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Abstract: The present study aimed to investigate the association between periodontal conditions and
abnormal glucose tolerance (GT) in pregnant women with threatened premature labor (TPL). Fifteen
normal pregnant women, 14 women with TPL and abnormal GT (TPL/abnormal GT), and 16 women
with TPL and normal GT (TPL/normal GT) were enrolled. Periodontal parameters, including probing
pocket depth and clinical attachment level, were examined. Detection of Porphyromonas gingivalis ( P.
gingivalis ), Fusobacterium nucleatum (F. nucleatum ), Prevotella intermedia ( P. intermedia ), Aggregatibacter actinomycetemcomitans , Treponema denticola , and Tannerella forsythia ( T. forsythia ), in saliva,
subgingival plaque, and chorionic tissues from women was performed by using polymerase chain reaction. There were no significant differences in periodontal parameters and detection rates of periodontal
pathogens from oral samples between women with TPL/normal GT and TPL/abnormal GT. F. nucleatum , P. intermedia , and T. forsythia were detected in chorionic tissues of women with TPL/abnormal
GT, whereas F. nucleatum and P. gingivalis were detected in chorionic tissues of those with TPL/normal GT. No periodontal pathogens were detected in the chorionic tissues of normal pregnant women. In
conclusion, our data do not indicate that periodontal disease is a risk factor for abnormal GT in TPL.
However, the presence of F. nucleatum , P. intermedia , and T. forsythia in chorionic tissues in women
with TPL may be involved in abnormal GT.
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Periodontal disease is a chronic inflammatory disease caused by multiple periodontopathic bacteria including Porphyromonas gingivalis ( P. gingivalis ), Fusobacterium nucleatum ( F. nucleatum ), Prevotella intermedia ( P. intermedia ), Aggregatibacter actinomy-
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cetemcomitans ( A. actinomycetemcomitans ) , Treponema denticola ( T. denticola ), and Tannerella forsythia ( T. forsythia ), resulting in breakdown of the
tooth-supporting apparatus and loss of teeth. Maternal
periodontitis is modestly, but independently, associ２）. Many studated with adverse pregnant outcomes１，
ies have reported an association between periodontal
disease and preterm low birth weight since the first
report by Offenbacher et al. in 1996３）. We have previously shown that the periodontal conditions of Japanese pregnant women with a diagnosis of threatened
premature labor (TPL) are worse than those of normal
pregnant women４）. Additionally, P. gingivalis and F.
nucleatum are found in chorionic tissues of pregnant
women who are hospitalized because of a high risk of
pregnancy, such as TPL, placenta previa, and multiple
pregnancies, but not in chorionic tissues of normal
６）. Pregnant women with TPL are
pregnant women５，
generally treated with tocolytic agents to prevent premature uterine contractions. Ritodrine, one of the tocolytic agents for treatment of TPL, is a β2-adrenergic
８）. Ristimulant and inhibits myometrial contractions７，
todrine can affect glucose homeostasis９）. Therefore, ritodrine may cause hyperglycemia in some women
with TPL１０）. Maternal hyperglycemia during pregnancy is associated with increased rates of hypertension, preeclampsia, cesarean delivery, diabetes later in
life in the mother, macrosomia, neonatal hypoglyce１２）
.
mia, and shoulder dystocia in fetuses１１，
Gestational diabetes mellitus (GDM), which shows
abnormal glucose tolerance during pregnancy, is defined as a type of diabetes mellitus (DM) that is first diagnosed during pregnancy１３）. Risk factors for development of GDM include obesity, previous GDM, and a
family history of DM１４）. Recently, some reports have
indicated that GDM is related to the maternal inflammatory environment and abnormality in the placenta１５‐１７）. The association between periodontal disease and GDM has been investigated for the past 10
years. Periodontal conditions of women with GDM are
significantly worse than those of women without
１９）. Moreover, some reports have demonGDM １８，
strated that the detection rate of periodontal pathogens in oral samples and levels of inflammatory mediators in gingival crevicular fluid of women with GDM
are significantly higher than those of normal pregnant
２１）. However, other reports have concluded
women２０，
that there is no significant association between peri２３）. Dasanayake et al. reodontal disease and GDM２２，
ported that there was no significant difference in clini-

cal periodontal status between women with GDM and
those without GDM, even though levels of T. forsythia
in the vagina and serum C-reactive protein (CRP) levels in women with GDM were significantly higher
than those in women without GDM２４）. Therefore, the
correlation between periodontal disease and GDM is
controversial. Consequently, additional studies to
prove the association between periodontal disease and
abnormal glucose tolerance during pregnancy are required.
The present study aimed to investigate the association between periodontal conditions and abnormal glucose tolerance in women with TPL.

Materials and Methods
The study protocol was approved by the Human
Ethical Committee of Kagoshima City Hospital (H19
No8) and the ethical standards of the Kagoshima University Medical and Dental Hospital Human Ethical
Committee (No. 20-18).

Participants
Hospitalized pregnant women who were diagnosed
with TPL in the Department of Obstetrics and Gynecology, Kagoshima City Hospital and normal pregnant
women in the Womenʼs Hospital Aiiku were selected.
Blood glucose levels of women with TPL at fasting
and 2 h after eating were measured. Women in whom
glucose levels were greater than 120 mg/dL one or
more times were diagnosed as having abnormal glucose tolerance by obstetric doctors. Exclusion criteria
were a history of DM or GDM, use of corticosteroids
and antimicrobials during pregnancy, periodontal therapy during pregnancy, viral infection, and autoimmune disease. Written informed consent was obtained
from all of the subjects.
Oral examinations
Oral examinations were performed in the women
during their second trimester by one periodontist (K.
H-N). Periodontal parameters, including the plaque index (PlI)２５）, gingival index (GI)２６）, clinical attachment
level (CAL), probing pocket depth (PPD), and bleeding
on probing (BOP) were examined at four sites (mesial,
distal, buccal, and lingual/ palatal) per tooth either at
the teeth on the right side of the maxilla and left side
of the mandible or at the teeth on the left side of the
maxilla and right side of the mandible. The presence
of two or more teeth showing PPD of ! 4 mm and
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Primer sequences used in PCR.

CAL of !3 mm at the same site was defined as periodontitis, based on modification of the definition previously described by Lopez et al. ２７）. Patients who were
not diagnosed with periodontitis and had BOP were diagnosed with gingivitis.

Bacterial examinations
Subgingival plaque samples were obtained by inserting a sterilized paper point for 15 s into pockets of
sites with inflammatory signs, including gingival redness and swelling. Saliva samples were collected using
Salivettes (Sarstedt, Nümbrecht, Germany ) before a
periodontal examination. Part of chorionic tissues obtained by obstetric doctors after delivery were immediately fixed in 4% paraformaldehyde and then embedded in paraffin. Total DNA was purified from subgingival plaque, saliva and chorionic tissue samples using
the DNeasy Blood and Tissue Kit (Qiagen, Hilden, Ger-

many), according to the manufacturerʼs protocol. Polymerase chain reaction (PCR) was carried out using
the Taq PCR Core Kit (Qiagen) to detect P. gingivalis ,
F. nucleatum , P. intermedia , A. actinomycetemcomitans , T. denticola , and T. forsythia , in the DNA samples. The primer sequences, GenBank accession numbers, and predicted sizes of the PCR products used for
PCR detection of the bacteria are shown in Table
２９）. PCR amplification was performed by 40 cycles
1２８，
of denaturation at 94℃ for 1 min, annealing at 55℃ for
1 min, and extension at 72℃ for 1 min. The PCR products were separated by 2% agarose gel electrophoresis, stained with ethidium bromide, and visualized using an ultraviolet light transilluminator (ATTO Corporation, Tokyo, Japan).

Clinical and anthropometric parameters
At the time of the oral examination, each partici-
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Comparison of clinical and anthropometric parameters

pant was interviewed regarding height and weight
measured before pregnancy, birth experience, smoking habits, and a history of DM, GDM, preterm birth
(PB; birth before 37 weeks of gestation), and low birth
weight (LBW; delivery of newborn with birth weight
＜2,500 g). Blood pressure on the day of the oral examination, medicine taken during the pregnancy, gestational age at delivery, and weight of the newborns
were recorded after delivery. The gestational age was
determined by measuring the crown rump length of
the fetus with ultrasonographic tomography at the
first trimester.

Statistical analysis
Nonparametric analysis of variance (Kruskal-Wallis
test) was used to detect statistically significant differences between the three groups. When the KruskalWallis test was significant, the Steel-Dwass post hoc
test was performed for multiple comparisons. Differences in the ratios between the three groups were
analyzed by Fisherʼs exact test. When Fisherʼs exact
test was significant, the chi-square test was applied to
analyze the differences between two groups. Results
were considered statistically significant at P ＜ 0.05.
Statistical analyses were performed using statistical
software (BellCurve for Excel, Social Survey Research
Information Co., Ltd., Tokyo, Japan). All results are ex-

pressed as mean±SD or the ratio.

Results
Analysis of clinical and anthropometric parameters
Table 2 shows the clinical and anthropometric parameters in this study. Fifteen women with a normal
pregnancy (normal pregnancy group) and 30 women
with TPL were analyzed in this study. Women with
TPL had intravenous infusion of ritodrine. Fourteen
women with TPL were diagnosed with abnormal glucose tolerance ( TPL / abnormal GT group ) . Sixteen
women with TPL did not have abnormal glucose tolerance or any clinical signs of other obstetric diseases
(TPL/normal GT group).
The body mass index (BMI) of women in the TPL/
abnormal GT group was significantly higher than that
of women in the TPL/normal GT group (P=0.0325).
Blood glucose levels of 11 women in the TPL/abnormal GT group were controlled by injection of insulin,
and three women in this group were treated with diet.
Neonatal weight in the TPL/normal GT group was
significantly lower than that in TPL / abnormal GT
group or normal pregnancy group (TPL/normal GT
vs TPL/abnormal GT groups, P=0.0316; TPL/normal
GT vs normal pregnancy groups, P ＜ 0.001 ) . Gestational weeks at delivery in the TPL/abnormal GT and
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Comparison of oral conditions.

TPL/normal GT groups were significantly lower than
those in the normal pregnancy group (TPL/abnormal
GT vs normal pregnancy groups, P=0.0047; TPL/normal GT vs normal pregnancy groups; P＜0.001). The
number of PBs and LBWs were nine and seven in 14
women in the TPL/abnormal GT group, and 14 and 12
in 16 women in the TPL/normal GT group, respectively. There were significant differences in the ratios
of PB (P＜0.001) and LBW (P＜0.001) among the three
groups. The ratios of PB and LBW in the TPL/abnormal GT or TPL/normal GT group were significantly
higher than those in the normal pregnancy group (PB:
TPL/abnormal GT vs normal pregnancy groups, P＜
0.001; TPL/normal GT vs normal pregnancy groups, P
＜0.001 and LBW: TPL/abnormal GT vs normal pregnancy groups, P=0.002; TPL/normal GT vs normal
pregnancy groups, P＜0.001). One pregnant woman in
the TPL/abnormal GT group delivered a giant baby
(neonatal weight !4000 g).

Comparison of oral conditions among the three
groups
Table 3 shows the oral conditions of the participants
in this study. Mean PPD, the percentage of PPD !4
mm, CAL, and the percentage of CAL !3 mm in the
TPL/abnormal GT and TPL/normal GT groups were
significantly higher than those in the normal pregnancy group (TPL/abnormal GT vs normal pregnancy
groups: PPD, P=0.009; percentage of PPD !4 mm, P=
0.0131; CAL, P＜0.0001; percentage of CAL !3 mm, P
=0.0011 and TPL/ normal GT vs normal pregnancy
groups: PPD, P=0.0042; percentage of PPD !4 mm, P
=0.0316; CAL, P=0.0149; percentage of CAL !3 mm,

P=0.0051). Mean BOP (P=0.0078), PlI (P=0.0175), and
GI (P=0.0102) in the TPL/abnormal GT group were
significantly higher than those in the normal pregnancy group. There were no significant differences in
periodontal parameters between the TPL/ abnormal
GT and TPL/normal GT groups. The ratios of subjects with periodontitis in the TPL/abnormal GT and
TPL/normal GT groups were 6/14 and 4/16, respectively. None of the normal pregnant women were diagnosed with periodontitis.

Detection of periodontal pathogens in subgingival
plaque, saliva, and chorionic tissues.
Table 4 shows the incidence of bacterial detection in
subgingival plaque and saliva. Periodontal pathogens
were detected in some oral samples from women in
the TPL/abnormal GT group, TPL/normal GT group,
and normal pregnancy group. There was a significant
difference in the detection ratio of P. intermedia in saliva among the three groups (P=0.013). The detection
ratio of P. intermedia in saliva of women in the TPL/
abnormal GT (P=0.0006) or TPL/normal GT group (P
=0.021) was significantly higher than that of women in
the normal pregnancy group.
The detection ratios of periodontal pathogens in
chorionic tissues are shown in Table 5. F. nucleatum,
P. intermedia , and T. forsythia were detected in three
chorionic tissues of 14 women in the TPL/abnormal
GT group. The ratios of chorionic tissues in which P.
gingivalis and F. nucleatum was detected in the TPL/
normal GT group were 2/16 and 2/16, respectively.
Periodontal pathogens were not detected in any chorionic tissues from normal pregnant women. Periodon-
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comparison of detection of periodontal pathogens in oral samples.

Comparison of detection of periodontal pathogens in chorionic tissues.

tal pathogens were detected in chorionic tissue in 6/14
women in the TPL/abnormal GT group and in 3/16
women in the TPL/normal GT group. There were significant differences in the detection ratios of P. intermedia (P=0.026) and T. forsythia (P=0.026), and for the
ratio of any periodontal pathogen detected in chorionic
tissue (P=0.012) among the three groups. The ratio of
chorionic tissues in which any periodontal pathogen
was detected in the TPL/abnormal GT group was significantly higher than that in the normal pregnancy
group (P=0.004).
Table 6 shows the clinical profiles of nine women in
whom periodontal pathogens were detected in chorionic tissues. One woman in the TPL / abnormal GT
group in whom P. intermedia , F. nucleatum , and T.
forsythia were detected in chorionic tissues delivered
a giant baby.

Discussion
Periodontal conditions in women with GDM are
１９）. Goworse than those in women without GDM１８，
geneni et al . reported that GDM was significantly associated with increased levels of P. gingivalis, Filifactor alocis, and T. denticola in saliva２０）. In the present
study, we could not show any significant differences in
periodontal conditions and detection rates of periodontal pathogens from oral samples between women in
the TPL/normal GT and TPL/abnormal GT groups.
In our study, as soon as women with TPL were diagnosed with abnormal GT, their blood glucose levels
were controlled by medical treatment. Therefore, hyperglycemia in women in the TPL / abnormal GT
group might not have been high enough to affect their
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Clinical profiles of the women in whom periodontal pathogens detected in chorionic tissues.

periodontal condition. Additionally, the periodontal
condition of women with GDM reported by Gogeneni
et al .２０） (mean BOP: 70.3% and mean PPD: 2.3 mm)
was worse than that of women in the TPL/abnormal
GT group in our study (mean BOP: 29.7% and mean
PPD: 2.1 mm). These findings may explain why we did
not find any significant differences in the detection ratios of periodontal pathogens from oral samples between the TPL/normal GT and TPL/abnormal GT
groups. In the present study, the periodontal condition
of women in the TPL/normal GT or TPL/abnormal
GT group was significantly worse than that of women
in the normal pregnancy group, which is consistent
with our previous reports that worsening periodontal
６）. TPL with a poor
status is associated with TPL４，
periodontal condition might have masked an association between periodontal disease and abnormal GT in
the present study. It has been reported that higher
pre-pregnancy BMI is associated with a higher prevalence of GDM３０）. In the present study, the mean BMI
before pregnancy in women in the TPL/abnormal GT
group (25.4±6.7) was significantly higher than that of
women in the TPL/normal GT group (19.3±4.5). This
finding suggests that the risk of pathogenesis of abnormal glucose tolerance in this study might be associated with a higher BMI before pregnancy, but not
periodontal disease. Further studies focusing on the
severity of periodontal disease in women with GDM
are required.
In this study, F. nucleatum , P. intermedia , and T.
forsythia were detected in chorionic tissues of the
TPL/abnormal GT group, whereas F. nucleatum and
P. gingivalis were detected in chorionic tissues of the
TPL / normal GT group. No periodontal pathogens
were detected in chorionic tissues of normal pregnant
women. Additionally, there were significant differ-

ences in the ratios of any periodontal pathogen detected in chorionic tissue among the three groups. The
number of periodontal pathogens ( F. nucleatum, P. intermedia , and T. forsythia ) in chorionic tissue from
women in the TPL / abnormal GT group tended to
higher than that from women in the TPL/normal GT
group. Women with GDM have higher levels of T. forsythia in the vagina compared with women without
GDM, although Campylobacter rectus , F. nucleatum,
T. forsythia, P. gingivalis , and T. denticola have been
detected in the vagina and cervical secretions in pregnant women with / without GDM２４）. Miranda et. al.
showed that there is an association between higher
levels of T. forsythia , F. nucleatum , and P. intermedia
in the oral cavity and poor glycemic control in patients
with DM３１）. Therefore, F. nucleatum, P. intermedia ,
and T. forsythia might be involved in abnormal glucose tolerance. Feng et al. suggested that activation of
the toll-like receptor (TLR) 4-Myd88-NFkB pathway is
related to upregulation of insulin resistance and higher
maternal hyperglycemia３２）. The TLR4/Myd88/NFκB
pathway is thought to be one of pathways activated
by periodontal pathogens３３）. Some reports have indicated that GDM is related to the maternal inflammatory environment and abnormality in the placenta１５‐１７）. Our results and previous findings suggest
the following: (i) some types of periodontal pathogens
are more likely to invade and stay in the intrauterine
tissue of women with abnormal glucose tolerance; and
(ii) inflammatory reactions that are enhanced by periodontal pathogens in chorionic tissue affect abnormal
glucose tolerance. However, the number of chorionic
tissues that were analyzed was small and there was a
small number of women in whom periodontal pathogens were detected in this study. Additionally, only
two parts of chorionic tissues could be analyzed. We
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could not perform quantitative analysis of periodontal
pathogens in chorionic tissues and histological analysis
of chorionic tissues focusing on inflammatory reactions because of the limitation of sampling of chorionic
tissues. To investigate the effect of periodontal pathogens in chorionic tissues on pregnancy, large-scale in
vivo and in vitro studies are required.
There are two possible pathways through which
periodontal pathogens translocate to chorionic tissues:
(i) bacteria in the oral cavity migrate to the chorionic
tissues as a result of homogenous spread; and (ii) bacteria in the vagina and cervix spread to the uterus.
Han et al. reported that F. nucleatum translocates
from the motherʼs mouth to the placenta and fetus,
and causes acute inflammation and stillbirth３４）. Furthermore, intravenous injection of F. nucleatum and P.
gingivalis to pregnant mice are transmitted to the pla３６）.
centa and cause adverse pregnancy outcomes３５，
Bacteremia occurs after chewing and tooth brushing
in individuals with gingival inflammation ３７）. Some
periodontal pathogens that are detected in atherosclerotic plaques might be derived from the oral cavity
３９）. Therefore, the source of
through bacteremia３８，
periodontal pathogens that were detected in chorionic
tissues in this study might have been the oral cavity.
However, in a few subjects, periodontal pathogens
that were detected in chorionic tissues were not detected in oral samples. Therefore, we could not exclude the possibility that bacteria in chorionic tissues
came from the vagina and cervix because we could
not analyze vaginal and cervical samples. Further
studies focusing on the dissemination of periodontal
pathogens in chorionic tissues are required.
In this study, neonatal weight in the TPL/normal
GT group was significantly lower than that in the
TPL/abnormal GT group or normal pregnancy group.
Additionally, abnormal pregnant outcomes of the
TPL / abnormal GT group tended to be lower compared with those of the TPL/normal GT group. There
are several risk factors for PB and LBW, including
age, race, smoking, alcohol, experience of delivery, and
４１）. In this study, there
a history of PB and LBW４０，
were no significant differences in age, smoking, experience of delivery, and a history of PB and LBW among
the three groups. However, the ratios of birth experience and a history of PB and LBW in the TPL/abnormal GT group tended to be lower than those in the
TPL/normal GT group. These findings may be due to
lower abnormal pregnant outcomes in the TPL/abnormal GT group.

Conclusion
Our data do not indicate that periodontal disease is
one of the risk factors for abnormal glucose tolerance
in TPL women. However, this study shows the following. (i) The species of periodontal pathogens detected
in chorionic tissues are different between women with
TPL with normal glucose tolerance and those with
TPL without glucose tolerance. ( ii ) The number of
periodontal pathogens ( F. nucleatum , P. intermedia ,
and T. forsythia ) in chorionic tissue from women with
abnormal glucose tolerance tends to be higher than
that from women without abnormal glucose tolerance.
These results suggest that F. nucleatum , P. intermedia , and T. forsythia s in chorionic tissues in women
with TPL may be involved in abnormal GT. To investigate the association between periodontal disease and
abnormal glucose tolerance during pregnancy, further
clinical, large-scale studies of pregnant women without obstetric diseases other than GDM are required.
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糖代謝異常を有する切迫早産妊婦の絨毛膜組織での歯周病原細菌の検出
中村
梢＊1,2，中 村 利 明＊1,2，上 塘 正 人＊3，立 石 ふ み＊4，
橋 口 千 琴＊1,2，川 俣 和 弥＊5，波多江正紀＊6，野 口 和 行＊1,2
＊1 鹿児島大学大学院医歯学総合研究科歯周病学分野
＊2 鹿児島大学大学院医歯学総合研究科口腔先端科学教育研究センター
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（受付日：2017 年 5 月 7 日

受理日：2017 年 6 月 12 日）

要旨：本研究は切迫早産
（TPL）
妊婦の歯周組織状態と糖代謝異常の関連を調べることを目的とした。
被験者は 15 名の正常妊娠妊婦，14 名の切迫早産で糖代謝異常の妊婦（TPL/糖代謝異常）
，16 名の切迫
早産で糖代謝正常の妊婦（TPL/糖代謝正常）とした。全ての妊婦にプロービングポケット深さなどの歯
周組織検査を実施した。被験者から採取した唾液，歯肉縁下プラーク，絨毛膜組織の Porphyromonas
gingivalis（P. gingivalis ），Fusobacterium nucleatum（F. nucleatum ），Prevotella intermedia（P. intermedia ）， Aggregatibacter actinomycetemcomitans ， Treponema denticola ， Tannerella forsythia （ T.
forsythia ）の検出は PCR 法で行った。歯周組織検査結果と口腔内の歯周病原細菌の検出率は，TPL/
糖代謝異常と TPL/糖代謝正常の間に有意差はなかった。絨毛膜組織絨では TPL/糖代謝正常は F. nucleatum と P. gingivalis が検出されたのに対し，TPL/糖代謝異常は F. nucleatum，P. intermedia ，T. forsythia が検出された。正常妊娠妊婦の絨毛膜組織はいずれの歯周病原細菌も検出されなかった。本研究
は歯周病が切迫早産妊婦の糖代謝異常のリスク因子と示せなかった。しかし絨毛膜に存在する F. nucleatum ，P. intermedia ，T. forsythia が糖代謝異常と関連する可能性を示唆した。
日本歯周病学会会誌（日歯周誌）59（3）
：133-143，2017
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