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Periodontal Infection as a Possible Risk
Factor for Preterm Low Birth Weight
Steven Offenbacher* Vern Katz,1' Gregory Fertik* John Collins* Doryck Boyd,*x
Gayle Maynor, * Rosemary McKaig, * and James Beck*

Periodontal diseases are Gram-negative anaerobic infections that can occur in
women of childbearing age (18 to 34 years). In the present investigation we sought
to determine whether the prevalence of maternal periodontal infection could be as-
sociated with preterm low birth weight (PLBW), controlling for known risk factors
and potential covariâtes. A case-control study of 124 pregnant or postpartum mothers
was performed. PLBW cases were defined as a mother with a birth of less than 2,500 g
and one or more of the following: gestational age <37 weeks, preterm labor (PTL),
or premature rupture of membranes (PROM). Controls were norrhal birth weight in-
fants (NBW). Assessments included a broad range of known obstetric risk factors,
such as tobacco use, drug use, alcohol consumption, level of prenatal care, parity,
genitourinary infections, and nutrition. Each subject received a periodontal examina-
tion to determine clinical attachment level. PLBW cases and primiparous PLBW cases

(n = 93) had significantly worse periodontal disease than the respective NBW controls.
Multivariate logistic regression models, controlling for other risk factors and covar-

iates, demonstrated that periodontal disease is a statistically significant risk factor for
PLBW with adjusted odds ratios of 7.9 and 7.5 for all PLBW cases and primiparous
PLBW cases, respectively. These data indicate that periodontal diseases represent a

previously unrecognized and clinically significant risk factor for preterm low birth
weight as a consequence of either PTL or preterm PROM. J Periodontol 1996;67:
1103-1113.

Key Words: Infant, low birth weight; periodontal diseases/adverse effects; pregnancy;
risk factors; infant, premature.

Preterm infants who are born with low birth weights
(LBW, i.e. <2,500 g) represent a major social and eco-
nomic public health problem, even in industrialized
nations. Although there has been an overall decline in
infant mortality in the United States over the past 40
years, preterm LBW remains a significant cause of peri-
natal mortality and morbidity. A 47% decrease in the in-
fant mortality rate to a level of 13.1 per 1,000 live births
occurred between 1965 and 1980,1 but that rate has not
significantly improved over the last decade. Most of the
evidence indicates that the most recent decline in infant
mortality largely can be attributed to increased survival
of low birth weight infants, as a result of more intensive
hospital-based management of LBW infants.23 While
there has been a decrease in infant mortality over the last
40 years, there has been minimal decline in the incidence
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of LBW. In the U.S., approximately one in 10 deliveries
results in a preterm LBW (PLBW) infant, usually as a

direct consequence of preterm labor (PTL) or premature
rupture of membranes (PROM).4 More than 60% of the
mortality that occurs among infants without anatomic or

chromosomal congenital defects is attributable to preterm
LBW.2 These infants account for 5 million neonatal in-
tensive care unit hospital days per year at an annual cost
of greater than $5 billion.5 The overall cost to society in
terms of suffering and long-term disabilities, however, far
exceeds these monetary estimates. Most long-term dis-
ability cases, for example, begin as low birth weight in-
fants. Thus, the emotional, psychological, and financial
burdens on families who experience PLBW can have pro-
found and long-term consequences on society. To address
this problem, some feel more emphasis should be placed
on prevention rather than costly tertiary care.6 McCor-
mick2 states, "the decline in neonatal mortality will be
sustained only through the prevention of low-weight
births and increased attention to the efficacy of services
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in the antenatal period." Some risk factors that have been
associated with PLBW include: high (>34 years) or low
(<17 years) maternal age, African-American race, low
socioeconomic status, inadequate prenatal care, drug
abuse, alcohol and tobacco use, hypertension, genitouri-
nary tract infections, diabetes, and multiple pregnancies.4-7
However, there is still disagreement as to the magnitude
of these various factors' effect on birth outcome. Recent
reports have evaluated the efficacy of antenatal maternal
care programs that allow increased emphasis on the pre-
vention of controllable risk factors. Data from these stud-
ies indicate that, in spite of substantial increases in the
proportion of women beginning prenatal care in the first
trimester, there still has been a relatively small decrease
in the proportion of LBW.8-9 As summarized in a recent
review by Gibbs et al.,5 the principal reason cited for the
continued high LBW rate is a "poor understanding of
antenatal factors that contribute to an infant with LBW."
Thus, despite our increased understanding of the risk fac-
tors that contribute to PLBW, there remains a considerable
lack of sensitivity in predictive models which can serve
as a framework for intervention strategies. Even when
considering all the "traditional" risk factors—smoking,
genetics, alcohol, prenatal care, nutrition, urinary tract in-
fection, and others—about 25% of PLBW cases occur
without even a candidate or suspected risk factor. Thus,
many groups including the National Academy of Sciences
have suggested continued research into the causes and
management of preterm labor and other obstetric compli-
cations leading to LBW.5

Several studies have demonstrated an association be-
tween infection and PLBW. The first evidence of this as-

sociation involved the increased prevalence of maternal
lower genitourinary tract infections with pregnancy com-

plications such as PTL and LBW10-11 Other investigators
have looked at the effects of subclinical urinary tract in-
fections on pregnancy outcome. Rates of preterm delivery
1.5 to 2.3 times normal have been found among women

with a symptomatic group  streptococci bacteriuria.12-13
Gram-negative Bacteroides species have also been inves-
tigated as to their association with preterm delivery and/or
premature rupture of membrane. One study showed a
40% increase in preterm delivery rates in mothers who
were colonized with cervical Bacteroides at their initial
prenatal visit.14 Vaginal Bacteroides colonization was as-
sociated with a 60% increased risk of preterm delivery in
a recent study.15 Inflammation of the extraplacental mem-

brane (chorioamnionitis) has been detected in up to four
times as many mothers with preterm deliveries as in those
with normal term deliveries.16 Although there is a strong
relationship between chorioamnionitis and placental in-
fection, 18% to 49% of placentas with histological evi-
dence of chorioamnionitis have negative cultures.17 Thus,
evidence exists that inflammation in the fetal-placental
unit can be present without any sign of bacterial infection.

Furthermore, genitourinary tract infections can be asso-

ciated with LBW, without infection of the fetal-placental
unit.17 These observations have supported the widely held,
current opinion that preterm LBW that occurs as a result
of infection is mediated indirectly, principally by the
translocation of bacterial products such as endotoxin (li-
popolysaccharide, LPS) and by the action of maternally
produced inflammatory mediators.6

Several scientists investigating the molecular basis of
preterm LBW (see Gibbs et al.6) point to common cellular
and biochemical pathways that seem to mediate the
pathogenesis of PLBW, irrespective of the associated risk
variables. For example, intra-amniotic levels of PGE2 and
TNF-a rise steadily throughout pregnancy until a critical
threshold level is reached to induce labor, cervical dila-
tion,, and delivery. Since these molecules appear to be
normal physiological mediators of parturition, it is not
surprising that genitourinary tract infections, which result
in the excessive secretion of these mediators by the de-
cidua and trophoblastic cell layers, result in preterm de-
livery and low birth weight. However, the observation of
elevated PGE2 and TNF-a as a consistent and reproduc-
ible feature of PLBW, even in the absence of any clinical
or subclinical genitourinary tract infections, has prompted
Romero and others51819 to the conclusion that most
PLBW cases are "probably caused by an infection of un-

known origin." It is our hypothesis that periodontal in-
fections, which serve as reservoirs for Gram-negative an-
aerobic organisms, lipopolysaccharide (LPS, endotoxin),
and inflammatory mediators including PGE2 and TNF-a,
may pose a potential threat to the fetal-placental unit. This
concept is supported by recent experiments in the preg-
nant hamster model. In this model, localized, non-dissem-
inating subcutaneous infections with Porphyromonas gin-
givalis (a common periodontal pathogen) can significantly
reduce fetal weight by up to 25%.20 This infection is as-
sociated with increases in PGE2 and TNF-a which appear
to determine the magnitude of the growth retardation re-

sponse.20 Furthermore, experimental Periodontitis in the
pregnant hamster can retard fetal growth.21 These obser-
vations have prompted us to investigate a potential as-

sociation between periodontal disease and preterm LBW
in humans. In the present investigation, we report that
severe periodontal disease in the mother is a previously
unrecognized risk factor for preterm LBW.

MATERIALS AND METHODS

Patient Selection
We requested participation from women while they were

being seen for routine care in the Prenatal Care Clinic at
the University of North Carolina Hospitals or within 3
days postpartum. A total of 132 volunteer mothers were
entered into the study. Eight were excluded from the clin-
ical portion of the study due to either current genitouri-
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nary tract infection with concurrent antibiotic therapy, or
risk factors for bacterial endocarditis, which would re-

quire prophylactic antibiotics for periodontal examina-
tion. The total study sample was 124 mothers. This study
was approved by the Institutional Review Board for the
protection of human subjects.

All subjects selected were registered patients of the
UNC Prenatal Care Clinic. Twelve percent of the subjects
were recruited for participation during clinic visits and
the remainder from the hospital. Data were pooled from
these two sites since no site sampling bias was observed
by a systematic review of the obstetric history profile,
biographical data, and current pregnancy data. The Pre-
natal Care Clinic population (1991 to 1992) included 871
births of which 8.5% were preterm premature rupture of
membranes (PROM) or preterm labor-associated low
birth weights (i.e. < 2,500 g). Thirty-three percent of the
total prenatal care population was black and 67% white.
Within the PROM or preterm labor low birth weight
mothers, 45% were black and 55% white; within the nor-
mal birth weight term deliveries, 33% were black and
67% were white.

Pregnancy Outcomes and Risk Factors
Information on current and historical pregnancy outcome
was obtained from two sources. Detailed data about pre-
vious pregnancies and the outcome of the current preg-
nancy were gathered from the patient's prenatal record
and history from current and previous pregnancies. A
mother was considered to have a positive preterm LBW
history if, during the current pregnancy or previous preg-
nancies, she had an infant with a birth weight <2,500 g
with any of the following outcomes: spontaneous (or non-

elective) abortion prior to 12 weeks after gestation, pre-
term labor (defined as contractions and cervical change
necessitating medical intervention), preterm rupture of the
membranes requiring delivery at less than 36 completed
weeks gestational age, or birth with gestational age less
than 36 completed weeks. Gestational age was verified by
ultrasound examination. In women not receiving prenatal
care after 24 weeks gestation history, sequential ultra-
sound examination and post-natal examination were used
to estimate the gestational age, which was re-evaluated
after delivery with Dubowitz examination. Information
was collected on known risk factors and included the fol-
lowing: previous pregnancy history—number carried to
full-term, number with preterm delivery prior to 37
weeks, number of previous pregnancies aborted, number
of spontaneous abortions, number with live births; current

pregnancy—maternal age at delivery, birth weight, and
gestational age. In addition, the following variables were

scored as either present or absent: intrauterine growth re-

tardation, fetal death, fetal abnormality, twin delivery,
placentae abruptio, placental previa, uterine atony, uterine
fibroids and Rh factor isoimmunity, severe or mild pre-

eclampsia. Maternal race was listed as white, black, His-
panic, Asian, American Indian, or other. Onset of prenatal
care was categorized as beginning routine care prior to
20 -weeks' gestational age, between 20 and 25 weeks'
gestational age, after 25 weeks, or no routine care. The
adequacy of prenatal care also was assessed as adequate
or inadequate, being <six prenatal visits, and domestic
violence was screened using the McFarland assessment.
Tobacco use was recorded as none, less than one pack
per day, or more than one pack per day. The use of al-
cohol was recorded as none, less than six drinks per week,
or more than six drinks per week. Illicit drug use was

recorded. Any patient with a hematocrit <28% or 9 g
was scored as anemic, and any patient with less than 20
pounds weight gain was considered as low maternal
weight gain. Other outcome variables included gestational
diabetes, hypertension with or without proteinuria or

polynephritis. Other risk factors assessed included bac-
teriuria, Cervicitis, bacterial vaginosis, vaginitis, amnion-
itis, dysplasia, Chlamydia infection, Gardnerella infec-
tion, Group  streptococcus colonization, Trichomonas
infection, HIV, Neisseria gonorrheal, Herpes simplex in-
fection, syphilis, or Condyloma acuminata.

Measurement of Periodontal Status
A full-mouth periodontal exam was performed on all 124
mothers either at the time of volunteering at the UNC
Memorial Hospitals (UNCMH) prenatal clinic or at the
UNC School of Dentistry Clinical Research Center within
3 days of their delivery at UNCMH. Full-mouth data were

recorded on clinical attachment levels (CAL) and probing
depths (PD) on six sites per tooth. CAL was measured
with a manual probe (UNC-15), using the cementoenamel
junction as a reference point. Bleeding on probing also
was measured and expressed as the percentage of sites
exhibiting this response. Examiners were masked from
obstetric data.

Case Definitions
Our first definition of a case and a control was based on

the current birth. However, we found that a history of a

previous PLBW birth was strongly associated with clin-
ical attachment level and was a very strong confounder.
Although CAL is the most commonly used measure of
periodontal disease, it is an accretion measure and can

include both active and inactive disease sites. This is be-
cause individual sites with periodontal disease exhibit pe-
riods of activity and quiescence, and attachment gain is
a much less frequently occurring phenomenon than at-
tachment loss. Thus, once attachment loss occurs, the ev-

idence of disease remains in the mouth and that site may
or may not be currently active. This means that our mea-

sures of clinical attachment level also may have occurred
with a previous PLBW infant, but that the current birth
was NBW Thus, we decided to deal with this time se-
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quence problem by creating two definitions of a case. The
first definition of a case was mothers with a current or

previous birth in which the infant was PTL or PROM with
PLBW <2,500 g. Controls were mothers with all birth
weight infants >2,500 g without history of PTL or
PROM. The second definition of a case was the same as
for case and control, except that the group was restricted
to mothers having their first baby (primiparous).
Data Analyses
Pregnancy outcomes were categorized into cases and con-

trols for 2 groups of mothers—all mothers and primipa-
rous mothers. Controls were defined as mothers with one

or more full-term, birth weight infants >2,500 g without
history of PTL or PROM, and cases were mothers with
one or more PTL or PROM with PLBW <2,500 g. For
each group, periodontal disease status was first defined
using full-mouth, mean clinical attachment levels (mean
CAL mm/site) for each patient, pooling to form group
means.

To adjust the association between periodontal disease
measures and case-control status for other risk factors and
confounders, multivariate logistic regression methods
were used following methods described in detail by
Beck.22 Two multivariate logistic regression models were

developed using a dichotomized outcome as having had
a low birth weight infant this pregnancy or a previous
pregnancy (cases) or having had all normal birth weight
infants (controls). A second case-control definition was
used for modeling to limit the data to primiparous women

to remove any effects of previous births or any potential
error in previous partus reporting. Thus, additional mod-
els were developed using a case definition of primiPLBW,
with primiNBW mothers serving as controls. Periodontal
status was operationalized both as mean attachment level
and as extent of attachment level using a 2, 3, or 4 mm

threshold (i.e., the percentage of sites with clinical at-
tachment level £: 2, 3, or 4 mm, respectively). These are

referred to as Extent  scores, where  = CAL threshold.
Severity scores are the mean CAL in sites with CAL 3:

 as defined by the extent score.23 For example, severity
2 is the mean CAL in sites with CAL ^ 2 mm. Rela-
tionships between all exposure and outcome variables
were explored with bivariate analyses. Then, relationships
between primary risk factors (including periodontal sta-

tus) and low birth weight were assessed using odds ratios
and 95% confidence limits both as crude odds ratios and
stratified by race, age, and number of previous births.
These analyses indicated that for many PLBW cases, the
extent of attachment loss S: 3 mm (Extent 3 score) was

strongly associated with birth weight. Extent scores less
than 2 would be consistent with periodontal health or gin-
givitis, with extent scores greater than 3 reflecting peri-
odontitis-associated attachment loss. Although higher ex-

tent or severity scores increased the crude odds ratio,

there was a greater variability and less confidence in the
magnitude of odds ratio. For this reason we used a more

conservative estimate of disease extent (the Extent 3 vari-
able).This continuous variable was dichotomized at 60%,
meaning that people with attachment loss of 3+ mm af-
fecting less than 60% of their sites were more likely to
be in the control group. This extent variable is labeled as

Extent 3:60. Finally, a logistic regression model was de-
veloped with case vs. control status as the outcome and
Extent 3:60 being the periodontal status exposure of in-
terest. After the crude relationship between periodontal
status and birth weight was determined, control variables
and other risk factors were tested in the model. After the
final main effects model was established, interaction ef-
fects were allowed to enter the model in a stepwise fash-
ion. A similar method was used to develop logistic re-

gression models using the primiparous subset of patients.
For the primiparous cases, mean CAL, Extent 3 and se-

verity 3 scores were all significantly associated with
PLBW case status, as compared to primiparous controls.
As before, final logistic regression models were devel-
oped with primiparous cases vs. primiparous controls as

the outcome and Extent 3:60 being the periodontal status
exposure variable.

RESULTS
The demographics and other characteristics of cases and
controls, as well as the primiPLBW cases and primiNBW
controls, appear in Table 1. The mean age for cases was
25 ± 6.3 (SD) years, which was not significantly different
from controls at 22 ± 3.4 years. The primiparous mothers
tended to be younger with primiparous cases having a

mean age of 23.6 ± 6.5 and primiparous controls 21.7 ±
3.6. However, age distribution was not significantly dif-
ferent comparing cases to controls for the dataset or the
primiparous subset. Similarly, there was not a significant
difference in the racial distribution of cases vs. controls
with blacks representing slightly over half the population
studied. The parity was not significantly different between
cases and controls, with the primiparous mothers having
no previous live births by definition. Neither tobacco use,
alcohol use, nor level of prenatal care differed among the
groups. Overall, 76.6% of the mothers abstained from to-
bacco use, 89.5% used no alcohol, and most mothers
(79.0%) received prenatal care beginning prior to 20
weeks gestation. A positive history of cystitis that was
not concurrent with pregnancy was found more than twice
as often in controls as compared to cases (36% vs. 15%).
These affected mothers were all treated with systemic an-

tibiotics. This obstetric history variable was the only mar-

ginally statistically significant risk factor for this popu-
lation (i.e.,  > 0.20), and it appeared to have a slight
protective effect in that it decreased the odds of a PROM
or PTL-associated LBW. No other obstetric risk variables
demonstrated a statistically significant association with
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Table 1. Demographics and Descriptions of Cases and Controls

Variable

Any PLBW
Cases

(n = 93)

All NBW
Controls
(n = 31)

PrimiPLBW
Cases

(n = 46)
.

PrimiNBW
Controls
(n = 20)

Age (years)
14-19 25 (27%)
20-24 18(19%)
25-29 29(31%)
30-34 14(15%)
35-40 7 (8%)

Race
Black 54 (58%)
White 28 (30%)
Hispanic 8 (9%)
Asian 3 (3%)

Number of previous live births
0 46 (50%)
1 26 (28%)
2 12 (13%)
3 4 (4%)
4 . 3 (3%)
5+ 2(1%)

Tobacco use

Never 72 (77%)
<1 pack/day 17(18%)
>1 pack/day 4(4%)

Alcohol use

None 87 (93%)
<6 drinks/week 5 (5%)
>6 drinks/week 1(1%)

Prenatal care

None 10(11%)
Began at 30 weeks 1(1%)
Began at 25 weeks 3 (3%)
Began at 20 weeks 8 (9%)
Before 20 weeks 71(76%)

History of bacteriuria
Yes 14(15%)
No 79 (85%)

7 (23%)
14 (45%)
10 (32%)
0 (0%)
0 (0%)

19(61%)
9 (29%)
3(10%)
0 (0%)

20 (65%)
8 (25%)
3 (10%)
0 (0%)
0 (0%)
0 (0%)

23 (74%)
8 (26%)
0 (0%)

27 (87%)
3 (10%)
1 (3%)

1 (3%)
NA

1 (3%)
NA

27 (87%)

11 (36%)
20 (64%)

22 (48%)
17 (37%)
7(15%)
0 (0%)
0 (0%)

24 (52%)
17 (37%)

3 (6%)
2 (4%)

46(100%)

37 (80%)
7(15%)
2 (4%)

44 (96%)
2 (4%)
0 (0%)

3 (7%)
0 (0%)
1 (2%)
5 (11%)

37 (80%)

3 (7%)
3 (7%)

8 (40%)
12(60%)
0 (0%)
0 (0%)
0 (0%)

13(65%)
6 (30%)
1 (5%)
0 (0%)

20(100%)

14 (70%)
6 (30%)
0 (0%)

18 (90%)
1 (5%)
1 (5%)

0 (0%)
0 (0%)
2(10%)
0 (0%)

18 (90%)

8 (40%)
12 (60%)

Data not available.

PLBW in this relatively small study population. In con-

trast, the periodontal disease indicators showed significant
differences between cases and controls.

Although mean CAL measures are generally insensi-
tive measures of disease, a comparison of the mean CAL
between case and control mothers demonstrated signifi-
cant differences. Figure 1 illustrates that the 93 PLBW
cases had a mean CAL of 3.10 ± 0.74 mm/site. By com-

parison, the 31 NBW controls had a mean CAL of 2.80
± 0.61 mm/site, which was significantly less disease than
the cases at  = 0.04. The magnitude of the difference
in disease severity is even more marked when comparing
the primiPLBW cases to the primi controls. The mean

CAL for primi cases was 2.98 ± 0.84 mm/site vs. 2.56
± 0.54 mm/site for primi controls. Thus, the primiparous
cases had significantly more severe periodontal disease at
 = 0.03.

Table 2 shows the case-control comparisons using other

Primi All Primi All
NBW PLBW

Figure I. Mean clinical attachment loss In cases vs. controls.

periodontal disease indicators including mean probing
depth, extent, and severity scores. The Extent 3 score (i.e.,
percentage of sites with 3+ mm CAL) demonstrated sig-



1108 PERIODONTAL INFECTIONS AS RISK FACTORS FOR LOW BIRTH WEIGHT
J Periodontol

October 1996 (Supplement)

Table 2. Periodontal Disease Indicators

Variable

Any PLBW
Cases

Mean ± SD

All NBW
Controls

Mean ± SD

PrimiPLBW
Cases

Mean ± SD

PrimiNBW
Controls

Mean ± SD

Probing depth
(mm/site) 3.17 ± 0.68

Clinical attachment
level (mm/site) 3.10 ± 0.74*

Extent  scores (proportion of sites)
Extent 2 0.94 ± 0.08
Extent 3 0.69 ± 0.19*
Extent 4 0.31 ± 0.21

Severity  scores (mm/site)
Severity 2 3.20 ± 0.67
Severity 3 3.60 ± 0.57
Severity 4 4.30 ± 0.49

*P = 0.038.
 = 0.041.
 = 0.021.
 = 0.007.
 = 0.016.

2.99 ± 0.43

0.61

0.91
0.59
0.24

3.00
3.50
4.20

0.11
0.25
0.21

0.51
0.34
0.21

3.12 ± 0.79

2.98 ± 0.84*

0.93
0.65
0.27

3.14
3.57
4.34

0.08
0.185
0.19

0.77«
0.70
0.64

2.87 ± 0.40

2.56 ± 0.54

0.88
0.49
0.17

2.7
3.33
4.13

0.13
0.23
0.17

0.42
0.20
1.23

nificant case-control differences at  = 0.02. Although
not statistically significant, other indicators of disease
such as PD and severity scores demonstrated a consistent
trend for cases having worse periodontal disease than
controls. Cases tended to have higher extent scores, in-
dicating that the disease was more generalized, affecting
more sites around the teeth, as opposed to having a few
severely involved teeth. The primiparous cases had sig-
nificantly more severe periodontal disease than primipa-
rous controls, based upon mean CAL ( = 0.03), Extent
3 scores (P = 0.004), and severity 2 scores (P = 0.016).
Thus, the periodontal condition of the primiparous cases

was significantly worse clinically, as well as statistically,
using several different disease indicators as compared to

primiparous controls.
The unadjusted odds ratio and 95% confidence limits

for several potential risk factors for PLBW appear in Ta-
ble 3A. As stated before, age, race, parturition, tobacco
use, alcohol use, and level of prenatal care do not appear
to influence the observed frequency of PLBW in this da-
taset. Only a previous history of cystitis and Extent
3 scores are significantly associated with PLBW. As
mentioned before, a positive history of bacteriuria was

associated with a 3-fold decrease in the risk for PLBW at
 = 0.028. Periodontal disease, which was a sufficient
infectious burden to elicit at least 3 mm of CAL at a

minimum of 60% of the sites, was associated with a crude
odds ratio of 5.9 at  = 0.0025. Thus, without controlling
for any other variables in the model, periodontal disease
increased the risk for PLBW almost 6-fold. This same

trend was observed in the primiparous mothers, as shown
in Table 3B. A history of cystitis had a 10-fold decrease
in odds ratio at  = 0.002, and the Extent 3:60 score was

associated with a crude odds ratio of 6.7 at  = 0.0034
by Fisher exact. However, these odds ratios do not con-

sider the effect of other risk factors or confounders. The
final full logistic models appear in Table 4.

In creating the model, we decided to use race, age, and
parity as control variables because they appeared to affect
the relationship between other risk factors and birth
weight and there were more black cases than in the UNC
Prenatal Care Clinic population. Race and previous births
were not significant but were left in the model. Age of
the mother was significant, indicating there was a small
increase in the odds of being in the low birth weight
group with each increasing year of maternal age. A large
number of other risk factors for low birth weight were
tested in the model. The presence of bacterial vaginosis
for the current pregnancy was the only other risk factor
that was significant, indicating that those women who had
a current infection were at lower risk of having low birth
weight infants. We interpret this unexpected relationship
as being due to treatment with antibiotics for that infec-
tion during the pregnancy. These patients were treated
with metronidazole, which may have reduced the peri-
odontal microbial burden. Use of alcohol was not signif-
icant in the model, but we felt it was important to leave
it in the model because the odds ratio strongly indicated
that non-use of alcohol was protective and that there were

very few women who used alcohol in the study. Notably
absent from the model were variables representing the
lack of prenatal care and smoking as risk factors. This
occurred because few of the subjects had these charac-
teristics.

It is evident that after adjusting for all the other factors
in the model, mothers with periodontal disease have more

than seven times the odds of being cases. It also is im-
pressive that when comparing the adjusted odds ratio
(7.5) with the crude odds ratio (5.9), we find that the
presence of the other variables in the model enhance the
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Table 3A. Unadjusted (Crude) Odds Ratios for PLBW Risk Factors Using All Cases and Controls

Variable

Any PLBW
Cases

(n = 93)

All NBW
Controls
(n = 31)

Crude Odds
Ratio

-

95%
Confidence

Limit

Age
Mean ± SD

Race
Black
Non-black

Number of live births
1
2+

Tobacco use

Ever
Never

Alcohol use

Yes
No

Prenatal care

None
Any

History of bacteriuria
Yes
No

Extent 3:60
Yes
No

25 ± 6.3

54 (58%)
39 (42%)

46 (59%)
47(51%)

21 (23%)
72 (77%)

6 (7%)
87 (93%)

10(11%)
83 (89%)

14(15%)
79 (85%)

87 (94%)
6 (6%)

22 ± 3.4

19(61%)
12 (39%)

20 (64%)
11 (36%)

8 (26%)
23 (74%)

4(13%)
27 (87%)

1 (3%)
30 (97%)

11 (35%)
20 (65%)

22 (71%)
9 (29%)

1.1

0.9

1.9

0.8

0.5

3.6

0.3*

5.9*

1.0,1.2

0.4, 2.0

0.8, 4.3

0.3, 2.2

0.2, 1.8

0.4, 29.4

0.1,0.8

1.9, 18.4

*P = 0.028.
 = 0.0025.

Table 3B. Unadjusted (Crude) Odds Ratios for PLBW Risk Factors Using Primiparous Cases and
Controls

Variable

PrimiPLBW
Cases

(n = 46)

PrimiNBW
Controls
(n = 20)

Crude Odds
Ratio

95%
Confidence

Limit

Age (continuous)
Race

Black
Non-black

Tobacco use

Ever
Never

Alcohol use

Yes
No

Prenatal care

None
Any

History of bacteriuria
Yes
No

Extent 3:60
Yes
No

*P = 0.002.
 = 0.0034.

23.6 ± 6.5

24 (52%)
22 (48%)

9 (20%)
37 (80%)

2 (4%)
44 (96%)

3 (7%)
43 (93%)

3 (7%)
43 (93%)

41 (89%)
5 (11%)

21.7 ± 3.6

13 (65%)
7 (35%)

6 (30%)
14 (70%)

2 (10%)
18 (90%)

0 (0%)
20(100%)

8 (40%)
12 (60%)

11 (55%)
9 (45%)

1.1

0.6

0.6

0.4

0.7

0.1*

6.7*

(0.96, 1.2)

(0.17, 1.95)

(0.20, 2.2)

(0.03, 6.14)

(0.20, 37.1)

(0.02, 0.54)

(1.6, 30.0)
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Table 4. Multivariate Logistic Regression Model for PLBW Using All Cases and Controls

Parameter Standard Probability Odds 95% Confidence
Variable Estimate Error Chi-Square Ratio Levels

Extent 3:60 2.0152 0.6857 0.0033 7.5 (1.95,28.8)
Race = non-black -0.3925 0.4881 0.4214 0.7 (0.26, 1.76)
Age 0.1358 0.0497 0.0063 1.1 (1.04, 1.26)
Previous births 0.1333 0.5137 0.7953 1.1 (0.42,3.13)
No use of alcohol -1.2684 0.8244 0.1239 0.3 (0.06,1.41)
Bacterial vaginosis -1.6383 0.7419 0.0272 0.2 (0.05,0.83)

Table 5. Multivariate Logistic Regression Model for PLBW Using Primiparous Cases and Controls

Parameter Standard Probability Odds 95% Confidence
Variable Estimate Error Chi-Square Ratio Levels

Extent 3:60 2.0701 0.8439 0.0142 7.926 (1.52,41.4)
Black

'

-0.8458 0.7179 0.2388 0.429 (0.11,1.76)
Age 0.1150 0.0673 0.0875 1.122 (0.98,1.28)
No use of alcohol -1.7890

'
1.5055 0.2347 0.167 (0.01,3.20)

Tobacco use 0.2098 0.9353 0.8225 1.233 (0.20,7.71)
Bacterial vaginosis -2.3450 1.4790 0.1128 0.096 (0.01,1.74)
History of bacteriuria -1.9030 0.9307 0.0409 0.149 (0.02,0.92)

relationship between periodontal status and low birth
weight. This indicates that the relationship is reasonably
stable. Additionally, interaction effects among the vari-
ables in the model were tested and none were significant.
This indicates that the other factors in the model do not
act as effect modifiers of the periodontal status and low
birth weight association. A similar logistic model was de-
veloped for the primiparous cases and controls, Table 5.
As in the previous model, the Extent 3:60 variable was
chosen as the periodontal disease predictor variable found
to be significantly associated with PLBW (P = 0.014),
with an adjusted odds ratio of 7.9 and a 95% confidence
interval of 6.27-9.58, adjusting for all other variables in
the model. As before, age and race were included as con-
trol variables. Neither alcohol nor tobacco use were sig-
nificant risk factors in this model due to the small num-

bers of subjects in this subgroup. Current bacterial vagi-
nosis was not statistically significantly protective in this
group (P = 0.11), but was retained since there was a trend
which was significant in the overall model. A large num-

ber of other risk factors were permitted to enter into the
model, however, only a history of cystitis remained in the
final model at  = 0.04. This condition appeared protec-
tive with an odds ratio of 0.149, consistent with the use

of systemic antibiotics that were prescribed to treat moth-
ers with that condition.

Other logistic models were developed for these primi-
parous mothers using other periodontal indicator vari-
ables. Substituting the Extent 3 scores for the Extent 3:
60 score also was significant in the model (P = 0.04,
odds ratio = 50.4); however, the wide confidence interval
did not give us much confidence in the odds ratio. Models
using severity 2 scores approached statistical significance
at  = 0.056 and produced a similar odds ratio of 6.2.

Even mean CAL scores approached significance at  = 0.06
with an odds ratio of 3.5. Thus, considering the relatively
small number of patients in this group, this finding pro-
vides further confirmation that periodontal disease is sig-
nificantly associated with PLBW and that risk appears to
be independent of other known human risk factors in this
group.

DISCUSSION
Some discussion regarding the two design aspects of this
study is warranted. The first aspect involves the recruit-
ment of subjects. The intent was to conduct a case-control
study with cases being mothers who experienced preterm
PROM or preterm labor associated with low birth weights
(< 2,500 g) and controls being mothers without PTL or

preterm PROM who had infants weighing s 2,500 g.
These cases and controls were to come from the same

pool of potential subjects—the mothers seen at the UNC
Prenatal Care Clinic who later delivered at UNC Hospi-
tals. About 10% of these women were asked during a
clinic visit to participate in the study once their babies
were born, and the remainder were asked after their ba-
bies were born. The intent was to enroll all cases that
occurred in the prenatal clinic pool with a comparable
number of controls. Thus, cases and controls actually
were determined at the time of birth, but about 10% of
the study group previously had agreed to participate.

The second aspect involved the measurement of the
exposure of interest—periodontal status. In 10% of the
mothers, periodontal conditions were determined during
a clinic visit; in the remainder, periodontal conditions
were determined within 3 days after the birth of their
children. A case-control design normally assumes that ex-

posures are determined historically through interview or
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records and that the exposures occurred prior to the out-
come. As mentioned earlier, a periodontal examination
conducted at a point in time is a measure of the peri-
odontal experience of the individual; a single examination
usually cannot determine whether the diseased sites are

active at that time. Thus, a periodontal examination con-

ducted on mothers within 3 days of their child's birth is
a measurement of prior disease experience and provides
the same information as any single exam conducted dur-
ing the pregnancy. The advantage in this study is that all
periodontal exams, whether conducted during pregnancy
or after the birth, were done in a standardized manner

with trained examiners. Although the periodontal disease
measured in this study occurred prior to the birth, we

cannot, however, determine whether the disease actually
was in an active cycle during the pregnancy. This type of
classification error would tend to bias the results toward
the null. Thus, the data from this study have the charac-
teristics of a case-control design: the subjects were drawn
from the same pool; their inclusion in the study was based
on the outcome of interest; and the exposures occurred
prior to the outcome.

The causes of prematurity are multiple, as are the vari-
ables that are associated with this disease. This case-con-
trol investigation illustrates a strong association between
periodontal disease and low birth weight, even after con-

trolling for multiple contributing factors. This study does
not elucidate whether the association is causal in nature;
however, there are several lines of biochemical, immu-
nologie, and histologie evidence which support the hy-
pothesis that periodontal disease is more than an associ-
ation, but is contributing to low birth weight. Thus, the
potential mechanisms that may explain the relationship
between periodontal disease and PLBW bear comment.

Certainly, periodontal infection can serve as a chronic
reservoir of lipopolysaccharide which could target the
placental membranes via the bloodstream. LPS has been
shown to elicit IL-lß and PGE2 production by the cho-
rioamnionic and trophoblastic cells, a process often as-

sociated with preterm parturition. Alternatively, inflam-
matory mediators such as PGE2 and TNF-a may be pro-
duced locally within the periodontium and, due to the
high vascularity of this organ, act as a potential systemic
source of fetotoxic cytokines. For example, PGE2 can
reach concentrations of 1 to 3 µ    in the inflamed per-
iodontium, which is approximately the same mass as a

pancreas that has tissue concentration of insulin of about
2 µ    . Furthermore, increased serum TNF-a levels have
recently been found to be associated with the extent of
disease progression in Periodontitis patients who are un-

dergoing active attachment loss.24 These findings suggest
that perhaps the infected periodontium can represent an
endocrine-like source of potentially deleterious cytokines
and lipid mediators. These LPS and cytokine-dependent
mechanisms have been suggested by others as plausible

explanations for the observed associations between oral
infections and other systemic inflammatory conditions,
such as vasculitis, atherosclerosis, and thromboembolic
phenomena.25 It is also possible that there is an unknown
genetic or environmental confounder, that is, an under-
lying condition that places a patient at risk for both peri-
odontal disease and PLBW. Certain diagnostic subcate-
gories of periodontal patients have been described as hav-
ing an up-regulated monocytic response to LPS that re-

sults in a 3- to 5- fold elevation of inflammatory mediator
secretion (see 26 and 27 for review). Thus, an underlying
hyper-responsive inflammatory trait may place an indi-
vidual at risk for both more severe Periodontitis and
PLBW.

The possibility that the presence of periodontal infec-
tion may also render the patient more susceptible to sub-
clinical bacterial vaginosis cannot be ruled out in this in-
vestigation. It has been known for many years that LPS
extracted from oral organisms has distinctly different
structural and biological activities than LPS extracted
from enteric organisms. A recent report by Darveau et
al.28 indicated that exposure to oral LPS down-regulates
E-selectin expression on endothelial cells and thereby pre-
vents the normal leukocytic margination and diapedesis
which would occur in response to a secondary enteric
LPS challenge. This raises the possibility that systemic
challenge with oral LPS may inhibit normal neutrophil
clearance of enteric organisms that may permit a selective
overgrowth or invasion of Gram-negative organisms
within the genitourinary tract. Thus, oral infection that
results in systemic LPS challenge may predispose or ex-

acerbate any existent enteric challenge at a distal site.
The significance of the association between periodontal

disease and PLBW warrants further investigation and re-

opens new possibilities for an old concept—that of focal
infection. In 1931 Galloway29 first suggested that peri-
odontal disease, a Gram-negative anaerobic infection of
the periodontium, may "provide sufficient infectious mi-
crobial challenge" to have "potentially harmful effects
on the pregnant mother and developing fetus." Thus, our

interest in the potential association between these highly
prevalent, chronic oral infections and PLBW is not un-

precedented. However, our data would indicate that the
magnitude of the potentially deleterious effect of peri-
odontal infection on the fetal-placental unit has not been
fully appreciated. The periodontium has a surface area
that approximates the ventral surface of the human fore-
arm. Logically, if the entire forearm were inflamed with
gross suppuration and radiographie evidence of osteo-
myelitis, one would not be surprised if there were system-
ic sequelae. Indeed, it now appears clear that the oral
cavity is not an immunoprivileged site and that the po-
tential systemic ramifications of this common anaerobic
infection should be reconsidered.

The limited scope of this case-control study does not
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enable broad generalizations regarding the potential
health care impact of these findings. Caution must be ex-

ercised in interpreting the applicability of the current data
until these findings can be confirmed by larger, prospec-
tive multicenter investigations. Nonetheless, it is tempting
to use the preliminary findings to generate an estimate of
the potential magnitude of the impact of periodontal dis-
ease on PLBW (adjusted for the presence of other known
obstetric risk factors, excluding from the denominator
LBW due to twins, fetal anomalies, pre-eclampsia, and
other maternal conditions). Using the finding of an odds
ratio of 7.5 combined with a generally estimated inci-
dence of PLBW at approximately 10% of all births, the
risk difference (risk attributable to periodontal infection)
can be computed to be 18.2%, using the methods and
assumptions described by Kleinbaum and colleagues.30
Based on these data, 18.2% of the approximately 250,000
PLBW which occur annually may be attributable to peri-
odontal infection. Theoretically, the elimination of peri-
odontal infection in pregnant women could result in a

reduction of approximately 45,500 PLBW births a year
and a concomitant decrease in intensive care unit costs of
almost $1 billion. Considering the fact that periodontal
infections are both preventable and readily treated, these
findings provide new opportunities for intervention strat-
egies to reduce the incidence of PLBW.

In summary, these data provide new evidence that peri-
odontal disease in pregnant women may be a significant
risk factor for preterm low birth weight. The effect in this
study was of significant magnitude, contributing to more

cases of PLBW than either smoking or alcohol use. Es-
timates suggest that 18.2% of all PLBW cases may be
attributable to periodontal disease and that Periodontitis
represents a previously unrecognized and clinically im-
portant risk factor for preterm low birth weight, which
occurs as a sequelae to premature rupture of membranes
or preterm labor at less than 36 completed weeks of ges-
tation.
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