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Lactobacillus spp. are associated with the maintenance of reproductive health, but obesity reduces fertility and is a risk factor for
obstetric and neonatal complications. We assessed the association between obesity and the cervical Lactobacillus composition,
which has not been examined previously. Pyrosequencing was performed using cervical swabs collected from 76 normal partici-
pants with negative results for cervical intraepithelial neoplasia (CIN) and 57 participants with CIN, based on histological exam-
inations. Cluster analysis of nine Lactobacillus spp. was performed, and five cluster types were identified. The association be-
tween obesity and the Lactobacillus community was assessed by logistic regression analysis after adjustment for confounding
factors. The proportion of Lactobacillus iners increased and that of Lactobacillus crispatus decreased according to body mass
index (BMI) categories, i.e., underweight (BMI of <18.5 kg m�2), normal weight (BMI of 18.5 to 22.9 kg m�2), overweight (BMI
of 23.0 to 24.9 kg m�2), and obese (BMI of >25 kg m�2). The L. iners-dominant type had a significant association with obesity
(odds ratio [OR], 7.55 [95% confidence interval [CI], 1.18 to 48.2]), compared to the L. crispatus-dominant type. The group with
high values for the ratio obtained by dividing the relative abundance of L. iners by that of L. crispatus had a significant associa-
tion with obesity (OR, 6.54 [95% CI, 1.22 to 35.1]), compared to the low-ratio group. Associations between obesity and the L.
iners/L. crispatus ratio were observed among young women (OR, 6.26 [95% CI, 1.15 to 33.9]) but not older women and in the
normal group (OR, 6.97 [95% CI, 1.20 to 70.4]) but not the CIN group. Obesity was associated with cervical microflora domi-
nated by L. iners in reproductive-age women without dysplasia.

Dominance of the vaginal microbiota by Lactobacillus spp. is
associated with the retention of a healthy reproductive status

and with a relatively low pH (pH � 4.5) of the genital tract (1).
Lactobacillus spp. produce metabolic products, such as hydrogen
peroxide (H2O2), lactic acid, and bacteriocin, that are thought to
play important roles in maintaining a normal vaginal flora by
preventing colonization by pathogens (2, 3). In a community of
approximately 400 asymptomatic women, those with smaller pro-
portions of lactobacilli showed higher Nugent scores and pH val-
ues, which are used to diagnose bacterial vaginosis (4). A lack of
lactobacilli in the vaginal tract may disturb the balance of the
microbial flora and can lead to bacterial vaginosis via overgrowth
of anaerobic bacteria (5). Women whose genital microbial florae
are dominated by lactobacilli also have lower risks of contracting
sexually transmitted diseases, such as those caused by human im-
munodeficiency virus (HIV), herpes simplex virus type 2, human
papillomavirus (HPV), and Chlamydia trachomatis (5–7). In ad-
dition, colonization by lactobacilli has been shown to be corre-
lated with lower risks for pelvic inflammatory disease and preg-
nancy-related complications (1, 8).

The structure and composition of the Lactobacillus community
in the vaginal ecosystem are affected by various factors such as age,
menarche, menopause, menstrual cycle, pregnancy, infections,
medications, and hygiene (9). In addition, obesity could be a con-
tributing factor related to bacterial community structure and
composition. Obese women have been shown to have different
physiological characteristics that may lead to dysbiosis of the gen-
ital tract, including high plasma estrogen levels, systemic inflam-
mation, and low immune function (10, 11). Furthermore, several
previous studies showed that prepregnancy body mass index
(BMI) and plasma leptin levels may influence the outcomes of
pregnancies, such as preterm delivery, low-birth-weight infants,

macrosomia, and delivery disorders (12, 13). These obstetric and
neonatal disorders were also associated with Lactobacillus iners-
dominant microbiota in early pregnancy and the presence of bac-
teria related to bacterial vaginosis, as detected by vaginal smears
(8, 14–16). To the best of our knowledge, no study to date has
examined the relationship between obesity and Lactobacillus com-
position in the reproductive tract.

In this study, we assessed the association between obesity and
the composition of cervical lactobacilli in Korean women. In a
previous study, we performed pyrosequencing of 16S rRNA with
120 cervical swab samples that either showed negative results (n �
50) or tested positive for cervical intraepithelial neoplasia (CIN)
(n � 70) in histological examinations (17). In this study, we in-
cluded the previous samples and 37 additional swabs; after exclud-
ing 24 samples that showed an absence of Lactobacilli or for which
participant epidemiological data (age and BMI) were not avail-
able, we had a total of 133 samples with either negative CIN results
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(n � 76) or CIN of various grades (n � 57), based on histological
examinations. The relative abundances of nine representative Lac-
tobacillus spp., including Lactobacillus crispatus, L. iners, Lactoba-
cillus fornicalis, Lactobacillus johnsonii, Lactobacillus gasseri, Lacto-
bacillus jensenii, Lactobacillus acidophilus, Lactobacillus psittaci,
and uncultured Lactobacillus species, and various epidemiological
data were used for analysis.

MATERIALS AND METHODS
Study participants and design. Women 18 to 65 years of age who partic-
ipated in the Korean HPV cohort study, from 2006 to the present, were
included in this study; details regarding the design of the baseline mea-
sures for the cohort have been described previously (18). All study partic-
ipants provided written informed consent before participation. Women
with a history of treatment for cervical intraepithelial neoplasia (CIN)
within the past 18 months, pregnant women, and women with chronic
diseases were excluded at the time of enrollment. Obesity is a known risk
factor for chronic diseases, including cardiovascular disease, diabetes mel-
litus, high blood pressure, and stroke. However, none of our study partic-
ipants had obesity and a chronic disease concurrently. Cervical swabs
were collected for the Papanicolaou test, the oncogenic HPV DNA test,
and pyrosequencing of cervical microbiota (Cervical Sampler, Digene
Co., MD, USA). Colposcopy and histological verifications were per-
formed at baseline. A total of 133 participants, including 76 with negative
CIN results and 57 with positive CIN results at the baseline histological
examination, were selected randomly from the enrolled women, and their
baseline swab samples were used for this study. The procedure for collect-
ing swab samples was described in our previous work (17). This study was
approved by the institutional review board of the Korea National Cancer
Center (IRB no. NCCNCS-06-062) and by the ethics committees of the
Korea National Cancer Center and Korea University Guro Hospital.

High-risk HPV DNA detection. The cervical cytological findings were
classified according to the Bethesda system (19). HPV DNA detection was
performed with the Digene Hybrid Capture II DNA test (Qiagen, Gaith-
ersburg, MD, USA). A chemiluminescent HPV DNA test (scored in rela-
tive light units [RLU]) with a probe designed to detect 13 types of high-
risk (HR) HPV was used. The test results were read as positive at
concentrations of 1 pg/ml or levels greater than the RLU/cutoff ratio (RLU
of the specimen/mean RLU of 2 positive controls).

DNA extraction and pyrosequencing analysis. Metagenomic DNA
samples were extracted using a FastDNA Spin extraction kit (MP Bio-
medicals, Santa Ana, CA, USA). The target fragments of the 16S rRNA
gene corresponding to the V1 to V3 regions were amplified by using bar-
coded primers. Detailed information, including the amplification condi-
tions and a description of the pyrosequencing procedure, was provided in
a previous report (17). The pyrosequencing readings are available in the
EMBL Sequence Read Archive (SRA) database (http://www.ebi.ac.uk/ena
/data/view/PRJEB5760).

Statistical analysis. The chi-square test was used to analyze the differ-
ences in the distributions of categorical or general variables. Hierarchical
clustering analysis, based on average linkage with Euclidean dissimilarity
measurements for the relative abundances of nine Lactobacillus spp. (L.
iners, L. crispatus, L. fornicalis, L. johnsonii, L. gasseri, L. jensenii, L. aci-
dophilus, L. psittaci, and uncultured Lactobacillus species), was performed
using Stata 12.0 software (Stata Corp., College Station, TX, USA). A den-
drogram for the hierarchical cluster analysis was drawn to display only the
top 100 branches, and subjects were grouped from cluster analysis per-
formed using cluster analysis stopping rules for the number of clusters
determined by default (Calinski-Harabasz pseudo-F index). A simple heat
map for the relative abundances of nine Lactobacillus spp. was prepared
using an R software package.

BMIs were categorized into four groups according to the Asia-Pacific
standards, i.e., underweight (�18.5 kg m�2), normal weight (18.5 to 22.9
kg m�2), overweight (23.0 to 24.9 kg m�2), and obese (�25 kg m�2) (20).
The Wilcoxon rank-sum test was used to measure the median difference

in the ratios obtained by dividing the relative abundance of L. iners by that
of L. crispatus for nonobese (BMI of �25 kg m�2) and obese (BMI of �25
kg m�2) groups. The distribution of the L. iners/L. crispatus ratios and the
percentage of each Lactobacillus species were depicted according to the
BMIs or BMI categories, with a scatter plot and pie graphs, respectively.
Lactobacillus cluster types and the L. iners/L. crispatus ratios were used for
assessment of an association between obesity and the cervical Lactobacillus
microflora. The multivariate odds ratios (ORs) and 95% confidence in-
tervals (CIs) for the risk of obesity were estimated by using L. crispatus-
dominant Lactobacillus cluster types or the low-ratio group as references.
All variables were adjusted for age, menopausal status, HR-HPV infec-
tion, and histological grade as categorical variables. The relative abun-
dances of the nine Lactobacillus species are provided in Table S1 in the
supplemental material.

RESULTS
General characteristics of study participants. The distributions
of the general characteristics of all study participants (n � 133),
with either normal or atypical squamous cells of undetermined
significance (ASCUS) (n � 76) or CIN grade 1 (n � 57) results,
grouped by nonobesity (BMI of �25 kg m�2) versus obesity (BMI
of �25 kg m�2), were investigated. Significant differences were
observed for age and menopausal status; the older and postmeno-
pausal groups had larger proportions of obese women (P � 0.001
and P � 0.006, respectively), compared to the young and pre-
menopausal groups, respectively. No differences were observed
for the other variables.

Lactobacillus cluster types. L. iners (50.9%) and L. crispatus
(37.9%) were the most abundant Lactobacillus species among all
participants, followed by L. fornicalis (5.3%), L. johnsonii (2.2%),
L. gasseri (1.6%), L. jensenii (1.4%), L. acidophilus (0.3%), L. psit-
taci (0.2%), and uncultured Lactobacillus species (0.2%). Hierar-
chical clustering analysis of the relative abundances of the nine
Lactobacillus spp. produced five Lactobacillus cluster types (Fig.
1A). Cluster type I (n � 30) was dominated by L. crispatus (ap-
proximately 90%), whereas cluster type IV (n � 37) was domi-
nated by L. iners (approximately 90%) (Fig. 1B). Cluster type III
(n � 4) was characterized by large proportions of L. fornicalis and
L. jensenii, and cluster type V (n � 2) was characterized by large
proportions of L. johnsonii and L. gasseri. Cluster type II (n � 60)
was dominated by non-Lactobacillus species and was partially
dominated by L. iners. Clusters I, II, and IV were the main com-
munity types in this study.

Proportions of L. iners and L. crispatus according to BMI.
Obese participants were more likely to be associated with cluster
types II and IV than cluster type I, although this finding was not
significant (P � 0.091, chi-square test for clusters I, II, and IV)
(Fig. 1A). There was no difference in the distributions of young
women (�49 years of age) and older women (�50 years of age) in
the main cluster types (P � 0.161, chi-square test). All participants
in cluster type III had CIN, but there was no difference in the
distributions of normal and CIN participants in the main cluster
types (P � 0.328, chi-square test).

L. iners and L. crispatus were the dominant species among the
participants sampled in this study. The log-transformed ratio ob-
tained by dividing the relative abundance of L. iners by that of L.
crispatus was calculated using 105 samples with �1% relative
abundance of either species. Twenty-eight participants were ex-
cluded from the calculation due to a lack of abundance of these
species. The L. iners/L. crispatus ratios differed significantly be-
tween the participants with BMIs of �25 kg/m2 and those with
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BMIs of �25 kg/m2 (P � 0.038, Wilcoxon rank sum test). Most of
the obese women had larger proportions of L. iners and smaller
proportions of L. crispatus and thus had higher ratio values,
whereas the nonobese women showed inconsistent variations in
ratios (Fig. 1C, dot chart). The mean percentage of L. crispatus
(65.0%) was higher than that of L. iners (35.0%) in the under-
weight group, while the mean percentage of L. crispatus (17.1%)
was lower than that of L. iners (67.4%) in the obese group (Fig.
1C, pie charts). The mean percentages of these lactobacilli in
the normal-weight and overweight groups were approximately
equal.

Association between obesity and L. iners-dominant Lactoba-
cillus cluster type. Obesity was significantly associated with the L.
iners-dominant cluster type (cluster type IV), compared to the L.
crispatus-dominant cluster type (cluster type I) (multivariate OR,
7.55 [95% CI, 1.18 to 48.2]; P � 0.033) (Table 1). Additionally,
obesity was associated with the group with high values for the L.
iners/L. crispatus ratio (multivariate OR, 6.54 [95% CI, 1.22 to
35.1]; P � 0.022; P for trend � 0.022).

According to the general characteristics of the study partici-
pants, the distributions of BMI categories were different for young
versus older participants. Furthermore, in our previous work we

FIG 1 Proportions of Lactobacillus iners and L. crispatus according to body mass index. (A) Hierarchical clustering of nine Lactobacillus species and five
Lactobacillus cluster types. The relative abundances of the species are represented by colors (pink squares, large proportions; blue squares, small proportions). The
heat map includes information on obesity, age, and cervical intraepithelial neoplasia (CIN). First line below the dendrogram: dark pink boxes, obesity; medium
pink boxes, overweight; light pink boxes, normal weight; white spaces, underweight. Second line below the dendrogram: blue boxes, age of �49 years; white
spaces, age of �50 years. Third line below the dendrogram: green boxes, healthy participants with negative CIN results; white spaces, participants with CIN. (B)
Mean percentages of species in the five Lactobacillus cluster types. (C) Scatter plot of the log-transformed L. iners/L. crispatus ratios (dot chart) and the mean
proportions of L. iners and L. crispatus according to body mass index (BMI) categories (pie charts). BMI values were categorized according to the Asia-Pacific
standards, i.e., underweight, BMI of �18.5 kg m�2; normal weight, BMI of 18.5 to 22.9 kg m�2; overweight, BMI of 23 to 24.9 kg m�2; obesity, BMI of �25 kg
m�2. L. uc, uncultured Lactobacillus species.
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demonstrated the association between a specific cervical micro-
biome pattern and the risk of CIN (17). To control for the effects
of age and cervical dysplasia on the relationship between obesity
and the L. iners-dominant Lactobacillus cluster type, study partic-
ipants were stratified according to age (young versus older) and
histological result (normal versus CIN). Obesity was associated
with the group with high values for the L. iners/L. crispatus ratio
among young women (multivariate OR, 6.26 [95% CI, 1.15 to
33.9]; P � 0.033) but not among older women (Table 2). For
normal participants with negative CIN results, the multivariate
OR for the high-ratio group was 6.97 (95% CI, 1.20 to 70.4; P �
0.030). For participants with a CIN grade, however, there was no
significant association between obesity and the L. iners/L. crispatus
ratio.

In a Korean twin cohort study, postmenopausal women had
smaller proportions of Lactobacillus spp., with greater diversity
(21). Obesity was associated with the group with high values for
the L. iners/L. crispatus ratio among premenopausal women (mul-
tivariate OR, 6.47 [95% CI, 1.46 to 28.7]; P � 0.014) but not
among postmenopausal women (Table 2).

DISCUSSION

This study was the first to demonstrate that the cervical Lactoba-
cillus microflora of obese women differed from that of nonobese
women. Obesity (BMI of �25 kg/m2) was strongly associated with
the cervical Lactobacillus community type characterized by a large
proportion of L. iners and small proportions of L. crispatus, L.
johnsonii, and L. jensenii. This significant association between obe-
sity and an L. iners-dominant Lactobacillus community type was
found for relatively young women but was not found for older
women. This community type also was found for participants
without CIN but was not found for participants with CIN. Taken
together, these findings showed that obesity was associated with a
cervical Lactobacillus community type dominated by L. iners
among women of reproductive age without cervical dysplasia.

In this study, we showed that obesity may be associated with a
higher L. iners/L. crispatus ratio for the cervical microbiome, al-
though 28 women were excluded because of a lack of relative
abundance values for the two species. L. crispatus and L. iners are
the dominant species in the cervical microbiomes of Asian
women, including our study participants. The predominance of L.
crispatus was shown, in a longitudinal analysis, to promote the
stability of the vaginal microbiota (22). However, new evidence
suggests that these two species differ in their ecological functions
in the reproductive tract (23). Hydrogen peroxide, an antimicro-
bial compound, is produced by 95% of L. crispatus isolates and
94% of L. jensenii isolates but only 9% of L. iners isolates (de-
scribed as L. 1086V by Antonio et al. [1]). D-Lactic acid levels were
higher in women whose vaginal flora was dominated by L. crispa-
tus than in those whose flora was dominated by L. iners or Gard-
nerella species. L. crispatus and L. gasseri contain one or two copies
of both L- and D-lactate dehydrogenases, whereas the gene coding
for D-lactate dehydrogenase is absent from the genome of L. iners
UPII 60-B (16).

The reason why obese women had larger proportions of L. iners
in their cervical microflorae is unclear. L. iners is the dominant
species in the vaginal flora when the flora is in a transitional stage
between normal and abnormal, because of either treatment with
antibiotics or physiological changes such as higher plasma estra-
diol levels (24). Estrogen may be the most probable factor contrib-
uting to a predominance of L. iners in the obese women of this
study. Circulating estradiol levels are strongly associated with ad-
iposity (25), and the effects of being overweight or obese on the
risk of breast and endometrial cancer are largely mediated by this
physiological factor (10). Although the estrogen levels of our study
participants were not measured, the possibility of estrogen contri-
butions to this association remains.

Recently, evidence from animal studies has shown that the
composition of the intestinal flora differs between obese individ-
uals and normal-weight individuals (26). Differences in the bac-
terial diversity of the gastrointestinal tract, either in composition
or in quantity, are associated with obesity, cardiovascular disease,

TABLE 1 Association between obesity and Lactobacillus cluster IV,
dominated by L. iners

Cluster type and
species ratio

No. obesea/no.
nonobese OR (95% CI)b P

P for
trendc

Lactobacillus type (main)d

Cluster type I 2/28 1 (reference)
Cluster type II 14/46 5.10 (0.85–30.7) 0.075
Cluster type IV 10/27 7.55 (1.18–48.2) 0.033

L. iners/L. crispatus ratioe

Low 4/31 1 (reference) 0.022
Medium 7/28 3.22 (0.55–18.8) 0.194
High 11/24 6.54 (1.22–35.1) 0.029

a Obesity was defined according to the Asia-Pacific standards, i.e., underweight, BMI
of �18.5 kg m�2; normal weight, BMI of 18.5 to 22.9 25 kg m�2; overweight, BMI of
23 to 24.9 25 kg m�2; obese, BMI of �25 kg m�2.
b The multivariate odds ratios (ORs) were estimated with the nonobese group as a
reference, after adjustment for age, menopausal status, high-risk human papillomavirus
infection, and histological grade as categorical variables.
c The P value was calculated for the linear trend of multivariate ORs.
d Cluster type I was dominated by L. crispatus, cluster type II was dominated by non-
Lactobacillus species, and cluster type IV was dominated by L. iners. Cluster types III
and V were excluded from the analysis because of the small numbers of subjects.
e Only the 105 samples with a sufficient relative abundance (�1%) of either L. iners or
L. crispatus were used to calculate L. iners/L. crispatus ratios. Subjects were divided
automatically into three groups with equal sample sizes.

TABLE 2 Association between obesity and L. iners/L. crispatus ratios

Group

Low L. iners/L. crispatus
ratiosa

High L. iners/L. crispatus
ratios

Pb

No.
obese/no.
nonobese

OR
(95% CI)

No.
obese/no.
nonobese OR (95% CI)

Age
Young (�49 yr) 2/36 1 (reference) 8/26 6.26 (1.15–33.9) 0.033
Older (�50 yr) 6/9 1 (reference) 6/12 3.52 (0.38–32.4) 0.266

Menopausal status
Premenopausal 3/43 1 (reference) 7/15 6.47 (1.46–28.7) 0.014
Postmenopausal 8/14 1 (reference) 4/9 2.32 (0.27–19.8) 0.443

Histological result
Normal 5/39 1 (reference) 6/15 6.97 (1.20–70.4) 0.030
CIN 9/27 1 (reference) 8/11 1.57 (0.29–8.60) 0.602

a Only the 105 samples with a sufficient relative abundance (�1%) of either L. iners or
L. crispatus were used to calculate L. iners/L. crispatus ratios. Subjects were divided
automatically into two groups with equal sample sizes. The multivariate odds ratios
(ORs) were estimated with the nonobese group as a reference, after adjustment for age,
menopausal status, high-risk human papillomavirus infection, and histological grade as
categorical variables.
b P values for the regression coefficients.
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metabolic syndrome, and type 2 diabetes mellitus (26). One study
examining male-to-female transsexual women showed that 79.5%
of the women simultaneously harbored the same lactobacilli in
both the neovagina and the rectum (27). This result suggests that
the rectum may be associated with the colonization of vaginal
Lactobacillus species. Thus, the gut microbiomes of obese women
may have effects on the composition of their cervicovaginal mi-
crobiomes.

The atypical characteristics of L. iners also include a protein
produced by the species. Clinical isolates of L. iners were shown to
produce inerolysin, a cholesterol-dependent cytolysin, during
growth in vitro, whereas this protein was absent in other Lactoba-
cillus species (28). Inerolysin, a pore-forming toxic protein, acti-
vates p38 mitogen-activated protein kinase and allows the entry of
molecules from the extracellular space into the cytoplasm of epi-
thelial cells. Cytolysin may serve a defensive function by killing
immune cells and may make new anatomical niches available by
disrupting epithelial barriers (28). What is remarkable is that the
distribution of cholesterol in the cell membranes may be impor-
tant for cytolysin binding (29). Perfringolysin O, a thiol-activated
cytolysin produced by Clostridium perfringens, selectively binds to
cholesterol-rich lipid rafts where their cholesterol concentrations
in the membrane are high (30). Insulin-resistant animals fed a
high-fat diet demonstrated elevated cellular cholesterol levels,
contributing to larger lipid rafts (31). Although it is difficult to
ascertain the size of the effect of systemic cholesterol levels on local
membrane cholesterol levels, physiological states such as dyslipi-
demia could facilitate the colonization of L. iners in the reproduc-
tive tract.

An abnormal vaginal microflora in pregnant women is a risk
factor for preterm delivery, and the dominance of L. iners in vag-
inal smears from healthy women during early pregnancy is asso-
ciated with preterm delivery (8, 14). Women with large propor-
tions of L. crispatus had high Escherichia coli inhibitory activity,
whereas women whose vaginal smears were dominated by L. iners
had low E. coli inhibitory activity (15). Additionally, obesity is a
proinflammatory disease state in which the serum levels of inflam-
matory modulators are associated with preterm birth (32). Several
reports have demonstrated associations between the serum ex-
pression levels of proinflammatory cytokines or peripheral blood
mononuclear cells and preterm birth (33–35). This pregnancy
outcome is influenced by prepregnancy BMI, via high C-reactive
protein levels, in Korean women (12). Obesity is closely associated
with cardiovascular disease, diabetes, high blood pressure, and
stroke, but it was difficult to verify these associations among the
study participants due to the exclusion criteria used at the time of
enrollment. Although direct or indirect evidence is lacking, it is
reasonable to infer that there is a relationship between L. iners-
dominant cervical microbiota in obese women of reproductive
age and an increased risk of preterm birth. Additional research is
needed to determine whether obesity is causally linked to a pre-
dominance of L. iners in the female reproductive tract and
whether this interaction has an influence on obstetric and neona-
tal complications.

The association between obesity and the cervical Lactobacillus
type dominated by L. iners was observed in relatively young
women of reproductive age but not in older women. Lee et al.
reported that the composition or diversity of the vaginal microbi-
ota was influenced by genetic or physiological factors, such as
menopause and estrogen levels, in Korean women (21). In addi-

tion, the relationship between obesity and L. iners-dominant Lac-
tobacillus microflora was found only in normal participants and
was not found in participants with CIN. Although lactobacilli sig-
nificantly contribute to the maintenance of normal vaginal flora, it
is highly probable that other pathogens may be associated with
abnormal cell growth. Several studies, including our previous
work, reported significant correlations between bacterial vagino-
sis, or the proportion of anaerobic bacteria related to bacterial
vaginosis, and CIN (17, 36, 37). Taken together, the association
between obesity and a cervical Lactobacillus microflora dominated
by L. iners does not affect cervical dysplasia, but it is likely to be
established in reproductive-age women and may influence obstet-
ric and neonatal complications related to obesity among these
women.

Our study has several limitations. Cross-sectional studies are
limited by the fact that they are carried out at one point in time and
give no indication of the sequence of events, i.e., whether exposure
occurred before, after, or during the onset of the disease outcome
(38). Therefore, it is impossible to infer causality between obesity
and the Lactobacillus type dominated by L. iners in this study. The
small sample size of this study limited the estimation of the asso-
ciation and led to a wide 95% confidence interval. Various factors
that influence the vaginal Lactobacillus flora, such as menstrual
cycle, estradiol levels, and C-reactive protein levels, were not as-
sessed concurrently. A large-scale study that considers various po-
tential factors will be important to replicate and to confirm our
findings.

In conclusion, the results of this study showed that obesity was
associated with a cervical Lactobacillus microflora dominated by L.
iners in women of reproductive age. We suggest that obesity may
promote the predominance of L. iners in the cervicovaginal eco-
system and that this state may increase the risk of obstetric and
neonatal complications related to obesity, such as preterm birth,
in Korean women of reproductive age. More evidence is needed to
reveal the causal link between obesity and the composition of the
microbiota and to explain the role of the cervicovaginal microbi-
ota in the maintenance of a healthy reproductive tract.
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