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Background: Infection is a risk factor for preterm birth. This
study was conducted in the field and addressed the link be-
tween periodontal pathogens measured with the benzoyl-
DL-arginine-naphthylamide (BANA) test and preterm birth.

Methods: This prospective study was performed in Chan-
ghua, Taiwan. Periodontal examinations included the plaque
index, papillary bleeding scores, and measurement of the
BANA enzyme in plaque samples at the second and third tri-
mesters. Independent variables included maternal demo-
graphic characteristics, previous pregnancy histories, risk
factors, plaque and gingivitis scores, and current pregnancy
outcomes.

Results: There were 19 (7%) preterm deliveries among the
268 subjects. A history of a previous preterm birth and low
birth weight, frequency of prenatal visits, preterm uterine con-
tractions, antepartum hemorrhages, placenta previae, and
preterm premature rupture of membranes were significantly
related to preterm birth (P = 0.035, 0.027, <0.001, 0.025,
0.006, 0.014, and <0.001, respectively). Maternal weight
gain was higher with a normal term delivery (P = 0.003). Mul-
tivariable logistic regression analyses showed that the number
of BANA-infected sites in the third trimester (odds ratio [OR]:
5.89; 95% confidence interval [CI]: 1.5 to 31.6), maternal
weight gain (OR: 0.78; 95% CI: 0.65 to 0.91), antepartum
hemorrhages (OR: 10.0; 95% CI: 2.2 to 46.9), and preterm
premature rupture of membranes (OR: 12.6; 95% CI: 3.97 to
42.71) had significant influences on preterm-birth outcomes.

Conclusions: BANA-positive plaque in the third trimester
was associated with preterm births after controlling for other
risk factors. The BANA test can be used to screen pregnant
women at chairside and/or bedside to apply suitable interven-
tion tactics. J Periodontol 2010;81:982-991.
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T
he prevalence of preterm birth
(PB) is often associated with in-
fections and/or inflammations1

because of the activation of the immune
system, by microorganisms that trigger
the release of inflammatory cytokines
such as interleukin-8, interleukin-1, and
tumor necrosis factor-alpha.1 This in-
flammatory cascade and microbial en-
dotoxins derived from invading bacteria
stimulate the production of prostaglan-
dins,2 which can increase uterine con-
tractions that result in preterm labor
causing a PB.3 Among the infections
that have been associated with PBs is
periodontal disease.1

Periodontal disease is an inflamma-
tory process in the periodontal tissue that
is initiated by the microorganisms in the
subgingival plaque.4 Although the mi-
crobiota of the subgingival plaque is
complex, there appears to be a selection
for anaerobes when there is an active
disease process, especially for the
Gram-negative, proteolytic species Por-
phyromonas gingivalis, Tannerella for-
sythia (previously T. forsythensis), and
Treponema denticola.5 P. gingivalis, T.
forsythia, and T. denticola were found
in higher levels in subgingival plaques
of women who delivered PB or low–birth
weight (LBW) babies compared to
women who delivered normal term
(NT) babies.6,7 This association was con-
comitant with an increase in maternal
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serum inflammatory mediators and antibodies.6-8 P.
gingivalis was also detected in the amniotic cavity
of pregnant women with threatened premature la-
bor7-9 and along with other periodontal species in
the placentas of women with preeclampsia.10

Efforts to detect these periodontal pathogens in
dental plaque have included DNA probes, cultural
procedures, microscopic measures, and immuno-
logic reagents. P. gingivalis, T. forsythia, and T. den-
ticola possess a trypsin-like enzyme that can
hydrolyze the synthetic trypsin substrate benzoyl-
DL-arginine-naphthylamide (BANA).11 The presence
of these organisms in subgingival plaque can be de-
termined by the ability of the plaque to hydrolyze
BANA12 using a 5-minute chairside assay. In the de-
tection of P. gingivalis, T. forsythia, and T. denticola,
the BANA test had a 92% sensitivity and a 70% spec-
ificity compared to DNA probes and polyclonal im-
munologic reagents.13 When the BANA test was
compared to checkerboard DNA–DNA hybridization
using highly specific, whole-genomic DNA probes
to P. gingivalis, T. forsythia, and T. denticola, it had
a sensitivity of 95% and was most effective for the de-
tection of these organisms when their levels in subgin-
gival plaque were high, i.e., in the initial diagnosis of
chronic periodontitis.14 The results suggest that the
BANA test could be used as a surrogate for DNA
probes in the detection of these bacterial species in
plaque samples.

Probing measurement of pocket depth and attach-
ment often require a separate visit to a dental clinic.
The BANA test can be obtained at chairside and/or
bedside15 and was shown to be significantly associ-
ated with probing depth16,17 and to predict future at-
tachment loss after initial treatment.18 The BANA test
was used in epidemiologic studies where it was found
to be an important explanatory variable for attach-
ment loss in seniors19 and to correlate with the Com-
munity Periodontal Index of Treatment Needs index.16

This suggested that the BANA test could be used
under field conditions, such as the waiting room of
a hospital, to obtain information concerning the peri-
odontal status of the patient. The purpose of this pro-
spective study was to investigate the relationship
between the presence of BANA-positive species in
subgingival plaque during the second and third tri-
mesters with the subsequent development of PB un-
der field conditions.

MATERIALS AND METHODS

Participants
This study was conducted in the Obstetric and Gyne-
cological (OBGYN) clinics in Show Chawn Memorial
Hospital and San Ann Hospital in Changhua, Taiwan,
after all procedures were reviewed and approved
by the Health Sciences Institutional Research Board

of the University of Michigan (Hum00000327) and
Hospital Institutional Research Board of the Show
Chawn Memorial Hospital (940607). Subjects were
recruited between September 2005 and June 2006
during their second-trimester visit to the OBGYN clinic.

Experimental Protocol
Pregnant women with a singleton gestation in the sec-
ond trimester (gestational age: 13 to 28 weeks) were
recruited, whereas subjects with multiple gestations
who were undergoing fertility treatment were ex-
cluded. The subjects signed consent forms after the
format, purpose, and nature of the study were pre-
sented to them. Information regarding maternal char-
acteristics, which included demographic information
data, previous pregnancy histories, and risk factors
(history of smoking and alcohol consumption), was
collected via a written questionnaire. At the second-
trimester appointment, dental measurements, in-
cluding the plaque index score (PI)20 and papillary
bleeding score (PBS)21 were made, and measurement
of the BANA enzyme in plaque samples using the
BANA testi was performed. The PI, PBS, and BANA
test were repeated when the subjects returned for their
third-trimester visit (gestational age: 25 to 40 weeks).
Pregnancy outcomes, which were collected from hos-
pital records, included the patient’s status during
pregnancy (gestational age at first prenatal visit, fre-
quency of prenatal visits, prepregnancy weight and
height, and weight and height at the last prenatal
visit), complications during pregnancy, type of deliv-
ery, gender of the infant, gestational age, and birth
weight at delivery. The participants did not have to
make any visits other than their regularly scheduled
prenatal visits.

Dental Measurements
Because periodontal disease frequently begins sub-
gingivally in the interdental papilla around the poste-
rior teeth, plaque samples from the four interdental
sites between the first and second molars of each
quadrant were collected. If teeth were missing, the
plaque sample was removed from the mesial or distal
side of the remaining tooth.

The PI score was recorded on a scale of 0 to 3 at the
interdental site from which the plaque sample would
be obtained for the BANA test. No plaque disclosing
solution was used. After the PI was measured, the
supragingival plaque was removed from the site,
and a soft wooden toothpick¶ was inserted between
the first and second molars in each quadrant. When
the toothpick was removed, the PBS21 was recorded
at the interdental papilla on a scale from 0 to 5. The
subgingival plaque adherent to the toothpick was

i BANAMet LLC, Ann Arbor, MI.
¶ STIM-U-DENT, Johnson & Johnson, New Brunswick, NJ.
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used for the BANA test. A separate toothpick was
used to obtain each plaque sample, and both sides
of each toothpick were wiped onto the lower strip of
the BANA card. The upper strip of the BANA card
was moistened with distilled water, and the card was
folded at the perforation mark so that the lower and
upper reagent strips met. The folded card was incu-
bated in a special BANA test–designed heater at
55�C for 5 minutes. After incubation, the lower re-
agent strip containing plaque was discarded in a man-
ner appropriate for contaminated material. The color
on the upper strip was recorded by the consensus
of two examiners (HC and Natalie Grossman,
BANAMet, Ann Arbor, MI) with no blue = negative,
faint blue = weakly positive, and blue = positive. The
intraexaminer k agreement was 0.92, and the interexa-
miner k agreement was 0.90. For statistical analyses,
weakly positive and positive results were recorded
as positive. A woman was defined as being BANA in-
fected when plaques from ‡2 of the four sample sites
were either weakly or strongly BANA positive.

Definition of Pregnancy Outcomes
The primary outcome was PB, which was defined as
a birth occurring <37 weeks (<259 days) of gestation
and referred to the time that elapsed between the first
day of the last menstrual period and the day of deliv-
ery.22 The obstetricians (Hong-Chen Chang, Jinn-
Fa Bai, and Biau Hsiung Chen, San Ann Hospital;
and Hui-Yin Chiu, Show Chawn Memorial Hospital,
Changhua, Taiwan) were masked to the subjects par-
ticipating in the study and had no knowledge of the
women’s periodontal data.

Statistical Analyses
Power calculations were made prior to initiation of the
study, assuming that the total PB rate in Taiwan is
;7%23 and that 60% of our participants would be
BANA positive.24 We expected to be able to recruit
300 patients in the time frame of the study and calcu-
lated that a two-group x2 test with a 0.05 one-sided
significance level would have 76% power to detect
the difference between a 10% incidence of PB babies
in the BANA-positive group and 3% PB babies in the
BANA-negative group, assuming sample sizes in
the two groups of 180 and 120, respectively. Power
calculations were performed using statistic software.#

Independent variables included maternal demo-
graphic characteristics (age, occupational level, edu-
cational level, ethnicity, and previous medical
history), pregnancy history (previous pregnancies,
previous PBs, previous LBW infants, and abortion his-
tory), risk factors for PB (prepregnancy body mass
index [BMI], smoking, and alcohol consumption),
complications during pregnancy, second- and third-
trimester dental measurements (the PI, PBS, and
BANA test). Frequency data were generated for each

categoric variable (e.g., educational level and ethnic-
ity). Chi-square tests were calculated to assess the
relationship of categoric variables (e.g., ethnicity)
with PB (yes or no). Independent samples t tests were
carried out to determine whether there was a signifi-
cant difference in the means of continuous variables
(e.g., time of dental measurement) for PB versus NT
outcomes. The potential independent variables for
PB included in the multivariable logistic regression
model were antepartum hemorrhage, a preterm pre-
mature rupture of the membrane, infected second
and third BANA plaque samples, ethnicity, and weight
gain during pregnancy. The statistical significance of
each variable and odds ratio (OR) were calculated us-
ing the Firth bias correction25 for a small sample size.
The various predictors were entered in different com-
binations into the models, and the model with the
highest Nagelkerke maximum rescaled R2 value26

and lowest Akaike’s information criterion (AIC)27

value was selected. An a level of 0.05 was used for
all statistical tests. Statistical analyses were carried
out using a software package.**

RESULTS

There were 317 women who consented to participate
in this study, of whom 13 were seen in the Show
Chawn Memorial Hospital and 304 were seen in the
San Ann Hospital. Eighteen subjects were excluded
for the following reasons: multiple gestations (n = 1),
early pregnancy termination (n = 2), and no informa-
tion on the pregnancy outcome (n = 15). As a result,
299 subjects had BANA test results obtained in the
second and/or third trimesters. To address the effect
of BANA-infected plaque on pregnancy outcomes,
the 268 subjects who had BANA test results in the
second and third trimesters and pregnancy out-
comes were included in the statistical analysis. Of
these 268 subjects, 194 (72.4%) subjects had >10
prenatal appointments. A total of 207 women
(77.2%) delivered their babies vaginally, and 61 sub-
jects (22.8%) underwent cesarean section deliveries.
Nineteen women had a PB outcome (7%). There was
no significant difference in gender between PB and NT
infants (P >0.999).

Maternal Demographic Characteristics
The ages of subjects ranged from 16 to 43 years with
a mean – SD of 27.2 – 4.3 years. Sixty-seven women
were ‡30 years of age. There was no significant differ-
ence in maternal age, occupational level, educational
level, and previous medical history among subjects
who had PBs and subjects who had NT births (Table
1). Thirteen of 268 subjects were non-Taiwanese,

# nQuery Advisor version 7.0, Statistical Solutions, Cork, Ireland.
** PASW Statistics 18, SPSS Inc, Chicago, IL; SAS for Windows, release

9.2, 2002-2008, SAS Institute, Cary, NC.
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Table 1.

Relationship of Maternal Characteristics to PB for 268 Subjects

Pregnancy Outcome

Variables Normal (n = 249) (n [%]) PB (n = 19) (n [%]) P*

Demographic characteristic
Age (years)

<30 188 (75.5) 13 (68.4) 0.582
‡30 61 (24.5) 6 (31.6)

Ethnicity
Taiwanese 239 (96.0) 16 (84.2) 0.055
Non-Taiwanese 10 (4.0) 3 (15.8)

Occupation
Housewife 88 (35.3) 5 (26.3) 0.618
Non-housewife 161 (64.7) 14 (73.7)

Education
Less than senior high school 132 (53.0) 12 (63.2) 0.478
Senior high school or further 117 (47.0) 7 (36.8)

Previous medical history
Healthy 228 (91.6) 18 (94.7) >0.999
Medical condition 21 (8.4) 1 (5.3)

Previous pregnancy history
First-time pregnancy

Yes 111 (44.6) 8 (42.1) >0.999
No 138 (55.4) 11 (57.9)

Number of previous pregnancies
0 111 (44.6) 8 (42.1) 0.753
1 to 2 121 (48.6) 9 (47.4)
‡3 17 (6.8) 2 (10.5)

Previous PB
Yes 8 (3.2) 3 (15.8) 0.035
No 241 (96.8) 16 (84.2)

Previous LBW
Yes 7 (2.8) 3 (15.8) 0.027
No 242 (97.2) 16 (84.2)

Previous spontaneous abortion
Yes 30 (12.0) 0 (0.0) 0.143
No 219 (88.0) 19 (100.0)

Previous artificial abortion
Yes 42 (16.9) 3 (15.8) >0.999
No 207 (83.1) 16 (84.2)

Risk factor
Prepregnancy BMI (kg/m2)

<19.8 102 (41.0) 9 (47.4) 0.633
‡19.8 147 (59.0) 10 (52.6)

Smoking
Never 245 (98.4) 19 (100.0) >0.999
Now 4 (1.6) 0 (0.0)

Alcohol drinking
Never 247 (99.2) 19 (100.0) >0.999
Now 2 (0.8) 0 (0.0)

First prenatal care
<12 weeks 244 (98.0) 17 (89.5) 0.127
13 to 20 weeks 4 (1.6) 2 (10.5)
>20 weeks 1 (0.4) 0 (0.0)
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and these women had a higher proportion of PBs
than the Taiwanese women (P = 0.055). None of these
non-Taiwanese women had graduated from senior
high school, whereas ;50% of the Taiwanese women
had schooling beyond high school.

Previous Pregnancy History (Table 1)
A total of 119 women (44.4%) were pregnant for the
first time, and they were no more likely than the multi-
parious women to have a PB (>0.999; Table 1). Preg-
nant women who had a previous PB and previous LBW
infants were more likely to have a PB (P = 0.035 and
0.027, respectively).

Risk Factors and Pregnancy Complications
There was no significant relationship between a PB
and prepregnancy BMI, smoking, alcohol consump-
tion during pregnancy, and time of the first prenatal
visit (P >0.05 for all comparisons; Table 1). The BMI
at the first prenatal visit for the women destined to
be in the NT group (mean: 21.04; SD: 3.57) and
women destined to be in the PB group (mean:
20.61; SD: 2.33) was comparable (P = 0.604). There-
after, women in the NT group gained significantly
more weight than the women in the PB group (P =
0.003) (data not shown). Ninety-eight percent of
the women never smoked and the four women who
were current smokers were in the NT group. Only
two women reported consuming alcoholic beverages
(Table 1). There was a highly significant increase in
PB for women who had a preterm uterine contraction,
antepartum hemorrhage, placenta previa, and pre-
term premature rupture of membrane (P = 0.025,
0.006, 0.014, and <0.001, respectively) (Table 2).

Dental Measurements
Approximately 80% of the women had good or fair oral
hygiene, and there was no change in oral hygiene as
they progressed from the second to third trimesters
(Table 3). Sixty-six percent of the women had gingi-
vitis in the second trimester, and this prevalence in-
creased significantly to 78% in the third trimester.
Women who were BANA positive (i.e., ‡2 sites of
the four sampling sites were positive or weakly posi-
tive) were more likely to have gingival bleeding in

the second and third trimesters (P <0.001 and
P <0.001, respectively) than women who were BANA
negative (fewer than two of the four sampling sites)
(data not shown). There was a tendency for the prev-
alence of a BANA infection to increase from the sec-
ond to third trimesters (Table 3).

There were no significant differences in the gesta-
tional age at the time of the examination among the
women destined to have an NT birth or a PB (Table
4). In the second and third trimesters, there was no
significant difference among women who had PBs
and women who had NT births in the adequacy of oral
hygiene procedures or in the presence of gingivitis, al-
though there was a slight tendency for the prevalence
of gingivitis to be higher in the second trimester in
women destined to have a PB (Table 4). In the third
trimester, but not the second trimester, there was
a tendency for women with ‡2 BANA-positive sites
to be in the PB group compared to women with <2
BANA-positive sites (P = 0.08) (Table 4). Although
the BANA results for each individual did not change
between the second and third trimesters for the major-
ity of the subjects, there was a tendency for a BANA
infection to decrease in the NT subjects compared
to the PB subjects in the third trimester. Twelve per-
cent of the NT subjects had a decrease in BANA infec-
tions, whereas only 5% of PB subjects had a decrease.
Twenty-six percent of the PB subjects showed an in-
crease in BANA infections, whereas 17% of the NT
subjects showed an increase in BANA infections (data
not shown). The sample size was too small to show
significance.

Logistic regression analysis was used to model the
occurrence of PBs based on the values of the various
explanatory variables. The following variables were
not significant in any of the models: age, education
and occupation, smoking status, alcohol consumption,
oral hygiene status, presence of gingivitis, second-
trimester BANA results, prepregnancy BMI, number
of previous pregnancies, and whether the pregnancy
was the subject’s first pregnancy. The model with
the highest maximum square value and lowest AIC
is shown in Table 5. BANA-infected plaque samples
in the third trimester (OR: 5.9), ethnicity (OR: 5.6),

Table 1. (continued)

Relationship of Maternal Characteristics to PB for 268 Subjects

Pregnancy Outcome

Variables Normal (n = 249) (n [%]) PB (n = 19) (n [%]) P*

Prenatal visit
£10 visits 57 (22.9) 17 (89.5) <0.001
>10 visits 192 (77.1) 2 (10.5)

* Fisher exact test.
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antepartum hemorrhage (OR: 10.0), and the preterm
premature rupture of membranes (OR: 12.6) were sig-
nificantly positive predictors of PBs, whereas maternal
weight gain (OR: 0.78) was a significantly negative
predictor of PBs, after adjusting for other potential risk
factors. Although BANA-infected plaque samples in
the second trimester were not significantly related to
PBs, this variable was kept in the model because of
its contrast with the third-trimester BANA results.

DISCUSSION

Periodontal disease is traditionally defined on the basis
of clinical morbidity about the teeth, such as probing
depth, clinical attachment loss, and radiographic bone
loss. There is no consensus as to what constitutes the
threshold for periodontal disease as documented by
the fact that at least 14 different definitions and 50
different measurements have been used to associate

periodontal disease with PB and/or LBW infants.28

This variability in disease definition has lead to contra-
dictory results with regard to the role of periodontal dis-
ease in adverse pregnancy outcomes.28 Although
periodontal disease is regarded as an infection, only
occasionally are markers of infection used to recognize
this infection, and then it is usually the host response,
as noted by bleeding, the visual appearance of tissue
inflammation, and the presence of inflammatory
markers. This current prospective study analyzed peri-
odontal pathogens in dental plaque, albeit indirectly by
an enzyme test, to address the association between
periodontal disease and adverse pregnancy outcomes.
Our population-based study demonstrated a link be-
tween BANA-positive dental plaques in the third tri-
mester and PBs.

Periodontal disease, as a source of persistent infec-
tion, has been indicated by increased serum C-reactive

Table 2.

Relationship of Pregnancy Complications to PB for 268 Subjects

Variable Normal (n = 249) (n [%]) PB (n = 19) (n [%]) P*

Genitourinary infection
No 182 (73.1) 13 (68.4)
Yes 67 (26.9) 6 (31.6) 0.605

Upper-respiratory infection
No 141 (56.6) 7 (36.8)
Yes 108 (43.4) 12 (63.2) 0.149

Hemorrhage at <28 weeks
No 193 (77.5) 17 (89.5)
Yes 56 (22.5) 2 (10.5) 0.384

Preterm uterine contraction
No 220 (88.4) 13 (68.4)
Yes 29 (11.6) 6 (31.6) 0.025

Antepartum hemorrhage
No 241 (96.8) 15 (78.9)
Yes 8 (3.2) 4 (21.1) 0.006

Placenta previa
No 248 (99.6) 17 (89.5)
Yes 1 (0.4) 2 (10.5) 0.014

PPROM
No 236 (94.8) 11 (57.9)
Yes 13 (5.2) 8 (42.1) <0.001

PIH
No 244 (98.0) 19 (100.0)
Yes 5 (2.0) 0 (0.0) >0.999

PGD
No 247 (99.2) 19 (100.0)
Yes 2 (0.8) 0 (0.0) >0.999

PPROM = Preterm premature rupture of membrane; PIH = pregnancy-induced hypertension; PGD = pregnancy gestational diabetes.
* Fisher exact test.
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protein (CRP) levels.29 In pregnant women, elevated
CRP levels were associated with periodontal disease
in African American women30 and with an increased
risk of preeclampsia.31 In this regard, the value of mi-
crobial tests to diagnose a periodontal infection would
seem worthwhile. Although the subgingival plaque
flora is bacteriologically complex, P. gingivalis, T. for-
sythia, and T. denticola have emerged as major peri-
odontal pathogens.5 These species were associated

with an increased risk for preterm delivery7 and were
detected at higher levels in women who delivered pre-
term LBW infants6 and in the placentas of women
with preeclampsis.10

DNA probes were used to establish the connection
among P. gingivalis, T. denticola, and T. forsythia with
adverse pregnancy outcomes in the cited studies.7,32

They were also used to show that periodontal treat-
ment in thesecondtrimestercouldsignificantly reduce
the levels of these species in plaque samples.32 The
use of DNA probes is a laboratory-based procedure
that requires equipment and resources that were not
available for the present study, whereas the BANA test
could be performed at chairside and lended itself to
the type of field study described. The BANA test ap-
pears to be a reliable surrogate for the use of DNA
probes in the detection of P. gingivalis, T. denticola,
and T. forsythia in plaque samples.14 Bayingana33

showed that the BANA test was more reflective of gin-
gival conditions during pregnancy than were DNA
probes.

Periodontal disease, as a response to a chronic in-
fection, shares risk factors with a PB.1 The logistic re-
gression model with the Firth correction for a small
sample size was performed to control for the possible
confounding effects of other predictors. This model in-
dicated that the odds of having a PB were 5.9 times
higher forwomen in the third trimesterwith ‡2 infected
BANA-positive or weakly BANA-positive sites com-
pared to women with fewer than two BANA-positive
or weakly BANA-positive sites after controlling for
other variables. Other investigators6,7 obtained bacte-
riologic data from women in the second trimester and

Table 3.

Comparison of Categoric Variables for
Dental Measurements Between the
Second and Third Trimesters

Variables

Second Trimester

(n = 268)

(n [%])

Third Trimester

(n = 268)

(n [%]) P*

Oral hygiene
Good or fair† 214 (79.9) 223 (83.2) 0.306
Poor 54 (20.1) 45 (16.8)

Gingivitis
No 92 (34.3) 59 (22) <0.001
Yes‡ 176 (65.7) 209 (78)

BANA-infected
plaque samples
No 112 (41.8) 95 (35.4) 0.068
Yes§ 156 (58.2) 173 (64.6)

* McNemar test.
† PI score ‡2 in <50% of sites.
‡ Two or more sites bled after measurement by the toothpicks.
§ Two or more sites that were BANA positive or weakly positive.

Table 4.

Relationship of Dental Measurements to PB

Second Trimester (n = 268) Third Trimester (n = 268)

Normal (n = 249) PB (n = 19) P Normal (n = 249) PB (n = 19) P

Gestational age at sampling (n [mean days])* 249 (137) 19 (144) 0.289 249 (209) 19 (212) 0.619

Oral hygiene (n [%])†

Good or fair‡ 201 (80.7) 13 (68.4) 0.233 207 (83.1) 16 (84.2) >0.999
Poor 48 (19.3) 6 (31.6) 42 (16.9) 3 (15.8)

Gingivitis (n [%])†

No 88 (35.3) 4 (21.1) 0.316 55 (22.1) 4 (21.1) >0.999
Yes§ 161 (64.7) 15 (78.9) 194 (77.9) 15 (78.9)

BANA-infected plaque samples (n [%])†

No 105 (42.2) 7 (36.8) 0.810 92 (36.9) 3 (15.8) 0.081
Yesi 144 (57.8) 12 (63.2) 157 (63.1) 16 (84.2)

* Independent samples t test.
† Fisher exact test.
‡ PI score ‡2 in <50% of sites.
§ Two or more sites bled after measurement by the toothpicks.
i Two or more sites were BANA positive or weakly positive.
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found that the levelsof eightplaquebacteria, including
P.gingivalis,T. forsythia,andT.denticola, tendedtobe
higher in the second trimester in mothers who deliv-
ered preterm babies than in mothers who delivered
term babies.7 Our results show that 58% of the women
in the second trimester had a BANA infection, but that
noconnectionbetweenaBANAinfectionandPBcould
be shown until the third trimester. This could have im-
portant implications for the timing of treatment.

Because periodontal disease is preventable and
treatable, treating periodontal disease during preg-
nancy should improve pregnancy outcomes. Two
large, well controlled, intervention studies34,35 that
used debridement procedures (i.e., scaling and root
planing was delivered in the second trimester) were
unsuccessful in reducing PBs. A study36 that began
in the second trimester and continued into the third
trimester and included an antimicrobial agent (i.e.,
a 0.12% chlorhexidine rinse) in addition to debride-
ment was successful in reducing PBs. This difference
in outcomes suggests that scaling and root planing in
the second trimester was not enough to reduce PBs.
The importance of timing of the treatment was shown
by a study37 in which women who had periodontal
disease and were hospitalized with a threatening PB
were randomly assigned to a treatment group or to
a non-treatment group.37 The treatment was pro-
vided in the third trimester, at ;32 weeks, and con-
sisted of oral hygiene instructions, scaling and root
planning, and polishing of teeth with a fluoride paste.
The babies of the treated women were delivered at
37.5 weeks and weighed 3,079 g, which was signifi-
cantly more than the 2,602-g infants who were born
at 36.1 weeks to the women in the comparable con-
trol group.

In one intervention study,35 an average of 1.3 ses-
sions of scaling and root planing was associated with
a ‡2-mm loss of attachment at ‡4 sites in 41% of the
women. Scaling and root planing often causes bac-
teremia, the intensity of which increases with the se-
verity of periodontal disease,38-40 and increases the
level of interleukin-6,41,42 which has been indicated
as a risk for PB.43 It is possible that mechanical de-
bridement without a concurrent usage of an antimi-
crobial agent may cause a bacteremia or incite an
acute inflammatory response.44 In this regard, the
strategy for reducing PBs by periodontal intervention
might consider restricting the treatments to women
who have a periodontal infection in the early third tri-
mester, include the use of antimicrobial agents, and
provide intervention at the gestational age of 28 to
32 weeks.

There is evidence that suggests that ethnicity might
play a role in PBs.1 In our study, 4.9% of the subjects
were non-Taiwanese and they were more likely to
have a higher rate of an adverse pregnancy outcome
compared to the Taiwanese women (P = 0.055). The
non-Taiwanese women tended to have a lower social
economic status as indicated by the educational level
compared to the Taiwanese women (Table 1). Also,
married immigrants faced problems of adaptation,
communication difficulties, a lack of family support
from their home town, and barriers to healthcare sys-
tem use at the beginning of their lives in Taiwan.45

Smoking exhibits a dose-dependent relationship
with PBs, as does a very high consumption of alco-
hol.1,46 In Taiwan, women rarely smoke or use alco-
hol or drugs, and especially do not do so during
pregnancy. The self-reported data regarding smoking
and alcohol consumption were only 1.5% and 0.7%,

Table 5.

Relationships of Predictors to PB Based on Logistic Regression Analysis for 268 Subjects
Who Had Plaque Sampled for the BANA Test in the Second and Third Trimesters*

95% CI for OR

Explanatory Variables df P OR Lower Upper

Ethnicity 1 0.03 5.6 1.12 24.93

Weight gain 1 0.003 0.78 0.65 0.91

Antepartum hemorrhage 1 0.004 10.00 2.16 46.90

Premature rupture of membranes 1 <0.0001 12.63 3.97 42.71

Second-trimester BANA infection§ 1 0.59 0.73 0.23 2.36

Third-trimester BANA infection§ 1 0.02 5.89 1.48 31.56

df = degrees of freedom; CI = confidence interval.
* All variables were included in the model simultaneously. Age, gender, oral hygiene, gingivitis, history of PBs, history of LBW, and premature contraction

were not significant in the model. Firth bias correction was used for the analysis Nagelkerke R2 = 0.412; AIC = 94.87.
§ BANA-infection mean plaque removed from ‡2 sites were BANA positive or weakly positive.
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respectively. As a result, our study provided informa-
tion on the association between periodontal disease
and PBs without these confounding factors. In Taiwan,
the National Health Insurance provides for 10 paid
prenatal examinations during pregnancy. Almost all
(i.e., 98%) of our participants had their first prenatal
consultation at <12 weeks gestational age, which
would eliminate inadequate prenatal care as a risk
factor for a PB.47,48

A history of a PB or a history of LBW was not signif-
icant in the adjusted models. Both histories are usually
risk factors for PBs.1 Possible reasons for the lack of
significance include the small number of PBs or that
the association of these factors with PBs is through
an underlying BANA infection so that adjusting for
BANA infection removes the association. We tested
for the latter possibility by removing the BANA data
from the models and still found no association of a his-
tory of a PB or LBW to be significant predictors.

In our population, women with £10 prenatal visits
had more PBs compared to women who had >10 pre-
natal visits (P <0.001). This result is consistent with
the shorter gestational age and lower weight gain ob-
served in the PB women.

CONCLUSIONS

Traditional measurements for diagnosing periodontal
disease focusedonclinicalmorbidity andoften resulted
in an inconsistent diagnosis and the inability to recog-
nizeactive disease.28 In this regard, studying the anaer-
obic bacterial burden and the inflammatory response
may be more critical than measuring probing depths.
To our knowledge, our study provides a new insight
by addressing the infectivity progression with BANA-
associated periodontal pathogens and suggests that
the third-trimester bacterial status of the subgingival
plaque may be an important predictor of PBs. The abil-
ity of the BANA test to detect anaerobic periodontal
pathogensmakes it a useful tool for chairside screening
of at-risk populations such as pregnant women.
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