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Abstract

Background: Periodontal disease is one of the most common chronic infectious diseases. It has been reported
that periodontal disease is associated with various adverse pregnancy outcomes including preterm birth, low
birth weight, and gestational diabetes mellitus. Given the fact that the treatment for periodontal disease during
pregnancy was ineffective in improving pregnancy outcomes by most of studies, the pre-conception period has
been put forward as a more optimal time. However, very few studies have reported the prevalence of periodontal
disease among pre-conception women. This study aimed to examine the prevalence and risk factors of periodontal
disease among Chinese pre-conception women.

Methods: A survey was conducted among pre-conception women at the Maternal and Child Health Hospital,
Changzhou, China between January 2012 and December 2014. A total of 987 pre-conception women were
recruited for a full-mouth dental examination after providing informed consent. A dental examination was carried
out by probing six sites per tooth using a manual UNC-15 probe and a recording form.

Results: The overall rate of periodontal disease among participants was 73.9% (729/987) (95% confidence interval
(CI): 71.0–76.6%). Among women with periodontal disease, 48.0% of cases were mild, 50.9% were moderate and 1.
1% were severe. Self-reported bleeding during tooth brushing was the only significant predictive factor for overall
periodontal disease (adjusted odds ratio (aOR): 3.71, 95% CI: 2.24, 6.15, P < 0.001) and moderate/severe periodontal
disease (aOR: 5.17, 95% CI: 3.05, 8.79, P < 0.001).

Conclusion: A high prevalence of periodontal disease was found in pre-conception Chinese women. Women who
have bleeding during tooth brushing could be at increased risk of periodontal disease, and might require further
oral health care.

Keywords: Periodontal disease, Prevalence, Risk factors, Pre-conception women

Background
Periodontal disease is an inflammatory condition of the
soft tissues surrounding the teeth and the gradual de-
struction of the supporting structures of the teeth [1, 2].
Periodontal disease is one of the most common chronic
infectious diseases, with the overall prevalence from 10
to 90% in adults [3–5], depending on diagnostic criteria.
Risk factors include the increasing age, male gender,

some ethnicities, low educational level, poor economic
status, tobacco use, psychological distress, and poor oral
hygiene [5–9]. The increased gestational age was also a
risk factor. Periodontal disease is associated with sys-
temic diseases such as cardiovascular diseases and dia-
betes [10, 11], as well as various adverse pregnancy
outcomes including preterm birth, low birth weight,
early pregnancy loss, gestational diabetes mellitus and
preeclampsia [12–14]. Among pregnant women, the
prevalence of periodontal disease is also high, ranging
from 10 to 74% [6, 9]. Due to the high prevalence of
periodontal disease and its association with systemic
disease, much more attention has been attracted from
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both the medical and public health areas, in order to
improve the health of the whole population.
Most of previous studies have been focusing on study-

ing the prevalence of periodontal disease during the time
period of pregnancy and its impact on pregnancy out-
comes [9, 11–13]. It is well known that pregnancy itself
increases the prevalence of gingivitis and periodontitis
[15, 16]. However, little is known about the prevalence
and risk factors among pre-conception women who plan
to conceive. In addition, given the fact that several large
clinic trials demonstrated the treatment for periodontal
disease during pregnancy was ineffective in improving
pregnancy outcomes [17–19], and treating periodontal
disease during pregnancy potentially leads to an increase
in bacteremia, which itself may increase the risk of ad-
verse pregnancy outcomes, it has been put forward that
the pre-conception period may be a more optimal time
for the treatment of periodontal disease [20, 21]. It is
important to understand the prevalence and risk factors
of periodontal disease among women during pre-
conception period. This paper aims to report the preva-
lence and severity of periodontal disease and its risk
factors among pre-conception women.

Methods
Data for this paper were drawn from the baseline survey
of women enrolled in a randomized controlled trial for
treating periodontal disease in pre-conception women to
improve periodontal status during pregnancy and birth
outcomes (Trial registration No.: ChiCTR-TRC-12001913)
[21]. Ethical approval of the research was granted by the
Institutional Review Boards of the School of Public Health,
Fudan University, Shanghai, China and Tulane University,
New Orleans, USA, and written informed consent was
obtained from each participant before participation.

Participants and recruitment
The baseline survey was conducted between January 2012
and December 2014 at the Maternal and Child Health
Hospital, in Changzhou Municipality, a city in eastern
China, with a population of approximately 4.6 million. It
is the only maternal and child health care hospital in the
city, with a total of 9,000 deliveries annually, covering
more than 70% of deliveries in the city [21].
Women were invited to participate in the study when

they attended the pre-conception health care clinic at
the hospital. They were approached by research nurse
who introduced the study and asked about their willing-
ness to participate. After women agreed to join, they
were assessed for the eligibility. Eligible women first
filled in a baseline questionnaire including demographic
information such as age, education level, employment
status, family monthly income, and periodontal disease
relevant information such as oral hygiene, health insurance

status, family history of periodontal disease and stress.
Women were then provided a free full-mouth dental
examination.
Detailed inclusion and exclusion criteria are listed in

the study protocol [21]. Overall, the inclusion criteria in-
cluded the desire to become pregnant within one year,
18 years or older, and planning to deliver at the recruit-
ing hospital. The exclusion criteria included being youn-
ger than 18 years old, having fewer than 20 teeth,
contraindication to probing in a dental examination, be-
ing unwilling or unable to sign the informed consent
form, receiving periodontal treatment within the past six
months, or changing the plan to become pregnant
within a year.

Sample size estimation
Given the margin of error 3.5%, expected rate of peri-
odontal disease among preconception women 55% (es-
timated from the pilot study) [21], the sample size of
777 women was adequate to estimate the prevalence
with 95% confidence interval. Taking into account the
loss to follow-up around 20% between preconception
period and childbirth, we expanded the recruitment of
around 1000 women in the baseline survey for a dental
examination.

Definition and measurement of periodontal disease
The oral examination for periodontal disease was carried
out by probing six sites per tooth (mesio-buccal, mesio-
lingual, disto-buccal, disto-lingual, mid-buccal and mid-
lingual), using a manual UNC-15 probe and a record
form [12]. All examination was completed by a single
dentist in the hospital and the data were recorded by a
trained nurse. Prior to the study, a calibration section
was conducted. Three volunteers were examined by the
dentist and an experienced periodontist simultaneously.
They discussed any differences in measurement and the
measurement approach was adjusted until a final agree-
ment was reached.
There is no universally accepted research definition for

the diagnosis of periodontal disease. Usual indicators
combine probing depth (the distance in millimeters from
the gingival margin to the apical part of the pocket, PD)
and clinical attachment loss (the distance between the
cemento-enamel junction and the base of the pocket,
CAL) over a certain threshold [1, 21]. In this study, the
definition of periodontal disease referred to the study by
Offenbacher et al. published in 2001 [22]. The overall
periodontal disease was defined as a presence of any site
exhibiting PD > 3 mm or CAL > 3 mm. The moderate
periodontal disease was defined as the presence of 4 or
more sites with PD > 3 mm. Severe periodontal disease
was defined as 4 or more sites with PD ≥ 5 mm. For
comparison with other studies, we also calculated the
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prevalence of periodontal disease based on the defini-
tions by Arbes et al. and the U.S. National Health and
Nutrition Examination Survey (NHANES) in 2009 and
2010 [5, 23]. The definition of periodontal disease by
Arbes, et al. was 1 or more sites with PD ≥ 4 mm and
CAL ≥ 3 mm [23]. In the NHANES of 2009 and 2010,
the definition of mild periodontitis was 2 or more sites
with PD ≥ 4 mm and CAL ≥ 3 mm (not on the same
tooth). Moderate periodontitis was 2 or more sites with
PD ≥ 5 mm and CAL ≥ 4 mm (not on the same tooth).
Severe periodontitis was 1 or more sites with PD ≥ 5
mm and 2 or more sites with CAL ≥ 6 mm (not on the
same tooth) [5].

Data analysis
Women’s Body Mass Index (BMI) was calculated as
weight (kg)/height2 (metres2). Overweight was defined as
BMI ≥ 25 [24]. The frequency of daily tooth brushing
was based on self-reported oral hygiene behavior. Re-
sponse to the question such as “at least two times of
tooth brushing per day” was coded as one point, other-
wise the response received zero points. Women’s stress
was measured using the Chinese version of the Per-
ceived Stress Scale [25]. The scale contains 14 items,
among which scores of seven items were reverse-coded;
total scores were obtained by summing across all 14
items. Based on the median scores women were catego-
rized into the “high” (equal or above the median) or the
“low” stress groups (below the median).
All data were double-entered using Epidata 3.1 and

checked for correctness. A Pearson Chi-Square test was
used for categorical outcomes. Multiple logistic regres-
sion was performed to determine the factors associated
with overall periodontal disease and moderate/severe
(combined) periodontal disease. The adjusted odds ratio
(OR) and its 95% confidence interval (CI) were derived
from the coefficients of the logistic models and their
standard errors. Statistical analyses were carried out
using the Statistical Package for Social Sciences (SPSS)
for Windows version 17.0.

Results
A total of 987 pre-conception women participated in the
baseline questionnaire survey and completed the dental
examination. The main characteristics of pre-conception
women in this study are shown in Table 1. The mean
age of the participants was 27 years old (range 18–40
years). Most participants (87.2%) had college or above
education level. Overall 78.6% of participants were
employed and 95.8% reported monthly family income
was above 4,000 RMB (~USD $615, the minimum
monthly income criterion). The majority of women
(85.4%) were nulliparous. 13.2% women reported at least
one of their family members (including mother, father,

Table 1 Characteristics of participants and rate of periodontal
disease and relevant indicators (n = 987)

Characteristics n (%)

Age

< 30 796 (80.6)

≥ 30 191 (19.4)

Education level

Junior high school and below 54 (5.5)

Senior high school 72 (7.3)

College and above 861 (87.2)

Family income per month

< 4,000RMB 41 (4.2)

≥ 4,000RMB 946 (95.8)

Employment status

Unemployed 211 (21.4)

Employed 776 (78.6)

Overweight

No 912 (92.4)

Yes 75 (7.6)

Periodontitis family history

No 464 (47.0)

Yes 130 (13.2)

unknown 393 (39.8)

Parity

0 843 (85.4)

1 or 2 144 (14.6)

Health insurance for oral health

No 926 (93.8)

Yes 61 (6.2)

Oral hygiene

Tooth brushing at least 2 times per day 183 (18.5)

Tooth brushing less than 2 times per day 804 (81.5)

Stress

Lower 443 (44.9)

Higher 544 (55.1)

Self-reported bleeding during tooth brushing

Occasionally or never 810 (82.1)

Always or often 177 (17.9)

Overall rate of periodontal disease n (%) 729 (73.9)

Any site with bleeding of probing (%) 809 (82.0)

Percentage of bleeding of probing (Median) 5.4%

Average PD Mean ± SD (mm) 1.52 ± 0.12

Average CAL Mean ± SD (mm) 1.97 ± 0.23
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siblings or other relatives e.g. aunty, uncle) had peri-
odontal disease. Only 6.2% of women could get complete
or partial reimbursement for oral health care from their
health insurance. 17.9% of women reported to always or
often having bleeding during daily tooth brushing. 40.1%
(396/987) women had their last visit to a dentist within
past two years, 27.1% (267/987) women had visited a
dentist more than 2 years previously; and 32.8% (324/
987) had never visited a dentist.
The overall rate of periodontal disease among partici-

pants was 73.9% (729/987) (95% CI: 71.0%-76.6%). Among
women with periodontal disease, 48.0% (350/729) of cases
were mild, 50.9% (371/729) were moderate, and 1.1% (8/
729) were severe. The rate of at least one site of bleeding
on probing was 82.0% (178/987). The median percentage
of sites with bleeding on probing was 5.4%. The average
PD and CAL was around 1.5 mm (SD 0.1 mm) and 2.0
(SD 0.2 mm) respectively (Table 1). When applying the
definition of periodontal disease by Arbes et al., the
overall rate of periodontal disease was 35.5% (350/987).
Based on the definition of NHANES 2009 and 2010,
the overall prevalence of periodontal disease was 31.0%
(306/987), with the mild, moderate and severe cases ac-
counting for 95.4% (292/306), 3.3% (10/306) and 1.3%
(4/306) respectively.
In multivariate analyses, the only factor associated

with overall periodontal disease or moderate/severe
periodontal disease was self-reported bleeding during
daily tooth brushing (Tables 2 and 3). Women who re-
ported with often or always bleeding during daily tooth
brushing had a higher rate of overall periodontal disease
(OR 3.71, 95% CI: 2.24, 6.15, P < 0.001) and moderate/
severe periodontal disease (OR: 5.17, 95% CI: 3.05, 8.79,
P < 0.001) respectively, as compared to women who re-
ported occasionally or no bleeding during tooth brush-
ing. Overweight women were also more likely to have
periodontal disease (80% vs. 73% overall, 69% vs. 57%
moderate vs. severe), although this did not reach statis-
tical significance.

Discussion
The study found a high prevalence of periodontal dis-
ease among pre-conception women despite their rela-
tively young age. Self-reported frequent bleeding during
daily tooth brushing was significantly predicting factor
for developing overall periodontal disease, as well as
moderate and severe periodontal disease.
The prevalence of periodontal disease in our study

population was comparable to other China studies. Two
surveys indicated the rates of periodontal disease nearly
50% and 78% among pregnant women of Shanghai and
Shenzhen, Guangdong China respectively [6, 26]. An-
other survey conducted among childbearing age women
in Zhejiang Province, China showed the prevalence

nearly 85% [27]. All these studies indicated the high preva-
lence of periodontal disease among Chinese women of
childbearing age. The prevalence among our study popu-
lation was quite high compared to the rate of periodontal
disease (approximately 20%) among non-pregnant women
of childbearing age shown by NHANES III of USA [28].
However, this could be due to the different approaches of
dental examination and different diagnostic criteria for
periodontal disease between two studies [28]. The oral
health examination in NHANES III was not a full mouth
examination, but performed in two randomly chosen
quadrants, one midbuccal and one mesiobuccal. Only two
sites of each tooth were examined for each participant.
Compared with full mouth examination, this approach
has been shown to result in an underestimate of rate of
periodontal disease [5, 28]. The prevalence among the
pre-conception women in our study was still higher, when
applying the same periodontal disease definition as the
study by Arbes et al., in which the prevalence of periodon-
tal disease was 8.8% among 18 year olds and above [23].
Furthermore, compared with the US prevalence rate
around 24% in adults 30 to 34 years age in NHANES 2009
and 2010 [5], the prevalence of periodontal disease among
our study participants was also higher when applying the
same definition of periodontal disease and despite of the
younger average age. The high prevalence of periodontal
disease among pre-conception women may be due to the
fact that oral health care is generally not available in
China: our data also showed nearly 60% of pre-conception
women visited a dentist more than two years ago or had
never visited a dentist, and only around 6% of women
could get complete or partial reimbursement for oral
health care from their health insurance.
Nearly 50% of periodontal disease cases in our study

were found to have mild periodontal disease, which indi-
cating a need for timely oral health care to avoid further
progression, as more than 50% of women with periodon-
tal disease were moderate or severe, demonstrating the
neglected oral health care among this population. Given
the fact that periodontal disease often advances and be-
comes more severe during pregnancy due to the elevated
levels of estrogen and progesterone [16, 29], the screen-
ing and treatment of periodontal disease should be
included in pre-conception health care.
Periodontal disease has been reported to be more com-

mon in deprived or disadvantaged populations [9, 27]. Add-
itional risk factors for periodontal disease include older age,
Hispanic and non-Hispanic Black ethnicity, being over-
weight and obese, poor oral hygiene, more stressful psycho-
logical status, tobacco use, alcohol consumption, taking
oral contraceptives, increased parity, gestational age, public
dental insurance (versus private), and lacking a recent
dental visit (within six months) [7, 9, 30, 31]. Although
we have examined these potential associated factors in
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the analysis, the findings did not show socioeconomic
status or other factors, except self-reported bleeding
during tooth brushing, to be significantly associated
with periodontal disease. Results were in the direction
of overweight/obese women being more likely to have
periodontal disease, although results were not precise

enough to draw firm conclusions. This might be due to
the high homogeneity of the study population - most of
participants were not overweight, had a college or
higher education, were employed, and were above the
low income threshold – or it might indicate that the
disparities seen in above studies that were mainly

Table 2 Factors associated with overall periodontal disease (n = 987)

Characteristics Periodontitis

Yes
n (%)

No
n (%)

P* Adjusted OR** 95% CI** P**

Age (years)

< 30 586 (80.4) 210 (81.4) 0.724 1

≥ 30 143 (19.6) 48 (18.6) 1.07 0.68–1.68 0.767

Education level

Junior high school and below 43 (5.9) 11 (4.3) 0.611 1

Senior high school 53 (7.3) 19 (7.4) 0.69 0.29–1.64 0.402

College and above 633 (86.8) 228 (88.4) 0.68 0.33–1.39 0.292

Family income per month

< 4,000RMB 31 (4.25) 10 (3.9) 0.795 1

≥ 4,000RMB 698 (75.7) 248 (96.1) 0.86 0.41–1.83 0.695

Employment status

Unemployed 149 (20.4) 62 (24.0) 0.226 1

Employed 580 (79.6) 196 (76.0) 1.25 0.88–1.77 0.210

Overweight

No 669 (91.8) 243 (94.2) 0.208 1

Yes 60 (8.2) 15 (5.8) 1.57 0.87–2.85 0.136

Periodontitis family history

No 344 (47.2) 120 (46.5) 0.910 1

Yes 94 (12.9) 36 (14.0) 0.83 0.53–1.29 0.404

unknown 291 (39.9) 102 (39.5) 0.93 0.68–1.27 0.639

Parity

0 621 (85.2) 222 (86.0) 0.736 1

1 or 2 108 (14.8) 36 (14.0) 1.07 0.64–1.78 0.809

Health insurance for oral health

No 683 (93.7) 243 (94.2) 0.776 1

Yes 46 (6.3) 15 (5.8) 1.05 0.56–1.93 0.890

Oral hygiene

Tooth brushing less than 2 times/day 135 (18.5) 48 (18.6) 0.976 1

Tooth brushing at least 2 times/day 594 (81.5) 210 (81.4) 1.10 0.75–1.60 0.639

Stress

Lower 329 (45.1) 114 (44.2) 0.793 1

Higher 400 (54.9) 144 (55.8) 0.91 0.68–1.22 0.533

Self-reported bleeding during tooth brushing

Occasionally or never 571 (78.3) 239 (92.6) 1

Always or often 158 (21.7) 19 (7.4) <0.001 3.71 2.24–6.15 <0.001
*Pearson chi-square test; **Multiple logistic regression, adjusted for all other variables in the table

Jiang et al. Reproductive Health  (2016) 13:141 Page 5 of 8



conducted in the United States and Brazil [9, 30, 31]
are not apparent in our study population.
The only factor strongly associated with periodontal dis-

ease was perceived frequent bleeding during tooth brush-
ing, even demonstrating a dose–response with the
increased severity of the periodontal disease. Self-reported
bleeding during tooth brushing was consistently associated

with an increased risk of periodontal disease when apply-
ing the different periodontal disease definition of Arbes et
al. and the US NHANES 2009 and 2010 in this study
population (results not shown) [5, 23] This finding sug-
gests in low-resource settings where there is shortage of
dental human resources and the standard full-mouth den-
tal examination is not routinely performed, self-reported

Table 3 Factors associated with moderate and severe periodontal disease compared with no periodontal disease (n = 637)

Characteristics Moderate and severe periodontitis

Yes
n (%)

No
n (%)

P* OR** 95% CI** P**

Age (years)

< 30 314 (82.8) 210 (81.4) 0.637 1

≥ 30 65 (17.2) 48 (18.6) 0.88 0.52–1.50 0.636

Education level

Junior middle school and below 21 (5.5) 11 (4.3) 0.690 1

Senior middle school 24 (6.3) 19 (7.4) 0.64 0.24–1.74 0.386

College and above 334 (88.1) 228 (88.4) 0.75 0.33–1.69 0.486

Family income per month

< 4,000RMB 12 (3.2) 10 (3.9) 0.630 1

≥ 4,000RMB 367 (96.8) 248 (96.1) 1.11 0.45–2.71 0.827

Employment status

Unemployed 83 (21.9) 62 (24.0) 0.529 1

Employed 296 (78.1) 196 (76.0) 1.12 0.76–1.67 0.569

Overweight

No 345 (91.0) 243 (94.2) 0.142 1

Yes 34 (9.0) 15 (5.8) 1.72 0.89–3.30 0.105

Periodontitis family history

No 178 (47.0) 120 (46.5) 0.533 1

Yes 42 (11.1) 36 (14.0) 0.71 0.42–1.20 0.201

unknown 159 (42.0) 102 (39.5) 0.94 0.66–1.35 0.738

Parity

0 325 (85.8) 222 (86.0) 0.917 1

1 or 2 54 (14.2) 36 (14.0) 1.15 0.62–2.11 0.658

Health insurance for oral health

No 358 (94.5) 243 (94.2) 0.884 1

Yes 21 (5.5) 15 (5.8) 0.78 0.38–1.62 0.51

Oral hygiene

Tooth brushing less than 2 times/day 80 (21.1) 48 (18.6) 0.439 1

Tooth brushing at least 2 times/day 299 (78.9) 210 (81.4) 0.88 0.58–1.35 0.561

Stress

Lower 174 (45.9) 114 (44.2) 0.668 1

Higher 205 (54.1) 144 (55.8) 0.82 0.59–1.16 0.260

Self-reported bleeding during tooth brushing

Occasionally or never 275 (72.6) 239 (92.6) 1

Always or often 104 (27.4) 19 (7.4) <0.001 5.17 3.05–8.79 <0.001
*Pearson chi-square test; **Multiple logistic regression, adjusted for all other variables in the table

Jiang et al. Reproductive Health  (2016) 13:141 Page 6 of 8



frequent bleeding during tooth brushing could serve as a
screening criterion for further periodontal disease examin-
ation by professionals.
Strengths of this study include reporting the preva-

lence of periodontal disease among a large sample of
pre-conception women who were seeking care for rea-
sons unrelated to oral health. The dental examination
method used in this study was the standard full mouth
examination. Limitations of this study include, first,
given that our study was hospital-based, a convenient
sampling process, the prevalence found in this popula-
tion might not represent the all pre-conception women.
Secondly, the participants had a high proportion of
women with well-education and better social-economic
status, which could limit the generalizability of findings,
but might indicate that the general population at an
even higher risk of periodontal disease.

Conclusion
A high prevalence for periodontal disease of 73.9% was
found among Chinese pre-conception women. Self-reported
frequent bleeding during tooth brushing was significantly
associated with the increased rate of periodontal disease,
which could be regarded as a signal of requiring further oral
health care. The results highlight the oral health care needs
among Chinese pre-conception women. The screening and
prevention of periodontal disease among pre-conception
women should be included in maternal and child health
care programs, in order to improve both maternal oral
health and pregnancy outcomes.

Abbreviations
BMI: Body mass index; CAL: Clinical attachment loss; PD: Probing depth

Acknowledgement
We are thankful to all participants for their collaboration.

Funding
The study was funded by National Natural Science Foundation of China
(Grant No. 81102138) and Shanghai Municipal Health Bureau (No.12GWZX0301
& No. 15GWZK0402). The funding bodies did not participate in the design of
the study, collection, analysis, and interpretation of data and in writing the
manuscript. There is no commercial relationship between the foundations and
each author. The authors declare no conflict of interest.

Availability of data and materials
Please contact author for data requests at the corresponding author:
h_jiang@fudan.edu.cn.

Authors’ contributions
HJ, XX and XQ participated in the design of the study. HJ, XX and YS designed
the data collection instruments. HJ, YS HQW and ZJJ monitored and collected
data at the study site. HJ, YS, XX and EH carried out the data analyses and
drafted the manuscript. XQ, HQW provided critical comments on intellectual
contents. All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
The research was approved by Fudan University School of Public Health
Institutional Review Board that is registered with the Office for Human
Research Protections, IRB 00002408, and has a Federal wide Assurance,
FWA00002399. Written informed consent was obtained from each
participant before the study.

Author details
1School of Public Health, Key Laboratory of Public Health Safety, Ministry of
Education, Fudan University, Mailbox 175, No. 138 Yixueyuan Road, Shanghai
200032, People’s Republic of China. 2Oral Health Department, Eye & ENT
Hospital of Fudan University, 19 Baoqing Road, Shanghai 200032, China.
3School of Public Health and Tropical Medicine, Tulane University, 1440 Canal
Street, New Orleans, LA 70112, USA. 4Reproductive Health Department,
Maternal and Child Health Care Hospital, Changzhou Municipality, 16 Boai
Road, Changzhou, Jiangsu Province 200032, China. 5Oral Health Department,
Maternal and Child Health Care Hospital, Changzhou Municipality, 16 Boai
Road, Changzhou, Jiangsu Province 200032, China. 6Global Health Institute,
School of Public Health, Fudan University, Mailbox 175, No. 138 Yixueyuan
Road, Shanghai 200032, China.

Received: 26 November 2015 Accepted: 14 November 2016

Reference
1. Xiong X, Bueken P, Vastardis S, Pridjian G. Periodontal disease and gestational

diabetes mellitus. Am J Obstet Gynecol. 2006;195:1086–9.
2. Kinane DF. Causation and pathogenesis of periodontal disease. Periodontal

2000. 2001;25:8–20.
3. Pihlstrom BL, Michalowicz BS, Johnson NW. Periodontal diseases. Lancet.

2005;19(366):1809–20.
4. Albandar JM, Rams TE. Global epidemiology of periodontal diseases:

an overview. Periodontol 2000. 2002;29:7–10.
5. Eke PI, Dye BA, Wei L, Thornton-Evans GO, Genco RJ. CDC Periodontal

Disease Surveillance workgroup: Prevalence of periodontitis in adults
in the United States: 2009 and 2010. J Dent Res. 2012;91:914–20.

6. Chen L, Lu HX, Wei TY, Feng XP. Multiple factors analysis of periodontal
status in pregnant women in Shanghai (in Chinese). Shanghai Kou Qiang Yi
Xue/Shanghai J Stomatol. 2014;23:452–6.

7. Amarasena N, Kapellas K, Brown A, Skilton MR, Maple-Brown LJ, Bartold MP,
et al. Psychological distress and self-rated oral health among a convenience
sample of Indigenous Australians. J Public Health Dent. 2015;75:126–33.

8. Xiong X, Buekens P, Vastardis S, Wu T. Periodontal disease as one possible
explanation for the Mexican paradox. Med Hypotheses. 2006;67:1348–54.

9. Vogt M, Sallum AW, Cecatti JG, Morais SS. Factors associated with the
prevalence of periodontal disease in low-risk pregnant women. Reprod
Health. 2012;9:3.

10. Garcia RI, Henshaw MM, Krall EA. Relationship between periodontal disease
and systemic health. Periodontal 2000. 2001;25:21–36.

11. Taylor GW. Bidirectional interrelationships between diabetes and periodontal
diseases: an epidemiologic perspective. Ann Periodontol. 2001;6:99–112.

12. Xiong X, Elkind-Hirsch K, Vastardis S, Delarosa R, Pridjian G, Buekens P.
Periodontal disease is associated with gestational diabetes mellitus:
A case–control study. J Periodontol. 2009;80:1742–9.

13. Canakci V, Canakci CF, Yildirim A, Ingec M, Eltas A, Erturk A. Periodontal
disease increases the risk of severe pre-eclampsia among pregnant women.
J Clin Periodontol. 2007;34:639–45.

14. Offenbacher S, Katz V, Fertik G, Collins J, Boyd D, Maynor G, et al. Periodontal
infection as a possible risk factor for preterm low birth weight. J Periodontol.
1996;67:1103–13.

15. Chaikin BS. Incidence of gingivitis in pregnancy. Quintessence Int Dent Dig.
1977;8:81–9.

16. Xie Y, Xiong X, Elkind-Hirsch KE, Pridjian G, Maney P, Delarosa RL, et al.
Change of periodontal disease status during and after pregnancy. J Periodontol.
2013;84:725–31.

17. Offenbacher S, Beck JD, Jared HL, Mauriello SM, Mendoza LC, Couper DJ, et al.
Effects of periodontal therapy on rate of preterm delivery: a randomized
controlled trial. Obstet Gynecol. 2009;114:551–9.

18. Newnham JP, Newnham IA, Ball CM, Wright M, Pennell CE, Swain J. Treatment
of periodontal disease during pregnancy: a randomized controlled trial. Obstet
Gynecol. 2009;114:1239–48.

Jiang et al. Reproductive Health  (2016) 13:141 Page 7 of 8



19. Goldenberg RL, Culhane JF. Preterm birth and periodontal disease.
N Engl J Med. 2006;355:1925–7.

20. Xiong X, Buekens P, Goldenberg R, Offenbacher S, Qian X. Optimal timing of
periodontal disease treatmnt for prevention of adverse pregnancy outcomes:
Before or during pregnancy? Am J Obstet Gynecol. 2011;205:111. e1–6.

21. Jiang H, Xiong X, Su Y, Zhang Y, Wu H, Jiang Z, et al. A randomized controlled
trial of pre-conception treatment for periodontal disease to improve periodontal
status during pregnancy and birth outcomes. BMC Pregnancy Childbirth.
2013;13:228.

22. Offenbacher S, Lieff S, Boggess KA, Murtha AP, Madianos PN, Champagne
CM, et al. Maternal periodontitis and prematurit. Part I: Obstetric outcome
of prematurity and growth restriction. Ann Periodontol. 2001;6:164–74.

23. Arbes Jr SJ, Agústsdóttir H, Slade GD. Environmental tobacco smoke and
periodontal disease in the United States. Am J Public Health. 2001;91:253–7.

24. World Health Organization. Report of a WHO consultation on obesity. Obesity:
Preventing and Managing the Global Epidemic. Geneva: WHO; 1998.

25. Leung DY, Lam TH, Chan SS. Three versions of Perceived Stress Scale:
validation in a sample of Chinese cardiac patients who smoke. BMC Public
Health. 2010;10:513.

26. Zhang H. Effects of maternal periodontal disease epidemiology and related
treatment on pregnant outcome. China Modern Doctor. 2014;52:59–61.

27. Wu YM, Liu J, Sun WL, Chen LL, Chai LG, Xiao X, et al. Periodontal status
and associated risk factors among childbearing age women in Cixi City
of China. J Zhejiang Univ Sci B. 2013;14:231–9.

28. Drury TF, Winn DM, Snowden CB, Kingman A, Kleinman DV, Lewis B. An
overview of the oral health component of the 1988–1991 National Health
and Nutrition Examination Survey (NHANES III-Phase 1). J Dent Res. 1996;75:
Spec No: 620–630.

29. Lieff S, Boggess KA, Murtha AP, Jared H, Madianos PN, Moss K, et al. The
oral conditions and pregnancy study: periodontal status of a cohort of
pregnant women. J Periodontol. 2004;75:116–26.

30. Eke PI, Dye BA, Wei L, Slade GD, Thornton-Evans GO, Borgnakke WS, et al.
Update on Prevalence of Periodontitis in Adults in the United States:
NHANES 2009 to 2012. J Periodontol. 2015;86:611–22.

31. Piscoya MD, Ximenes RA, Silva GM, Jamelli SR, Coutinho SB. Periodontitis-
associated risk factors in pregnant women. Clinics (Sao Paulo). 2012;67:27–33.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Jiang et al. Reproductive Health  (2016) 13:141 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Participants and recruitment
	Sample size estimation
	Definition and measurement of periodontal disease
	Data analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgement
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	Reference

