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Background. To explore whether salivary inflammatory mediators and periodontal indices at different gestational stages can be
taken as indicators of preterm birth (PTB). Methods. This nested case-control study enrolled systemically healthy pregnant
women at 9 to 36 weeks of gestation. Periodontal indices were measured at the enrollment date, and interleukin-1β (IL-1β),
IL-6, tumor necrosis factor (TNF-α), prostaglandin E2 (PGE2), and 8-hydroxy-deoxyguanosine (8-OHdG) in the saliva were
determined by enzyme-linked immunosorbent assay (ELISA). The birth outcome was recorded. Results. PTB occurred in 26
women. A total of 104 matched women with full-term birth (FTB) were used as controls. The PTB women enrolled at 24-28
gestational weeks displayed a significantly greater bleeding index (BI), probing pocket depth (PD), PD ≥ 4mm sites (%), saliva-
TNF-α, and saliva-PGE2 (P < 0:05). BI and PGE2 in the saliva were found to be positively associated with PTB
(OR = 4:79, P = 0:048, 95%CI = 1:014 to 22:628 ; OR = 1:07, P = 0:04, 95%CI = 1:004 to 1:135, respectively). The areas under the
receiver operating characteristic curve (ROC) of BI and saliva-PGE2 were 0.82 and 0.78, respectively, and that of the combined
detection was 0.91, which was larger than either marker alone, although the differences were not significant (P > 0:05).
Conclusions. The combination of BI and PGE2 in saliva at 24-28 gestational weeks could be a predictor of PTB in
asymptomatic women. However, the results should be further explored with larger sample size.

1. Introduction

Preterm birth (PTB), defined as birth between 28 and 36weeks
of gestation, occurs in 5-18% of pregnancies worldwide, is the
leading cause of neonatal morbidity and mortality, and is also
the second leading cause of death in children under five years
of age [1]. Even with recent advances in neonatal care and
improvements in prematurity survival, the preterm delivery
rate has continued to increase [2]. Efforts to prevent or reduce

the prevalence of PTB seem to be largely unsuccessful. There-
fore, the early identification of women at risk for developing
PTB and the initiation of preventive measures as early as pos-
sible are very important [3].

Current strategies to screen women at risk for develop-
ing PTB are mainly based on a previous history of spontane-
ous preterm delivery, transvaginal cervical length, and fetal
fibronectin level [4]. The former is impossible to assess for
primiparous women [4], and the latter two are uncertain
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due to controversial results about their predictive accuracy
[4, 5]. Currently, although high-quality ultrasound machines
along with skilled ultrasound doctors exist, these tests are
not recommended for routine use for screening pregnant
women without obvious risk factors for spontaneous pre-
term birth [4–6].

It is known that inflammation and infection at the
maternal-fetal interface may play a major role in the etiology
of spontaneous preterm births [3]. To date, a range of
inflammatory mediators in various biologic fluids, such as
cervicovaginal fluid, amniotic fluid, urine, and plasma, have
been assessed to develop sensitive and reliable predictors to
identify women who are at risk of PTB. However, the predic-
tive value of these biomarkers is limited [7, 8]. Therefore, the
exploration of simple, efficacious, and noninvasive screening
strategies for PTB is imperative.

Periodontitis is an inflammatory disease in which micro-
bial factors induce a series of host responses, including the
production of inflammatory mediators in periodontal tissue
[9]. In 1996, Offenbacher et al. reported a possible associa-
tion between preterm birth and periodontal infection in a
case–control study [10]. To date, most epidemiological stud-
ies support a positive association between preterm birth and
periodontal disease [11]. Although the underlying patho-
genic mechanism involved in this relationship is not clear,
the most prevalent hypotheses are that periodontal infection
causes increased systemic inflammation, leading to preg-
nancy complications, and that translocation of oral patho-
gens into the placenta causes intrauterine infection and
inflammation, resulting in prematurity [12].

However, clinical intervention trials aimed at determin-
ing the effect of periodontal treatment on adverse pregnancy
outcomes have produced controversial results [13]. Most of
them suggest that periodontal treatment during pregnancy
reduces the risk of adverse pregnancy outcomes, while
others have failed to demonstrate such a positive effect
[13]. This discrepancy is due to the methods used for esti-
mating gestational age, the inclusion criteria of the selected
cases, and inconsistent interventions [13]. Currently, the
conclusive evidence demonstrating an association between
periodontal inflammation in gestation and adverse preg-
nancy outcomes is limited.

One study conducted by Tarannum et al. estimated the
levels of PGE2 in gingival crevicular fluid (GCF) and serum
at 28-32 weeks of gestation in twenty-two pregnant patients.
However, this study could not demonstrate an association
between GCF-PGE2 levels at 28-32 weeks of gestation and
preterm low birth weight (PLBW) [8]. Interleukin- (IL-)
1β, IL-6, tumor necrosis factor alpha (TNF-α), and prosta-
glandin E2 (PGE2) are considered markers of the progres-
sion and severity of periodontitis and are major triggers of
preterm labor [14]. Oxidative stress, defined as an imbalance
between oxidants and antioxidants, may be associated with
PTB and periodontal disease [15, 16]. 8-OHdG is a bio-
marker used to quantify DNA damage from oxidative stress
[17]. Saliva is an easily accessible biological sample. The
excellent consistency between saliva and blood tests makes
salivary biomarkers worthy diagnostic tools [18]. Therefore,
this study examined the associations between salivary

inflammatory mediators, including PGE2, IL-1β, IL-6,
TNF-α, and 8-OHdG, as well as periodontal indices mea-
sured at different gestational ages and PTB and evaluated
which and when these parameters could be used as risk fac-
tors for PTB among pregnant Chinese women.

2. Materials and Methods

2.1. Study Setting. This nested case control study was con-
ducted at the Affiliated Shenzhen Maternity and Child
Health care Hospital of South Medical University from Jan-
uary 2017 to May 2018 after being approved by the Research
and Ethics Committee of the hospital (No. 201640) in full
accordance with the World Medical Association Declaration
of Helsinki (version 2013). Participants were recruited at 9
to 36 weeks of gestation. Each woman completed demo-
graphic and medical history questionnaires and provided
informed consent at enrollment.

2.2. Inclusion and Exclusion Criteria. The inclusion criteria
were as follows: 20 to 40 years of age, singleton gestation,
and a minimum of 20 natural teeth. The exclusion criteria
were systemic or topical antimicrobial/anti-inflammatory
therapy within the previous 6 months, previous PTB, cigarette
smoking, anxiety (excluded by consultation), chronic systemic
disease (e.g., diabetes, hypertension, epilepsy, cardiac disease,
lung disease, and renal disease), and any known inflammatory
pathologies other than PD, such as genitourinary diseases, a
positive test for human immunodeficiency virus (HIV), and
multifetal gestation [19]. Gestational age was assessed by ultra-
sonic examination and the last menstrual date. After a peri-
odontal examination and the collection of saliva, the subjects
were instructed on the methods of oral hygiene, including
the correct use of a toothbrush, dental floss, or interdental
brushes. At delivery, the birth outcomes were recorded. PTB
was diagnosed as delivering between the 28th and 36th gesta-
tional weeks, including premature rupture of the membranes,
spontaneous preterm labor, or both. Full-term birth (FTB)
was diagnosed as delivering at ≥37 weeks of gestation without
a complicated pregnancy.

2.3. Sample Size Calculation. Sample size was defined based
on the following assumptions: the prevalence of periodontal
disease was approximately 25% in pregnant women and
approximately 50% in the PTB population [20–22]. Given a
test power of 80%, an alpha of 5%, and a dropout rate of
20%, the sample size was calculated by the following formula:

p = p0 + Cp1ð Þ
1 + Cð Þ ,

n =
uα

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1 + 1/Cð Þð Þpqp

+ uβ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

p0q0 + p1q1/C
p

p0 − p1

( )2

:

ð1Þ

C = 4, p0 is the prevalence of periodontitis in the PTB pop-
ulation (50%), p1 is the prevalence of periodontitis in pregnant
women (25%),α = 5%, 1-βis the test power (80%), andnis the
minimum number of subjects to be recruited in the PTB group
(34). The prevalence of PTB was reported to be 11.38% in
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Shenzhen in 2015. Given a dropout rate of 20%, the sample
size of the cohort should be at least 359.

2.4. Periodontal Index Measurements. Full-mouth periodon-
tal examinations were performed by three trained periodon-
tists (M-W, CJ-Y, and HJ-L) using a manual periodontal
probe (No. 002-0913, Kangqiao, Shanghai, China). High inter-
examiner reliability was achieved with a 0.87 kappa test value
in the bleeding index and 0.885 intraclass correlation efficient
value in the probing pocket depth. The following clinical
parameters were assessed at six sites (mesiobuccal, midbuccal,
distobuccal, mesiolingual, midlingual, and distolingual) of
each tooth, excluding the wisdom teeth: bleeding index (BI):
“0”=normal appearing, healthy gingiva, “1”=color changes
related to inflammation but no bleeding, “2”=slight bleeding
that remains at the point of sampling, “3”=bleeding extending
from the point of sampling and flowing around the gingival
margin, “4”=profuse bleeding that overflows the gingival
margin, and “5”= spontaneous bleeding; probing pocket
depth (PD): defined as the distance from the free gingival
margin to the bottom of the sulcus [23].

2.5. Saliva Sampling. Before the clinical measurements and
after gargling with water, 4 to 6ml of unstimulated saliva sam-
ple was collected into a sterile wide-mouth plastic container.
The saliva was stored in aliquots at −80°C until analysis.

2.6. Enzyme-Linked Immunosorbent Assay (ELISA). Saliva
samples were stored for 60min at 4°C and then centrifuged
at 10,000 × g for 10min [24]. The supernatants were col-
lected and used to measure IL-1β, IL-6, TNF-a, PGE2, and
8-OHDG levels using commercial ELISA kits (R&D Systems
Minneapolis, MN, USA) according to the manufacturer’s
instructions.

2.7. Statistical Analyses. Statistical analysis was performed by
using SPSS 20.0 (SPSS Statistics, IBM Corporation, New
York, USA). The Shapiro–Wilk test was used to determine
the normal distribution of the quantitative data. The BI
and PD ≥ 4mm rates were not normally distributed, and
nonparametric tests were used. Data are expressed as the
median (quartile). The Mann–Whitney U test was used for
comparisons between PTB and FTB. Maternal saliva levels
of PGE2, IL-1β, IL-6, TNF-α, 8-OHdG, and PD were nor-
mally distributed; therefore, parametric tests were used,
and the data are expressed as the mean ± standard
deviation (SD). A two-sample t-test was used for compari-
sons between two groups. Comparisons between propor-
tions were performed with the chi-square or Fisher’s exact
test. Logistic regression analysis was used to evaluate
whether maternal periodontal parameters and salivary levels
of inflammatory mediators were significantly associated with
PTB. Finally, the evaluation of the predictive value of param-
eters for PTB was performed by calculating the area under
the receiver operating characteristic (ROC) curve. The opti-
mal cutoff points to estimate Youden’s index were selected
for the highest sensitivity and specificity. P values < 0.05
were considered statistically significant.

3. Results

3.1. Patient Characteristics. During the study period, a total
of 405 systemically healthy pregnant women aged between
20 and 40 years at gestational weeks 9 to 36 were enrolled,
of whom 67 dropped out for various reasons: 28 women
were lost during follow-up, 2 because of stillbirth, 28 because
of pregnancy complications, and 9 because of a lack of saliva
data. Finally, 338 subjects were included in the study, as pre-
sented in Figure 1.

Twenty-six pregnant women developed PTB (7.69%),
and 312 pregnant women experienced FTB (92.31%). The
baseline demographic characteristics of the study population
are shown in Table 1. There were no statistically significant
differences in age, enrolled gestational week, body mass
index (BMI), parity history, education levels, ethnicity,
health insurance, drinking, brushing time, floss use, or gingi-
val bleeding parameters before pregnancy and during preg-
nancy between PTB and FTB (P > 0:05). Additionally,
there were statistically significant differences in the percent-
age of employed and brushing times, which were lower in
the PTB group (P < 0:01).

3.2. Comparison of Salivary Mediators and Periodontal
Indices between the FTB and PTB Groups at Different
Gestational Ages. Pregnant women at enrollment were
divided into four groups: 9-12 weeks of gestation (A), 13-
23 weeks of gestation (B), 24-28 weeks of gestation (C),
and 29-36 weeks of gestation (D). The number of pregnant
women in (B) with PTB was only 8, and they could not be
divided into additional subgroups.

The comparison of periodontal parameters and salivary
levels of mediators between PTB and FTB at different gesta-
tional weeks is presented in Tables 2–4. Group D was
excluded because only one PTB occurred. In every group,
per PTB case, 4 FTB cases in age-occupation-educational
level balance were selected as controls. Periodontal parame-
ters and salivary mediators in Group A and Group B did not
show any statistically significant differences between PTB
and FTB, as presented in Tables 2 and 3. Among the 61
women in Group C, 10 pregnant women with PTB displayed
significantly greater PD (P = 0:02), percent of PD over 4mm
(PD ≥ 4mm) (P = 0:04), BI (P = 0:001), TNF-α levels
(P = 0:01), and PGE2 levels (P = 0:01) than the 40 controls,
as presented in Table 4.

3.3. Logistic Regression of Four Variables and PTB. Further-
more, the four variables (BI, PD, TNF-α, and PGE2)were entered
into multiple logistic regression. BI and PGE2 were found to be
significantly associated with PTB (OR = 4:79, P = 0:048, 95%
CI: 1.014-22.628; OR = 1:07, P = 0:04, 95% CI 1.004-1.135,
respectively; the former is too wide in 95% CI due to the great
variability of the sample), whereas no significant association
was found between PD, TNF-α, and PTB (P < 0:05), as presented
in Table 5.

3.4. Analysis of the Diagnostic Value of BI and PGE2 in
Saliva. The receiver operating characteristic curve (ROC)
explored the diagnostic value of BI and PGE2 in saliva, indi-
vidually and combined, at 24-28 weeks of gestation for
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predicting PTB, as presented in Table 6 and Figure 2. The
area under the ROC (AUC) of BI was 0.82 (95% CI, 0.692-
0.943), with a sensitivity of 90.0%, a specificity of 62.5%,

and an accuracy of 68.0% for the prediction of PTB. The cut-
off point of BI was 1.66. The AUC of PGE2 in saliva was 0.78
(95% CI, 0.630-0.920), with a sensitivity of 90.0%, a

Participants screened (n = 405 )

Participants from whom data were
collected

Lost to follow up (n = 28)
Lack of saliva data (n = 9)

Participants’ obstetric records were
followed (n = 368)

Stillbirth (n = 2)
Pregnancy complications

(n = 28)

Patients from whom saliva samples
were collected and were eligible for

final analysis (n = 338)

Figure 1: Flow chart of the study.

Table 1: Demographic characteristics at enrollment in FTB and PTB group.

Demographic variable FTB (n = 312) PTB (n = 26) P value

Mean age (years) 30:41 ± 3:88 31:73 ± 4:17 0.10

Gestation weeks (weeks) 19:29 ± 7:37 19:15 ± 7:49 0.93

BMI (kg/m2) 22:05 ± 2:96 21:64 ± 2:85 0.53

Prior deliveries 94 (30.1%) 8 (32.0%) 0.85

Occupation 266 (85.3%) 13 (50.0%) <0.01∗

Education 0.72

≤High school 53 (17.0%) 3 (11.5%)

≥College 259 (83.0%) 23 (88.5%)

Ethnicity 0.43

Han 304 (97.4%) 26 (100%)

Minority 8 (2.6%) 0 (0%)

Health insurance 307 (98.4%) 26 (100%) 1.00

Alcohol 16 (5.2%) 3 (11.5%) 0.16

Brushing times 0.02∗

Once a day 20 (6.4%) 5 (19.2%)

Twice a day or more 292 (93.6%) 21 (80.8%)

Brushing time 1.00

No more than 3 minutes 279 (89.4%) 23 (88.5%)

More than 3 minutes 33 (10.6%) 3 (11.5%)

Dental floss 89 (28.5%) 7 (26.9%) 0.96

Supragingival scaling history 147 (47.1%) 12 (46.2%) 0.88

Bleeding gum before pregnancy 167 (53.5%) 11 (42.3%) 0.37

Bleeding gum during pregnancy 177 (56.7%) 15 (57.7%) 0.76
∗P < 0:05. FTB: full term birth; PTB: preterm birth.

4 BioMed Research International



specificity of 60.0%, and an accuracy of 66.0% for the predic-
tion of PTB. The cutoff point of PGE2 in saliva was
117.70 pg/ml. Combining BI with PGE2 in saliva resulted
in an AUC of 0.91 (95% CI, 0.805-1.000), with a sensitivity

of 90.0%, a specificity of 87.5%, and an accuracy of 88.0%
for the prediction of PTB. Compared with BI and saliva-
PGE2 alone, the specificity and accuracy of the combined
detection increased for predicting PTB and were larger than

Table 2: Periodontal indexes and PGE2, IL-1β, IL-6, TNF-α, and 8-OHdG salivary levels in PTB and FTB in group A.

Variables FTB control (n = 79) Nested control (n = 28) PTB (n = 7) P value (FTB control) P value (nested control)

PD (mm) 2:61 ± 0:63 2:75 ± 0:64 2:21 ± 0:66 0.12 0.054

PD ≥ 4mm (%)
5.36

(1.04 to 15.78)
5.36

(0.60 to 19.64)
3.93

(0 to 8.19)
0.21 0.35

BI
2.00

(1.43 to 2.61)
2.03

(1.29 to 2.61)
1.90

(1.06 to 2.46)
0.16 0.29

TNF-α (pg/ml) 13:67 ± 2:64 14:05 ± 2:47 14:47 ± 2:03 0.27 0.68

IL-1β (pg/ml) 13:37 ± 2:31 13:84 ± 1:87 13:98 ± 1:47 0.49 0.86

PGE2 (pg/ml) 110:02 ± 18:80 111:15 ± 18:48 119:47 ± 20:19 0.21 0.30

IL-6 (pg/ml) 3:28 ± 0:64 3:28 ± 0:69 3:51 ± 0:84 0.38 0.45

8-OHdG (pg/ml) 53:81 ± 14:92 58:13 ± 15:99 53:43 ± 17:17 0.32 0.50
∗P < 0:05 ; ∗∗P < 0:01. BI: bleeding index; FTB: full term birth; PTB: preterm birth; IL-1β: interleukin-1β; IL-6: interleukin-6; 8-OHdG: 8-hydroxy-
deoxyguanosine; PD: probing depth; PGE2: prostaglandin E2; TNF-α: tumor necrosis factor-α.

Table 3: Periodontal indexes and PGE2, IL-1β, IL-6, TNF-α, and 8-OHdG salivary levels in PTB and FTB in group B.

Variables FTB control (n = 133) Nested control (n = 32) PTB (n = 8) P value (FTB control) P value (nested control)

PD (mm) 2:56 ± 0:66 2:47 ± 0:61 2:55 ± 0:75 0.98 0.76

PD ≥ 4mm (%)
5.66

(0.67 to 16.07)
4.49

(0.94 to 10.21)
11.31

(3.21 to 17.26)
0.47 0.28

BI
1.95

(1.42 to 2.68)
1.83

(1.51 to 2.56)
1.77

(1.38 to 2.64)
0.83 0.86

TNF-α (pg/ml) 13:36 ± 2:85 12:99 ± 2:91 12:49 ± 1:88 0.40 0.64

IL-1β (pg/ml) 14:03 ± 2:54 14:07 ± 2:38 13:81 ± 2:79 0.81 0.78

PGE2 (pg/ml) 108:75 ± 22:72 109:99 ± 21:70 111:17 ± 26:16 0.77 0.90

IL-6 (pg/ml) 3:20 ± 0:86 3:10 ± 0:92 2:87 ± 0:71 0.28 0.51

8-OHdG (pg/ml) 57:18 ± 15:65 54:51 ± 11:09 55:99 ± 18:44 0.84 0.77
∗P < 0:05 ; ∗∗P < 0:01. BI: bleeding index; FTB: full term birth; PTB: preterm birth; IL-1β: interleukin-1β; IL-6: interleukin-6; 8-OHdG: 8-hydroxy-
deoxyguanosine; PD: probing depth; PGE2: prostaglandin E2; TNF-α: tumor necrosis factor-α.

Table 4: Periodontal indexes and PGE2, IL-1β, IL-6, TNF-α, and 8-OHdG salivary levels in PTB and FTB in group C.

Variables FTB control (n = 61) Nested control (n = 40) PTB (n = 10) P value (FTB control) P value (nested control)

PD (mm) 2:46 ± 0:55 2:42 ± 0:44 2:77 ± 0:33 0.09 0.02∗

PD ≥ 4mm (%)
4.17

(1.20 to 14.51)
4.17

(1.51 to 12.80)
13.10

(3.89 to 28.23)
0.09 0.04∗

BI
1.58

(1.25 to 2.10)
1.54

(1.24 to 1.91)
2.75

(1.97 to 3.07)
0.004∗∗ 0.001∗∗

TNF-α (pg/ml) 13:22 ± 3:04 12:79 ± 2:82 15:47 ± 1:63 0.045∗ 0.01∗

IL-1β (pg/ml) 14:64 ± 2:76 14:65 ± 2:70 14:46 ± 2:23 0.86 0.84

PGE2 (pg/ml) 118:80 ± 22:75 111:84 ± 18:65 130:52 ± 14:38 0.03∗ 0.01∗

IL-6 (pg/ml) 3:21 ± 0:94 3:27 ± 0:92 3:62 ± 0:79 0.25 0.27

8-OHdG (pg/ml) 54:23 ± 18:85 53:62 ± 12:77 61:48 ± 12:72 0.30 0.09
∗P < 0:05 ; ∗∗P < 0:01. BI: bleeding index; FTB: full term birth; PTB: preterm birth; IL-1β: interleukin-1β; IL-6: interleukin-6; 8-OHdG: 8-hydroxy-
deoxyguanosine; PD: probing depth; PGE2: prostaglandin E2; TNF-α: tumor necrosis factor-α.
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either individual marker, although the differences were not
significant (P > 0:05). The cutoff points of the two indices
were 1.25 and 109.75 pg/ml.

4. Discussion

This nested case-control study provided some evidence for
the association between salivary inflammatory mediators as

well as periodontal indices and PTB and possibly predictive
parameters of PTB at specific stages in pregnant women
without a previous history of spontaneous preterm delivery.
To our knowledge, this is the first time to explore in which
stage during pregnancy these periodontitis-related parame-
ters could be used as risk factors for PTB.

In the present study, many known risk factors for PTB,
such as a previous history of PTB, anxiety, multiple pregnancy,
pregnancy complications, and cigarette smoking, were
excluded. Meanwhile, among the demographic characteristics
and baseline risk factors between PTB and FTB, there were
only statistically significant differences in the percentage of
employment and brushing times, which were lower in the
PTB group. Whether the unemployment existed only during
the pregnant period could not be confirmed; thus, the influ-
ence of occupation on PTB needs to be further explored.

To exclude the effects of sex hormones on the
periodontitis-related parameters as much as possible and
search for the exact time point of these parameter differ-
ences, grouping of all of the recruited pregnant women was
conducted based on the gestational age.

The salivary levels of 8-OHdG, IL-1β, and IL-6 were
measured in the present study and showed no significant dif-
ferences between PTB and FTB in every group. Although 8-
OHdG in saliva increased during pregnancy [25], serum IL-
6 in the third trimester of pregnancy was higher than in the
first trimester [26], which did not provide any information
about the difference between PTB and FTB. In our previous
study [19], IL-1βin GCF did not change during pregnancy.
Prostaglandins (PGs) are considered one of the key media-
tors of preterm labor. The concentration of biologically
active PGE2 in the amniotic fluid is significantly higher in
women with preterm labor [27]. IL-1β, IL-6, and TNF-α
have been suggested to directly stimulate PGE2 production
from amnion cells, and this may indirectly initiate prema-
ture labor [28]. In this study, TNF-α increased in the PTB
group, which might enhance PGE2 salivary levels. PGE2 also
has many proinflammatory effects on periodontal tissues [8].
Early in 1998, a case-control study suggested that the
mothers of PLBW infants had a higher mean GCF-PGE2
level than the mothers of normal birth weight (NBW)
infants [29]. However, this case-control study did not report
it had any predictive value. In a cohort study, pregnant
women with moderate periodontitis and strict plaque con-
trol at 28-32 weeks of gestation were recruited, in which
GCF-PGE2 levels could not be shown to be a predictor for
PLBW [8]. These results are not consistent with ours. This
discrepancy may be due to the differences in sample source
(i.e., saliva vs. GCF), timing of the sampling (i.e., 24-28
weeks of gestation vs. 28-32 weeks of gestation), and peri-
odontal disease status of the enrolled subjects. Ghallab found
that the elements in saliva reflected the activity of whole
mouth inflammatory status [9] and were not similar to
GCF. Regarding periodontal disease status, Tarannum
et al. enrolled pregnant women with moderate periodontitis
(≥3mm attachment loss at no more than 30% of sites),
which is different from our study [8].

Periodontal indices included plaque index (PLI), PD, BI,
and clinical attachment loss (CAL); however, only PD and

Table 5: Logistic regression analysis of variables and PTB.

Variables Crude OR Adjust OR P value 95% CI

BI 5.36 4.79 0.048∗ 1.014 to 22.628

PD 12.65 3.23 0.41 0.202 to 51.547

PGE2 (pg/ml) 1.07 1.07 0.04∗ 1.004 to 1.135

TNF-α (pg/ml) 1.52 1.35 0.16 0.891 to 2.041

BI: bleeding index; CI: confidence interval; OR: odds ratio; PD: probing
depth; PGE2: prostaglandin E2; TNF-α: tumor necrosis factor-α.

Table 6: ROC curve of alone and combined detection of BI and
saliva-PGE2 levels.

Variables Cut off point AUC Sensitivity Specificity

BI 1.66 0.82 90.0 62.5

PGE2 (pg/ml) 117.70 0.78 90.0 60.0

BI+PGE2 (pg/ml)
BI: 1.25

PGE2: 109.75
0.91 90.0 87.5

BI: bleeding index; PGE2: prostaglandin E2; AUC: the area under ROC;
sensitivity and specificity were percentages.

0.0
0.0

0.2

0.4Se
ns

iti
vi

ty

0.6

0.8

1.0
ROC curve

0.2 0.4
1– specificity

0.6 0.8 1.0

Source of the curve
BI Saliva PGE2

BI+saliva-PGE2 Reference line

Figure 2: ROC curve of alone and combined detection of BI and
saliva-PGE2 levels.
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BI were detected in this study. CAL was not measured
because CAL is the accumulated result of periodontal history
and does not reflect the current situation. Meanwhile, the
reasons for excluding PLI and CAL from the present study
were as follows. First, the periodontal indices except PLI
and CAL increase significantly throughout pregnancy after
oral hygiene instruction according to our previous study
and other studies [19, 30, 31]. Second, it was imperative to
limit the examination time and potential discomfort to a
minimum to ensure the sufficient recruitment of pregnant
women [15, 32]. The status of BI, as an indicator of clinical
periodontal conditions, might be a more sensitive index for
pregnant subjects, but it may be affected by hormonal
changes during pregnancy [19]. One prospective study with
19 pregnant women found a decrease in bleeding on probing
scores from 41.2% at 12 weeks of pregnancy to 26.6% at 4-6
weeks postpartum without interventions, while no signifi-
cant differences in PD and PD > 4mm between 12 weeks
of pregnancy and postpartum were found [33]. In this study,
BI, except PD, was associated with PTB after logistic regres-
sion, even though PD was different between PTB and FTB in
women at 24-28 weeks of gestation.

In the present study, there was no obvious correlation
between the periodontal indices and inflammatory media-
tors at the saliva level (data not shown). These results are
consistent with our previous study in which sex hormones
enhanced gingival inflammation without affecting inflam-
matory mediators [19]. Although, in other research, salivary
inflammatory mediators were associated with periodontal
indices, in addition to the effects of hormones during preg-
nancy [8], these differences may be due to the severity of
periodontal inflammation recruited in these studies [9].

We measured inflammatory mediators in saliva samples
from different time points to find the exact time point to
show differences between PTB and FTB. Some studies have
demonstrated that 24-28 weeks of gestation may be a sensi-
tive period for monitoring the possibility of PTB [5, 34]. Our
study showed that the periodontal indices and biomarkers in
saliva at 9-12 and 13-23 weeks of gestation revealed no sta-
tistically significant differences between PTB and FTB. How-
ever, periodontal index BI and salivary PGE2 at 24-28 weeks
of gestation could predict the occurrence of PTB. BI and
PGE2 were found to be significantly associated with PTB
(OR = 4:79, P = 0:048, 95% CI: 1.014-22.628; OR = 1:07, P
= 0:04, 95% CI: 1.004-1.135, respectively; the former is wide
in 95% CI due to the great variability of the sample). The
results from the logistic regression showed that for each unit
increase in BI, the risk of preterm birth increased 4.79 times
and, for each 1 pg/ml increase in salivary PGE2, the risk of
preterm birth increased by 1.07 times. Meanwhile, the com-
bination of BI and salivary PGE2 was the best indicator, in
which the cutoff points of the two indices were 1.25 and
109.75 pg/ml. This time point for predicting the occurrence
of PTB is consistent with other studies [5, 34].

Some important study limitations should be pointed out,
while interpreting the results of the present study, such as
the small samples in the subgroups and the small number
of positive events. Based on the prevalence of PTB which
was reported in Shenzhen in 2015 at 11.38%, the number

of positive events was too small, which may have an impact
on the results. Nevertheless, very rigid exclusion criteria
were applied when selecting the subjects, and meantime,
very rigid age-occupation-educational level balance was used
to select controls, in order to eliminate all the other con-
founding factors as possible. Thus, this study provides possi-
ble references for predicting PTB.

In summary, within the limitations of this study, ele-
vated maternal BI and PGE2 salivary levels at 24-28 weeks
of gestation may be predictive of PTB. A combination of
maternal BI and PGE2 salivary levels at 24-28 weeks of ges-
tation could serve as predictive markers of PTB in women
without a previous history of spontaneous preterm delivery.
Further studies with a larger sample size are needed to
explore these findings.
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