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Abstract
Aim: The aims of this systematic review (SR) were to evaluate the association
between maternal periodontitis and preterm birth (PB) and/or low birth weight (LBW),
and the methodological quality of prospective cohort studies conducted for such a
purpose.
Methods: MEDLINE, EMBASE and Cochrane Central Register of Controlled Trials
(CENTRAL) databases were searched up to and including October 2010 to identify
prospective studies on the association of periodontitis with PB and/or LBW. Search
was conducted by two independent reviewers. The methodological quality of the
observational studies was assessed using a specially designed methodological tool.
Random effects meta-analyses were conducted thoroughly.

Results: Search strategy identified 1680 potentially eligible articles, of which 12
prospective studies were included. One cohort study had their data reported in two
articles. Of the 11 studies, 10 showed a high methodological quality and one a medium
methodological quality. Nine studies (81.8%) found an association between
periodontitis and PB and/or LBW. Meta-analysis showed a significant risk of preterm
delivery for pregnant women with periodontitis [risk ratio (RR): 1.70 (95% confidence
interval (CI): 1.03, 2.81)] and a significant risk for LBW [RR: 2.11 (95% CI: 1.05,
4.23)] or PB/LBW [RR: 3.57 (95% CI: 1.87, 6.84)], as well as a high and unexplained
degree of heterogeneity between studies.

Conclusion: Although this SR found a consistent association between periodontitis
and PB and/or LBW, this finding should be treated with great caution until the sources
of heterogeneity can be explained.
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Plaque-induced gingivitis and perio-
dontitis are the most common forms of

periodontal disease (PD) (Armitage
1999, 2004). They are both multifactor-
ial disorders where microbial dental
biofilms are considered the main aetio-
logical agent for the initiation of the
inflammation process (Armitage 1999,
2004, Chambrone & Chambrone 2006).

Although these forms of disease are
considered focal and restricted to gingi-

va, alveolar bone and periodontal liga-
ment, such ‘‘localized inflammation
processes’’ may influence other sys-
temic conditions given that the human
body is an unique complex unit formed
by an unbounded number of biologic
processes in a constant dynamic inter-
play (Friedewald et al. 2009). In a
broadest sense, periodontal bacteria
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might interact with diverse ‘‘body envir-
onments’’, especially when a patient is
in a state known to influence host res-
ponse, such as pregnancy (Mariotti
1999, Armitage 2004).

Since 1994, when the first pre-clinical
studies appraising the association
between periodontitis and pregnancy
complications [e.g. preterm birth (PB)
and/or low birth weight (LBW)] were
published (Collins et al. 1994a, b), much
debate over this topic has been carried
out. PB can be defined as a childbirth
that takes place before 259 days from
the first day of the mother’s last men-
strual period (LMP) or 37 completed
weeks of gestation, as well as LBW as
o2500 g or 5 1

2
lb (Wang et al. 2004). In

2007, 12.7% (i.e. one in eight babies)
and 8.2% (i.e. one in 12 babies) of live
births in the United States were born PB
or LBW, respectively. These conditions
are considered as worldwide perinatal
health problems due primarily to the
associated mortality and secondarily
due to short- and long-term morbidity
and economic aspects for health-care
systems (Beck et al. 2010). For instance,
they lead to annual societal financial
costs (i.e. medical, educational and lost
productivity) of at least US$26 billion in
the United States (PeriStats 2010).

Factors influencing PB are still not
entirely explicit, even though the aetiol-
ogy is considered to be multifactorial
(Wang et al. 2004). It is, however, not
completely clear whether PB/LBW may
be influenced by other health conditions,
such as periodontitis. It has been sug-
gested that pregnant women with perio-
dontitis and with high amniotic fluid
levels of IL-6, IL-8 and PGE2 in the
15–20 weeks of pregnancy are at high
risk for PB, as such pro-inflammatory
cytokines could stimulate a prime host
response in the chorioamnion leading to
PB (Dörtbudak et al. 2005).

Diverse studies have been performed
to evaluate whether PD leads to adverse
pregnancy outcomes (APOs) (Offenba-
cher et al. 1996, Moore et al. 2004,
Radnai et al. 2006, Gomes-Filho et al.
2007, Srinivas et al. 2009). Results have
been contradictory, as some case–con-
trol studies were claiming that PD could
be considered a risk factor for PB/LBW
(Offenbacher et al. 1996, Radnai et al.
2006, Gomes-Filho et al. 2007, Cruz
et al. 2009), whereas other prospective
cohort trials did not support this claim
(Moore et al. 2004, Srinivas et al. 2009).
This may be due to numerous confound-
ing variables, such as the criteria used to

assess PD, the study design (i.e. pro-
spective or retrospective), sample size
and population differences that limit the
ability of such studies to detect or not an
effect of interaction.

Previous systematic reviews (SRs)
found that PD may be a risk for PB/
LBW, and that there were limited evi-
dence linking periodontitis to APO
(Madianos et al. 2002, Scannapieco et
al. 2003, Xiong et al. 2006). Regardless
of the their significant work three impor-
tant issues should be considered: (1) the
searches of these SRs were conducted 45
years ago, and since then the base of
evidence has improved; (2) none of these
SRs evaluated the methodological quality
of included studies using quality assess-
ment instruments for observational studies;
and (3) none assessed data exclusively
from prospective cohort studies. More-
over, two further meta-analyses studies
(Khader & Taàni 2005, Vergnes & Sixou
2007) inadequately mixed data from pro-
spective and retrospective studies in the
same statistical model (retrospective inves-
tigations, such as case–control studies, are
prone to bias since it is not possible to
know if the PD was present before deliv-
ery, and thus this condition may act as a
source of bias in each of these estimates).

Consequently, the objectives of this
review were to (1) systematically evalu-
ate the association between maternal
periodontitis and PB and/or LBW and
(2) to assess and the methodological
quality of prospective cohort studies con-
ducted for such a purpose, by answering
the following questions: ‘‘does perio-
dontal disease increase the risk of PB
and/or LBW? and ‘‘what is the evidence
grade within each prospective study?’’

Methods

In order to perform a standardised, high-
quality, up-to-date review and to mini-
mize the amount of bias within the review
process, the review protocol used in this
study was prepared according to standar-
dised guidelines and checklists for report-
ing SRs (Higgins & Green 2008, Moher
et al. 2009, Chambrone et al. 2010b).

Criteria for considering studies for this
review

Type of studies

The most appropriate study design to
answer the research focused questions is
an SR of observational studies (Stroup
et al. 2000), given that this question is

one of prognosis (i.e. rate of PB and/or
LBW) and due to the impossibility of
randomizing the supposed risk factor
(i.e. PD) within a sample of pregnant
women. As a result, only prospective
cohort studies in which the association
between periodontitis and PB (o37
weeks of gestation) and/or LBW
(o2500 g) was assessed were eligible
for inclusion in this review.

Type of participants and inclusion
criteria

Only studies comparing data from preg-
nant women with or without slight/mild
[1–2 mm clinical attachment loss (CAL)],
moderate (3–4 mm CAL) or severe
(X5mm) periodontitis (Armitage 1999,
2004) were included. Studies were con-
sidered for inclusion if they involved the
following: (1) data on PB/LBW (single
births only), i.e. number, percentage or
means; (2) periodontal examination
involving clinical, radiographic, micro-
bial or host response outcomes performed
at patients’ admission; and (3) statistical
analysis between groups, i.e. pregnant
women with or without PD.

Exclusion criteria

Interventional studies (RCTs), retro-
spective case–control and cross-sec-
tional studies, case series, case reports,
pilot studies, editorials, reviews, animal
studies, as well as studies designed to
evaluate patients with a known systemic
disease were excluded from this review.

Outcome measures

PB, LBW and the combination of both
outcomes, i.e. PB/LBW.

Search strategy

For the identification of studies included
or considered for this review, detailed
search strategies were developed for
each database searched based on the
search strategy presented in Appendix
S1. The MEDLINE (via PubMed),
EMBASE and Cochrane Central Regis-
ter of Controlled Trials (CENTRAL)
databases were searched up to and
including 10 October 2010. Databases
were searched to include papers and
abstracts published in all languages.
MesH terms, key words and other free
terms were used for searching, and
Boolean operators (OR, AND) were
used to combine searches.
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Unpublished data were sought by
searching a database listing unpublished
studies (OpenSIGLE). In addition, refer-
ence lists of previous reviews and any
potential studies were examined (i.e.
hand searching) in an attempt to identify
any other papers. The authors of
included studies were contacted when
necessary for clarification of data or to
obtain missing data.

Assessment of validity, data extraction,
methodological quality, appraisal of PD

and PB and/or LBW

Two independent reviewers (L. C. and
M. R. G.) screened the titles, abstracts
and full texts of the articles identified by
searching. Disagreement between the
review authors was resolved by discus-
sion with the inclusion of other review
author (C. M. P.). The agreement
between the review authors for study
inclusion was assessed using the k sta-
tistic. Data on the following issues were
extracted and recorded in duplicate: (1)
citation, publication status and year of
publication; (2) location of the trial; (3)
study design; (4) characteristics of the
participants; (5) outcome measures; (6)
methodological quality of the trials; and
(7) conclusions.

The methodological quality of the
observational studies was assessed using
a quality measurement tool especially
developed for the purpose of this study
(Appendix S2) by combining topics from
the Newcastle–Ottawa scale (NOS scale)
(Wells et al. 2001) adapted by Cham-
brone et al. (2010a), with items designed
to appraise the exposure for PD and PB
and/or LBW (Madianos et al. 2002), and
other highly relevant domains of metho-
dological quality (i.e. sample size calcu-
lation, appropriateness of analytical
statistics, management of confounders
and training/calibration of assessors of
outcome and exposure PD).

The following points were focused:

� Selection of study groups (i.e.
patients with periodontitis versus
patients without PD): (1) sample
size calculation; (2) representative-
ness of the patients with periodontitis;
(3) selection of the patients with-
out periodontitis; (4) ascertainment/
assessment of periodontal conditions:
(a) adequate (diagnosis based on full-
mouth probing measurements, i.e.
PPD and CAL or full-mouth radio-
graphic evaluation; (b) inadequate
level-1 (partial mouth recording); (c)

inadequate level-2 (use of indexes
with questionable value in describing
the true periodontal status such as
CPITN or non-probing evaluations,
i.e. self-reported PD and periodontal
indexes not based on probing)/and (d)
unclear (methods were not clear or
not reported); and APOs; (5) clear
definitions of PB and/or LBW; (6)
training/calibration of assessors of
outcome (APO) and exposure (PD);
and (7) demonstration that outcomes
of interest were not present at start of
study (i.e. prospective data collection)
and description of clear inclusion/
exclusion criteria.

� Comparability: (1) comparability of
groups (patients) on the basis of the
study design or analysis; and (2)
management of confounders (data
collection and investigation of
impact): (a) study/assessment per-
formed with control for confounders
(e.g. age, alcohol intake, smoking,
genitourinary infections, socioeco-
nomic status, education, previous
pregnancy history, systemic condi-
tions); or (b) study/assessment per-
formed without control for
cofounders (unadjusted analysis).

� Outcome: (1) assessment of preg-
nancy outcomes; (2) ascertainment/
criteria applied to confirm PB and/or
LBW (a) adequate [birth weight
recorded in the delivery room or
the neonatal intensive care unit and
the determination of gestational age
was done in the first trimester (up to
12 weeks) by date of LMP and/or
ultrasound, or in the second trime-
ster or later by LMP confirmed by
ultrasound (discrepancy of 7 days)];
(b) inadequate (data recorded using
other methods); or (c) unclear
(methods were not clear or not
reported); and (3) adequacy of fol-
low- up of the patients.

� Statistical analysis: (1) appropriate-
ness/validity of statistical analysis
and (2) unit of analysis (response
rate) reported in the statistical model.

If all criteria of methodological qual-
ity were fulfilled within the domains,
points (stars) were assigned to the
respective study. The methodological
quality assessment tool was adapted
and designed for the purpose of this
review and each study included could
receive a maximum of 14 points. Stu-
dies with 11–14 points (approximately
80% or more of the domains satisfacto-
rily fulfilled) were arbitrarily considered

as being of high, with 8–10 points of
medium and with o8 points as being of
low methodological quality.

Data synthesis

Data were pooled into evidence tables
and a descriptive summary was per-
formed to determine the quantity of
data, checking further for study varia-
tions in terms of the study characteris-
tics and results. This assisted in
confirming the similarity of studies and
the suitability of further synthesis meth-
ods, including a possible meta-analysis.
In cases in which the study did not
report raw data on PB and/or LBW,
yet the study’s results included a precise
graphic representation of the main out-
comes of interest, data were extracted
when necessary.

Random effects meta-analyses were
used throughout the review for dichoto-
mous data (i.e. number of patients with
APOs versus overall sample). These were
expressed as pooled risk ratios (RR) and
associated 95% confidence intervals
(CIs). Statistical heterogeneity was
assessed by calculating the Q statistic.
The significance of discrepancies in the
estimates of the treatment effects from
the different trials was assessed by means
of the Cochrane test for heterogeneity and
the I2 statistic (Higgins & Green 2008).
Analyses were performed using Review
Manager (RevMan) statistical analysis
software (Version 5.0, The Nordic
Cochrane Centre, The Cochrane Colla-
boration, Copenhagen, Denmark).

Results

Description of studies

Results of the search

The flow chart of manuscripts screened
through the review process may be found
in Appendix S3. The search strategy
identified 1680 potentially eligible arti-
cles, of which 1666 were excluded after
the title and/or the abstract were reviewed
[k score for interreviewer agreement:
0.78, 95% CI: 0.56–1.00]. Then, the full
texts of the articles considered potentially
significant were appraised in more detail.
Of these articles, two did not meet inclu-
sion criteria and were excluded (Romero
et al. 2002, Moreu et al. 2005). The first
study was classified as a cross-sectional
study (Romero et al. 2002) and the
second did not report a clear definition
for PD (Moreu et al. 2005) (k score for
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interreviewer agreement: 0.91, 95% CI:
0.76–1.00).

Included studies

Twelve papers were included in this
review (Jeffcoat et al. 2001, Offenba-
cher et al. 2001, Moore et al. 2004,
Rajapakse et al. 2005, Farrell et al.
2006, Offenbacher et al. 2006, Sharma
et al. 2007, Agueda et al. 2008, Pitiphat
et al. 2008, Saddki et al. 2008, Srinivas
et al. 2009, Rakoto-Alson et al. 2010).
One cohort study had their data reported
in two articles (Moore et al. 2004,
Farrell et al. 2006). Consequently, the
later article reporting data from a
selected group of patients (i.e. non-smo-
kers) was included under one study
name (Moore et al. 2004). The main
characteristics of included studies are
reported in Table 1. In total, 14,853
women were screened or enrolled to
participate in the primary studies, but
data from 12,173 subjects (81.9%) were
available for analysis. All studies were
published in full, regarding subjects
from seven different countries (Fiji,
Madagascar, Malaysia, Spain, Sri Lan-
ka,) UK and USA).

Quality assessment of included studies,

assessment of periodontal conditions and

criteria applied to confirm PB and/or LBW

Quality assessment of the included stu-
dies was evaluated using the data
extracted from each trial. Of the 11
included cohort studies, five received a
13-point score (out of 14), two a 12-
point score, three an 11-point score, one
a 10-point score, and one a nine-point
score (Appendix S4). As a result, nine
studies (82.0%) showed a high metho-
dological quality and two (18.0%) a
medium methodological quality.

With respect to some important meth-
odological domains, only four papers
reported sample size calculation (Shar-
ma et al. 2007, Agueda et al. 2008,
Saddki et al. 2008, Srinivas et al.
2009). In all studies, the representative-
ness of the patients with periodontitis,
the selection of patients without perio-
dontitis, definitions of PB and LBW,
comparability of groups on the basis of
the design and analysis, adequacy of
follow-up of patients and appropriate-
ness/validity of statistical analysis were
considered as adequately addressed (i.e.
received a star). For the findings regard-
ing the management of cofounders, only
one study was considered to be per-

formed without control for cofounders
(i.e. unadjusted analysis). Although
Sharma et al. (2007) stated that ‘‘they
conducted a logistic regression analysis
with data from the 42 who did not
display any of the known confounding
factors (e.g. smoking, etc.)’’, such an
analysis included only data of 12
women reporting PB/LBW and 30 con-
trols (i.e. 6.26% of the sample). All
other studies used multiple/multivari-
able linear/logistic regression models
to control for different confounders,
such as age, alcohol intake, chronic
hypertension education, genitourinary
infections, obesity, previous pregnancy
history, race, socioeconomic status,
smoking and systemic conditions.

The majority of cohort studies
reported an adequate method for the
assessment of periodontal conditions
(Jeffcoat et al. 2001, Offenbacher et al.
2001, Moore et al. 2004, Rajapakse
et al. 2005, Agueda et al. 2008, Saddki
et al. 2008, Rakoto-Alson et al. 2010).
Two studies were classified as inade-
quate level-2 (Sharma et al. 2007, Piti-
phat et al. 2008). The first study
(Sharma et al. 2007) used the CPITN
index (partial-mouth evaluation) and the
second (Pitiphat et al. 2008) reported
non-probing evaluations, i.e. self-
reported PD. The study by Srinivas et
al. (2009) was classified as unclear
because the methods used to define PD
were not completed reported (Srinivas et
al. 2009). These authors reported only
that ‘‘a nurse trained by dental person-
nel evaluated women for the presence or
absence of PD using predefined criter-
ia’’, but such criteria applied (e.g. full-
mouth or partial mouth probing) were
not reported (Srinivas et al. 2009).

With respect to the criteria applied to
confirm PB and/or LBW, eight studies
(72.7%) were classified as adequate
(Moore et al. 2004, Rajapakse et al.
2005, Offenbacher et al. 2006, Agueda
et al 2008, Pitiphat et al. 2008, Saddki et
al. 2008, Srinivas et al. 2009, Rakoto-
Alson et al. 2010) and three (27.3%) as
unclear (Jeffcoat et al. 2001, Offenba-
cher et al. 2001, Sharma et al. 2007).
Although Jeffcoat et al. (2001) have
reported that the presence of PD was
assessed at 21–24 weeks’ gestation and
that the information regarding delivery
was recorded after the babies’ birth, the
methods applied to determine the gesta-
tional age were not clear. Similarly,
Offenbacher et al. (2001) and Sharma
et al. (2007) did not report how the
gestational age was confirmed, as well.

Studies’ individual outcomes

With respect to the studies’ individual
outcomes, these are depicted in Table 1.
Eight studies evaluated PB, five LBW
and four PB/LBW. Nine studies (81.8%)
found some degree of association
between periodontitis and one or more
APOs (i.e. PB, LBW or PB/LBW). The
remaining two studies (Moore et al.
2004, Srinivas et al. 2009) showed the
contrary (i.e. failed to demonstrate any
association between PD and PB, LBW
or PB/LBW).

Among the samples reporting a sta-
tistically significant association, the
odds ratio varied from 1.6 (Offenbacher
et al. 2006) to 4.45 (Jeffcoat et al. 2001)
for a gestational age o37 weeks. More-
over, Jeffcoat et al. (2001) showed that
PD is strongly associated with a gesta-
tional age o32 weeks. For LBW alone,
a statistically significant adjusted OR of
3.84 was found by Saddki et al. (2008).
For PB/LBW, Rajapakse et al. (2005)
found an OR of 1.9. The only study
reporting RR showed a strong interaction
effect between PD and PB, LBW and PB/
LBW (Rakoto-Alson et al. 2010).
According to these authors, women with
PD showed at least five times more risk
of reporting adverse outcomes than perio-
dontally healthy patients.

In addition, some studies reported
that other cofounders were significantly
associated with APOs, and these are
depicted below:

Offenbacher et al. (2001) found that
the history of previous PB was linked
with further PB. Moore et al. (2004)
showed that ethnicity, socioeconomic
status, medication and previous poor
obstetric outcome were linked to PB
and LBW. Offenbacher et al. (2006)
found that PB was significantly asso-
ciated with maternal age, race, marital
status, use of public assistance, insur-
ance status, prior PB and clinical chor-
ioamnionitis at delivery. Agueda et al.
(2008) reported that ‘‘PB was related
to maternal age, systemic diseases,
onset of prenatal care, previous PBs,
complications of pregnancy, type of
delivery and the presence of untreated
caries; LBW was associated with
mother’s smoking habits, ethnicity, sys-
temic diseases, previous LBW babies,
complications of pregnancy and type of
delivery; PB/LBW was related to mater-
nal age, onset of prenatal care, systemic
diseases, previous LBW babies, compli-
cations of pregnancy and type of deliv-
ery’’. Pitiphat et al. (2008) observed that
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race (white) and women reporting
house-hold incomes 4US$70,000 per
annum presented more cases of PB.
Saddki et al. (2008) found the number
of newborns presenting a LBW was
related to maternal education.

Pooled outcomes

A total of seven meta-analyses compar-
ing patients with or without PD were
run. Of them, three evaluated the overall
number of pregnant women reporting or
not PB, LBW or PB/LBW (Fig. 1). The
studies entered into meta-analyses were
stratified according to PD definition: (1)
PD defined by periodontal probing
depth (PPD) and clinical attachment
level (CAL); (2) PD defined by CAL
alone; (3) PD defined by PPD alone; or
(4) PD defined by other methods (e.g.
radiographic examination). This assisted
in confirming the similarity of studies
and suitability of meta-analyses. For PB
(Fig. 1.1), the results indicated an over-
all statistically significant risk of pre-
term delivery for pregnant women with
PD [RR: 1.70 (95% CI: 1.03, 2.81)]. For
LBW (Fig. 1.2) and PB/LBW (Fig. 1.3),
their results were in line with those
found for PB [LBW – RR: 2.11 (95%
CI: 1.05, 4.23); PB/LBW – RR: 3.57
(95% CI: 1.87, 6.84)]. On the other
hand, a substantial heterogeneity was
observed in all group comparisons.
However, when the results were evalu-
ated according to the stratification
threshold, heterogeneity was mainly
evident to studies of one specific sub-
group (i.e. PD defined by CAL alone).

Regarding the remaining four meta-
analyses (Fig. 2), these were separated
in two sets of inter-study comparisons
(one for PB and one LBW) designed to
explore the interaction effect according to
disease severity (i.e. patients without PD
versus patients with mild PD and patients
without PD versus patients with moder-
ate–severe PD). For PB, pregnant women
with moderate–severe PD (Fig. 2.2)
showed a higher RR for preterm delivery
than women with mild PD (Fig. 2.2),
when both groups were compared with
women without PD. On the other hand,
both LBW meta-analyses were not statis-
tically significant (Fig. 2.3 and 2.4).

In addition, sensitivity analyses per-
formed only with cohort studies consid-
ered to be of a high methodological
quality (Fig. 3) showed that there was
a slight increase in heterogeneity for PB
comparison [RR: 1.77 (95% CI: 1.02,
3.07); I2 5 91%] and a slight decrease

for PB/LBW comparison [RR: 3.06
(95% CI: 1.53, 6.08); I2 5 60%]. These
findings evidenced a high and unex-
plained degree of heterogeneity between
studies independent of their quality.

Discussion
Summary of the main results/evidence

This SR of 11 prospective cohort studies
published from 2001 through 2010 demon-
strated consistent associations between
periodontitis and PB and/or LBW. In
general, the majority of studies’ individual
outcomes support the concept that preg-
nant women with periodontitis are at a
higher risk of such APOs. Among studies
evaluating PB, four reported an association
between PB and PD (Jeffcoat et al. 2001,
Offenbacher et al. 2001, 2006, Agueda
et al. 2008). However, although the study
conducted by Pitiphat et al. (2008) found
‘‘a two-fold increased risk of poor preg-
nancy outcome (either PB or small-
for-gestational age birth)’’, a statistical
significant association (in terms of OR)
was not found. With respect to the inclu-
sion of studies into meta-analyses, the
pooled data showed an increased risk for
PB, LBW and PB/LBW when PD is
present, as well. Moreover, disease sever-
ity seems to increase the risk for PB
(Fig. 3).

An important issue to be evaluated in
studies reporting results from patients
with PD is how the individual studies
defined a subject as having PD. It has
been pointed out that CAL is the stan-
dard outcome for such a purpose (Shiau
& Reynolds 2010). However, it should
be considered that the most frequently
used clinical variable in epidemiological
studies for PD are CAL and PPD (Savage
et al. 2009). CAL alone may not be the
most appropriate parameter to define PD
in epidemiological studies of association
between PD and APOs because it does
not inform whether there is an apical
migration of the epithelial attachment
(i.e. formation of periodontal pockets).
It only indicates the distance between
the cementoenamel junction to the base
of the probeable crevice (Armitage 2004).
For instance, CAL could not be so effec-
tive to define PD in cases of patients with
a healthy reduced periodontium (pre-
viously treated patients). Therefore, we
have opted to separate studies in sub-
groups according to the type of PD
definition and to conduct a random
effects meta-analyses (considering that
the effects/outcomes could be heteroge-
neous due to differences in the sample of

patients such as PD definition) to estimate
the interaction effects between PD and
pregnancy in terms of RR taking into
consideration heterogeneity between stu-
dies following a comprehensible presen-
tation of the characteristics of the primary
studies included in the review (Table 1)
(Sutton et al. 2000, Higgins & Green
2008, Lundh et al. 2009, Chambrone
et al. 2010b).

Among studies where PD was defined
by PPD and CAL, the RR found was
inferior to the overall results, but statis-
tically significant for PB (1.44) and PB/
LBW (2.60), and heterogeneity was
significantly reduced for PB (p 5 0.20).
However, when studies without a high
methodological quality were removed
from meta-analyses heterogeneity
almost did not change (Fig. 3). In addi-
tion, although it was opted to separate
studies into subgroups according to the
outcomes used to define PD, it should be
clear that a prevailing hypothesis of PB
as an APO relates to inflammation, and
thus the condition of inflammation of
the periodontal tissues or the inflamma-
tory load may be much more important
in the association than PPD or CAL.

Quality of the evidence, potential biases
and limitations in the review process

Most of the previous SRs (Madianos et
al. 2002, Scannapieco et al. 2003, Xiong
et al. 2006) did not try to combine
studies due the substantial degree of
heterogeneity found in terms of the
studies’ design. However, this review
included pooled data. It could be argued
that SRs of observational studies are
important but meta-analysis of such
data may be questionable due to the
potential biases (selection and informa-
tion) and the lack of control of confoun-
ders within and between included
studies when different study designs
(e.g. case–control, cross-sectional and
cohort studies) are pooled together in
the same analysis (Blettner et al. 1999,
Stroup et al. 2000, Chambrone et al.
2010a,b). These quantitative estimates
might lead to spurious precision and
invalid estimates when the data are
derived specially from case–control stu-
dies, and such data are likely to be
seized upon by readers less aware of
these methodological boundaries. On
the other hand, where the studies are
prospective and well designed (see Fig.
1), it may be possible to run such set of
meta-analyses (Blettner et al. 1999,
Chambrone et al. 2010a).
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Fig. 1. Forest plot of random effects meta-analysis evaluating the difference in the number of pregnant women exhibiting adverse pregnancy
outcomes between patients with and without periodontal disease. IV, inverse variance; CI, confidence interval; t, Kendall tau; z, z-test.
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In addition, it should be also consid-
ered that a substantial degree of hetero-
geneity was found (Fig. 1). Potential
sources of asymmetry within studies
may be linked to selection biases (pub-

lication biases and selective outcome
reporting), poor methodological quality
leading to spuriously exaggerated
results in smaller studies (poor metho-
dological design and inadequate analy-

sis), true heterogeneity (amount of the
events differs according study size),
artefactual (in some circumstances,
sampling variation may lead to an asso-
ciation between the number of events

Fig. 2. Forest plot of random effects meta-analysis evaluating the difference in the number of pregnant women exhibiting adverse pregnancy
outcomes between patients with and without periodontal disease (according to disease severity). IV, inverse variance; CI, confidence interval;
t, Kendall tau; z, z-test.
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and its standard error), and chance
(Egger et al. 1997). Moreover, even in
SRs reporting meta-analysis from stu-
dies with similar methodology, a varia-
tion in results across studies may occur
due to random variation, but such varia-

tions are unlikely to be caused by
chance alone, and thus, methodological
heterogeneity cannot be completely
eliminated (Bennett 2003). In fact, a
random-effect meta-analysis was con-
ducted to deal with heterogeneity (Blett-

ner et al. 1999, Bennett 2003), and to
lead to more precise estimates of effect
sizes (Der Simonian & Laird 1986). On
the other hand, these aspects do not
reduce heterogeneity importance, and
per se, they cannot completely explain

3.1 Preterm birth

3.2 Preterm birth and low birth weight 

Study or Subgroup
3.1.1 PD defined by PPD and CAL

Agueda et al. (2008)
Moore et al. (2004)
Offenbacher et al. (2001)
Offenbacher et al. (2006)
Subtotal (95% CI)

Total events
Heterogeneity: Tau² = 0.02; Chi² = 4.60, df = 3 (P = 0.20); I² = 35%
Test for overall effect: Z = 3.07 (P = 0.002)

3.1.2 PD defined by CAL alone

Rakoto-Alson et al.(2010)
Srinivas et al. (2009)
Subtotal (95% CI)

Total events
Heterogeneity: Tau² = 3.70; Chi² = 50.54, df = 1 (P < 0.00001); I² = 98%
Test for overall effect: Z = 0.81 (P = 0.42)

Total (95% CI)

Total events
Heterogeneity: Tau² = 0.42; Chi² = 55.19, df = 5 (P < 0.00001); I² = 91%
Test for overall effect: Z = 2.04 (P = 0.04)
Test for subgroup differences: Chi² = 0.05, df = 1 (P = 0.82), I² = 0%

Events

31
266
150
154

601

33
37

70

671

Total

338
3461
611
735

5145

47
311
358

5503

Events

54
20
38
32

144

9
72

81

225

Total

958
277
201
285

1721

157
475
632

2353

Weight

16.8%
16.6%
17.5%
17.3%
68.2%

14.7%
17.2%
31.8%

100.0%

IV, Random, 95% CI

1.63 [1.06, 2.49]
1.06 [0.69, 1.65]
1.30 [0.94, 1.79]
1.87 [1.31, 2.66]
1.44 [1.14, 1.82]

12.25 [6.32, 23.72]
0.78 [0.54, 1.14]

3.06 [0.21, 45.14]

1.77 [1.02, 3.07]

Pregnant women with PD Pregnant women without PD Risk Ratio Risk Ratio
IV, Random, 95% CI

0.05 0.2 1 5 20
Pregnant

women without PD

Study or Subgroup
3.2.1 PD defined by PPD and CAL

Agueda et al. (2008)
Saddki et al. (2008)
Subtotal (95% CI)

Total events
Heterogeneity: Tau² = 0.31; Chi² = 3.59, df = 1 (P = 0.06); I² = 72%
Test for overall effect: Z = 2.06 (P = 0.04)

3.2.2 PD defined by CAL alone

Rakoto-Alson et al.(2010)
Subtotal (95% CI)

Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 3.13 (P = 0.002)

3.2.3 PD defined by PPD alone

Rajapakse et al. (2005)
Subtotal (95% CI)

Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 1.67 (P = 0.09)

Total (95% CI)

Total events
Heterogeneity: Tau² = 0.28; Chi² = 7.49, df = 3 (P = 0.06); I² = 60%
Test for overall effect: Z = 3.18 (P = 0.001)
Test for subgroup differences: Chi² = 3.90, df = 2 (P = 0.14), I² = 48.8%

Events

16
33

49

7

7

8

8

64

Total

338
232
570

47
47

66
66

683

Events

27
8

35

2

2

9

9

46

Total

958
240

1198

157
157

161
161

1516

Weight

32.7%
28.8%
61.4%

13.8%
13.8%

24.8%
24.8%

100.0%

IV, Random, 95% CI

1.68 [0.92, 3.08]
4.27 [2.01, 9.04]
2.60 [1.05, 6.48]

11.69 [2.51, 54.39]
11.69 [2.51, 54.39]

2.17 [0.87, 5.38]
2.17 [0.87, 5.38]

3.06 [1.53, 6.08]

Pregnant women with PD Pregnant women without PD Risk Ratio Risk Ratio
IV, Random, 95% CI

0.05 0.2 1 5 20
Pregnant

women without PD

Pregnant
women with PD

Pregnant
women with PD

Fig. 3. Forest plot of random effects meta-analysis evaluating the difference in the number of pregnant women exhibiting adverse pregnancy
outcomes between patients with and without periodontal disease (including only studies with a high methodological quality). IV, inverse
variance; CI, confidence interval; t, Kendall tau; z, z-test.
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it. When substantial heterogeneity is
found, attempts should be made to
explain it with exploratory meta-analy-
sis (i.e. meta-regression) or graphical
estimates (e.g. test for funnel plot asym-
metry). However, meta-regression ana-
lysis and test for funnel plot asymmetry
should be used only when there are at
least 10 studies in the meta-analysis,
because when there are fewer studies
the power of the analysis is too low to
differentiate likelihood from genuine
asymmetry (Higgins & Green 2008).

Moreover, six studies (54.5% of the
sample) found that other several factors
(cofounders) may be associated with
PB, LBW or PB/LBW, such as compli-
cations of pregnancy, ethnicity/race,
insurance status, marital status, maternal
age and education, medication, mother’s
smoking habits, onset of prenatal care,
previous poor obstetric outcome, sys-
temic diseases, socioeconomic status,
type of delivery and the presence of
untreated caries and use of public assis-
tance (Offenbacher et al. 2001, 2006,
Moore et al. 2004, Agueda et al. 2008,
Pitiphat et al. 2008, Saddki et al. 2008).
This ample number of dependent vari-
ables cannot be disregarded even if the
study have found a positive association
between PD and any of the evaluated
APA, as well as it was not possible for
us to anticipate or confidentially explain
whether any of those factors (who were
identified together with PD) were the
most important causing factors leading
to such APA.

Consequently, these aspects (i.e.
inappropriateness of conduction of
such evaluations) should be taken into
consideration, and thus, the present
summary estimates should be inter-
preted with great caution.

Agreements and disagreements with

other studies or reviews

Similar to previous reviews (Madianos
et al. 2002, Scannapieco et al. 2003,
Xiong et al. 2006) and meta-analyses
(Khader & Taàni 2005, Vergnes &
Sixou 2007), our findings suggest that
PD in the pregnant women significantly
increase the risk of subsequent PB and/
or LBW. Khader & Taàni (2005) and
Vergnes & Sixou (2007) reported ana-
lyses where case–control, cross-sec-
tional and cohort studies were mixed
together in a single analysis. It should be
pointed out that pooling of results of
such studies in meta-analyses may be
unjustifiable or even a drawback if pro-

spective and retrospective evaluations
are mixed in the same analysis (Higgins
& Green 2008, Chambrone et al.
2010a,b).

To the best of our knowledge, this is
the first SR to evaluate APO extracting
data exclusively from prospective cohort
studies. Prospective cohort studies are an
important tool for health professionals
because they can appraise links between
exposures and disease outcome (Bennett
2003). Furthermore, a meta-analysis of
prospective cohort studies based on indi-
vidual patient data permits much better
flexibility, facilitating subgroup analyses
(e.g. appraisal of risk factor–disease asso-
ciations), it avoids the dilemma of com-
bining OR and RR of studies that have
adjusted or not for some confounders, as
well as it assists standardization of expo-
sures, outcomes and possible confound-
ing issues, and thus, may reduce the
potential sources of heterogeneity caused
by different diagnostic classifications,
units of measurement and exposure inten-
sity (disease severity) (Sutton et al. 2000,
Bennett 2003). In contrast, it suffers from
similar problems to standard meta-analy-
sis such as publication bias, that is why it
is imperative to conduct a meticulous
search of literature (Bennett 2003).

Measures of PD and the importance of

prospectively assessed outcomes versus

retrospectively recalled outcomes

Although not all the included studies
have reported adequate criteria to assess
the exposure to PD, associations between
PD and PB/LBW did not differ markedly
on the basis of whether PD was measured
directly (e.g. probing depth, clinical
attachment level, etc.) or self-reported
(e.g. self-reported disease) (Table 1).
However, it should be clear that the
ascertaining/presence of PD may only
be confirmed by well performed clinical
evaluations done by trained examiners.
Moreover, when the criteria used to char-
acterize PD are explicit and appropriate,
they allow any researcher to use and
accomplish a similar diagnosis under
equal conditions (Savage et al. 2009).
Also, other key domains such as sample
size calculation, management of cofoun-
ders, training/calibration of examiners,
examiner blinding, and unity of analysis
and assessment of APOs were not satis-
factorily detailed or evaluated within all
included studies.

It should be considered that this study
was designed to access only prospective
cohort studies. Well-done prospective

cohort studies remain usually less
biased, and are thus considered higher-
quality evidence, than retrospective stu-
dies (Needleman et al. 2005). This is
because the prospective evaluation per-
mits researchers to quantify compound
exposure and events more completely
and precisely than in a retrospective
approach, as well as the predictor factor
(in the current review, PD) is appraised
before the outcome (i.e. PB and/or
LBW), setting up a time sequence of
events and avoiding disease evaluation
from being influenced by knowledge of
the outcome (Needleman et al. 2005).

During the first phase of articles’
screening (i.e. potentially relevant arti-
cles identified and screened for retrie-
val), more than 30 case–control and
cross sectional studies were excluded
after the review of the titles and
abstracts. The use of case–control and
cross sectional studies in such a sys-
tematic analysis can represent a problem
because all pregnant women (who had
experienced or not APO) are sampled and
periodontally examined after the child
birth (Jeffcoat et al. 2001), as well as
other conditions such as the patient’s
postpartum health attitudes and motiva-
tion to take part in the study might be
influenced by the effect being appraised
(prospective overcomes all these limita-
tions) (Jeffcoat et al. 2001). Consequently,
all these conditions should be carefully
taken into consideration when interpreting
data from observational studies.

In addition, we agree that this is a
difficult SR to conduct in view of the
findings of high and unexplained hetero-
geneity. These are troubling findings
since they throw doubt on the value of
the summary estimate. Despite the best
efforts of our review team, it may be
considered that summarizing the studies
in this way can produce a spurious level
of precision and association between the
exposure and outcome, and that not only
the summary estimates should be cau-
tiously evaluated but the individual stu-
dies outcomes as well. This is a
fundamental consideration for the present
review and requires careful interpretation.

Authors’ conclusions

The results of this SR of prospective
cohort studies provide evidence to sup-
port the hypothesis that periodontitis is
associated with the risk of PB and/or
LBW. However, and despite this con-
sistent association and the high metho-
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dological quality reported by most of the
studies, this finding should be treated
with great caution until the sources of
heterogeneity can be explained. Most of
studies reported a high methodological
quality, but none fulfilled all methodo-
logical domains.

Key domains such as sample size
calculation, management of cofounders,
training/calibration of examiners, exam-
iner blinding, unity of analysis and
assessment of periodontal conditions
and APOs were not adequately reported/
appraised within all included studies.
The Strengthening the Reporting of
Observational Studies in Epidemiology
(STROBE) statement (von Elm et al.
2008) should be considered when design-
ing and reporting future studies, as well
as PD definition should be based on a
standardized and recognized classifica-
tion system.
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Clinical Relevance

Scientific rationale for the study: Cur-
rent evidence suggests that perio-
dontal inflammation adversely affects
pregnancy outcomes. Since there is
not a consensus on the literature
regarding this possible association,
there is a need for an up-to-date SR
on this topic based exclusively on
prospective observational studies.
Principal findings: The results of this
review have shown that the majority
of included prospective cohort stu-

dies (81.8%) showed a positive asso-
ciation between PD and PB and/or
LBW. Similarly, the results of meta-
analyses demonstrated the same
interaction effect; however, a con-
siderable and inexplicable level of
heterogeneity was found as well.
Approximately 80% of included stu-
dies were classified as of high meth-
odological quality, but some issues
such as sample size calculation and
other important domains were not
reported by most of the studies.

Practical implications: Despite the
positive findings linking PB and/or
LBW to periodontitis, such outcomes
have to be interpreted with prudence
as it was not possible to explain
the reasons of high heterogeneity
detected by the pooled estimates.
Overall, pregnant women should be
informed about the risks of PD
and undergo a periodontal examina-
tion. Key methodological aspects
should be evaluated and reported by
future studies.
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