, Hillier SL. Reliability of diagnosing bacterial vagi‑
nosis is improved by a standardized method of gram stain interpreta‑
tion. J Clin Microbiol. 1991;29(2):297–301.

	27.	 Qiu Z, Chen X, Geng T, Wan Z, Lu Q, Li L, et al. Associations of serum 
carotenoids with risk of cardiovascular mortality among indi‑
viduals with type 2 diabetes: results from NHANES. Diabetes Care. 
2022;45(6):1453–61.

	28.	 Beydoun MA, Beydoun HA, Fanelli-Kuczmarski MT, Weiss J, Hossain 
S, Canas JA, et al. Association of Serum Antioxidant Vitamins and 
Carotenoids with Incident Alzheimer Disease and all-cause dementia 
among US adults. Neurology. 2022;98(21):e2150–62.

	29.	 Marconi C, Duarte MT, Silva DC, Silva MG. Prevalence of and risk factors 
for bacterial vaginosis among women of reproductive age attend‑
ing cervical screening in southeastern Brazil. Int J Gynaecol Obstet. 
2015;131(2):137–41.

	30.	 Gao Y, Liu C, Lu X, Lu K, Zhang L, Mao W, et al. Lycopene intake and the risk 
of erectile dysfunction in US adults: NHANES 2001-2004. Andrology. 2023. 
https://​doi.​org/​10.​1111/​andr.​13439.

	31.	 Vogel I, Thorsen P, Curry A, Sandager P, Uldbjerg N. Biomarkers for 
the prediction of preterm delivery. Acta Obstet Gynecol Scand. 
2005;84(6):516–25.

	32.	 Neggers YH, Nansel TR, Andrews WW, Schwebke JR, Yu KF, Goldenberg 
RL, et al. Dietary intake of selected nutrients affects bacterial vaginosis 
in women. J Nutr. 2007;137(9):2128–33.

	33.	 Tohill BC, Heilig CM, Klein RS, Rompalo A, Cu-Uvin S, Piwoz EG, et al. 
Nutritional biomarkers associated with gynecological conditions 
among US women with or at risk of HIV infection. Am J Clin Nutr. 
2007;85(5):1327–34.

	34.	 Marrazzo JM, Thomas KK, Agnew K, Ringwood K. Prevalence and risks 
for bacterial vaginosis in women who have sex with women. Sex 
Transm Dis. 2010;37(5):335–9.

	35.	 Bradshaw CS, Vodstrcil LA, Hocking JS, Law M, Pirotta M, Garland SM, 
et al. Recurrence of bacterial vaginosis is significantly associated with 
posttreatment sexual activities and hormonal contraceptive use. Clin 
Infect Dis. 2013;56(6):777–86.

	36.	 Thorsen P, Vogel I, Molsted K, Jacobsson B, Arpi M, Møller BR, et al. Risk 
factors for bacterial vaginosis in pregnancy: a population-based study 
on Danish women. Acta Obstet Gynecol Scand. 2006;85(8):906–11.

	37.	 Froehle L, Ghanem KG, Page K, Hutton HE, Chander G, Hamill 
MM, et al. Bacterial vaginosis and alcohol consumption: a cross-
sectional retrospective study in Baltimore. Maryland Sex Transm Dis. 
2021;48(12):986–90.

	38.	 Flegal KM, Kit BK, Orpana H, Graubard BI. Association of all-cause mortal‑
ity with overweight and obesity using standard body mass index catego‑
ries: a systematic review and meta-analysis. Jama. 2013;309(1):71–82.

	39.	 Body Mass Index (BMI) [https://​www.​cdc.​gov/​healt​hywei​ght/​asses​sing/​
bmi/​index.​html ] Accessed 10 Oct 2023.

	40.	 Truesdale KP, Stevens J, Cai J. Impact of body mass index levels on lipid 
abnormalities in Chinese Asians, American blacks and American whites: 
the People’s Republic of China (PRC) and atherosclerosis risk in communi‑
ties (ARIC) studies. Atherosclerosis. 2011;218(2):517–23.

	41.	 Rattan P, Penrice DD, Ahn JC, Ferrer A, Patnaik M, Shah VH, et al. Inverse 
Association of Telomere Length with Liver Disease and Mortality in the 
US population. Hepatol Commun. 2022;6(2):399–410.

	42.	 Khoo HE, Prasad KN, Kong KW, Jiang Y, Ismail A. Carotenoids and their 
isomers: color pigments in fruits and vegetables. Molecules (Basel, Swit‑
zerland). 2011;16(2):1710–38.

https://wwwn.cdc.gov/nchs/data/nhanes/2001-2002/labmethods/l34_b_met_bacterial_vaginosis.pdf
https://wwwn.cdc.gov/nchs/data/nhanes/2001-2002/labmethods/l34_b_met_bacterial_vaginosis.pdf
https://wwwn.cdc.gov/nchs/data/nhanes/2001-2002/labmethods/l34_b_met_bacterial_vaginosis.pdf
https://wwwn.cdc.gov/nchs/data/nhanes/2003-2004/labmethods/l34_c_met_bv.pdf
https://wwwn.cdc.gov/nchs/data/nhanes/2003-2004/labmethods/l34_c_met_bv.pdf
https://doi.org/10.1111/andr.13439
https://www.cdc.gov/healthyweight/assessing/bmi/index.html
https://www.cdc.gov/healthyweight/assessing/bmi/index.html


Page 12 of 12Tan et al. BMC Infectious Diseases           (2024) 24:20 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	43.	 Noormohammadi M, Eslamian G, Kazemi SN, Rashidkhani B. Dietary 
acid load, alternative healthy eating index score, and bacterial vagi‑
nosis: is there any association? A case-control study. BMC Infect Dis. 
2022;22(1):803.

	44.	 Noormohammadi M, Eslamian G, Kazemi SN, Rashidkhani B. Association 
between dietary patterns and bacterial vaginosis: a case-control study. 
Sci Rep. 2022;12(1):12199.

	45.	 Parsapure R, Rahimiforushani A, Majlessi F, Montazeri A, Sadeghi R, 
Garmarudi G. Impact of health-promoting educational intervention on 
lifestyle (nutrition behaviors, physical activity and mental health) related 
to vaginal health among reproductive-aged women with vaginitis. Iran 
Red Crescent Med J. 2016;18(10):e37698.

	46.	 Noormohammadi M, Eslamian G, Kazemi SN, Rashidkhani B. Is there any 
association between adherence to the Mediterranean diet and dietary 
Total antioxidant capacity with bacterial vaginosis? Results from a case-
control study. BMC Womens Health. 2022;22(1):244.

	47.	 Christian P, Labrique AB, Ali H, Richman MJ, Wu L, Rashid M, et al. Maternal 
vitamin a and beta-carotene supplementation and risk of bacterial vagi‑
nosis: a randomized controlled trial in rural Bangladesh. Am J Clin Nutr. 
2011;94(6):1643–9.

	48.	 Nagata C, Shimizu H, Yoshikawa H, Noda K, Nozawa S, Yajima A, et al. 
Serum carotenoids and vitamins and risk of cervical dysplasia from a 
case-control study in Japan. Br J Cancer. 1999;81(7):1234–7.

	49.	 Schmidt KM, Haddad EN, Sugino KY, Vevang KR, Peterson LA, Koratkar 
R, et al. Dietary and plasma carotenoids are positively associated with 
alpha diversity in the fecal microbiota of pregnant women. J Food Sci. 
2021;86(2):602–13.

	50.	 Valenti P, Rosa L, Capobianco D, Lepanto MS, Schiavi E, Cutone A, et al. 
Role of lactobacilli and Lactoferrin in the mucosal Cervicovaginal defense. 
Front Immunol. 2018;9:376.

	51.	 Nakajima T, Sato T, Iguchi T, Takasugi N. Retinoic acid signaling determines 
the fate of the uterus from the mouse Müllerian duct. Reprod Toxicol 
(Elmsford, NY). 2019;86:56–61.

	52.	 Hickey DK, Patel MV, Fahey JV, Wira CR. Innate and adaptive immunity 
at mucosal surfaces of the female reproductive tract: stratification and 
integration of immune protection against the transmission of sexually 
transmitted infections. J Reprod Immunol. 2011;88(2):185–94.

	53.	 Chew BP, Park JS. Carotenoid action on the immune response. J Nutr. 
2004;134(1):257s–61s.

	54.	 Watzl B, Bub A, Briviba K, Rechkemmer G. Supplementation of a low-
carotenoid diet with tomato or carrot juice modulates immune functions 
in healthy men. Ann Nutr Metab. 2003;47(6):255–61.

	55.	 Terao R, Murata A, Sugamoto K, Watanabe T, Nagahama K, Nakahara 
K, et al. Immunostimulatory effect of kumquat (Fortunella crassifolia) 
and its constituents, β-cryptoxanthin and R-limonene. Food Funct. 
2019;10(1):38–48.

	56.	 Koumans EH, Sternberg M, Bruce C, McQuillan G, Kendrick J, Sutton M, 
et al. The prevalence of bacterial vaginosis in the United States, 2001-
2004; associations with symptoms, sexual behaviors, and reproductive 
health. Sex Transm Dis. 2007;34(11):864–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Association between serum carotenoids and bacterial vaginosis infection among American women
	Abstract 
	Background 
	Method 
	Result 
	Conclusion 

	Introduction
	Method
	Study population
	Diagnostic for BV
	Assessment of carotenoids
	Covariates
	Statistical analysis

	Result
	Baseline characteristics of the study population
	The association of total serum carotenoids with BV
	The association of prime components of serum carotenoids with BV
	Stratified analysis between total serum carotenoids and BV
	Sensitivity analysis

	Discussion
	Conclusion
	Anchor 22
	Acknowledgements
	References


