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Abstract

The Additive Effects of Gestational Diabetes and Periodontal
Disease on Adverse Pregnancy Outcomes

By

Michael Lynn Paustian

Co-Chairs: Sioban D. Harlow and George W. Taylor

This dissertation assesses the potential interaction between periodontal disease
and gestational diabetes on the risk for adverse pregnancy outcomes. As
chronic disease increases among women of reproductive age, understanding
how chronic conditions manifest during pregnancy is of emerging public health
importance. Gestational diabetes and periodontal disease are conditions
associated with increased risks for adverse pregnancy outcomes. Poor glycemic
control in persons with diabetes worsens periodontal disease while periodontal
disease complicates glycemic control. Evidence suggests this inter-relationship
between diabetes and periodontal disease extends to gestational diabetes. The
independent effects of gestational diabetes and periodontal disease on adverse

pregnancy outcomes have been studied but their joint effects have not.



Gestational diabetes and periodontal disease increase the risk for pre-
eclampsia. Gestational diabetes increases the risk for fetal macrosomia while
periodontal disease increases the risk for fetal growth restriction. These
maternal and infant morbidities represent clinical indications for labor induction
and cesarean delivery, procedures under significant scrutiny due to their rapid
increase in prevalence over the past two decades.

The analyses in this dissertation are based on matched cohort data from
the Oral Infection: Impact on Gestational Diabetes study conducted at the
University of Kentucky Maternal-Fetal Medicine clinic. The cohort consisted of
pregnant women with gestational diabetes who were matched to pregnant
women without gestational diabetes. Analyses focus on infant birthweight, pre-
eclampsia and the use of obstetric intervention. Based on this study population,
women with both gestational diabetes and periodontal disease had the greatest
risk for pre-eclampsia and obstetric intervention compared to women with only
one condition or neither condition. However, periodontal disease did not yield
additional risk for higher infant birthweight beyond the risk conferred by
gestational diabetes. The external validity of these results is limited due to the
high-risk population served by the clinic.

While gestational diabetes is a recognized clinical indication for high-risk
pregnancies, periodontal disease can provide an additional high-risk marker.
Clinical strategies that minimize the adverse impact of gestational diabetes and
periodontal disease during pregnancy may reduce the prevalence of maternal

morbidities and subsequent use of obstetric intervention.



Chapter 1

Introduction

As the prevalence of chronic disease increases throughout the population, the
impact of chronic disease in women of reproductive age becomes of greater
public health importance due to the potential risk of adverse outcomes for both
the mother and infant. Diabetes (Kaaja 1995, Ros 1998, Catalano 1995) and
periodontal disease (Barak 2007, Canakci 2007, Contreras 2006) are chronic
conditions both associated with increased risk for adverse pregnancy outcomes.
While periodontal disease has been decreasing in the population (Borell 2005),
the prevalence of diabetes among women of reproductive age has increased
(Fagot-Campagna 2000, Rosenbloom 1999). Since poor glycemic control in
diabetes can further increase periodontal damage (Grossi 1997, Grossi 1998)
and periodontal disease complicates glycemic control (Taylor 1996), the joint
effects of these conditions during pregnancy may result in a synergistic increase
in the risk for adverse pregnancy outcomes. Thus, the inter-relationship between
these two chronic conditions during pregnancy represents an emerging public

health concern.



Diabetes prevalence has continued to increase in the adult population,
from 5.1 percent in 1988-1994 to 9.3 percent in 1999-2002. Increases in
diabetes prevalence have been greater among minority populations (Harris 2001,
Cowie 2006). The prevalence of type 2 diabetes was 9.9 percent for the 1999-
2006 time period with rates greater in African American and Mexican American
populations (Fryar 2010). As type 2 diabetes becomes more prevalent in the
young adult population, it plays an increasingly important role as a chronic
condition during pregnancy (Fagot-Campagna 2000, Rosenbloom 1999).
Pregnancy can initiate an impaired glucose tolerance resulting in gestational
diabetes mellitus. Gestational diabetes mellitus is characterized by increased
insulin resistance during pregnancy. This increased resistance may result from
hormonal factors, gene variants, or autoimmunity targeting pancreatic beta cells.
The prevalence of gestational diabetes mellitus varies with the diagnostic criteria
used and ranges between 2.9 percent and 8.8 percent in developed countries
(Coustan 1995, Magee 1993). In the United States, gestational diabetes
complicates approximately four percent of pregnancies (ADA 2006). Obesity is a
common risk factor for gestational diabetes mellitus and its prevalence has
increased over the past several years among younger women (Wild 2004). As
with many other health conditions, minority women and women at lower
socioeconomic levels are more likely to develop gestational diabetes mellitus
(Narayan 2003, King 1998).

Gestational diabetes mellitus has health implications for both the mother

and infant. The impaired glucose tolerance that results from insulin insensitivity



increases maternal blood pressure and places her at risk for pre-eclampsia
(Kaaja 1995, Ros 1998). In addition, the insulin insensitivity may not subside
after pregnancy, putting the woman at risk for type 2 diabetes (Kim 2002).
Infants developing in this hyperglycemic environment are more likely to accrue a
greater percentage of body fat and be placed in an extreme birthweight category
(Catalano 1995). In addition, the resulting hyperglycemic state has been
associated with an increased risk of childhood obesity and early onset of
diabetes for the infant (Pettitt 1988). Glycemic control is important to reducing
the risks to both the mother and infant that gestational diabetes mellitus confers.
Insulin therapy has been effective at reducing the risk of pre-eclampsia in women
with gestational diabetes (Alwan 2009) as well as the risk of severe perinatal
complications including fetal macrosomia (Jacqueminet 2010). Oral antidiabetic
agents have shown similar effectiveness as insulin therapy for the purpose of
preventing pre-eclampsia but are currently not recommended as treatment until
more studies have evaluated long-term impacts (Jacqueminet 2010). Oral
antidiabetic agents have not shown effectiveness for reducing the risk of fetal
macrosomia (Alwan 2009). One potentially negative impact of insulin therapy
has been an increased likelihood of induced labor, although cesarean delivery
rates were not found to have increased (Alwan 2009, Jacqueminet 2010).

The prevalence of periodontal disease among adults 18 years or older
was 4.2 percent based on the 1999-2000 National Health and Nutrition
Examination Survey (NHANES). NHANES used a similar partial mouth

examination in both the 1999-2000 and 1988-1994 iterations of this survey ,



defining periodontal disease as at least three sites with clinical attachment loss of
at least four millimeters and at least two sites with pocket depth of at least three
millimeters. The 1999-2000 prevalence represented a decrease in periodontal
disease from 7.3 percent in NHANES IlI, conducted between 1988 and 1994
(Borell 2005). This decrease may represent a cohort effect given increased
attention to oral health by younger populations and changes in risk factors such
as smoking during this time period. However, these national estimates of
periodontal disease prevalence may be underestimated as much as 50 percent
or greater due to the limitations of a partial mouth measurement (Eke 2010). The
prevalence of periodontal disease was more common in socio-economically
disadvantaged populations, socio-economically disadvantaged neighborhoods,
and among certain demographic groups, notably African Americans and Mexican
Americans (Borell 2005, Borell 2006).

In the 1999-2000 NHANES, the prevalence of periodontal disease among
adult women was 2.7 percent for Whites, 2.5 percent for Mexican Americans,
and 4.9 percent for African Americans (Borell 2005). In general the prevalence
of periodontal disease in women was half that of the prevalence of periodontal
disease in men. The prevalence of periodontal disease among adults between
18 and 34 years of age, particularly relevant when evaluating periodontal disease
among pregnant women, was 1.5 percent among Whites, 1.2 percent among
Mexican Americans, and 3.2 percent among African Americans (Borell 2005).

Other risk factors for periodontal disease identified through NHANES include not



seeing a dentist recently, lack of dental insurance, cigarette smoking, and
advanced age (Borell 2005).

Trials addressing treatment of periodontal disease during pregnancy with
the goal of reducing adverse pregnancy outcomes have demonstrated mixed
results with a meta-analysis resulting in an overall relative risk for preterm birth of
0.82 with a 95% confidence interval of 0.64 to 1.06 (Polyzos 2009). While not
statistically significant based upon rigid standard application of p-value testing,
the overall potential benefit may be underestimated as treatment may occur too
late during pregnancy to have an impact for some women. The treatment itself
leads to a temporary increase in bacterial products, and more than one treatment
may be necessary. Studies have not addressed pre-conceptual treatment of

periodontal disease (Xiong 2011).

Relationship between periodontal disease, glycemic control, and
gestational diabetes mellitus.

Significant hormonal changes occur during pregnancy. These changes can
trigger gestational diabetes mellitus, but can also increase sensitivity of the
periodontium. An inflammatory relationship between periodontal disease and
glycemic control has been proposed by Grossi and colleagues as demonstrated
in Figure 1.1 (Grossi 1998) and recently updated (Lalla 2011). Under this model,
the periodontal pathophysiologic proinflammatory processes and the release of
endotoxins and cell membrane products from periodontal pathogens provide a

mechanism by which insulin resistance may be initiated thus leading to increased



glycosylation of proteins. The host response to the periodontal pathogens may
be more important than the level of bacterial challenge (Lalla 2006). Persons
with diabetes are more likely to have exaggerated immune responses to
periodontal pathogens (Salvi 2005). The secretion of proinflammatory factors to
overall systemic inflammation may contribute to degradative processes
damaging connective tissues. The increased glycosylation of proteins and the
body’s immune response to removal of these glycosylated materials feeds both
the proinflammatory processes observed with diabetes as well as periodontal
connective tissue degradation.

Infections of the periodontium have been associated with poor glycemic
control (Taylor 1996). Likewise, treatment of periodontal disease has
demonstrated improvements in glycemic control (Grossi 1997). Glycemic control
is an important component of improving the health outcomes for mother and
infant during the pregnancy of a woman with gestational diabetes mellitus. If
periodontal disease complicates glycemic control, women with both comorbidities
may be at an even greater risk of insulin insensitivity. Thus women with
gestational diabetes mellitus and periodontal disease may be at an increased risk
of delivering an extreme birthweight infant or developing pre-eclampsia than
women with gestational diabetes mellitus alone. According to NHANES llI, the
prevalence of periodontal disease in women with gestational diabetes mellitus
was 44.8 percent compared to 13.2 percent in nondiabetic pregnant women
under a relaxed definition of periodontal disease (Xiong 2006). Under a more

restrictive definition, it was found that among nondiabetic women with a history of



gestational diabetes mellitus the prevalence of periodontal disease was 9.0
percent and that among diabetic women with a history of gestational diabetes

mellitus the prevalence of periodontal disease was 30.5 percent (Novak 2006).

Periodontal disease, inflammation, and the relationship to adverse
pregnancy outcomes.
Periodontal infection can also elevate systemic inflammation markers.
Periodontal disease has several pathogenic origins; Actinobacillus
actinomycetemcomitans, Streptococcus intermedius, Porphyromonous gingivalis,
Prevotella intermedia, and Prevotella nigrescens are just a few of the bacteria
implicated in this destructive process. During the infectious process, gingival
crevicular fluid is secreted as a response to pathogens in the mouth. This fluid
consists of a large number of polymorphonuclear leukocytes, C3 and C4
complement, T cells, and B cells which have been recruited to fight the infectious
process (Ebersole 2003). The result of this response to these pathogens includes
systemic changes. Elevated antibody levels in the gingival crevice fluid
correspond to elevated systemic levels of IgG in the individual (Ebersole 2003).
During destructive periodontal disease, systemic levels of prostaglandins (PGE-
2), interleukins (IL-1, IL-6, IL-8), and tumor necrosis factor alpha (TNF-a) are all
elevated in the serum (Fujihashi 1994, Takahashi 1994).

Women have an increased susceptibility to the effect of periodontal
infection during pregnancy. Progesterone hormones during pregnancy increase

the vascular permeability of blood vessels which may increase the amount of



infectious material that can enter the bloodstream from the mouth (Amar 1994).
Inflammatory markers elevated by periodontal disease are similar to elevated
inflammatory markers found in women who have given birth to premature or low
birthweight infants. Maternal serum markers of IL-6, IL-8, and TNF-a were all
elevated in women who delivered premature or to a low birthweight infant
(Hasegawa 2003). While the periodontal pathogens have not been found in the
amnion, amniotic fluid levels of IL-6 and PGE-2 were both higher for premature
births (Dortbudak 2004). Periodontal therapy during pregnancy has been
demonstrated to reduce the levels of PGE-2 in the mother's serum (Yalcin 2002).
Lastly, for women who failed to mount an effective response to certain
periodontal pathogens, the corresponding fetal IgM response to periodontal
pathogens measured in fetal cord samples was significantly elevated (Madianos
2001).

The hyperinflammatory process that results from periodontal disease may
increase the risk of pre-eclampsia. Pre-eclampsia is the onset of hypertension
and proteinuria after twenty weeks gestation in a previously normotensive,
nonproteinuric pregnant woman. This positive relationship between periodontal
disease and pre-eclampsia has been demonstrated in most (Barak 2007,
Canakci 2007, Contreras 2006, Canakci 2004) but not all (Khader 2006) of the
studies that have addressed it. Women with pre-eclampsia were more likely to
have periodontal disease than women who did not have pre-eclampsia (Canakci
2004, Contreras 2006). Presence of periodontal pathogens has also been

associated with an increased risk of pre-eclampsia (Contreras 2006). Placental



tissues of pre-eclamptic women were also more likely to test positive for
periodontal pathogens than placental tissues of women who did not experience
pre-eclampsia (Barak 2007). Inflammatory markers associated with the
periodontal disease and infant health outcomes relationships were also elevated
in women with pre-eclampsia compared to women without pre-eclampsia
(Canakci 2007). In addition, it has been shown that if the periodontal status of
the mother worsens during the course of the pregnancy, there is an even greater
risk of developing pre-eclampsia (Boggess 2003). If both periodontal disease
and gestational diabetes mellitus can independently increase the risk of pre-
eclampsia, then in combination, these two risk factors may be associated with an

even greater risk of pre-eclampsia.

Public health significance of adverse pregnancy outcomes

Adverse pregnancy outcomes include outcomes that are deleterious or
potentially deleterious to the health of the mother or infant either during
pregnancy, at the time of delivery, or in the postnatal period. Pre-eclampsia
occurs in five percent to seven percent of all pregnancies and represents a
potential increased risk for hemorrhage during pregnancy, seizures, and
maternal mortality (Walker 2000). Pre-eclampsia, depending on its severity, may
necessitate the early induction of labor or cesarean delivery to reduce these risks
as the only cure for pre-eclampsia is delivery of the infant though risks can
persist shortly after delivery (Lain 2002). Risk factors may vary based upon

whether pre-eclampsia occurred early or late in pregnancy (Valensise 2008). In



addition to gestational diabetes and periodontal disease, increasing body mass
index, advanced maternal age, first pregnancy are all associated with an
increase in the risk of pre-eclampsia (Bodnar 2005, Duckitt 2005, Luo 2007)
while smoking has been associated with a decreased risk (Conde-Agudelo
1999).

Commonly assessed adverse pregnancy outcomes for infants include
prematurity and birthweight. While low birthweight and premature birth have
received almost exclusive focus in the scientific literature, high birthweight infants
also pose potential challenges during pregnancy. High birthweight infants,
occurring in 7.6 percent of births in 2008 (Martin 2010), increase the likelihood of
birth trauma (Vidarsdottir 2011, Zhang 2008). In response to suspected fetal
macrosomia, the use of obstetric interventions such as cesarean section or early
induction increase (Vidarsdottir 2011, Zhang 2008). In addition, high birthweight
infants may have an increased risk for childhood obesity, and diabetes (Mehta
2011, Pettit 1988). Gestational diabetes and associated biomarkers of diabetes
have been linked to increased risk of fetal macrosomia, even when insulin
sensitivity falls below clinical thresholds for gestational diabetes. Periodontal
disease has been assessed as a potential risk factor for low birthweight with
mixed results (Marin 2005, Moliterno 2005, Moore 2004, Lunardelli 2005, Uppal
2010, Michalowicz 2006), but no relationship between periodontal disease and
high infant birthweight has been assessed. Pre-pregnancy body mass index has
been identified as a potential risk factor for delivery of a high birthweight infant

(Kabali 2007, Rosenberg 2003), but its effect may be mediated by gestational

10



diabetes as increasing body mass index is associated with increasing maternal
glucose levels (Torloni 2008, Kim 2010).

Suspected fetal macrosomia, fetal distress, and pre-eclampsia represent
just a few of the potential clinical indications for obstetric intervention (ACOG
2009, Lagrew 2006, Barber 2011). As these two adverse outcomes are
associated with gestational diabetes and periodontal disease, they may also
indirectly lead to an increase in the use of obstetric intervention at delivery.
Obstetric interventions such as cesarean sections and labor inductions have
increased substantially in the past few decades. Cesarean deliveries occurred in
32.9 percent of births in 2009 representing a nearly 60 percent increase since
1996 (Hamilton 2010). The relationship between cesarean delivery and
gestational diabetes varies by race with racial and ethnic minorities more likely to
deliver by cesarean section compared to Whites based on a study of birth
certificates in New York City but the differences in effect size do not support
different thresholds for treatment of gestational diabetes to prevent cesarean
delivery (Mocarski 2011). Labor induction occurred in 22.5 percent of births in
2006, more than double the rate from 1990 (Martin 2009). African American
women were more likely to have late preterm induction of labor than non-
Hispanic White women, while Hispanic women were less likely to have late
preterm induction of labor compared to non-Hispanic White women (Murthy
2011). Indications for labor induction include but are not limited to pre-
eclampsia, premature rupture of membranes, gestational diabetes, fetal

conditions such as severe intrauterine growth restriction and congenital

11



anomalies, and need for post-term delivery (ACOG 2009, Gulmezoglu 2006,
Joseph 2007, Spong 2011). Fetal macrosomia, however, is not a clinical
indication for labor induction (Sanchez-Ramos 2002, ACOG 2009).

While both cesarean section and labor induction help to alleviate the risks
posed by maternal morbidities such as pre-eclampsia and may prevent or
alleviate infant morbidities such as fetal macrosomia, these procedures carry
their own potential risks. Cesarean sections involve longer recovery times in the
hospital, have greater risks of hospital-borne infections as a result of the surgery
and recovery period, increase the risk of maternal mortality, and often lead to
repeat cesarean sections for subsequent pregnancies (Smaill 2002, Hofmeyr
2001, Deneux-Tharaux 2006, Minkoff 2003, Hemminki 1996). Labor induction
increases the likelihood of uterine rupture in the mother and has important
implications for the infant as well (ACOG 2009). Early labor induction can result
in a premature infant who may need substantial neonatal intensive care services
and has a greater risk of infant mortality (Reddy 2009, Spong 2011).

While much of the controversy about use of obstetric interventions at
delivery focuses on the electivity of such procedures, it is important to evaluate
the impact of changes in the prevalence of risk factors that necessitate
intervention on the growing trend of obstetric intervention. Understanding the full
contribution of maternal risk factors to the need for obstetric intervention may
provide useful information in this debate (Janakiraman 2010). If periodontal
disease does increase the risk of adverse outcomes that are associated with

clinically indicated induction and cesarean section, then periodontal disease may

12



have indirect effects of increasing the rate of cesarean section. Trends in the
prevalence of periodontal disease among pregnant women should be taken into

account when assessing trends in cesarean section and labor induction.

Potential for confounding in relationships between periodontal disease,
gestational diabetes mellitus and adverse pregnancy outcomes.
Sociodemographic risk factors are also important to consider in relationships
between periodontal disease, gestational diabetes and adverse pregnancy
outcomes. Women with gestational diabetes mellitus are likely to be older than
women without gestational diabetes mellitus. Likewise, hypertensive disorders
are more likely to occur to women at older ages. Women of lower socioeconomic
status are more likely to experience numerous chronic health conditions
compared to higher socioeconomic status women (Narayan 2003, King 1998).
Women at lower socioeconomic levels tend to have poorer maternal and infant
health outcomes than women at higher socioeconomic levels (Gazmararian
1996). The effects of obesity, diabetes, and specifically maternal glucose levels
on adverse pregnancy outcomes may also differ among persons of different
races and/or ethnicities (Rosenberg 2005, Steinfeld 2000, Scholl 2002).

Smoking and tobacco use are important confounders in the relationship
between periodontal disease, gestational diabetes, and adverse pregnancy
outcomes. Smoking may interact with periodontal disease to increase the effect
of periodontal disease beyond that conferred by periodontal disease alone as

evidenced by previous studies on the relationship between periodontal infection

13



and systemic disease (Hyman 2002). Persons who use tobacco in its various
forms are at an increased risk for periodontal disease (Albandar 2000). Tobacco
use is also associated with an increased risk for low birthweight infants but a
decreased risk for pre-eclampsia (Conde-Agudelo 1999, Floyd 1993). As a
result, relationships between periodontal disease and either high birthweight
infants or pre-eclampsia may be negatively confounded by the effect of tobacco
use.

Obesity is another potential confounder to consider in the relationship
between periodontal disease and high birthweight. Obese persons are more
likely to have periodontal disease and gestational diabetes (Pischon 2007).
Maternal obesity is associated with increased infant birthweight (Cnattingius
1998, Ovesen 2011). Similarly, obese women are more likely to experience pre-
eclampsia (Cunningham 2002) and deliver by cesarean section (Ovesen 2011).
While these relationships may suggest confounding, much of the effect of obesity
may be mediated through gestational diabetes. Thus, adjusting for maternal
obesity may over-control for much of the direct effect gestational diabetes may
have on pregnancy outcomes. Every unit of body mass index is associated with
an ever greater increased likelihood of developing gestational diabetes (Torloni
2009). Subclinical gestational diabetes is associated with increased risk of
adverse outcomes such as greater infant birthweight (HAPO 2008). The
population attributable fraction of gestational diabetes cases associated with
obesity is estimated at 46 percent which means that nearly half of all cases of

gestational diabetes could be prevented by reducing the pre-pregnancy weight of

14



overweight and obese women to normal weight ranges (Kim 2010). Thus it is
unclear if obesity has an independent effect on adverse pregnancy outcomes
other than its effect as mediated through gestational diabetes.

Nutritional intake (Ritchie 2003) and physical activity (Al-Zahrani 2005)
can both influence periodontal disease and its progression, and the resulting
poor oral health may lead to dietary changes to less healthy food choices (Al-
Zahrani 2006, Enwonwu 2007). Nutritional intake (Rode 2007) and physical
activity (Perkins) can affect weight gain and ultimately the birthweight of the
infant.

In summary, the growing body of evidence demonstrating the inter-
relationship of diabetes mellitus and periodontal disease appears to extend into
pregnancy and the relationship between gestational diabetes and periodontal
disease. However, it is unknown whether the combined effects of gestational
diabetes and periodontal disease increase the risk of adverse pregnancy
outcomes beyond the effects of either condition alone. This dissertation
examined the relationship between periodontal disease and gestational diabetes
mellitus by examining the impact of periodontal disease on the adverse
pregnancy outcomes of high birthweight infants and pre-eclampsia — two
conditions currently associated with gestational diabetes mellitus. In addition this
research examined the indirect impact that periodontal disease may have on

obstetric interventions associated with these adverse pregnancy outcomes.

Study Hypotheses
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Most studies of the association between periodontal disease and maternal and
infant health outcomes exclude women with gestational diabetes mellitus.
However, periodontal disease and gestational diabetes mellitus may interact on
inflammation and glycemic control to further enhance the risk of several maternal
and infant health outcomes. Thus, the combined effect of the two conditions may
be greater than either single condition alone, in which case, assessment of
multiple inflammatory conditions during pregnancy and how they interact may
provide greater understanding as to the role of inflammation in the development
of adverse pregnancy outcomes. Figure 1.2 represents the theorized
relationship between gestational diabetes and adverse pregnancy outcomes and
their potential indirect effect on the need for obstetric intervention.

To evaluate the combined effect of periodontal disease and gestational
diabetes on adverse pregnancy outcomes as a proxy for the continuous nature of
the relationship between inflammation and adverse pregnancy outcomes, this
dissertation assessed the relationship between periodontal disease and both
infant and maternal health outcomes in women with gestational diabetes
compared to women without gestational diabetes mellitus. These objectives
include assessing the contributions of periodontal disease and gestational
diabetes to the risk of delivering a high birthweight infant, to the risk of
developing pre-eclampsia, and to the likelihood that a woman will use obstetric
intervention at delivery.

Based on previous studies of the relationships between gestational

diabetes, periodontal disease, and infant birthweight, | hypothesize that
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periodontal disease increases the risk of delivering a high birthweight infant in
women with gestational diabetes mellitus but does not increase the risk of
delivering a high birthweight infant in women without gestational diabetes mellitus
(Table 1.1).

Based on prior studies evaluating the relationships between gestational
diabetes, periodontal disease and pre-eclampsia, | hypothesize that the risk of
pre-eclampsia is higher in women with gestational diabetes compared to women
without gestational diabetes, that the risk of pre-eclampsia is higher in women
with periodontal disease compared to women without periodontal disease, and
that the risk of pre-eclampsia is higher when both periodontal disease and
gestational diabetes are present compared to either condition such that
multiplicative interaction exists (Table 1.2).

| also hypothesize that women with periodontal disease are more likely to
use obstetric interventions for delivery than women without periodontal disease,
that women with gestational diabetes are more likely to use obstetric intervention
compared to women without gestational diabetes, and that women with both
conditions of periodontal disease and gestational diabetes are more likely to use
obstetric intervention than women who have either condition alone such that
multiplicative interaction exists.

In summary, through testing of these hypotheses, the relationship
between gestational diabetes, periodontal disease, and how they may interact
with one another to influence adverse pregnancy outcomes and associated use

of obstetric interventions will become clearer. The potential combined effects of
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these morbidities during pregnancy may help inform an underlying
pathophysiological understanding of the inter-relatedness of these two
conditions. Gestational diabetes is already viewed as a potential risk factor for
adverse maternal and infant health outcomes while the role of periodontal
disease still is disputed. However, if evidence for periodontal disease supports
its risk factor status, periodontal disease would be a potentially modifiable risk
factor whose treatment or alleviation may ultimately reduce adverse outcomes.
Periodontal disease in to the presence of gestational diabetes may identify a
subgroup of high risk pregnancies to which targeted interventions may be
developed. Evaluations of the effect of these conditions on more distal outcomes
such as the use of obstetric intervention, recognizes that the influence of chronic
diseases during pregnancy have sequential impacts for mother and infant.

The methods for analyzing the effect of gestational diabetes, periodontal
disease, and their interaction on the outcomes of infant birthweight, pre-
eclampsia, and obstetric intervention are detailed in Chapter two. The results of
the analyses specific to infant birthweight both as a categorical outcome and as a
continuous outcome are illustrated in Chapter three. Chapter four contains the
results of the analysis focusing on the maternal morbidity of pre-eclampsia, and
Chapter five addresses the potential increased use of obstetric intervention as a
result of gestational diabetes and periodontal disease. The results from each
chapter of this dissertation are summarized in context with one another in

Chapter six along with the public health implications of these results.

18



Figures and Tables

Figure 1.1: Original proposed model for 2-way relationship between periodontal
disease and diabetes mellitus (Grossi 1998).
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Figure 1.2: Conceptual diagram of the proposed hypotheses relating the
interaction between periodontal disease and gestational diabetes mellitus on
outcomes of interest.
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Table 1.1: Hypothesized increase in risk of delivering a high birthweight infant
among women with and without gestational diabetes mellitus and periodontal
disease.

Periodontal Gestational

Group Disease Diabetes Risk of High Birthweight Infant
A )] ) Reference group
B (+) ) No increased risk
)] (+) Increased risk associated with
C . :
gestational diabetes
Increased risk associated with both
D (+) (+)

periodontal disease and gestational diabetes

Table 1.2: Hypothesized increase in risk of pre-eclampsia among women with
and without gestational diabetes mellitus and periodontal disease.

Periodontal Gestational

Group Disease Diabetes Risk of Pre-eclampsia

A O] ) Reference group

B (+) ) Increased risk associated with
periodontal disease

C ) (+) Increased risk associated with
gestational diabetes
Increased risk associated with both

D (+) (+)

gestational diabetes and periodontal disease

Table 1.3: Hypothesized increase in risk of the use of obstetric intervention
among women with and without gestational diabetes mellitus and periodontal
disease.

Periodontal Gestational

Group Disease Diabetes Risk of Using Obstetric Intervention

A O] ) Reference group

B (+) ) Increased risk associated with
periodontal disease

c ) (+) Increased risk associated with
gestational diabetes
Increased risk associated with both

D (+) (+)

gestational diabetes and periodontal disease
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Chapter 2

Methods

Study design

These analyses draw upon data previously collected from the University of
Kentucky, Oral Infection: Impact on Gestational Diabetes study. The primary
design of that study was a prospective cohort study to assess the association
between periodontal disease and gestational diabetes in pregnant women.
However, follow-up information up to and including the delivery of the infant
allows for treating the cases (pregnant women with gestational diabetes) and

controls (women without gestational diabetes) as a matched cohort.

Source population

The University of Kentucky Maternal-Fetal Medicine Clinic located in Fayette
County accounts for approximately 2,000 deliveries each year. Roughly 60
percent of these deliveries are to Caucasian women, 30 percent to Hispanic
women, and 10 percent to African-American women. The overall prevalence of
periodontal disease in pregnant women who utilize the clinic is roughly 33

percent using the case definition of four or more teeth with pocket depth of at
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least four millimeters with bleeding on probing and clinical attachment loss of at
least two millimeters. Previous studies in the clinic have reported higher rates of

enroliment among Hispanic women.

Study population

The eventual final analysis will use data from 416 pregnant women recruited
between September 2005 and September 2009. 208 women with gestational
diabetes mellitus were expected to be recruited and matched by age within a
five-year interval, race, and gestational week at enrollment within a two week
interval to 208 women without gestational diabetes mellitus. However, the
preliminary data used in these analyses focuses on 321 women who had been
recruited at the time of analysis. Women with gestational diabetes mellitus were
identified weekly through lab test results and recruited consecutively. Women
without gestational diabetes were also identified weekly through lab test results
and assessed for matching criteria to the women without gestational diabetes.
Screening for gestational diabetes mellitus typically occurs between 24 and 32
weeks of pregnancy. For this study, the presence of gestational diabetes
mellitus was assessed using universal screening of pregnant women entering the
clinic with a two-step 50 gram glucose challenge test followed by a 100 gram oral
glucose tolerance test and medical history. Controls without gestational diabetes
mellitus who could be matched to already recruited women with gestational
diabetes mellitus were then recruited to join the study. Pregnant women were

included if they were at least 16 years of age and had at least 20 natural teeth at
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the time of periodontal assessment. Women were excluded if they were unable
to provide consent, unable to cooperate with the study, were placed at medical
risk through participation, were under 16 years of age, or had a history of type 1

or type 2 diabetes prior to pregnancy.

Data Collection and Management

Medical staff with the University of Kentucky Bluegrass High Risk Maternal-Fetal
Medicine Clinic spoke with patients about enrollment into the study. A medical
research nurse contacted enrollees to arrange clinical visits. The research nurse
extracted maternal and fetal data from medical records of participants. Oral
examination was performed by Delta Dental Plan of Kentucky Clinical Research
Center. Clinical periodontal disease measures were assessed at baseline (within
one to two weeks of enrollment) and at 34 weeks gestation. No second
measurement of periodontal disease was taken after delivery for women who
gave birth prior to 34 weeks gestation.

Prior to data collection, an Access database was developed for entry of
study data. This database was designed to prevent entry of erroneous
information by setting valid data entry criteria. This database is password
protected to permit only research staff access to obtained information. Dual data
entry was implemented to identify erroneously entered data. Cleaned data was

provided and maintained in a SAS data file.
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Primary Outcomes - Infant birthweight, Pre-Eclampsia, Obstetric
Intervention

High infant birthweight was assessed as a continuous measure and categorically
as infants with a birthweight greater than 4000 grams. A second categorical
birthweight measure was defined as a function of gestational age to account for
large infants born prematurely but not satisfying a 4000 gram threshold: Large
for gestational age infants were defined as those infants who exceed the 90™
percentile of weight expected at their gestational age compared to a standard
United States birth population (Alexander 1996a). Growth curves for measuring
weight appropriate for gestational age vary by race and gender and were also
considered for analytic purposes (Alexander 1996b). In addition the measure of
large-for-gestational age included suspected macrosomia that resulted in early
induction.

Pre-eclampsia was defined using the case definition developed by the
National High Blood Pressure Education Program Working Group as a systolic
blood pressure of greater than or equal to 140mm Hg or a diastolic blood
pressure of greater than or equal to 90mm Hg on two or more occasions after 20
weeks gestation for women with previously normal blood pressure. In addition,
proteinuria must exceed 0.3g protein from a 24-hour urine sample (NHBPEPWP
2000). Pre-eclampsia outcome status was based upon information obtained
from clinic visits.

When potential birth trauma is expected, a cesarean section is more likely

to be performed than a vaginal birth. When cesarean sections are performed in
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one pregnancy they are more likely to also be performed in subsequent
pregnancies (Simpson 2005). Thus it is important to distinguish between elective
procedures and clinically indicated procedures in assessment of methods of
delivery. While there are two primary modes of delivery, cesarean section and
vaginal delivery, these can be further subclassified as planned or not planned,
with or without complications, and by whether a previous delivery was done by
cesarean section (Viswanathan 2006). Women with non-elective cesarean
sections, cesarean sections performed for maternal or fetal complications, and
unplanned induction of delivery have been previously combined to measure
whether women needed obstetric intervention while women with other deliveries
were grouped as women who did not need obstetric intervention. Under this
definition for premature births only, a tertiary referral center found 14.8 percent of
preterm births to have been in need of mandated obstetric intervention
(Fronterhouse 2001). Medically necessary indications were assessed through
the evaluation of individual medical records by clinical research staff. For this
analysis, obstetric intervention will be evaluated as the use of obstetric
intervention rather than the need for obstetric intervention as a review of the
dataset yielded that every use of obstetric intervention had a valid clinical
indication supporting its use. In addition to any use of obstetric intervention
(either labor induction or cesarean delivery), the specific interventions of
cesarean delivery and labor induction were modeled separately to determine
whether differences in obstetric intervention is driven by one procedure or the

other.
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Primary Exposures — Periodontal Disease and Gestational Diabetes
Periodontal disease status was assessed through a full mouth periodontal
assessment within one to two weeks of gestational diabetes mellitus assessment
and again at 34 weeks gestation or immediately after pregnancy when it occurred
prior to 34 weeks gestation. The periodontal disease assessment included
measures of pocket depth, clinical attachment loss, gingival inflammation, and
bleeding upon probing. The proportion of sites with each clinical indicator
provides a summary measure for classification of periodontal disease.
Algorithms exist to further classify periodontal disease by severity status (Page
2007). Progression of periodontal status, independent of the dichotomous
periodontal status, has been associated with birthweight differences. Periodontal
disease was defined as four or more teeth with at least one probing depth of at
least four millimeters, clinical attachment loss of at least two millimeters, and
bleeding on probing. To evaluate the potential impact of periodontal disease
severity, different case definitions of periodontal disease were substituted into
models to assess whether they changed the risk estimate. The differing case
definitions for periodontal disease when assessing adverse pregnancy outcomes
is a common criticism of studies the relationship as findings seem dependent
based upon the case definition used (Manau 2008). Assessing the impact of
different case definitions for evaluating severity will facilitate comparison with
other studies and the role of case definition in assessing results.

Gestational diabetes was evaluated as a dichotomous variable, and based

upon the results of glucose tolerance screening. Women whose screening test
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values exceeded the thresholds for the two-step 50 gram glucose challenge test
and 100 gram oral glucose tolerance tests were considered to have gestational
diabetes. | used a dichotomous variable for gestational diabetes and did not take

advantage of the linear glucose tolerance screening value.

Potential Confounding Variables

Confounding has been an important consideration in the relationship between
periodontal disease and systemic diseases due to the commonality of risk factors
between periodontal disease and systemic diseases. Many studies relating
periodontal disease to systemic diseases have not fully addressed potential
confounders or effect modifiers and when considered, studies have yielded
heterogeneous results (Hyman 2006). For instance, in a study of periodontal
disease and cardiovascular disease, a positive association was found among
smokers but not among nonsmokers (Hyman 2002). Thus the effect of
periodontal disease on adverse pregnancy outcomes may also be
heterogeneous across subgroups.

A medical history was conducted to assess the presence of any
confounding medical conditions such as heart disease, kidney disease, past illicit
drug and alcohol use, and presence of vaginal infection. Heart disease and
kidney disease may share common mechanisms of disease as pre-eclampsia
(Bellamy 2007, Hladunewich 2007). If heart disease were already present, the
underlying mechanism may contribute to pre-eclampsia. Exclusion of women

with pre-existing heart disease would help to reduce this variation in potential
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causes of pre-eclampsia. Proteinuria as part of the case definition of pre-
eclampsia may arise from pre-existing kidney disease which predisposes the
woman to develop pre-eclampsia. Thus, kidney disease provides another source
of variation that can contribute to pre-eclampsia that should be controlled for in
the analysis. Drug and alcohol use are associated with fetal growth restriction
and birth defects that may contribute to clinically indicated obstetric interventions
(Young 1992, Jaddoe 2007). Vaginal infections are associated with adverse
pregnancy outcomes independent of associations between periodontal disease
and adverse pregnancy outcomes (Oittinen 2005). The medical chart abstraction
identified women with heart disease, kidney disease, and vaginal infection.

Demographic information such as race (Caucasian, Black, Asian),
Hispanic ethnicity, and maternal age were recorded as part of the medical
history. Smoking was assessed through an interviewer-administered health
history conducted by a medical research nurse. Tobacco use was measured by
the self-reported use of cigarettes, chewing tobacco, snuff, cigars, and pipe
tobacco. Current and past tobacco use, duration of tobacco use, and frequency
of tobacco use were all assessed. As women in this study rarely used forms of
tobacco other than cigarettes and never used non-cigarette tobacco products
without also using cigarette, we used cigarette smoking status as a proxy for their
total tobacco use status.

Height and weight measurements were taken at both the enroliment visit
and update visit. Maternal obesity was calculated as the pre-pregnancy body

mass index based upon these height and weight measurements. Obesity was
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defined as a body mass index of 30 or higher based upon Centers for Disease
Control and Prevention classifications. In the preliminary data, the majority of
enrolled women lacked information on pre-pregnancy weight and thus pre-
pregnancy obesity was not assessed. Nutritional intake was not assessed with

the exception of identifying women on special diets.

Overall analytic approach and statistical analyses

In each analysis, periodontal disease was assessed as a dichotomous exposure
as was gestational diabetes. In regression models, a multiplicative interaction
term was included to determine whether statistically significant interaction existed
between these two conditions. In a second model, periodontal disease and
gestational diabetes status were combined into a four level categorical variable
containing each potential combination of the dichotomous exposure categories:
periodontal disease with gestational diabetes, periodontal disease only,
gestational diabetes only, and neither periodontal disease nor gestational
diabetes. For the four level exposure analysis, the group with neither periodontal
disease nor gestational diabetes served as the reference group. Subsequent
analyses considered the effect of periodontal disease by severity level, in
accordance with the differing case definitions, to assess dose-response
relationships (Page 2007). Through these multiple methods of assessment, the
analysis explored the different mechanisms by which the exposures of
gestational diabetes and periodontal disease may impact the outcomes of

interest.
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Analyses were performed at two levels, one that accounts for the matched
pairs and one that treats the matched pairs as unmatched. In the matched pair
analysis, McNemar’s test and conditional regression techniques were used to
assess the associations between the periodontal disease and gestational
diabetes exposure groups and the outcomes of interest. The matched analysis
provided better estimation of regression coefficients but at the cost of precision
around those estimates. Matching in observational cohort studies does not
entirely guarantee that efficiency is gained as the matching will alter the covariate
distributions of unmatched, potentially important, confounding variables
(Rothman 1998). The matched analysis was performed in SAS® version 9.2 for
Windows (SAS 2011) using PROC PHREG (Alexander 2007). This command
procedure used matched pairs in the analysis where the outcome of interest was
different between the pregnant women with gestational diabetes and the
pregnant women without gestational diabetes (Walker 1982, Walker 1981).
Thus, in order to be used, this procedure requires an adequate number of
outcome events amongst both cases and controls. If there are too few outcome
events, then PROC GENMOD can be used to estimate the point estimates of the
parameters. However, the confidence intervals provided by PROC GENMOD
are anti-conservative or narrower than expected (Alexander 2007). Corrections
to the confidence intervals can be performed. However, some of these
corrections may still result in anti-conservative confidence intervals or overly

conservative estimates (Alexander 2007, Cummings 2003).
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The unmatched analysis uses chi square tests and Fischer exact tests
when cell sample sizes are small to evaluate the differences in categorical risk
factors and outcomes between exposure groups. For continuous outcomes and
risk factors, t-tests were used to evaluate the between exposure group
differences.  Unconditional regression modeling techniques were used to
estimate the adjusted risk of adverse pregnancy outcomes as unmatched
analyses can still yield unbiased risk ratio estimates in matched cohort studies
(Rothman 1998). Both the unmatched linear and logistic regression analyses
were performed in PROC GENMOD in SAS 9.2. The unmatched analyses
provide greater precision at the potential cost of accuracy of the regression
coefficients. In both analytic approaches (matched and unmatched), categorical
approaches require adequate cell sizes to produce reliable estimates. The
majority of analyses of the preliminary data focus on using the unmatched
analytic approaches due to the limited number of outcome events in the partial

population.

Statistical analyses specific to infant birthweight

Birthweight was evaluated as a continuous outcome and used to measure the
difference in the mean birthweight among the periodontal disease and
gestational diabetes mellitus exposure groups. However, the effects of
periodontal disease may not be entirely linear as periodontal disease may lead to

reductions in infant birthweight in women with periodontal disease, but may also
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increase the occurrence high birthweight infants in women with gestational
diabetes.

To account for the potential nonlinear association between exposure
categories and birthweight, birthweight was also defined categorically. As a
categorical measure, analysis focused on the comparison of the proportion of live
births that result in high birthweight or large-for-gestational age among the
periodontal disease and gestational diabetes exposure groups. Bivariate
analyses using Chi-square tests for categorical measures and t-tests for
continuous measures were used to identify potential confounders in the
relationship between periodontal disease and high birthweight and large-for-
gestational age infants. Multivariable analyses were used to test the relationship
between periodontal disease, gestational diabetes mellitus and adverse
pregnancy outcomes by controlling for multiple confounding variables. Methods
of multivariable analysis varied with the continuous/categorical classification of
birthweight. For birthweight treated as a continuous outcome in an unmatched
analysis, the multivariable linear regression model is depicted in Figure A1l. For
the categorical comparison of birthweight in terms of high birthweight and large-
for-gestational age, the multivariable logistic regression models used in the
matched analysis can be found in Figure A2 while the multivariable logistic
regression models used for the unmatched analysis can be found in Figure A3.
The estimated power of the test to find a significant difference between exposure
groups in the prevalence of high birthweight infants at the 0.05 alpha level can be

found in Table B1.
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Statistical analyses specific to pre-eclampsia

Pre-eclampsia was defined in this study as a dichotomous outcome. The
proportion of births that result in pre-eclampsia can be measured among the
periodontal disease and gestational diabetes mellitus exposure groups and
compared using Chi-square tests in the unmatched analysis. As with measures
of birthweight, bivariate analytic approaches (t-tests for continuous measures,
chi-square tests for categorical measures) were used to assess potential and
expected confounders. For the multivariable logistic regression model performed
to assess the association between periodontal disease and gestational diabetes
exposure and pre-eclampsia in the unmatched analysis, the regression equation
is shown in Figure A4. For the multivariable conditional logistic regression model
performed to assess the association between the exposure variables of
gestational diabetes and periodontal disease and the outcome of pre-eclampsia
in the matched analysis, the regression equation is found in Figure A5. The
estimated power of this test, dependent on the prevalence of pre-eclampsia in

the exposure groups can be found in Table B3.

Statistical analyses specific to obstetric intervention

The analysis of obstetric intervention using preliminary data focused on the
unmatched analysis although in the complete data set there should be adequate
numbers of outcomes in the exposure group categories due to the overall high

prevalence of obstetric intervention. For the unmatched analysis, the prevalence
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of obstetric intervention was compared across exposure groups of periodontal
disease and gestational diabetes with Chi-square tests for categorical measures
and t-tests for continuous measures. In the multivariable logistic regression
model using the unmatched approach, the relationship between the exposures of
periodontal disease and gestational diabetes and the outcome of obstetric
intervention was evaluated as depicted in the regression equation in Figure AG.
For the multivariable conditional logistic regression model that uses the matched
data, the regression equation to test the relationship between the exposures of
gestational diabetes and periodontal disease and the outcome of obstetric
intervention can be found in Figure A7. Similar multivariable regression modeling
equations were performed separately for the component outcomes of labor
induction and cesarean section delivery. These separate models for labor
induction and cesarean delivery were used to determine the contributions of each
mode of delivery to the observed association with overall obstetric intervention.
For cesarean delivery, separate models with and without women with a previous
cesarean delivery were modeled due to the high likelihood that women with a
previous cesarean delivery will have subsequent cesarean deliveries. The
estimated power, dependent on the prevalence of obstetric intervention, to test
for differences in obstetric intervention prevalence rates between exposure
groups can be found in Table B5.

While these analyses intend to take advantage of the study design, the
preliminary sample size can result in an inability to take full advantage of the

design. Modifications to these analytic approaches are detailed in the following
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chapters to address the impact of sample size in this preliminary analysis.
Additional limitations for each of the different analyses are discussed in each

subsequent chapter and summarized in Chapter six.
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Chapter 3

Fetal Macrosomia

Introduction

Fetal macrosomia, often synonymous with large-for-gestational age and high
birthweight, occurred in 7.6 percent of live births in the United States in 2008
(Martin 2010). The prevalence of fetal macrosomia was highest in non-Hispanic
White infants at 9.5 percent compared to 7.2 percent in Hispanic infants and 4.1
percent in African American infants using the 4,000 gram threshold definition of
fetal macrosomia (Martin 2010). Fetal macrosomia is more common among
infants born to women with pre-existing diabetes (Persson 2011) or pregnancy-
induced gestational diabetes (Ehrlich 2011, HAPO 2008). Fetal macrosomia is
associated with increased risk for birth trauma events such as shoulder dystocia
(Zhang 2008, Vidarsdottir 2011). In addition, fetal macrosomia is associated with
an increased likelihood of emergency cesarean delivery (Zhang 2008,
Vidarsdottir 2011), or early induction to prevent the maternal complications posed
by having a high birthweight infant (Vidarsdottir 2011). Fetal macrosomia may

also have long-term impacts such as greater likelihood of childhood obesity
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(Mehta 2011) and increased likelihood of early onset diabetes for the infant
(Pettit 1988).

One of the risk factors most often associated with high infant birthweight is
gestational diabetes (HAPO 2008, Ehrlich 2011, Mocarski 2011). Insulin
resistance increases the risk for fetal macrosomia at both clinical and subclinical
levels with no clear minimum or maximum threshold for increasing risk (HAPO
2008, Ehrlich 2011). Inflammatory markers are correlated across all levels of
maternal glucose levels which may ultimately impact infant birthweight (Lowe
2010). Ethnic differences have been reported in the association between
gestational diabetes and infant birthweight, with African American women
typically demonstrating greater risks, but these differences are not large enough
to suggest differing thresholds for treatment or diagnosis (Mocarski 2011).

While gestational diabetes has demonstrated relationships with high
birthweight infants, periodontal disease associations with high birthweight have
not been previously assessed. Periodontal disease has been linked to an
increased risk for delivery of a low birthweight infant, particularly of a preterm low
birthweight infant (Lopez 2002, Marin 2005, Moliterno 2005, Moreu 2005).
Studies evaluating the relationship between periodontal disease and birthweight
specifically have demonstrated mixed results (Marin 2005, Moliterno 2005,
Moore 2004, Lunardelli 2005) with randomized controlled trials and meta-
analyses (Uppal 2010, Michalowicz 2006) less likely to demonstrate significant

associations. Thus it is unclear whether periodontal disease truly affects
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birthweight, and if so, whether it affects birthweight directly or as a side effect of
its impact on prematurity.

Gestational diabetes and periodontal disease may be of greater
importance together rather than as individual risk factors for high or low infant
birthweight. The destructive processes of periodontal disease may contribute to
factors that increase the severity of gestational diabetes, and the glycated
proteins and inflammation from gestational diabetes may generate feedback to
enhance the destructive impact of periodontal disease (Grossi 1998, Lalla 2011).
Periodontal disease has been linked to complications with glycemic control in
persons with diabetes (Taylor 1996). Periodontal disease has also been shown
to be greater in prevalence among women with gestational diabetes (Xiong
2006). Thus periodontal disease may enhance the effects of gestational
diabetes even though periodontal disease itself may have a limited impact on
infant birthweight.

Factors that contribute to either reduction or increase in infant birthweight
should be considered important as potential confounding variables regardless of
the hypothesized direction of effect of the primary variables of interest. Infant
growth curves demonstrate the relationship between gestational age and infant
birthweight (Alexander 1996). Thus gestational age is a very strong predictor of
infant birthweight. Both smoking and illicit drug use have been linked to reduced
infant birthweight which may confound associations of other potential risk factors
with infant birthweight (Floyd 1993, Higgins 2002, Bailey 2011). Birthweight

distributions also vary by race (Martin 2010). Pre-pregnancy body mass index
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has been linked to fetal macrosomia (Kabali 2007, Rosenberg 2003, Ovesen
2011), but gestational diabetes and associated insulin insensitivity may mediate
the effect of body mass index on infant birthweight because increasing body
mass index is associated with increasing risk for gestational diabetes (Torloni
2008, Kim 2010, Ovesen 2011). Therefore it is unclear whether body mass index
truly exhibits an independent effect on infant birthweight beyond that mediated
through gestational diabetes. Thus controlling for body mass index may be
inappropriate in analyses when trying to estimate the direct effect of gestational
diabetes. This study aims to address possible biological synergism by examining
whether the impact of gestational diabetes on infant birthweight is greater in the
presence of periodontal disease than when gestational diabetes is present

without periodontal disease.

Methods

This analysis used preliminary data collected for the University of Kentucky, Oral
Infection: Impact on Gestational Diabetes study. Between September 2005 and
September 2009, 321 pregnant women were recruited consecutively based upon
the presence or absence of gestational diabetes mellitus. Pregnant women were
included if they were at least 16 years of age and had at least 20 natural teeth at
the time of periodontal assessment. Women were excluded if they were unable
to provide consent, unable to cooperate with the study, were placed at medical
risk through participation, were under 16 years of age, or had a history of type 1

or type 2 diabetes prior to pregnancy.
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Gestational diabetes mellitus was identified through universal screening
with a two-step diagnostic test, a 50 gram glucose challenge test followed by a
100 gram oral glucose tolerance test, performed for all pregnant women who
visited the University of Kentucky Bluegrass High Risk Maternal-Fetal Medicine
Clinic. Women identified with gestational diabetes were then matched to a
pregnant woman without gestational diabetes based upon age within a five-year
interval, race, and gestational week at enrollment within a two week interval.
Both women with and without gestational diabetes were followed from the time of
enrollment through delivery and then compared.

A total of 162 potential cases were identified. Figure 3.1 describes the
process of determining eligibility for this analysis. Nine cases, women with
gestational diabetes, and six controls, women without gestational diabetes, were
excluded for the lack of a match. One matched pair was removed for a pre-
existing health condition, eight matched pairs were removed for multiple
gestation, and an additional 41 matched pairs were excluded due to a lack of
periodontal disease examination information. An additional eight matched pairs
were removed for extremely high birthweight, extremely low birthweight, or
missing birthweight information. The extremely high and low birthweight values
were not only excluded due to their potential as data recording errors, but also for
their potential as overly influential data points since they fell out of the range of
the typical birthweight distribution.  Thus, for this analysis, 95 matched cases
and controls with complete periodontal disease examination information and

adequate birthweight information were evaluated to assess the relationship

53



between gestational diabetes, periodontal disease, and their potential interaction
with infant birthweight.

Infant birthweight was recorded in grams at the time of delivery and
abstracted during the chart reviews by the medical research nurse. In addition to
a continuous measure of infant birthweight in grams, infant birthweight was also
categorized into low birthweight (below 2,500 grams), expected birthweight
(2,500 to 4,000 grams), and high birthweight (over 4,000 grams) according to
standard definitions (Alexander 1996). Gestational diabetes was evaluated as a
dichotomous variable based upon the screening results that led to selection into
the study as a case or control . Oral examination was performed by Delta Dental
Plan of Kentucky Clinical Research Center. Clinical periodontal disease
measures were assessed at baseline (within one to two weeks of enrollment).
The periodontal disease assessment included a full mouth examination that
captured measures of pocket depth, clinical attachment loss, gingival
inflammation, and bleeding upon probing at six sites per tooth. The proportion of
sites with each clinical indicator provides a summary measure for classification of
periodontal disease. Periodontal disease was defined as four or more teeth with
bleeding on probing, pocket depth of at least four millimeters and clinical
attachment loss of at least two millimeters for analysis unless otherwise
specified. Third molars were excluded from the periodontal disease status
classification.

A medical research nurse contacted enrollees to arrange clinical visits.

The research nurse extracted maternal and fetal data from medical records of
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participants. Demographic information including race (Caucasian, Black, Asian),
Hispanic ethnicity, and maternal age were recorded as part of the medical
history. Tobacco use was measured by self-reported use of cigarettes, chewing
tobacco, snuff, cigars, and pipe tobacco. Tobacco use as a confounding variable
was limited to cigarette use (current smoker, former smoker, and never smoker)
as other forms of tobacco use were rare and always occurred in conjunction with
cigarette smoking. A medical history was conducted to dichotomously assess
the presence or absence of any confounding medical conditions such as heart
disease, kidney disease, past illicit drug and alcohol use, and presence of vaginal
infection. Height and weight measurements were taken at both the enrollment
visit and update visit.  Pre-pregnancy weight was not available for the majority
of study participants. Nutritional intake was not assessed with the exception of
identifying women on special diets.

Cross-tabulations of each variable by case-control status were assessed
to identify potential confounding variables using chi-square and Fischer exact
tests depending upon cell sample size. However, the limited sample size from
the preliminary dataset resulted in small cell sizes inappropriate for further
regression analytics. Therefore no multivariable logistic regression analyses
were performed based on the categorical definition of high birthweight. Bivariate
analyses using the continuous measure of infant birthweight to assess influence
of potential confounding variables were evaluated through t-tests. An unmatched
analysis using linear regression with the continuous outcome measure of infant

birthweight was performed in SAS version 9.2 using PROC GENMOD. Bell-
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shaped curves for normally distributed data have been observed for birthweight

(Persson 2011).

Results

The mean infant birthweight among study participants was 3,407g (SE: 33g), and
its relationship with gestational diabetes and periodontal disease are illustrated in
Table 3.1. The mean birthweight was higher among women with gestational
diabetes (3,449g, SE: 48g) compared to women without gestational diabetes
(3,366g9, SE 45¢g) but not at a significant level (p=0.2084). The mean infant
birthweight was not different (p=0.8745) in women with periodontal disease
(3,4129g, SE: 50g) compared to women without periodontal disease (3,401g, SE:
43g). Women with both gestational diabetes and periodontal disease had
nonstatistically significant (p=0.33) higher infant birthweight (3,445g, SE: 64Q)
compared to women without either gestational diabetes or periodontal disease
(3,360g, SE: 59g). The birthweight distributions across all four categories of the
two combined conditions were similar in shape and appearance to each other
(Figure 3.2).

In examining the potential for confounding from other risk factors that can
influence infant birthweight, we identified potential associations of gestational
diabetes with maternal age, smoking status, and estimated gestational age at
delivery. Women with gestational diabetes were older despite matching on

maternal age, delivered infants at greater gestational age, and were more likely
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to be a current or former smoker compared to women without gestational
diabetes (Table 3.2).

Potential associations were identified between the risk factor of
periodontal disease and other risk factors associated with infant birthweight.
Women with periodontal disease were more likely to be current smokers, be of
Hispanic ethnicity, be of greater maternal age, and have infants at an earlier
gestational age (Table 3.3).

The association between gestational diabetes and potential confounding
variables on the continuous outcome of birthweight are displayed in Table 3.4.
Women who had never smoked had a lower mean infant birthweight compared to
women who were current smokers which was contrary to expectation (p=0.0605).
Women with a history of illicit drug use also had a lower mean infant birthweight
compared to women without a history of illicit drug use (p=0.0444). Hispanic
women had a nonstatistically significant lower mean infant birthweight compared
to White women (p=0.1820). The mean birthweight was also higher among
infants born at term compared to infants born prematurely (p <0.0001).

The associations between periodontal disease and potential confounding
variables are demonstrated below in Table 3.5. Infant birthweight did not vary
substantially between women with periodontal disease and women without
periodontal disease by any of the potential confounding variables evaluated.

The relationship between periodontal disease case definition, gestational
diabetes and the continuous outcome of infant birthweight is presented in Table

3.6. Among women with periodontal disease, women with gestational diabetes

57



consistently had higher mean infant birthweight than women without gestational
diabetes. When the measurement of periodontal disease was changed from
lower severity levels to higher severity levels, we observed only minor changes in
the difference in birthweight between women with and without gestational
diabetes. Among women without periodontal disease, infant birthweight did not
differ between women with gestational diabetes and women without gestational
diabetes for low severity case definitions. The difference increased modestly
with severity but without any substantial trend corresponding with periodontal
disease severity.

In single risk factor regression models (Table 3.7), birthweight was a
significantly associated with estimated gestational age. History of illicit drug use
had a borderline nonsignificant relationship with infant birthweight. Periodontal
disease (p=0.8758) and gestational diabetes (p=0.2113) failed to achieve
statistical significance either on their own or with a multiplicative interaction term
(p=0.8697), or when periodontal disease and gestational diabetes were modeled
as a categorical combination variable. The potential confounding variables,
identified through the literature or analysis, that can contribute to infant
birthweight differences and to the two conditions of periodontal disease and
gestational diabetes were examined in the multivariable linear regression model
presented in Table 3.8.

Potential multicollinearity was present for smoking status and history of
illicit drug use. When placed into the model together, each of the variables

weakened the effect of the other variable with a tolerance of 0.6. When the
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model included only one of these two variables, the tolerance rose to 0.9.
Tolerance is the inverse of a measure, ranging between 0 and 1, that describes
how much variance of a regression coefficient is caused by colinearity. Therfore,
a higher value of tolerance corresponds to less colinearity. Given its low
prevalence relative to smoking, illicit drug use was dropped from the model.
After adjusting for gestational age, gestational diabetes was significantly
associated with higher infant birthweight (p=0.0234). However, no other potential
confounding variable when added to a bivariate model resulted in statistical
significance for effects of periodontal disease or gestational diabetes (Table 3.8)
including when current and former smokers were combined into an ever smoker
category (p=0.3084)

In the multivariable model (Table 3.9), gestational diabetes remained
associated with an increased infant birthweight. Periodontal disease was not
associated with increased infant birthweight. The multiplicative interaction term
between gestational diabetes and periodontal disease was nonsignificant despite
both terms suggesting positive relationships with infant birthweight (p=0.4104).

In the multivariable model with the categorical combination of gestational
diabetes and periodontal disease (Table 3.10), the highest increase in infant
birthweight was among women with both gestational diabetes and periodontal
disease followed by women with gestational diabetes alone and then periodontal
disease alone. Compared to women without either gestational diabetes or

periodontal disease, the women with at least one or both of these risk factors
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demonstrated a statistically significant increase in infant birthweight after
adjusting for gestational age, smoking status, and maternal race.

Gestational age was highly predictive, with birthweight increasing as
gestational age increased (p < 0.0001). Current smoking status was associated

with lower infant birthweight, but was not significant in this model (p=0.4297).

Discussion

Maternal periodontal disease does not appear to be associated with infant
birthweight or modify the relationship between gestational diabetes and
birthweight. Gestational diabetes was associated with higher birthweight, but did
not appear to have a stronger association in the presence of periodontal disease,
even after adjusting for smoking, maternal age, race, ethnicity, and gestational
age at delivery. However, the power to detect a multiplicative interaction in the
multivariable model was limited due to the preliminary sample size. This study
supports a pathophysiologic process whereby gestational diabetes can influence
birthweight but where periodontal disease either does not influence infant
birthweight, or represents a small influence relative to that of gestational
diabetes. Only the effect of clinical gestational diabetes was evaluated, not its
severity. Gestational diabetes measured on a continuous scale, both clinically
and subclinically has been associated with adverse pregnancy outcomes
including increasing likelihood of fetal macrosomia (HAPO 2008). Some risk

misclassification may occur when using a dichotomous measure for gestational
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diabetes exposure. Continuous measures would be preferred due to these
demonstrated relationships in future studies.

The effect of gestational diabetes should be interpreted not as the true
effect of gestational diabetes but as the effect of gestational diabetes under
current standard treatment of care. Insulin therapy has demonstrated success in
preventing adverse pregnancy outcomes associated with gestational diabetes
and may weaken observed associations between gestational diabetes and fetal
macrosomia (Alwan 2011, Jacqueminet 2010, Landon 2009).

No studies have previously addressed whether treatment of periodontal
disease can prevent fetal macrosomia, and the reported effects of periodontal
disease treatment on other adverse pregnancy outcomes reported in studies
have been mixed for both infant health outcomes (Uppal 2010, Michalowicz
2006) and maternal health outcomes (Newnham 2009, Michalowicz 2006,
Offenbacher 2009).

Multiple studies have assessed the effects of periodontal disease and
gestational diabetes alone on infant birthweight. Gestational diabetes, both
clinically and subclinically, has demonstrated relationships with higher birthweight
infants (HAPO 2008). Studies of periodontal disease have produced mixed
results with studies often showing lower birthweight infants more common among
women with periodontal disease (Marin 2005, Moliterno 2005, Moore 2004,
Lunardelli 2005). Given the proposed relationship between periodontal disease
and gestational diabetes, it was unclear as to the potential synergistic or

oppositional effects of the combined conditions on infant birthweight. While the
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direction of impact on birthweight was similar for gestational diabetes and
periodontal disease, the magnitude of impact for gestational diabetes was higher
than that of periodontal disease and the magnitude for gestational diabetes alone
was not noticeably different from gestational diabetes in combination with
periodontal disease. The birthweight distributions across all four categories of
the two combined conditions were similar in shape and appearance to each
other. This finding does not lend support to the notion that periodontal disease
may be having direct impacts on the tails of the birthweight distribution. The
severity of the case definition for periodontal disease did not appear to impact the
relationship of infant birthweight, providing more evidence that periodontal
disease is not related to infant birthweight.

The results of this study only represent the defined population served by
the University of Kentucky Maternal-Fetal Medicine practice and may not be fully
generalizable to larger populations or to geographic-based populations in the
same network area as the clinic. This clinic serves a greater proportion of
women with Hispanic ethnicity than the overall population, important because the
birth rate among the Hispanic population is highest in the United States
(Hamilton 2010). It should also be noted that the analyses were only preliminary,
and these results may change when a full dataset is available. However, the
matched analyses do not guarantee gains in efficiency beyond that obtained from
having an increased sample size (Rothman 1998).

In summary, we found gestational diabetes as an important predictor of

high infant birthweight and no effect of periodontal disease on infant birthweight
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regardless of gestational diabetes status. The results of this study are important
for management of patients with gestational diabetes, when fetal macrosomia is
suspected. Periodontal disease does not appear to represent an increased risk
of fetal macrosomia and thus would likely perform poorly as a risk marker to
induce delivery or perform a cesarean section to prevent fetal macrosomia from
complicating the delivery. Likewise, periodontal disease treatment would likely
have little impact on women with gestational diabetes for the purpose of
preventing fetal macrosomia. However, because periodontal disease was not
associated adversely with infant birthweight does not mean that periodontal
disease should not be considered a risk marker when other maternal morbidities

are present.
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Figures and Tables

Figure 3.1: Population flow diagram for selection of cases and controls used in
the preliminary analysis of gestational diabetes, periodontal disease and infant
birthweight.
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Figure 3.2: Distribution of Infant Birthweight by Gestational Diabetes Status and
Periodontal Disease Status
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Table 3.1: Mean infant birthweight (grams) and standard error among study participants by gestational diabetes and

periodontal disease status

Standard
Independent variable Mean Error P-value
Gestational diabetes
Yes 95 3,449 48 0.2084
No 95 3,366 45
Periodontal disease
Yes 101 3,412 50 0.8745
No 89 3,402 43
Gestational diabetes, periodontal disease
combination
Both gestational diabetes and 56 3,445 64 0.3300
periodontal disease
Gestational diabetes only 39 3,455 61
Periodontal disease only 45 3,372 78
Neither gestational diabetes nor 50 3,360 59
periodontal disease
Total 190 3,407 33
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Table 3.2: Prevalence and association of potential confounding variables among pregnant women with and without

gestational diabetes for evaluating the relationship between gestational diabetes and infant birthweight.

No Gestational

Total Gestational Diabetes Diabetes
Variable N % N % N % p-value

Smoking Status

Current Smoker 19 10.0% 13 13.7% 6 6.3% 0.0684

Previous Smoker 37 19.5% 22 23.2% 15 15.8%

Never Smoker 134 70.5% 60 63.2% 74 77.9%
Race/Ethnicity

Caucasian 68 35.8% 34 35.8% 34 35.8% 1.0000

Black 20 10.5% 10 10.5% 10 10.5%

Hispanic 84 44.2% 42 44.2% 42 44.2%

Asian 18 9.5% 9 9.5% 9 9.5%
Estimated Gestational Age

< 37 weeks 13 6.8% 6 6.3% 7 7.4% 0.7738

37 to 41 weeks 177 93.2% 89 93.7% 88 92.6%
History of Drug Use

Yes 13 7.0% 6 6.5% 7 7.6% 0.7582

No 172 93.0% 87 93.5% 85 92.4%
Birthweight

>= 4000 grams 17 8.9% 7 7.4% 10 10.5% 0.6621

>= 2500g and < 4000 grams 168 88.4% 86 90.5% 82 86.3%

< 2500 grams 5 2.6% 2 2.1% 3 3.2%
Periodontal disease

Yes 101 53.2% 56 58.9% 45 47.4% 0.1098

No 89 46.8% 39 41.1% 50 52.6%

Variable N MeantSE N MeantSE N Mean+SE p-value

Mean Maternal Age (years) 190 29.0+0.4 95 29.4+0.6 95 28.6£0.5 0.2976
Mean Gestational Age (weeks) 190 38.610.1 95 38.4+0.1 95 38.7+£0.2 0.0790
Mean Birthweight (grams) 190 3,407%33 95 3,449+45 95 3,366x48 0.2084




Table 3.3: Prevalence and association of potential confounding variables among pregnant women with and without
periodontal disease for evaluating the relationship between periodontal disease and infant birthweight.

No Periodontal

89

Total Periodontal Disease Disease
Variable N % N % N % p-value

Smoking Status

Current Smoker 19 10.0% 13 12.9% 6 6.7% 0.0641

Previous Smoker 37 19.5% 14 13.9% 23 25.8%

Never Smoker 134 70.5% 74 73.3% 60 67.4%
Race/Ethnicity

Caucasian 68 35.8% 33 32.7% 35 39.3% 0.1596

Black 20 10.5% 9 8.9% 11 12.4%

Hispanic 84 44.2% 52 51.5% 32 36.0%

Asian 18 9.5% 7 6.9% 11 12.4%
Estimated Gestational Age

Less than 37 weeks 13 6.8% 8 7.9% 5 5.6% 0.5304

37 to 41 weeks 177 93.2% 93 92.1% 84 94.4%
History of Drug Use

Yes 13 7.0% 7 7.2% 6 6.8% 0.9157

No 172 93.0% 90 92.8% 82 93.2%
Birthweight

More than 4000 grams 17 8.9% 11 10.9% 6 6.7% 0.5679

>= 2500 and < 4000 grams 168 88.4% 87 86.1% 81 91.0%

Less than 2500 grams 5 2.6% 3 3.0% 2 2.2%
Gestational diabetes

Yes 95 50.0% 56 55.4% 39 43.8% 0.1098

No 95 50.0% 45 44.6% 50 56.2%

Variable N MeantSE N MeantSE N MeantSE p-value

Mean Maternal Age (years) 190 29.0+0.4 101 29.9+0.5 89 28.0+0.6 0.0163
Mean Gestational Age (weeks) 190 38.610.1 101 38.4+0.1 89 38.8+0.2 0.0267

Mean Birthweight (grams) 190 3,407+33 101 3,412+50 89 3,402+43 0.8745




Table 3.4: Mean infant birthweight (grams) and standard error of women with and without gestational diabetes, stratified
by potential risk factor or confounding variable.

No Gestational

69

Total Gestational Diabetes Diabetes
Variable N Mean SE N Mean SE N Mean SE

Smoking Status

Current Smoker 19 3,216 129 13 3,200 121 6 3,250 336

Previous Smoker 37 3,432 72 22 3,474 77 15 3,371 139

Never Smoker 134 3,428 38 60 3,494 59 74 3,374 50
Race/Ethnicity

Caucasian 68 3,451 57 34 3,402 85 34 3,501 77

Black 20 3,381 130 10 3,369 166 10 3,393 210

Hispanic 84 3,354 46 42 3,469 63 42 3,239 64

Asian 18 3,519 88 9 3,622 77 9 3,416 157
Estimated Gestational Age

< 37 weeks 13 2,919 146 6 3,093 266 7 2,770 143

37 to 41 weeks 177 3,443 32 89 3,473 44 88 3,413 47
History of Drug Use

Yes 13 3,153 130 6 3,187 217 7 3,125 169

No 172 3,418 35 87 3,461 46 85 3,374 51
Periodontal disease

Yes 101 3,412 50 56 3,445 64 45 3,372 78

No 89 3,402 43 39 3,455 61 50 3,360 59

Total 190 3,407 33 95 3,449 45 95 3,366 48
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Table 3.5: Mean infant birthweight (grams) and standard error of women with and without periodontal disease, stratified
by potential risk factor or confounding variable.

No Periodontal

Total Periodontal Disease Disease
Variable N Mean SE N Mean SE N Mean SE

Smoking Status

Current Smoker 19 3,216 129 13 3,302 166 6 3,028 192

Previous Smoker 37 3,432 72 14 3,439 158 23 3,428 68

Never Smoker 134 3,428 38 74 3,427 54 60 3,429 53
Race/Ethnicity

Caucasian 68 3,451 57 33 3,436 92 35 3,466 70

Black 20 3,381 130 9 3605 181 11 3,197 172

Hispanic 84 3,354 46 52 3,347 66 32 3,365 59

Asian 18 3,519 88 7 3534 176 11 3,510 99
Estimated Gestational Age

< 37 weeks 13 2,919 146 8 2973 223 5 2,832 152

37 to 41 weeks 177 3,443 32 93 3,450 49 84 3,436 42
History of Drug Use

Yes 13 3,153 130 7 3,071 163 6 3,250 217

No 172 3,418 35 90 3,423 53 82 3,412 44
Gestational diabetes

Yes 95 3,449 45 56 3,445 64 39 3,455 61

No 95 3,366 48 45 3,372 78 50 3,360 59

Total 190 3,407 33 101 3,412 50 89 3,402 43
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Table 3.6: Mean infant birthweight and standard error by combination of gestational diabetes and periodontal disease,
dependent upon periodontal disease case definition

Periodontal "Gestational Diabetes" "No Gestational Diabetes"
Disease Mean Mean
Status Periodontal Disease Definition N Birthweight SE N Birthweight SE
>=2 Teeth with PD >= 4mm, CAL >= 2mm, BoP 69 3,483 55 56 3,368 69
>=3 Teeth with PD >= 4mm, CAL >= 2mm, BoP 64 3,481 59 51 3,373 73
Yes >=4 Teeth with PD >= 4mm, CAL >= 2mm, BoP 56 3,445 64 45 3,372 78
>=2 Teeth with PD >= 5mm, CAL >= 2mm, BoP 62 3,467 59 54 3,379 71
>=3 Teeth with PD >= 5mm, CAL >= 2mm, BoP 55 3,452 65 49 3,384 75
>=4 Teeth with PD >= 5mm, CAL >= 2mm, BoP 48 3,453 72 41 3,382 85
Periodontal "Gestational Diabetes" "No Gestational Diabetes"
Disease Mean Mean
Status Periodontal Disease Definition N Birthweight SE N Birthweight SE
>=2 Teeth with PD >= 4mm, CAL >= 2mm, BoP 26 3,359 73 39 3,362 63
>=3 Teeth with PD >= 4mm, CAL >= 2mm, BoP 31 3,383 66 44 3,357 62
No >=4 Teeth with PD >= 4mm, CAL >= 2mm, BoP 39 3,455 61 50 3,360 59
>=2 Teeth with PD >= 5mm, CAL >= 2mm, BoP 33 3,415 68 41 3,349 62
>=3 Teeth with PD >= 5mm, CAL >= 2mm, BoP 40 3,445 60 46 3,346 60
>=4 Teeth with PD >= 5mm, CAL >= 2mm, BoP 47 3,445 55 54 3,353 56
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Table 3.7: Unadjusted associations between predictor variables and birthweight (grams) with gestational diabetes and
periodontal disease measured separately and in combination

Beta 95% Confidence
Variable estimate Interval P-value

Maternal Age (per year) 1.16 (-10.35, 12.68) 0.8111
Gestational Age (per week) 128.80 (86.34, 171.24) 0.0001
Smoking Status

Current smoker -211.84 (-429.76, 6.09) 0.3108

Previous smoker 4.23 (-160.87, 169.33)

Never smoker Reference Reference
History of drug use -264.11 (-519.72, -8.50) 0.0615
Race/Ethnicity

Caucasian Reference Reference 0.1830

Black -70.71 (-293.49, 152.08)

Hispanic -97.53 (-240.40, 45.34)

Asian 67.71 (-164.44, 299.86)
Periodontal disease 10.00 (-119.99, 140.00) 0.8758
Gestational diabetes 83.36 (-46.96, 213.67) 0.2113
Combined Periodontal Disease and Gestational
Diabetes

Gestational Diabetes and Periodontal

Disease 84.44 (-90.63, 259.50) 0.6345

Gestational Diabetes Only 94.87 (-97.41, 287.16)

Periodontal Disease Only 11.32 (-172.90, 195.55)

Neither Gestational Diabetes nor Periodontal
Disease Reference Reference
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Table 3.8: Unadjusted associations and bivariate adjusted associations between gestational diabetes and infant
birthweight (grams) and between periodontal disease and infant birthweight

Gestational Diabetes

Periodontal Disease

Beta 95% Confidence Beta 95% Confidence

Adjustment Variable estimate Interval P-value estimate Interval P-value
Unadjusted 83.36 (-46.96, 213.67) 0.2113 10.00 (-119.99, 140.00) 0.8758

Adjusted for...
Maternal Age 82.84  (-48.21, 213.89) 0.2211 7.94 (-120.74, 136.62) 0.8359
Gestational Age 132.04 (18.26, 245.83) 0.0234 72.74 (-48.83, 194.30) 0.2188
Smoking 101.55 (-28.20, 231.31) 0.1464 24.63 (-106.86, 156.11) 0.7136
History of Drug Use 85.21 (-45.39, 215.81) 0.2029 -2.00 (-133.28, 129.28) 0.9756
Race/Ethnicity 83.36 (-48.05, 214.77) 0.2113 27.43 (-104.19, 159.04) 0.6635
Gestational Diabetes Not Applicable 0.61 (-130.15, 131.36) 0.9925
Periodontal Disease 83.29 (-48.25, 214.83) 0.2168 Not Applicable




Table 3.9: Multivariate model for the association between gestational diabetes,
periodontal disease and infant birthweight (grams) with multiplicative interaction
term.

Beta 95% Confidence

Predictor Variable estimate Interval P-value
Gestational Age (per week) 134.62 (90.78, 178.46) <0.0001
Smoking Status

Current smoker -200.40 (-429.63, 28.82) 0.4297

Previous smoker -23.69 (-190.59, 143.20)

Never smoker Reference Reference
Race/Ethnicity

Caucasian Reference Reference 0.2479

Black -43.60 (-271.99, 184.79)

Hispanic -155.46 (-309.01, -1.91)

Asian -43.91 (-281.37, 193.54)
Periodontal disease 135.73 (-35.84, 307.30) 0.1102
Gestational diabetes 191.91 (17.93, 365.88) 0.0181
GDM * Periodontal Disease -101.06 (-341.81, 139.68) 0.4104

Table 3.10: Multivariable model for the association between gestational diabetes,
periodontal disease and infant birthweight (grams) with periodontal disease and
gestational diabetes in combined strata.

Beta 959% Confidence
Predictor Variable estimate Interval P-value
Gestational Age (per week) 134.62 (90.78, 178.46) <0.0001
Smoking
Current smoker -200.40 (-429.63, 28.82) 0.4297
Previous smoker -23.69  (-190.59, 143.20)
Never smoker Reference Reference
Race/Ethnicity 0.2479
Caucasian Reference Reference
Black -43.60  (-271.99, 184.79)
Hispanic -155.46  (-309.01, -1.91)
Asian -43.91 (-281.37, 193.54)
Combined Periodontal Disease and
Gestational Diabetes
Gestational Diabetes and
Periodontal Disease 226.57 (65.74, 387.41) 0.0309
Gestational Diabetes Only 191.91 (17.93, 365.88)
Periodontal Disease Only 135.73 (-35.84, 307.30)
Neither Gestational Diabetes nor
Periodontal Disease Reference Reference
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Chapter 4

Pre-Eclampsia

Introduction

Pre-eclampsia occurs in five percent to seven percent of pregnancies and can
contribute to several maternal complications that include increased risk of
hemorrhage, seizures, and maternal mortality (Walker 2000). Pre-eclampsia
only resolves after delivery of the infant (Lain 2002). Early induction of labor in
severe cases may be required which may then result in iatrogenic prematurity of
the infant (Lain 2002). Pregnant women with chronic conditions such as heart
disease and kidney disease are at increased risk of pre-eclampsia and may
share common underlying pathophysiology (Bellamy 2007, Hladunewich 2007).
Primiparous women are more likely to develop pre-eclampsia (Luo 2007) as are
women over 40 years of age (Duckitt 2005). When pre-eclampsia is
differentiated as to the timing of its detection, early onset pre-eclampsia is
typically associated with placental factors while late onset pre-eclampsia is
typically associated with maternal factors (Valensise 2008). Smoking has been
shown to reduce the risk of pre-eclampsia (Conde-Agudelo 1999), but is not

recommended due its contribution to other adverse outcomes such as birth
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defects and fetal growth restriction (Higgins 2002). Pre-eclampsia is more
common in African American women than White or Hispanic women (Brown
2007).

Gestational diabetes contributes to the risk of pre-eclampsia and
pregnancy-induced hypertensive disorders (Bryson 2003). Gestational diabetes
and pre-eclampsia share common risk factors and may ultimately share an
underlying pathophysiology (Ros 1998). Others have found a relationship
between induced hypertensive disorders but not with pre-eclampsia (Caruso
1999). Markers of inflammation are elevated in women with gestational diabetes
(Barden 2004) and markers of inflammation increase with maternal glucose level
even in women who do not meet clinical definitions of diabetes (Lowe 2010).
These inflammatory markers and increased blood lipids that may present during
gestational diabetes mediate the influence of pre-pregnancy body mass index on
the risk of pre-eclampsia (Bodnar 2005). Insulin resistance has been linked as a
contributor to pregnancy-induced hypertension (Hauth 2011). Pathophysiologic
relationships between gestational diabetes and endothelial damage have also
been demonstrated (Anastasiou 1998, Paradisi 2002). Insulin therapy has
demonstrated results in reducing the risk of pre-eclampsia (Alwan 2009). Oral
antidiabetic agents have demonstrated effectiveness at reducing the risk of pre-
eclampsia but are currently not recommended as an alternative treatment
(Jacqueminet 2010).

Periodontal disease has also demonstrated a relationship with pre-

eclampsia (Cota 2006, Contreras 2006, Boggess 2003, Canakci 2004, Canakci
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2007), although not universally (Khader 2006). The strength of this relationship
has been demonstrated to increase with severity as well as with progression of
periodontal disease through the course of pregnancy (Boggess 2003).
Inflammatory markers found in serum and gingival crevicular fluid were
significantly higher among women with pre-eclampsia (Canakci 2007). The
relationship between pre-eclampsia and periodontal disease was found among
women with high levels of C-reactive protein but not among women with low
levels of C-reactive protein. (Ruma 2008). In women with high levels of 8-
isoprostane, a marker of oxidative stress, there was no relationship between pre-
eclampsia and periodontal disease (Horton 2009). Randomized controlled trials
evaluating the effectiveness of periodontal disease treatment in pregnant women
have found no significant reduction in the risk of developing pre-eclampsia
(Newnham 2009, Michalowicz 2006, Offenbacher 2009).

Recent studies examining a relationship between both gestational
diabetes and periodontal disease suggest a possible synergistic relationship
between the two conditions. A mechanism has been proposed by which
diabetes contributes to inflammation while also increasing the severity of
periodontal disease and by which periodontal disease contributes to inflammation
while also increasing the severity of diabetes (Grossi 1998). Because of the
potential implications of these two comorbid conditions, gestational diabetes and
pre-eclampsia, sharing similar underlying pathophysiological relationships with
pre-eclampsia, this study is designed to provide information about the extent to

which these two conditions may have biologically synergistic effects. We have
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found no other study that assessed whether additive effects of these two
conditions exist, such that the risk of pre-eclampsia is greater when both
conditions are present compared to when only one condition or neither condition

are present.

Methods
This study used preliminary data collected for the University of Kentucky, Oral
Infection: Impact on Gestational Diabetes study, a prospective matched cohort
study. 321 pregnant women were recruited consecutively between September
2005 and September 2009 based upon the presence or absence of gestational
diabetes mellitus. Pregnant women were included if they were at least 16 years
of age and had at least 20 natural teeth at the time of periodontal assessment.
Women were excluded if they were unable to provide consent, unable to
cooperate with the study, were placed at medical risk through participation, were
under 16 years of age, or had a history of type 1 or type 2 diabetes prior to
pregnancy.

Gestational diabetes mellitus was identified through universal screening
with a two step diagnostic test, a 50 gram glucose challenge test followed by a
100 gram oral glucose tolerance test, performed for all pregnant women who
visited the University of Kentucky Bluegrass High Risk Maternal-Fetal Medicine
Clinic. Women identified with gestational diabetes were then matched to a
pregnant woman without gestational diabetes by age within a five-year interval,

race, and gestational week at enrollment within a two week interval. Nine cases
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and six controls were excluded for the lack of a match. One matched pair was
removed for pre-existing health condition, and an additional 42 matched pairs
were excluded due to a lack of periodontal examination information. After
exclusions, 110 matched cases and controls with complete periodontal disease
examination information were used for this analysis.

Pre-eclampsia was assessed during clinic visits and defined as a
dichotomous outcome using the National High Blood Pressure Education
Program Working Group criteria of a systolic blood pressure of greater than or
equal to 140mm Hg or a diastolic blood pressure of greater than or equal to
90mm Hg on two or more occasions after 20 weeks gestation for women with
previously normal blood pressure. In addition, proteinuria must exceed 0.3g
protein from a 24-hour urine sample (NHBPEPWP 2000).

Clinical periodontal disease measures were assessed at baseline (within
one to two weeks of enrollment) using a full mouth examination. Oral
examination was performed by Delta Dental Plan of Kentucky Clinical Research
Center. A medical research nurse contacted enrollees to arrange clinical visits.
The periodontal disease assessment included measures of pocket depth, clinical
attachment loss, gingival inflammation, and bleeding upon probing. The
proportion of sites with each clinical indicator provides a summary measure for
classification of periodontal disease. Periodontal disease was defined as
bleeding on probing, pocket depth of at least four millimeters and clinical
attachment loss of at least two millimeters at four or more teeth, excluding third

molars, for analysis unless otherwise specified.
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The research nurse extracted maternal and fetal data from medical
records of participants. Demographic information such as race (Caucasian,
Black, Asian), Hispanic ethnicity, and maternal age were recorded as part of the
medical history. Smoking was assessed through an interviewer-administered
health history conducted by a medical research nurse. Tobacco use was
measured by self-reported use of cigarettes, chewing tobacco, snuff, cigars, and
pipe tobacco. Tobacco use in the analysis was limited to cigarette smoking
status (current smoker, former smoker, never smoker) as other forms of tobacco
use were rare and did not exist in the absence of cigarette smoking. A medical
history and pregnancy history were conducted to assess the presence of any
confounding medical conditions such as heart disease, kidney disease, past
pregnancy experiences, and presence of vaginal infection, all treated as
dichotomous exposure variables. Height and weight measurements were taken
at both the enrollment visit and update visit, but pre-pregnancy body mass index
was not available for the majority of study participants. Nutritional intake was not
assessed with the exception of identifying women on special diets.

| performed bivariate analysis of categorical variables to assess
associations between predictors, potential confounders, and outcomes using chi-
square and Fischer exact tests depending upon cell sample size. T-tests were
used to assess associations with continuous variables. Because a matched
analysis ultimately is limited to matched pairs with discordant outcomes, the low
frequency of discordance where pre-eclampsia was present in the absence of

gestational diabetes and periodontal disease led to unreliable confidence limits.
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Therefore, an unmatched analysis using multivariate logistic regression was
performed in SAS version 9.2 due to the preliminary sample size that did not

meet the assumptions for matched longitudinal approaches (Alexander 2007).

Results

While periodontal disease was more common among women with gestational
diabetes compared to women without gestational diabetes, it was not statistically
significantly higher across several periodontal case definitions in unadjusted
analyses. Table 4.1 details how the prevalence of periodontal disease varies
across gestational diabetes exposure groups by severity of the periodontal
disease case definition.

Using the definition of four or more teeth with at least four millimeters of
pocket depth, two millimeters of clinical attachment loss and bleeding upon
probing, periodontal disease was found among 56.4% of study participants,
among 60.0% of women with gestational diabetes and among 52.7% of women
without gestational diabetes (p=0.2768). The prevalence of pre-eclampsia was
6.4% among all study participants, 8.2% among women with gestational diabetes
and 4.6% among women without gestational diabetes (p=0.2693). Pre-
eclampsia was present in 9.7% of women with periodontal disease and 2.1% of
women without periodontal disease (p=0.0155). Women with both gestational
diabetes and periodontal disease had the highest prevalence of pre-eclampsia at
12.1% compared to a prevalence of 6.9% in women with periodontal disease

alone, a prevalence of 2.3% in women with gestational diabetes alone, and a
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prevalence of 1.9% in women with neither condition (p=0.0125). The number of
cases of pre-eclampsia and prevalence of pre-eclampsia stratified by both
gestational diabetes and periodontal disease status can be found in Table 4.2.

Maternal demographic data, pregnancy data, and medical history about
potential confounding characteristics and their associations with gestational
diabetes, periodontal disease, and pre-eclampsia can be found in Table 4.3 and
4.4. Current and former smokers and higher maternal age were more common
among women with gestational diabetes. Hypertension and/or pre-eclampsia
were more common among women with gestational diabetes. In each instance
differences were not statistically significant. (Table 4.3).

Women with periodontal disease were more likely to be current smokers,
to be of Hispanic ethnicity, and to have higher maternal age compared to women
without periodontal disease. While hypertension was not associated with
periodontal disease, the prevalence of pre-eclampsia was significantly higher in
women with periodontal disease compared to women without periodontal disease
(Table 4.4).

None of the potential confounding variables demonstrated statistically
significant associations with the outcome of pre-eclampsia (Table 4.5) although
when current and former smokers were combined into an ever smoker category,
this demonstrated borderline increased risk. No Asian women in this study
developed pre-eclampsia, and were combined with the lowest prevalent racial

group, Whites, in subsequent unadjusted and adjusted analyses.
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In unadjusted analysis, pregnant women with periodontal disease were
five times more likely to develop pre-eclampsia than women without periodontal
disease.  Women with a previous pregnancy had nonstatistically significant
reduced risks of pre-eclampsia while women who had nonstatistically significant
increased risks of pre-eclampsia. When ever smokers were evaluated in the
multivariable model, | found no statistical significance as well. Gestational
diabetes was associated with an increased risk of pre-eclampsia but not at a
statistically significant level (Table 4.6)

Variables with literature-supported associations with pre-eclampsia or with
statistically relevant associations were considered for multivariable logistic
regression. These included maternal race and ethnicity, smoking status,
maternal age, and whether the woman had a previous pregnancy. After
adjusting for race, ethnicity, and smoking status, risks for pre-eclampsia were
elevated among women with gestational diabetes and periodontal disease with
periodontal disease contributing far greater risk than gestational diabetes (Table
4.7). However the multiplicative interaction term was non-significant (p=0.6831)
which suggests only an additive relationship between the two conditions on the
outcome of pre-eclampsia.

When periodontal disease and gestational diabetes mellitus were modeled
as a combined variable no elevation in risk was observed among women with
gestational diabetes alone. The magnitude of the relationship increased among

women with periodontal disease alone, and was greatest among women with
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both periodontal disease and gestational diabetes (Table 4.8). However, the
wide confidence intervals limit the interpretability of the observed magnitudes.

To assess the impact of the periodontal case definition, multiple case
definitions at differing severity levels of periodontal disease were assessed in the
multivariable model. Under more severe case definitions for periodontal disease,
the association between periodontal disease and pre-eclampsia became stronger

(Table 4.9).

Discussion

The presence of periodontal disease during pregnancy was associated with an
increased risk of pre-eclampsia. In the presence of gestational diabetes, the
magnitude of the relationship between periodontal disease and pre-eclampsia
was even stronger suggesting at least an additive effect of these two conditions
on the development of pre-eclampsia. This relationship was demonstrated
independent of the effects of maternal age, race, and smoking status.
Gestational diabetes failed to demonstrate a significant relationship with pre-
eclampsia after risk adjustment in the multivariable model. The failure to
demonstrate an association between gestational diabetes and pre-eclampsia
after risk adjustment may result in part from women with gestational diabetes
undergoing standard treatment of care for gestational diabetes as insulin therapy
and oral antidiabetic agents have both demonstrated reduced risks for pre-
eclampsia (Alwan 2009, Jacqueminet 2010). No multiplicative interaction was

found, possibly the result of inadequate power to test for that interaction since the
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results reflect preliminary data rather than the full expected data. However it can
be assumed that if two factors are independently associated with an outcome
that an interaction that is either additive or multiplicative exists (Greenland
1998a).

While studies have examined the effects of gestational diabetes and
periodontal disease on the occurrence of pre-eclampsia, they have not assessed
their combined effects. The proposed mechanisms of relationships between
periodontal disease and gestational diabetes suggest an increasing severity of
each condition in the presence of the other. Here we have demonstrated that
this increased severity may manifest in a greater likelihood of pre-eclampsia.
This study only evaluated gestational diabetes as a dichotomous measure while
its potential impact on pre-eclampsia may potentially be better evaluated as a
continuous measure (HAPO 2008). This paper could not address whether the
combined conditions and the related inflammation function as a continuous
increase in risk throughout the distribution within the population of interest or
whether a threshold value is achieved after which additional inflammatory
conditions no longer contribute additional risk of developing pre-eclampsia.

The proposed pathophysiologic mechanism linking periodontal disease
and gestational diabetes to pre-eclampsia often includes inflammatory processes
(Bardon 2004, Lowe 2010, Hauth 2011, Canakci 2007, Ruma 2008). However,
the inflammation may only be a marker of other processes that cause endothelial
damage to blood vessels such as oxidative stress (Noris 2005). This study may

contribute to understanding how the underlying pathophysiological processes for
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gestational diabetes and periodontal disease interact to contribute to this adverse
outcome.

A limitation of the measure of pre-eclampsia in this study is that it was not
differentiated into early or late onset pre-eclampsia as maternal factors are more
likely to be related to late onset pre-eclampsia (Valensise 2008). If the increased
prevalence of disease represents early onset pre-eclampsia, it may implicate the
placental response to periodontal pathogens that have been found in placental
tissues. If the increased prevalence of pre-eclampsia occurs as late-onset pre-
eclampsia, greater emphasis may be needed on maternal inflammatory
responses to gestational diabetes and periodontal disease. Also, severity of pre-
eclampsia was not assessed. These results may simply demonstrate an
epiphenomenon that periodontal disease and gestational diabetes become worse
in the presence of another underlying factor that is the actual cause of pre-
eclampsia. However, even if these conditions are not causal in their relationship
with pre-eclampsia, they may represent risk markers for identifying high risk
pregnancies.

The results of this study only represent the defined population served by
the University of Kentucky Maternal-Fetal Medicine practice and may not be fully
generalizable to other populations. This clinic serves a greater proportion of
women with Hispanic ethnicity than the overall population. Also, these results
represent only a preliminary analysis before full recruitment had been completed.
A final analysis would likely incorporate the matched design using Cox

regression on matched pairs with discordant outcomes to improve efficiency
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(Alexander 2007, Greenland 1998b). The current unmatched analysis, because
it occurs in an observational cohort study as opposed to a case-control study,
does not yield biased point estimates but there is no guarantee the matching will
truly improve efficiency when a final dataset is used (Rothman 1998). Residual
confounding may exist. While residual confounding is not unique to periodontal
disease and systemic disease outcome relationships, computer model
simulations for incomplete control of confounders in the periodontal disease and
systemic disease relationships can yield spurious positive relationships (Ylostalo
2006).

Despite the observed combined association between periodontal disease
and gestational diabetes on the outcome of pre-eclampsia, studies of treatment
for periodontal disease will have to assess whether treatment would impact this
combined likelihood. Periodontal therapy aimed at ameliorating the level of
inflammation from disease during pregnancy has demonstrated mixed results
around the ability to reduce the risk of pre-eclampsia, with no randomized
controlled trials yet demonstrating a significant reduction (Michalowicz 2006,
Offenbacher 2009, Newnham 2009). However, no studies have assessed
whether periodontal disease treatments prior to pregnancy reduce the risk of pre-
eclampsia or whether the timing or intensity of periodontal treatment during
pregnancy matters in the prevention of pre-eclampsia (Xiong 2011). Intensive
treatment with insulin has been associated with a reduced risk for pre-eclampsia
(Alwan 2009). For women with both conditions present, gestational diabetes

therapies may ultimately have greater impacts for women with gestational
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diabetes alone if the underlying mechanism is biological synergism between the
two conditions.

Pre-eclampsia is a potentially preventable condition, poses additional
health risks to pregnant women and their infants, and is an indication for obstetric
intervention.  Further research is needed to address potential relationships
between periodontal disease and gestational diabetes, to assess the modifiable
impact from treating these conditions before and during pregnancy, and to
evaluate relationships with other co-morbid conditions in the development of pre-

eclampsia.
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Figures and Tables

Figure 4.1: Population flow diagram for the selection of cases and controls used
in the unmatched preliminary analysis of gestational diabetes, periodontal
disease, and the potential interaction with pre-eclampsia.
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Table 4.1: Prevalence of periodontal disease among pregnant women with and without gestational diabetes by
periodontal disease case definition

Gestational No Gestational
Diabetes (N=110) Diabetes (N=110)
Periodontal Disease Case Definition N % N % P-value
>=2 Teeth with PD >= 4mm, CAL >= 2mm, BoP 80 72.7% 70 63.6% 0.1478
>=3 Teeth with PD >= 4mm, CAL >= 2mm, BoP 74 67.3% 64 58.2% 0.1632
>=4 Teeth with PD >= 4mm, CAL >= 2mm, BoP 66 60.0% 58 52.7% 0.2768
>=2 Teeth with PD >= 5mm, CAL >= 2mm, BoP 72 65.5% 68 61.8% 0.5751
>=3 Teeth with PD >= 5mm, CAL >= 2mm, BoP 64 58.2% 62 56.4% 0.7852
>=4 Teeth with PD >= 5mm, CAL >= 2mm, BoP 57 51.8% 54 49.1% 0.6858

Table 4.2: Prevalence of pre-eclampsia by periodontal disease status (= 4 teeth with at least 4mm pocket depth, 2mm
clinical attachment loss and bleeding upon probing) among women with and without gestational diabetes

Number with Percent with
Gestational Diabetes Periodontal Disease N Pre-eclampsia  Pre-eclampsia P-value
Gestational diabetes Periodontal disease 66 8 12.1%
No periodontal disease 44 1 2.3%
Total 110 9 8.2%
No gestational diabetes Periodontal disease 58 4 6.9%
No periodontal disease 52 1 1.9%
Total 110 5 4.6%
Total Total 220 14 6.4% 0.0125
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Table 4.3: Prevalence and association of potential confounding variables among pregnant women with and without
gestational diabetes for evaluating the relationship between gestational diabetes and pre-eclampsia

Gestational No Gestational
Diabetes (N=110) Diabetes (N=110)
Variable N % N % P-value
Previous Pregnancy 73 66.4% 81 73.6% 0.5751
Race/Ethnicity
White 41 37.3% 41 37.3% 1.0000
Black 12 10.9% 12 10.9%
Hispanic 49 44.5% 49 44.5%
Asian 8 7.3% 8 7.3%
Smoking Status
Current smoker 13 11.9% 9 8.2% 0.1072
Former smoker 27 24.8% 17 15.5%
Never smoker 69 63.3% 84 76.4%
Outcomes
Hypertension 9 8.2% 6 5.6% 0.4548
Pre-eclampsia 9 8.3% 5 4.7% 0.2848
Hypertension or pre-eclampsia 17 15.5% 10 9.3% 0.1729
Variable Mean SE Mean SE P-value

Mean age(years) 29.4 0.5 28.4 0.5 0.1634




96

Table 4.4: Prevalence and association of potential confounding variables among pregnant women with and without
periodontal disease for evaluating the relationship between periodontal disease and pre-eclampsia

Periodontal Disease No Periodontal

(N =124) Disease (N = 96)
Variable N % N % P-value
Previous Pregnancy 97 80.2% 57 61.3% 0.0023
Race/Ethnicity
White 42 33.9% 40 41.7% 0.1247
Black 13 10.5% 11 11.5%
Hispanic 63 50.8% 35 36.5%
Asian 6 4.8% 10 10.4%
Smoking Status
Current smoker 16 13.0% 6 6.3% 0.0615
Former smoker 19 15.4% 25 26.0%
Never smoker 88 71.5% 65 67.7%
Outcomes
Hypertension 8 6.6% 7 7.4% 0.8152
Pre-eclampsia 12 10.1% 2 2.1% 0.0190
Hypertension or pre-eclampsia 19 15.6% 8 8.4% 0.1133
Variable Mean SE Mean SE P-value

Mean age(years) 29.7 0.5 27.9 0.6 0.0177




Table 4.5: Prevalence of pre-eclampsia by potential confounding variables

Number of Study
Participants

Number with
Pre-eclampsia

Prevalence of
Pre-eclampsia

Variable N N %

Previous Pregnancy

One or more 149 8 5.4%

None 59 6 10.2%
Race/Ethnicity

White 80 5 6.3%

Black 22 3 9.1%

Hispanic 96 7 7.3%

Asian 16 0 0.0%
Smoking Status

Current smoker 22 2 9.1%

Former smoker 42 5 11.9%

Never smoker 149 7 4.7%
Maternal Age

16 to 24 years 46 4 8.7%

25 to 34 years 133 8 6.0%

35 years and above 35 2 5.7%
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Table 4.6: Unadjusted odds ratio and 95% confidence interval for the association between gestational diabetes,
periodontal disease, and potential confounding variables with pre-eclampsia

95% Confidence

Variable Odds Ratio Interval P-value

Previous Pregnancy (Yes vs. No) 0.50 0.17-1.51 0.2203
Maternal Age (per 1 year) 0.97 0.88 - 1.08 0.5802
Race/Ethnicity

White, Asian 0.85 0.26 —2.78 0.9732

Black 1.27 0.25-6.59

Hispanic Reference Reference
Smoking Status

Current smoker 2.03 0.39-10.46 0.0481

Former smoker 2.74 0.82-9.13

Never smoker Reference Reference
Periodontal disease, Gestational Diabetes

Periodontal disease 5.22 1.14 - 23.90 0.0127

Gestational diabetes 1.84 0.60 —5.67 0.2909
Periodontal disease, Gestational Diabetes -
Combined

Both Gestational Diabetes and

Periodontal Disease 7.14 0.86 —59.12 0.1344

Periodontal Disease Only 3.92 0.42 - 36.32

Gestational Diabetes Only 1.16 0.07 - 19.15

Neither Gestational Diabetes nor
Periodontal Disease Reference Reference
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Table 4.7: Adjusted odds ratio and 95% confidence interval for the association between gestational diabetes, periodontal
disease and pre-eclampsia with gestational diabetes and periodontal disease modeled separately

Adjusted 95% Confidence

Variable Odds Ratio Interval P-value

Previous Pregnancy (Yes vs. No) 0.30 0.08-1.14 0.0773
Maternal Age (per 1 year) 0.97 0.86 - 1.09 0.5908
Race/Ethnicity

White, Asian 1.00 Reference 0.3728

Black 2.31 0.35-15.19

Hispanic 2.87 0.60-13.70
Smoking Status

Current smoker 3.26 0.39 -27.22 0.0496

Former smoker 7.44 1.49 - 37.13

Never smoker 1.00 Reference
Periodontal disease, Gestational Diabetes

Periodontal disease 10.38 1.82 -59.10 0.0084

Gestational diabetes 1.32 0.40 — 4.37 0.6544




Table 4.8: Adjusted odds ratio and 95% confidence interval for the association between gestational diabetes, periodontal
disease and pre-eclampsia with gestational diabetes and periodontal disease modeled as a combined variable

Adjusted 95% Confidence

00T

Variable Odds Ratio Interval P-value

Previous Pregnancy (Yes vs. No) 0.30 0.08 -1.15 0.0784
Maternal Age (per 1 year) 0.97 0.86 - 1.09 0.5949
Race/Ethnicity

White 1.00 Reference 0.3597

Black 2.38 0.36 — 15.79

Hispanic 2.94 0.61-14.19
Smoking Status

Current smoker 3.24 0.39 - 27.16 0.0481

Former smoker 7.50 1.51-37.34

Never smoker 1.00 Reference

Periodontal disease, Gestational Diabetes
Both Gestational Diabetes and Periodontal

Disease 10.78 1.12 -104.25 0.0562
Periodontal Disease Only 7.42 0.66 — 83.05
Gestational Diabetes Only 0.81 0.05-14.44

Neither Gestational Diabetes nor
Periodontal Disease 1.00 Reference
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Table 4.9: Adjusted odds ratio and 95% confidence interval for the association between periodontal disease and pre-
eclampsia by periodontal disease case definition

*Adjusted 95% Confidence

Periodontal Disease Definition Odds Ratio Interval P-value
>=2 Teeth with PD >= 4mm, CAL >= 2mm, BoP 5.20 0.94 —28.78 0.0590
>=3 Teeth with PD >= 4mm, CAL >= 2mm, BoP 8.38 1.43 —49.02 0.0183
>=4 Teeth with PD >= 4mm, CAL >= 2mm, BoP 10.38 1.82 -59.10 0.0084
>=2 Teeth with PD >= 5mm, CAL >= 2mm, BoP 6.86 1.21 - 38.80 0.0293
>=3 Teeth with PD >= 5mm, CAL >= 2mm, BoP 10.42 1.83 -59.36 0.0083
>=4 Teeth with PD >= 5mm, CAL >= 2mm, BoP 12.31 2.24 -67.71 0.0039

*Adjusted for maternal age, smoking status, gestational diabetes, previous pregnancy
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Chapter 5

Obstetric Intervention

Introduction

Obstetric intervention during pregnancy has increased significantly over the past
20 years. Between 1996 and 2009, the prevalence of cesarean section
increased nearly 60 percent with the 2009 cesarean delivery rate at 32.9 percent
(Hamilton 2010). This increase is notably important since a cesarean section
during one pregnancy often results in repeat cesarean sections in subsequent
pregnancies (Flamm 1997). Meanwhile, the prevalence of labor induction to
initiate labor has more than doubled from 1990 to 2006 in the United States with
a 2006 prevalence rate of 22.5 percent (Martin 2009). The prevalence of labor
induction is important to cesarean delivery rates because failed induction is a
clinical indication for the need for cesarean section and may contribute to a
substantial portion of the cesarean delivery rate (Ehrenthal 2010, Seyb 1999).
Increased use of obstetric intervention is partially the result of increases in the
prevalence of maternal morbidities for which obstetric intervention is clinically
indicated (Barber 2011). However, the increases in cesarean delivery and labor

induction have also been associated with increased elective use of these
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procedures for potential convenience of the mother as well as the physician
(Gonen 2002, Simpson 2005, Gossman 2006). Increases in obstetric
intervention have been associated with subjective use of the procedures rather
than objective use of the procedures (Barber 2011). This subjective use may
reflect increasing obstetric interventions as a response to marginal clinical
indications to avert potential litigation (Yang 2009).

Clinical indications for cesarean section include fetal distress, multiple
gestation, suspected uterine rupture, suspected fetal macrosomia (Lagrew 2006,
Barber 2011). While cesarean delivery is indicated in some pregnancies as a
means to reduce the risk of adverse outcomes, the procedure also carries
notable risks to both the mother and infant. Potential complications of cesarean
delivery include post-surgical infections, increased hemorrhaging (Smaill 2002,
Hofmeyr 2001), and increased risks for maternal mortality although this risk has
decreased over time (Deneux-Tharaux 2006, Minkoff 2003). In addition to the
risks during the current pregnancy, cesarean delivery can adversely impact
future pregnancies by increasing the risk for uterine rupture and placental
abnormalities (Hemminki 1996).

Indications for labor induction include pre-eclampsia, intrauterine growth
restriction, multiple gestation, severity of gestational diabetes, congenital
anomalies and post-term delivery (Spong 2011, Joseph 2007, ACOG 2009,
Gulmezoglu 2006) but not fetal macrosomia (Sanchez-Ramos 2002, ACOG
2009). Some risk factors affect multiple clinical indications. For instance,

gestational diabetes is associated with increased risk for pre-eclampsia (HAPO
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2008), and insulin therapy treatment for gestational diabetes is associated with
an increased likelihood of labor induction (Alwan 2009, Jacqueminet 2010).
Smoking has been associated with a decreased risk of pre-eclampsia (Conde-
Agudelo 1999), but with an increased risk for fetal growth restriction and
congenital anomalies (Higgins 2002). Periodontal disease, while still
controversial as a risk factor for adverse pregnancy outcomes, has shown mixed
associations with low infant birthweight (Marin 2005, Moliterno 2005, Moore
2004, Lunardelli 2005) and pre-eclampsia (Cota 2006, Contreras 2006, Boggess
2003, Canakci 2007, Khader 2006). Even though labor induction is used to
prevent maternal and infant complications, risks accompany use of labor
induction. Labor induction is associated with an increased risk for uterine rupture
in the mother. Labor induction may also have adverse consequences for the
infant with iatrogenic prematurity of notable concern due to increased infant
mortality and neonatal morbidities such as respiratory distress that may result
from preterm inductions (Reddy 2009, Spong 2011).

As clinical indications for obstetric intervention directly increase
prevalence of obstetric intervention, the underlying conditions that contribute to
risk for clinical indications likely further increases prevalence of obstetric
intervention through these clinical indications. Thus, if the goal of reducing the
prevalence of these interventions is to ultimately succeed, attention should be
paid to these underlying conditions in addition to the electivity of such
procedures. Gestational diabetes is a condition that has been linked to

pregnancy-induced hypertension, pre-eclampsia, and fetal macrosomia -
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potential indications for obstetric intervention. Periodontal disease has been
linked to pre-eclampsia as well and thus may also indirectly contribute to the
prevalence of obstetric intervention. As demonstrated in Chapter 3, the
increased likelihood of pre-eclampsia when both gestational diabetes and
periodontal disease are present together may further increase the need for
obstetric intervention. The goal of this study is to determine whether a
relationship exists between periodontal, gestational diabetes and obstetric
intervention and whether the magnitude of this relationship is greater when both
conditions are present than when either condition is present alone or neither

condition is present.

Methods

This study used preliminary data from the University of Kentucky, Oral Infection:
Impact on Gestational Diabetes study, a prospective matched cohort study. 321
pregnant women were recruited consecutively between September 2005 and
September 2009 based upon the presence or absence of gestational diabetes
mellitus. Gestational diabetes mellitus was identified through universal screening
with a two-step glucose tolerance test, 50 gram glucose challenge test followed
by a 100 gram oral glucose tolerance test, performed for all pregnant women
who visited the University of Kentucky Bluegrass High Risk Maternal-Fetal
Medicine Clinic. Women identified with gestational diabetes were then matched
to a pregnant woman without gestational diabetes based upon by age within a

five-year interval, race, and gestational week at enroliment within a two week
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interval. Preliminary data were used for this analysis. Nine cases and six
controls were excluded for the lack of a match. One matched pair was removed
for pre-existing health condition, and an additional eight matched pairs were
excluded for multiple gestation. Periodontal examination results were not
available for 41 matched pairs. For this analysis, 103 matched cases and
controls with complete periodontal disease examination information.

Pregnant women were included if they were at least 16 years of age and
had at least 20 natural teeth at the time of periodontal assessment. Women
were excluded if they were unable to provide consent, unable to cooperate with
the study, were placed at medical risk through participation, were under 16 years
of age, or had a history of type 1 or type 2 diabetes prior to pregnancy.

Mode of obstetric intervention was obtained via chart review conducted by
a clinical research nurse. Separate variables were created for labor induction
and for cesarean delivery. These variables were combined as a single
dichotomous outcome of obstetric intervention if either a cesarean delivery was
performed or labor induction was used to initiate labor. The research nurse
extracted other maternal and fetal data from medical records of participants.

A full mouth oral examination was performed by Delta Dental Plan of
Kentucky Clinical Research Center. Clinical periodontal disease measures were
assessed at baseline (within one to two weeks of enrollment). A medical
research nurse contacted enrollees to arrange clinical visits. The periodontal
disease assessment included measures of pocket depth, clinical attachment loss,

gingival inflammation, and bleeding upon probing. The proportion of sites with
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each clinical indicator provides a summary measure for classification of
periodontal disease. Periodontal disease was defined as four or more teeth with
bleeding on probing, pocket depth of at least four millimeters and clinical
attachment loss of at least two millimeters for analysis unless otherwise
specified. Third molars were excluded in the periodontal disease case definition.

Demographic information such as race (Caucasian, Black, Asian),
Hispanic ethnicity, and maternal age were recorded as part of the medical
history. Smoking was assessed through an interviewer-administered health
history conducted by a medical research nurse. Tobacco use was measured by
self-reported use of cigarettes, chewing tobacco, snuff, cigars, and pipe tobacco.
The preliminary analysis only uses cigarette smoking status (current, former, and
never smokers) as tobacco use outside of cigarette use was rare and always in
combination with cigarette use. A medical history was conducted to assess the
presence of any confounding medical conditions, measured as dichotomous
variables, such as heart disease, kidney disease, past illicit drug and alcohol use,
and presence of vaginal infection. Height and weight measurements were taken
at both the enrollment visit and update visit. However, in the preliminary data,
weight and calculated BMI were missing for most study participants. Nutritional
intake was not assessed with the exception of identifying women on special
diets.

Bivariate analysis was performed on potential confounding categorical
variables by using chi-square and Fischer exact tests depending upon cell

sample size. For continuous variables, associations between exposure variables
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across exposure and outcome groups were assessed using t-tests. An
unmatched multivariate logistic regression analysis of the observational cohort

was performed in SAS version 9.2.

Results

In total, 82 of the 206 women delivered by cesarean section (39.8%) while 59
women had labor induction performed (28.6%). Overall, 123 of the 206 women
(59.7%) had either labor induction performed or delivered by cesarean section.
All 37 women with a prior cesarean section had a repeat cesarean section at the
time of delivery. In the 169 women without a prior history of cesarean section, 45
women (26.6%) delivered by cesarean section, 58 women (34.3%) had labor
induction performed, for a total of 86 women (50.9%) having at least one method
of obstetric intervention.

Women with gestational diabetes had a higher prevalence of previous
cesarean section than women without gestational diabetes (p=0.0183) even
though the proportion with a previous pregnancy did not differ (p=1.000).
Women with gestational diabetes were more likely to be current or former
smokers with some evidence suggesting women with gestational diabetes were
older than women without gestational diabetes. The unadjusted prevalence of
obstetric intervention was higher in women with gestational diabetes compared to
women without gestational diabetes. This increased prevalence of obstetric

intervention was statistically significant for cesarean deliveries. The unadjusted
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prevalence of labor induction was higher in women with gestational diabetes as
well but did not reach statistical significance (Table 5.1).

Among pregnant women with periodontal disease, there was a greater
prevalence of prior pregnancy (p=0.0068) but not prior cesarean section
(p=0.4282). Hispanic women were more likely to be classified as having
periodontal disease compared to women of other races and ethnicities though
this was not statistically significant. Women with periodontal disease were also
more likely to be current smokers compared to women without periodontal
disease. The frequency of labor induction and cesarean delivery were both
higher in women with periodontal disease than in women without periodontal
disease, as was the prevalence of any obstetric intervention, but none of these
measures were significantly different (Table 5.2). Prevalence of illicit drug use
did not differ between women with and without gestational diabetes or women
with and without periodontal disease.

When comparing the prevalence of obstetric intervention by the potential
confounding variables (Table 5.3), the prevalence of any obstetric intervention
was found to be higher among pregnant women who smoked compared to
former smokers and never smokers. | observed no difference in the prevalence
of obstetric intervention by race, maternal age or previous pregnancy status.
When evaluating the two different obstetric interventions as separate entities, the
prevalence of cesarean section was higher among women with gestational
diabetes. Cesarean section was also more common among former smokers and

current smokers compared to never smokers. The prevalence of labor induction
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varied by race and ethnicity and was also higher among women of greater
maternal age. Labor induction itself was not strongly associated with either
gestational diabetes or periodontal disease even though the prevalence of this
intervention was higher in both women with gestational diabetes and women with
periodontal disease.

The unadjusted analysis (Table 5.4) showed a 2.6 fold increase in the risk
of obstetric intervention among women with gestational diabetes compared to
women without gestational diabetes. Women with periodontal disease were 1.5
times more likely to have obstetric intervention than women without periodontal
disease although confidence intervals included one. None of the potential
confounding variables demonstrated strong relationships with the risk of having
obstetric intervention. However, when current and former smokers were
combined into ever smokers, | found borderline nonstatistical significance for
increased risk (p=0.0541)

After adjusting for the potential confounding variables, the odds
associated with gestational diabetes was slightly attenuated but odds for
periodontal disease did not change (Table 5.5). The interaction term between
periodontal disease and gestational diabetes testing for multiplicative interaction
was not significant (p = 0.5998). Although nonsignificant, women who were
current and former smokers were both more likely to deliver using obstetric
intervention, but women without a history of illicit drug use were less likely to
deliver using obstetric intervention. When current and former smokers were

combined, again | found borderline statistical nonsignificance for increased risk of
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obstetric intervention (p=0.0512). Previous pregnancies and maternal age
exhibited no increase in the likelihood of delivery via obstetric intervention.
Hispanic women appeared to be less likely to deliver via obstetric intervention
compared to Caucasian women while Asian women were more likely to deliver
obstetric intervention. However, the difference in likelihood of having obstetric
intervention was not statistically significant between racial and ethnic groups.

When periodontal disease and gestational diabetes were modeled as a
combined variable, the greatest likelihood of having obstetric intervention was
among women with both gestational diabetes and periodontal disease. This
likelihood was roughly twice as high among women with both conditions
compared to either group of women with only one of the conditions present. Both
women with only periodontal disease and only gestational diabetes had a greater
likelihood of obstetric intervention compared to women without either condition
(Table 5.6).

The separate adjusted models for cesarean section delivery and labor
induction are presented in Table 5.7. For cesarean section, the risk of obstetric
intervention varied significantly by the combined gestational diabetes and
periodontal disease status with the greatest risk occurring among women with
both gestational diabetes and periodontal disease and the lowest risk occurring
among women without either condition. The risk of having labor induction did not
vary by the combined gestational diabetes and periodontal disease status. The
odds for labor induction were similar in women with gestational diabetes alone,

periodontal disease alone, and with the two conditions together. Minor
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differences in the risk of cesarean section by race were observed, but the risk for
labor induction had notable differences by race. Black women and Asian women
both had notably higher risks of labor induction while Hispanic women
demonstrated lower risks of labor induction relative to Caucasian women.

The impact of the periodontal disease case definition on the relationship
with obstetric intervention is demonstrated in Table 5.6. The odds of having
obstetric intervention were relatively consistent across the varying case
definitions regardless of severity level. Five of the six case definitions
demonstrated statistically significant associations between periodontal disease
and obstetric intervention after adjusting for smoking status, history of illicit drug
use, previous pregnancy, maternal age, maternal race and ethnicity, and
gestational diabetes exposure status.

Given the high likelihood of a cesarean section after previous cesarean
deliveries, matched pairs that involve a woman with a previous cesarean delivery
were removed (Table 5.9). After removal, the association between gestational
diabetes and obstetric intervention and the association between periodontal
disease and obstetric intervention both weakened, and the combined periodontal
disease and gestational diabetes measure was no longer significantly associated
with any obstetric intervention. Results were similar for cesarean section and
labor induction examined separately (Table 5.10). In this same adjusted model, |
also found a borderline nonstatistically significant association between ever
smokers and cesarean delivery (Odds ratio: 3.10, 95% confidence interval: 0.85-

11.35).
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Discussion
Given the importance in differentiating elective and non-elective sources of
variation in the use of obstetric intervention, the focus of this study on a potential
non-elective source may help to explain a portion of the increased use of such
procedures. Obstetric intervention was more prevalent in both women with
gestational diabetes and women with periodontal disease compared to their
counterparts without gestational diabetes or without periodontal disease,
respectively. Women with both conditions present appeared to have an even
greater likelihood of obstetric intervention suggesting some interaction between
these conditions and obstetric intervention. However, after adjustment for
potential confounding and removal of women with a previous cesarean delivery,
the relationship between gestational diabetes, periodontal disease and obstetric
intervention weakened. The results suggest that this interaction between
gestational diabetes and periodontal disease is more likely to result in a cesarean
section rather than labor induction although both interventions were higher in
women with gestational diabetes and women with periodontal disease. Again,
after removal of women with a previous cesarean delivery, the relationships
between gestational diabetes and periodontal disease with each obstetric
outcome weakened.

Gestational diabetes was more likely to be associated with obstetric
intervention than was periodontal disease. This finding may reflect that

gestational diabetes is currently used as a clinical indicator to stratify
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pregnancies as high risk pregnancies that may require obstetric intervention
(ACOG 2009). While having weaker associations than gestational diabetes,
periodontal disease still had elevated associations with obstetric intervention.
Should periodontal disease become a clinical indication for high risk pregnancies
and associated intervention, there may be stronger associations between
periodontal disease and obstetric intervention in future studies due to changes in
physician practice patterns.

The increased likelihood of obstetric intervention in women with
gestational diabetes and women with periodontal disease may reflect the
increased likelihood of developing risk factors during pregnancy that indicate
obstetric intervention. Both gestational diabetes and periodontal disease have
been associated with an increased risk for pre-eclampsia (Kaaja 1995, Ros
1998) which is a clinical indication for obstetric intervention (ACOG 2009).
Gestational diabetes has been associated with fetal macrosomia (Catalano 1995)
and the associated need for cesarean deliveries for large infants when suspected
fetal macrosomia may lead to complications during delivery (Vidarsdottir 2011,
Zhang 2008).

The increasing prevalence of the use of obstetric interventions, both
cesarean section and labor induction, may partially reflect the increasing
prevalence of diabetes and periodontal disease among younger women and their
increased prevalence during child-bearing years (Fagot-Campagna 2000,

Rosenbloom 1999). It is important to distinguish between medically necessary
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obstetric interventions and elective obstetric interventions as the potential
overuse of obstetric intervention is controversial (Flamm 1997, Moleti 2009).

While treatment regimens for gestational diabetes have demonstrated
effectiveness in reducing the risk of developing maternal morbidities such as pre-
eclampsia and infant morbidities such as fetal macrosomia (Alwan 2009,
Jacqueminet 2010), data on effectiveness of treatment for periodontal disease
are mixed (Newnham 2009, Michalowicz 2006, Offenbacher 2009, Uppal 2010).
Ultimately, treatments for gestational diabetes may have an influence on
obstetric intervention while treatments for periodontal disease may not influence
obstetric intervention. Yet, insulin therapy has not been associated with
decreases in cesarean section, but has been associated with increased risk for
labor induction (Jacqueminet 2010). However, periodontal treatments during
pregnancy have only been assessed and not interventions aimed at alleviating
the impact of periodontal disease prior to pregnancy (Xiong 2011).

While significant associations were observed between gestational
diabetes, periodontal disease and obstetric intervention, there was limited power
to detect these associations. Thus, some of the elevated but nonsignificant
associations may become statistically significant when the full sample size is
included. The high repeat cesarean delivery rate further complicated the sample
size and power of the study by leading to removal of roughly one-third of the
observations. We also evaluated gestational diabetes as a dichotomous variable
and did not account for its potential linear relationship with obstetric intervention

by using a continuous variable.
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Gestational diabetes has previously demonstrated associations with
clinical indications that may necessitate obstetric intervention. In this study,
gestational diabetes was associated with an increased likelihood of labor
induction. However, periodontal disease did not further increase the likelihood of
labor induction. Neither gestational diabetes nor periodontal disease exhibited
strong associations with cesarean delivery, except when both conditions were
present together. These observed associations may reflect that periodontal
disease and gestational diabetes contribute both toward an indirect effect of
increased risk of cesarean delivery, or that periodontal disease is a risk marker
for more severe disease than a dichotomous measure of gestational diabetes
represents. Periodontal disease may also increase the risk of developing clinical
indications for obstetric interventions, but the increased risk may represent only
marginal complications that do not require any additional need for intervention.

In summary, further research is needed to determine the potential causal
role that periodontal disease may contribute to increased obstetric intervention
use in women with gestational diabetes or whether this relationship is simply an

epiphenomenon of the severity of other underlying conditions.
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Figures and Tables

Figure 5.1: Population flow diagram for selection of cases and controls used in
the preliminary analysis of gestational diabetes, periodontal disease and obstetric
intervention.
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Table 5.1: Prevalence and association of potential confounding variables among

pregnant women with and without gestational diabetes for evaluating the

relationship between gestational diabetes and obstetric intervention

Gestational No Gestational
Diabetes (N=103) Diabetes (N=103)
Variable N % N % P-value

Previous Pregnancy 74 71.8% 74 71.8% 1.0000
Previous Cesarean section 25 24.3% 12 11.7% 0.0183
Race/Ethnicity

White 38 36.9% 38 36.9% 1.0000

Black 12 11.7% 12 11.7%

Hispanic 45 43.7% 45 43.7%

Asian 8 7.8% 8 7.8%
Smoking Status

Current smoker 13 12.8% 8 7.8% 0.0460

Former smoker 26 25.5% 15 14.6%

Never smoker 63 63.4% 80 77.7%
History of Drug Use 6 5.9% 8 8.0% 0.5663
Outcomes

Labor Induction 34 33.0% 25 24.3% 0.1654

Cesarean section 53 51.5% 29 28.2% 0.0006

Labor induction or

Cesarean section 73 70.9% 50 48.5% 0.0011

Variable Mean SE Mean SE P-value

Mean age(years) 29.46 0.58 28.30 0.50 0.1329
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Table 5.2: Prevalence and association of potential confounding variables among
pregnant women with and without periodontal disease for evaluating the
relationship between periodontal disease and obstetric intervention

Periodontal No Periodontal
Disease (N =116) Disease (N = 90)
Variable N % N % P-value

Previous Pregnancy 92 79.3% 56 62.2% 0.0068
Previous Cesarean section 23 19.8% 14 15.6% 0.4282
Race/Ethnicity

White 40 34.5% 36 40.0% 0.2063

Black 13 11.2% 11 12.2%

Hispanic 57 49.1% 33 36.7%

Asian 6 5.2% 10 11.1%
History of drug use 8 7.1% 6 6.7%  0.9116
Smoking Status

Current smoker 15 13.0% 6 6.7% 0.1018

Former smoker 18 15.7% 23 25.6%

Never smoker 82 71.3% 61 67.8%
Outcomes

Labor induction 36 31.0% 23 25.6% 0.3883

Cesarean section 50 43.1% 32 35.6% 0.2723

Labor induction or

Cesarean section 74 63.8% 49 54.4% 0.1748

Variable Mean SE Mean SE P-value

Mean age(years) 29.67 0.48 27.86 0.61 0.0192
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Table 5.3: Prevalence of any obstetric intervention, Cesarean section, and labor

induction by potential confounding variable, gestational diabetes status,
periodontal disease status

Number of Obstetric Cesarean Labor
Study Intervention Section Induction
Variable Participants N(%) N(%) N(%)

Previous Pregnancy

Yes 148 88 (59.5) 58 (39.2) 41 (27.7)

No 58 35 (60.3) 24 (41.4) 18 (31.0)
Previous Cesarean section

Yes 37 **37 (100.0) **37 (100.0) **1 (2.7)

No 169 86 (50.9) 45 (26.6) 58 (34.3)
Race/Ethnicity

White 76 48 (63.2) 31 (40.8) *20 (26.3)

Black 24 15 (62.5) 11 (45.8) 8 (33.3)

Hispanic 90 49 (54.4) 35 (38.9) 22 (24.4)

Asian 16 11 (68.8) 5(31.3) 9 (56.3)
History of drug use

Yes 14 7 (50.0) 6 (42.9) *1 (7.1)

No 192 112 (58.3) 74 (39.6) 56 (30.0)
Smoking Status

Current smoker 21 *16 (76.2) **10 (47.6) 7 (33.3)

Former smoker 41 28 (68.3) 23 (56.1) 7(17.1)

Never smoker 143 78 (54.6) 48 (33.6) 44 (30.8)
Age category

16 — 24 years 58 34 (58.6) 29 (50.0) *10 (17.2)

25 — 34 years 115 68 (59.1) 43 (37.4) 36 (31.3)

35 or more years 33 21 (63.6) 10 (30.3) 13 (39.4)
Gestational Diabetes

Yes 103 *»*73 (70.9)  **53 (51.5) 34 (33.0)

No 103 50 (48.5) 29 (28.2) 25 (24.3)
Periodontal Disease

Yes 116 74 (63.8) 50 (43.1) 36 (31.0)

No 90 49 (54.4) 32 (35.6) 23 (25.6)
*p<0.10
**p <0.05
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Table 5.4: Unadjusted odds ratio and 95% confidence interval for the association
between gestational diabetes, periodontal disease and obstetric intervention with
gestational diabetes and periodontal disease modeled separately

Unadjusted 95% Confidence
Variable Odds Ratio Interval P-value

Previous Pregnancy (Yes vs. No) 0.96 0.52-1.79 0.9074
Maternal Age (per 1 year) 1.01 0.96 - 1.07 0.6250
Race/Ethnicity

White Reference Reference 0.56800872

Black 0.97 0.38-2.51

Hispanic 0.70 0.37-1.30

Asian 1.28 0.40 - 4.07
History of drug use 0.67 0.23-1.99 0.4699
Smoking Status

Current smoker 2.67 0.93-7.67 0.0802

Former smoker 1.80 0.86 —3.75

Never smoker Reference Reference
Periodontal disease, Gestational
Diabetes

Periodontal disease 1.47 0.84 —2.59 0.1756

Gestational diabetes 2.58 1.45-458 0.0012

Table 5.5: Adjusted odds ratio and 95% confidence interval for the association
between gestational diabetes, periodontal disease and obstetric intervention with

gestational diabetes and periodontal disease modeled separately

Adjusted 95% Confidence
Variable Odds Ratio Interval P-value

Previous Pregnancy (Yes vs. No) 1.01 0.50-2.05 0.9797
Maternal Age (per 1 year) 0.97 091-1.04 0.3827
Race/Ethnicity

White Reference Reference 0.4036

Black 0.90 0.30-2.72

Hispanic 0.67 0.32-1.42

Asian 1.88 0.54 -6.58
History of drug use 0.18 0.03-1.05 0.0563
Smoking Status

Current smoker 5.40 1.00-29.1 0.0889

Former smoker 1.89 0.81-4.44

Never smoker Reference Reference
Periodontal disease, Gestational
Diabetes

Periodontal disease 1.57 0.83-2.98 0.1656

Gestational diabetes 2.20 1.19-4.05 0.0118
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Table 5.6: Adjusted odds ratio and 95% confidence interval for the association between gestational diabetes, periodontal
disease and obstetric intervention with gestational diabetes and periodontal disease modeled as a combined variable

9Ct

Adjusted 95% Confidence
Variable Odds Ratio Interval P-value

Previous Pregnancy (Yes vs. No) 1.02 0.50 - 2.07 0.9635
Maternal Age (per 1 year) 0.97 0.91-1.03 0.3679
Race/Ethnicity

White Reference Reference 0.3923

Black 0.93 0.31-2.82

Hispanic 0.67 0.32-1.42

Asian 1.91 0.55-6.68
History of drug use 0.17 0.03-1.01 0.0509
Smoking Status

Current smoker 5.47 1.02-294 0.0836

Former smoker 1.91 0.55-6.68

Never smoker Reference Reference
Periodontal disease, Gestational Diabetes

Both Gestational Diabetes and Periodontal

Disease 3.46 1.45-8.26 0.0329

Periodontal Disease Only 1.36 0.59-3.14

Gestational Diabetes Only 1.84 0.74 —4.53

Neither Gestational Diabetes nor Periodontal

Disease Reference Reference
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Table 5.7: Adjusted odds ratio and 95% confidence interval for the association between gestational diabetes, periodontal
disease and both cesarean section and labor induction with gestational diabetes and periodontal disease modeled as a

combined variable

Cesarean Section

Labor Induction

95% 95%
Adjusted Confidence Adjusted Confidence
Variable Odds Ratio Interval Odds Ratio Interval

Previous Pregnancy (Yes vs. No) 1.05 0.51-2.16 0.74 0.34-161
Maternal Age (per 1 year) 0.92 0.86-0.98 1.04 097-1.11
Race/Ethnicity

White Reference Reference Reference Reference

Black 1.00 0.34-2.94 1.93 0.62-6.03

Hispanic 1.00 0.46-2.17 0.67 0.29-1.53

Asian 1.37 0.37-5.03 253 0.76 -8.49
History of drug use 0.78 0.18-3.30 0.07 0.01-0.74
Smoking Status

Current smoker 1.48 0.43-5.11 2.34 0.61 -8.94

Former smoker 2.74 1.18-6.35 0.42 0.16 -1.12

Never smoker Reference Reference Reference Reference
Periodontal disease, Gestational
Diabetes

Both Gestational Diabetes and

Periodontal Disease 493 1.98-12.29 1.67 0.64-4.36

Periodontal Disease Only 158 0.61-4.04 1.33 0.50-3.52

Gestational Diabetes Only 260 1.00-6.77 143 051-4.01

Neither Gestational Diabetes nor

Reference Reference Reference Reference

Periodontal Disease
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Table 5.8: Adjusted odds ratio and 95% confidence interval for the association between periodontal disease and obstetric
intervention by periodontal disease case definition

Adjusted 95% Confidence

Periodontal Disease Case Definition Odds Ratio Interval P-value
>=2 Teeth with PD >= 4mm, CAL >= 2mm, BoP 2.35 1.17-4.72 0.0169
>=3 Teeth with PD >= 4mm, CAL >= 2mm, BoP 2.91 1.46 —5.80 0.0024
>=4 Teeth with PD >= 4mm, CAL >= 2mm, BoP 1.57 0.83-2.98 0.1656
>=2 Teeth with PD >= 5mm, CAL >= 2mm, BoP 2.32 1.16 - 4.62 0.0168
>=3 Teeth with PD >= 5mm, CAL >= 2mm, BoP 2.85 1.47 - 5.53 0.0019
>=4 Teeth with PD >= 5mm, CAL >= 2mm, BoP 2.59 1.34-4.98 0.0044

*Adjusted for maternal age, smoking status, gestational diabetes, previous pregnancy
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Table 5.9: Adjusted odds ratio and 95% confidence interval for the association between gestational diabetes, periodontal
disease and obstetric intervention with gestational diabetes and periodontal disease modeled as a combined variable,

previous cesarean removed.

Adjusted 95% Confidence
Variable Odds Ratio Interval P-value
Previous Pregnancy (Yes vs. No) 0.46 0.19-1.10 0.0793
Maternal Age (per 1 year) 0.97 0.90-1.06 0.5324
Race/Ethnicity
White Reference Reference 0.4371
Black 0.87 0.22-3.34
Hispanic 0.70 0.26 -1.89
Asian 2.26 0.54 -9.49
History of drug use 0.16 0.02-1.26 0.0811
Smoking Status
Current smoker 5.67 1.00 — 32.20 0.1452
Former smoker 1.23 0.41 -3.68
Never smoker Reference Reference
Periodontal disease, Gestational Diabetes
Both Gestational Diabetes and Periodontal
Disease 2.56 0.89 -7.38 0.1847
Periodontal Disease Only 0.93 0.32-2.74
Gestational Diabetes Only 1.11 0.35-3.54
Neither Gestational Diabetes nor Periodontal
Reference Reference

Disease
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Table 5.10: Adjusted odds ratio and 95% confidence interval for the association between gestational diabetes, periodontal
disease and both cesarean section and any obstetric intervention, matched pairs including women with prior cesarean

delivery were excluded

Cesarean Section

Labor Induction

95% 95%
Adjusted Confidence Adjusted Confidence
Variable Odds Ratio Interval Odds Ratio Interval

Previous Pregnancy (Yes vs. No) **0.26 0.10-0.71 092 0.35-2.38
Maternal Age (per 1 year) *0.88 0.79-0.98 1.04 0.95-1.14
Race/Ethnicity

White Reference Reference Reference Reference

Black 0.68 0.12-3.85 2.37 0.56-9.99

Hispanic 1.77 0.46-6.89 0.63 0.22-1.84

Asian 431 0.68-27.45 2.16 0.52-8.96
History of drug use 0.53 0.05-5.37 **0.07 0.01-0.99
Smoking Status

Current smoker 2.46 0.41 -14.86 *3.24 0.64-16.42

Former smoker 3.38 0.85-13.37 0.43 0.12-1.50

Never smoker Reference Reference Reference Reference
Periodontal disease, Gestational
Diabetes

Both Gestational Diabetes and

Periodontal Disease *4.21 1.17-15.14 2.83 0.89-9.05

Periodontal Disease Only 1.35 0.34-5.47 1.46 0.43-4.97

Gestational Diabetes Only 0.81 0.19-351 253 0.69-9.30

Neither Gestational Diabetes nor

Reference Reference Reference Reference

Periodontal Disease

*p<0.10
**p <0.05
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Chapter 6

summary

While gestational diabetes and periodontal disease are thought to contribute to
adverse maternal and infant health outcomes independently, studies have not
previously addressed their potential combined interaction. Examination of this
potential additive relationship in this dissertation yielded mixed results. Pre-
eclampsia was more prevalent in pregnant women with both gestational diabetes
and periodontal disease compared to either condition alone. In addition, both
conditions demonstrated positive associations with pre-eclampsia relative to the
absence of both conditions. Because both conditions are positively associated
with pre-eclampsia, additive or multiplicative interaction should be present as
long as each condition alone does not achieve a maximum threshold for risk
(Greenland 1998). The test for multiplicative interaction was not significant,
suggesting additive interaction is present between gestational diabetes and
periodontal disease for the outcome of pre-eclampsia.

A similar relationship existed between gestational diabetes, periodontal
disease and obstetric intervention as that observed with pre-eclampsia. This

finding may reflect the additive relationship between these two conditions
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observed with pre-eclampsia as pre-eclampsia is a clinical indication for
obstetric intervention (ACOG 2009). The greatest risk for obstetric intervention
occurred in women with both gestational diabetes and periodontal disease.
Women with gestational diabetes alone or periodontal disease alone both had
increased risk of obstetric intervention relative to women without either condition.
As with pre-eclampsia, the multiplicative interaction was not statistically
significant, suggesting that the effects of gestational diabetes and periodontal
disease are additive for the outcome of obstetric intervention. When obstetric
intervention was broken into component parts of cesarean delivery and labor
induction, the risk for each intervention was greatest when both conditions were
present. For all these relationships, the risk was greater for gestational diabetes
than for periodontal disease. However, gestational diabetes is an established
clinical indication for intervention (ACOG 2009) while periodontal disease is not.
Thus, the greater risk for obstetric intervention observed for gestational diabetes
may reflect both biological significance and clinical decision-making.

While additive effects between gestational diabetes and periodontal
disease were observed for the outcomes of pre-eclampsia and obstetric
intervention, they were not observed for infant birthweight measured on a
continuous scale. Gestational diabetes, as expected, was associated with
increased infant birthweight. Infant birthweight was not increased when both
gestational diabetes and periodontal disease were present compared to
gestational diabetes alone. Periodontal disease was associated with a small

increase in infant birthweight, but this was not statistically significant. Neither an
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additive or multiplicative interaction appears to exist between gestational
diabetes and periodontal disease for infant birthweight. Also, the increased
infant birthweight observed among women with periodontal disease is contrary to
previous studies that found a relationship between periodontal disease and low
birthweight infants (Marin 2005, Moliterno 2005, Moore 2004, Lunardelli 2005).

For each outcome assessed in this dissertation, the periodontal disease
case definition was examined to determine the extent to which the severity
influenced the magnitude the relationship. For pre-eclampsia, as the case
definition for periodontal disease became more severe, the magnitude of the
association between periodontal disease and pre-eclampsia also became
stronger. This finding provides additional evidence in support of periodontal
disease as a potential causal factor for pre-eclampsia. Regardless of severity
level, each case definition for periodontal disease maintained a two-fold increase
in the risk for obstetric intervention. This constant risk may suggest that a
minimum level of periodontal disease is needed to confer an additional risk for
obstetric intervention, but this risk does not increase beyond a two-fold threshold.
Severity of periodontal case definition did not impact the relationship between
periodontal disease and infant birthweight.

The observation that periodontal disease and gestational diabetes may
have additive effects for adverse pregnancy outcomes provides an opportunity to
risk stratify pregnant women who may benefit from therapeutic interventions.
Temporality is a strength of this study in that both periodontal disease and

gestational diabetes were identified prior to the occurrence of the outcomes.
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Gestational diabetes is a recognized risk factor for adverse pregnancy outcomes
while periodontal disease is controversial as a causal risk factor. Periodontal
disease, even if not a causal risk factor, may provide a risk marker for
stratification purposes that may improve obstetric intervention use when other
clinical indications provide marginal evidence. The additive nature of the
relationship between gestational diabetes and periodontal disease suggests
treatments for each condition may have greater effectiveness in reducing risk for
adverse pregnancy outcomes when both conditions are present by preventing
feedback loops that further facilitate the underlying pathophysiological processes.
Periodontal therapy during pregnancy has demonstrated mixed results on its
effect on adverse pregnancy outcomes with clinical trials typically demonstrating
little effectiveness (Newnham 2009, Michalowicz 2006, Offenbacher 2009, Uppal
2010). Thus, potential for periodontal therapy as an effective prevention tool for
adverse pregnancy outcomes may be limited. However, the effectiveness of
periodontal therapy prior to pregnancy to reduce adverse pregnancy outcomes
has not been evaluated. The intensity of periodontal therapy has also not been
evaluated in these studies aimed at reducing adverse pregnancy outcomes
(Xiong 2011). The additive effects observed in this disseration suggests potential
opportunities for biologic synergism when other infectious-related contributors to
inflammation exist during pregnancy. Further research is needed to assess
contributions from these multiple sources of systemic disease on the risk for

adverse pregnancy outcomes.
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Routine dental examination has the potential to identify undiagnosed or
early stages of diabetes as a substantial majority of the adult population routinely
visits the dentist for care (CDC 2008) and a simple method of combined patient
self-reported risk factors with periodontal assessment can identify diabetes
(Borrell 2007). Thus, dental providers have opportunities to impact diabetes in
the population in the preconceptual period. In addition to educating dental
providers about identification of diabetes, education of medical providers about
the oral health — systemic health relationship provides opportunities to identify
oral health problems and refer the persons for treatment. In North Carolina, a
study of internists and endocrinologists found that 88 percent recommend these
physicians should learn about the oral health — systemic health connection, but
also significant variability in the self-efficacy of these physicians to provide oral
health screening (Owens 2011). A study of obstetrician knowledge about oral
health — systemic health issues in pregnancy found that only 22 percent looked in
the patient’s mouth at initial prenatal care screening with 48 percent of that group
only looking when a problem was specifically mentioned by the patient (Wilder
2007). Greater educational efforts are necessary to translate oral health
screening into routine prenatal care practice. However, studies have not
addressed the cost-effectiveness of either universal or targeted screening. In
addition, the issues surrounding the effectiveness of periodontal therapy on
adverse pregnancy outcomes need resolved to support a rationale for routine
screening. Currently, screening of women with high risk of adverse outcomes

may provide further opportunities to risk-stratify pregnancies.
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This education of medical providers may also have importance
internationally where gestational diabetes, periodontal disease, or adverse
pregnancy outcomes are more prevalent. In Brazil, a study assessing
obstetrician knowledge of periodontal disease and adverse pregnancy outcomes
found that 80 percent were aware of these associations and 94 percent
accurately reported that periodontal disease was a condition more severe than
gingivitis (Rocha 2008). However, a study in Jordan found that while 54 percent
of obstetricians thought that teeth and gums could impact a pregnancy, only 32
percent advised women planning a pregnancy to include periodontal evaluation
in prenatal care (Al-Habashneh 2008).

While much of this study has focused on the prevalence and treatment of
gestational diabetes and periodontal disease during pregnancy, primary
prevention opportunities exist for both conditions. Programs aimed to prevent
uptake of smoking behaviors and tobacco cessation strategies to aid people
currently smoking could ultimately decrease incident periodontal disease in the
preconceptual period. Programs aimed at improved nutritional intake, increased
physical activity, and reducing obesity in the general population could reduce
both the prevalence of gestational diabetes and periodontal disease. For
instance, soda intake is associated with increased risk for type 2 diabetes
(Nettleton 2009) and periodontal disease (Heller 2001). Thus school policies that
remove soda from vending machines are an opportunity to alter nutritional
behaviors in childhood and adolescence that affect both gestational diabetes and

periodontal disease and ultimately, adverse pregnancy outcomes. Thus, many
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opportunities exist prior to pregnancy for primary care prevention of the risk

factors that lead to diabetes and periodontal disease.

Study strengths and limitations

While the study population was chosen for its high prevalence of gestational
diabetes and periodontal disease, the population served by the University of
Kentucky Maternal-Fetal Medicine clinic may not be fully generalizable to larger
populations or to geographic-based populations in the same network area as the
clinic. The population at the University of Kentucky Maternal and Fetal Medicine
clinic has a notably larger minority population than the overall United States
population, particularly a larger Hispanic population. The matched design
reduces confounding by maternal age and maternal race and ethnicity in the
study design stage.

Despite controlling for confounding in multivariable analysis, residual
confounding may persist as the measures of operationalized confounders may
not represent the full effect of the confounding variable. While residual
confounding is not unique to periodontal disease and systemic disease outcome
relationships, computer model simulations for incomplete control of confounders
in the periodontal disease and systemic disease relationships can yield spurious
positive relationships (Ylostalo 2006). Residual confounding from matching
variables was addressed by including these variables in multivariable models.
However, measurement of the full effect of the matched variables by themselves

is not possible in a matched design.
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The sample used for analysis was only half of the expected study
population. This limited the power of the study and the ability to use more robust
analysis that could take advantage of the matching in the study design. In the
analysis of pre-eclampsia, the limited sample size manifested in an inadequate
occurrence of outcome events in the pregnant women without gestational
diabetes. In the analysis of infant birthweight, the preliminary sample size limited
the analysis to linear regression models as categorical analysis could not be
performed due to small cell sizes. To account for these limitations, matching was
broken as is allowed in matched cohort analyses (Rothman 1998). While this
allowed for estimation of the point estimates in the relationships, this also led to
wider confidence intervals and as a result a less efficient study design than was
initially intended. Preliminary sample sizes also may not have adequate power to
sufficiently test the nature of the interaction between periodontal disease and
gestational diabetes mellitus on the outcomes of interest. If both periodontal
disease and gestational diabetes mellitus are associated with the outcome, an
interaction would exist. However, one would not be able to determine whether
that interaction is on an additive or multiplicative scale. Also, interactions
between these exposures may exist mathematically but not biologically.

Given that the preliminary data were missing for a substantial number of
women, | compared women excluded from the analysis to those who remained
(Table 6.1). Most pregnant women not included in the analysis were missing
information on both the outcomes and predictors. Only the obstetric intervention

outcome demonstrated statistically significant differences between included
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women and excluded women. It is unclear whether this difference reflects a true
difference between included and excluded women or whether this difference
reflects that data from all study data sources had not been fully recorded in the
excluded population as most other data elements were missing.

A potential challenge of evaluating clinical measures of disease as
opposed to underlying biomarkers is that the clinical measure of disease requires
achieving a minimum threshold for the case definition. These clinical thresholds
may not capture when subclinically relevant risk factors can also contribute to
disease outcomes. Thus a clinical threshold may misclassify a person’s true risk
of disease. This risk factor misclassification is particularly important when the
exposure to outcome relationship follows a continuous scale or toxicity S-shaped
curve before achieving the clinical threshold of the disease outcome of interest.
Evaluating conditions with similar underlying pathophysiology may provide
knowledge as to the potential relationships between underlying diseases and
whether a single condition alone can maximizes the risk of disease or whether
the risk of disease is on a continuous scale that is not fully addressed when
assessing single risk factor to disease outcome relationships. Subclinical
disease is important when assessing relationships between gestational diabetes
and adverse pregnancy outcomes because subclinical maternal glucose levels
have been associated with increased infant birthweight and pre-eclampsia
(HAPO 2008). Thus observations that a clinical defined condition was not
associated with an outcome of interest, does not necessarily mean that the

underlying pathophysiology contributing to a subclinical mechanism is not
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contributing to disease. Also, it should be noted that the two-step glucose
tolerance test used in this study may not be an ideal means of classifying
gestational diabetes on a dichotomous scale as one-step 75 gram glucose
tolerance tests with measurements each hour from 0 to 2 hours may provide a
better classification of gestational diabetes status (Virally 2010). However, it is
unclear whether either test truly provides a better measure of gestation diabetes
status. If the 75 gram test were better, then there may be some misclassification
of gestational diabetes exposure status resulting in risk estimates for gestational
diabetes closer to the null. Periodontal disease, much like gestational diabetes,
has different degrees of severity as a clinically defined condition. In this
dissertation, different clinical periodontal disease case definitions were tested to
assess severity and its impact on the magnitude of observed associations.
However, the extent to which subclinical periodontal disease may contribute to
adverse pregnancy outcomes is unknown. Clinically relevant severe periodontal
disease has been associated with stronger severity of premature birth (Jeffcoat
2001), so it might be reasonable to assume that subclinical periodontal disease
may be capable of contributing some level of effect toward adverse pregnancy
outcomes.

Treatment of conditions during pregnancy may also impact the risk
estimates observed in this study. Even though we are interested in the effect of
gestational diabetes, we are actually evaluating the effect of gestational diabetes
under standard of care treatment protocols. The assumption is that all women in

this study were treated with the same standard of care for gestational diabetes
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since evidence suggest that treatment may alleviate the effects of gestational
diabetes (Nicholson 2009) and to deny treatment would be unethical. Because
periodontal disease treatment is less likely to be treated in a clinical setting, the
risk estimates for periodontal disease may ultimately be more reflective of the
condition itself rather than the condition under standard treatment. Since most
randomized trials of periodontal disease treatment show small to no effects on
adverse outcomes, women who were treated for periodontal disease may not
ultimately have their adverse outcomes prevented through treatment (Polyzos
2011). On the other hand, women who were being treated for periodontal
disease before pregnancy may receive a benefit from treatment as it is unknown
whether pre-conceptual treatment of periodontal disease reduces the risk of
adverse outcomes.

Another important consideration and limitation in the interpretation of
parameter estimates specifically for obstetric intervention is the response
clinically by a physician to act upon the presence of a maternal morbidity such as
gestational diabetes while not acting upon the presence of periodontal disease.
Because of the historical evidence supporting gestational diabetes and its
associated maternal morbidities as clinical indications for obstetric intervention,
clinicians may be more likely to request that an intervention be performed. For
periodontal disease, the evidence supporting its impact on adverse pregnancy
outcomes is newer and controversial. Thus, clinicians may not act as

aggressively in terms of requesting an obstetric intervention when periodontal
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disease is present compared to when other maternal morbidities such as
gestational diabetes are present.

These limitations are all important to consider when interpreting the
results. Power to detect differences was smaller using the preliminary data than
the estimated power from the expected sample size. Confidence intervals as a
result were wider than expected, even around statistically significant contributors
to the adverse outcomes. The dichotomous classification of the primary
exposures of gestational diabetes and periodontal disease may not capture the
full effect of their relationship with the adverse outcomes relative to if these
exposures were measured on a linear or ordinal scale. Treatment of these
conditions and their influence on clinical decision-making confer additional

challenges to the interpretability of the parameters.

Future research

While these analyses demonstrated the potential for synergism between
periodontal disease and gestational diabetes, additional research on this
synergism should aim to address gestational diabetes on a continuous scale.
This continuous assessment of gestational diabetes can further the knowledge of
this interaction, or it could identify gestational diabetes as the source of the
epiphenomenom between periodontal disease and adverse pregnancy
outcomes. Studies focusing on different treatment strategies for periodontal
disease for the purpose of preventing adverse pregnancy outcomes are also

needed. These treatment studies should address preconceptual and
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interconceptual treatment, timing of treatment, and intensity of treatment. To
effectively translate knowledge into practice, education of medical providers
about oral-systemic health issues is needed. Studies about the awareness of
oral-systemic relationships are needed for pre-eclampsia, as this has not been
included in previous studies assessing physician knowledge. Studies are also
needed to assess the impact of screening high-risk women for oral health issues
with the goal of targeted interventions where appropriate. Should high risk
screening strategies prove useful, then universal screening for oral disease in
pregnancy should be considered. These future research opportunities can
further pathophysiological understanding and applied public health practice to

prevent adverse pregnancy outcomes.
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Figures and Tables

Table 6.1: Comparison of pregnant women who were included in the analyses and the

women who were universally excluded from the analyses.

Women included in

Women excluded

analyses from analyses
Variable N % N % p-value
Birthweight
>= 4000 grams 17 8.9 4 9.8 0.7635
>= 25009 and < 4000 grams 168 88.4 34 82.9
< 2500 grams 5 2.7 3 7.3
Pre-eclampsia
Yes 14 6.4 2 1.8 0.1009
No 206 93.6 107 98.2
Obstetric intervention
Yes 123 55.9 19 17.4 <0.0001
No 97 44.1 90 82.6
Smoking status
Current smoker 22 10.0 2 9.1 0.3363
Previous smoker 44 20.0 7 31.8
Never smoker 153 70.0 13 59.1
Race/Ethnicity
Caucasian 82 37.3 10 294 0.5338
Black 24 10.9 7 20.6
Hispanic 102 46.4 12 35.3
Asian 16 7.3 5 14.7
History of drug use
Yes 14 9.1 2 9.1 0.6501
No 200 90.9 20 81.9
Previous pregnancy
Yes 152 69.1 19 86.4  0.1383
No 68 30.9 3 13.6
Gestational diabetes
Yes 110 50.0 52 51.5 0.8113
No 110 50.0 49 48.5
Periodontal disease
Yes 124 56.4 12 54.5 1.0000
No 96 43.6 10 45.5
Variable N Mean+SE N Mean+SE p-value
Mean maternal age (years) 220 29.0(0.4) 6 31.6 (2.8) 0.2610
Mean gestational age (weeks) 220 38.5(0.1) 6 38.8 (0.3) 0.6251
Mean birthweight (grams) 217 3,395 (31) 41 3,473 (180) 0.6882
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Appendices
Appendix A: Regression Equations

Figure Al: Multivariable linear regression model for infant birthweight measured
as a continuous outcome of gestational diabetes and periodontal disease

BW = Bo + B1(PD,GDM) + B2(PD) + B3(GDM) + y1(C1) +...+ vx(Cy)

BW = Infant birthweight

PD,GDM = Dummy variable representing mothers with both periodontal
disease and gestational diabetes mellitus.

PD = Dummy variable representing mothers with periodontal disease but not
gestational diabetes mellitus.

GDM = Dummy variable representing mothers with gestational diabetes
mellitus but not periodontal disease.

C = Confounding variable

Bo = Intercept

B1 = The difference in the birthweight between mothers with periodontal
disease and gestational diabetes and mothers with neither periodontal disease
nor gestational diabetes mellitus, adjusted for all other variables.

B> = The difference in the birthweight between mothers with periodontal
disease but without gestational diabetes and mothers with neither periodontal
disease nor gestational diabetes mellitus, adjusted for all other variables.

Bs = The difference in the birthweight between mothers with gestational
diabetes but without periodontal disease and mothers with neither periodontal
disease nor gestational diabetes mellitus, adjusted for all other variables.

vy = The difference in infant birthweight associated with the presence of the
confounding variable represented, adjusted for all other variables.
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Figure AZ2: Multivariable conditional logistic regression for infant birthweight
measured as a categorical outcome in a matched analysis

Log [Odds Ratio(HBW)] = B1(PD,GDM) + B2(PD) + B3(GDM) + y1(Cy) +...+ yx(Cx)
+ op + My +...+ 0208M2o7

HBW = High birthweight

PD,GDM = Dummy variable representing mothers with both periodontal
disease and gestational diabetes mellitus.

PD = Dummy variable representing mothers with periodontal disease but not
gestational diabetes mellitus.

GDM = Dummy variable representing mothers with gestational diabetes
mellitus but not periodontal disease.

C = Confounding variable

B1 = The difference in the stratum-adjusted log odds ratio of having a large-for-
gestational age infant between mothers with periodontal disease and
gestational diabetes and mothers with neither periodontal disease nor
gestational diabetes mellitus.

B2 = The difference in the stratum-adjusted log odds ratio of having a large-for-
gestational age infant between mothers with periodontal disease but without
gestational diabetes and mothers with neither periodontal disease nor
gestational diabetes mellitus, adjusted for all other variables.

B3 = The difference in the stratum-adjusted log odds ratio of having a large-for-
gestational age infant between mothers with gestational diabetes but without
periodontal disease and mothers with neither periodontal disease nor
gestational diabetes mellitus, adjusted for all other variables.

v = The difference in the stratum-adjusted log odds ratio of having a large-for-
gestational age infant associated with the presence of the confounding
variable represented, adjusted for all other variables

a = Nuisance parameters

M = Matched pair
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Figure A3: Multivariable logistic regression for infant birthweight as a function of
gestational age measured as a categorical outcome in an unmatched analysis

Log[Odds Ratio(LGA)] = Bo + B1(PD,GDM) + B,(PD) + B3(GDM) + y1(Cy) +...+
1x(Cx)

LGA = Large for gestational age

PD,GDM = Dummy variable representing mothers with both periodontal
disease and gestational diabetes mellitus.

PD = Dummy variable representing mothers with periodontal disease but not
gestational diabetes mellitus.

GDM = Dummy variable representing mothers with gestational diabetes
mellitus but not periodontal disease

C = Confounding variable

Bo = Baseline risk of delivering a high birthweight infant.

B1 = The difference in the log odds ratio of having a large-for-gestational age
infant between mothers with periodontal disease and gestational diabetes and
mothers with neither periodontal disease nor gestational diabetes mellitus.

B2 = The difference in the log odds ratio of having a large-for-gestational age
infant between mothers with periodontal disease but without gestational
diabetes and mothers with neither periodontal disease nor gestational
diabetes mellitus, adjusted for all other variables.

B3 = The difference in the stratum-adjusted log odds ratio of having a large-for-
gestational age infant between mothers with gestational diabetes but without
periodontal disease and mothers with neither periodontal disease nor
gestational diabetes mellitus, adjusted for all other variables.

vy = The difference in the log odds ratio of having a large-for-gestational age
infant associated with the presence of the confounding variable represented,
adjusted for all other variables.
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Figure A4: Multivariable conditional logistic regression for pre-eclampsia in a
matched analysis

Log[Odds Ratio(PE)] = B1(PD,GDM) + Ba(PD) + Bs(GDM) + 11(C1) +...+ 1x(Cy) +
o1+ az2Mq +...+ 0208M207

PE = Pre-eclampsia binary outcome variable

PD,GDM = Dummy variable representing mothers with both periodontal
disease and gestational diabetes mellitus.

PD = Dummy variable representing mothers with periodontal disease but not
gestational diabetes mellitus.

GDM = Dummy variable representing mothers with gestational diabetes
mellitus but not periodontal disease

C = Confounding variable

B1 = The difference in the stratum-adjusted log odds ratio of developing pre-
eclampsia between mothers with periodontal disease and gestational diabetes
and mothers with neither periodontal disease nor gestational diabetes mellitus,
adjusted for all other variables.

B2 = The difference in the stratum-adjusted log odds ratio of developing pre-
eclampsia between mothers with periodontal disease but without gestational
diabetes and mothers with neither periodontal disease nor gestational
diabetes mellitus, adjusted for all other variables.

B3 = The difference in the stratum-adjusted log odds ratio of developing pre-
eclampsia between mothers with gestational diabetes but without periodontal
disease and mothers with neither periodontal disease nor gestational diabetes
mellitus, adjusted for all other variables.

vy = The difference in the stratum-adjusted log odds ratio of developing pre-
eclampsia associated with the presence of the confounding variable
represented, adjusted for all other variables.

a = Nuisance parameters

M = Matched pair
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Figure A5: Multivariable logistic regression for pre-eclampsia as a categorical
outcome in an unmatched analysis

Log[Odds Ratio(PE)] = o+ B1(PD,GDM) + B2(PD) + B3(GDM) + y1(C1) +...+ 1x(Cy)

PE = Pre-eclampsia binary outcome variable

PD,GDM = Dummy variable representing mothers with both periodontal disease
and gestational diabetes mellitus.

PD = Dummy variable representing mothers with periodontal disease but not
gestational diabetes mellitus.

GDM = Dummy variable representing mothers with gestational diabetes mellitus
but not periodontal disease

C = Confounding variable

Bo = Baseline risk of developing pre-eclampsia

B1 = The difference in the log odds ratio of developing pre-eclampsia between
mothers with periodontal disease and gestational diabetes and mothers with
neither periodontal disease nor gestational diabetes mellitus, adjusted for all
other variables.

B2 = The difference in the log odds ratio of developing pre-eclampsia between
mothers with periodontal disease but without gestational diabetes and mothers
with neither periodontal disease nor gestational diabetes mellitus, adjusted for
all other variables.

B3 = The difference in the log odds ratio of developing pre-eclampsia between
mothers with gestational diabetes but without periodontal disease and mothers
with neither periodontal disease nor gestational diabetes mellitus, adjusted for
all other variables.

v = The difference in the log odds ratio of developing pre-eclampsia associated
with the presence of the confounding variable represented, adjusted for all other
variables.
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Figure A6: Multivariable conditional logistic regression for obstetric intervention
in a matched analysis

Log[Odds Ratio(Ol)] = B1(PD,GDM) + Ba(PD) + Bs(GDM) + 11(C1) +...+ 1x(Cy) + o
+ oMy ...+ a208M207

Ol = Obstetric Intervention

PD,GDM = Dummy variable representing mothers with both periodontal
disease and gestational diabetes mellitus.

PD = Dummy variable representing mothers with periodontal disease but not
gestational diabetes mellitus.

GDM = Dummy variable representing mothers with gestational diabetes
mellitus but not periodontal disease.

C = Confounding variable

B1 = The difference in the stratum-adjusted log odds ratio of using obstetric
intervention between mothers with periodontal disease and gestational
diabetes and mothers with neither periodontal disease nor gestational
diabetes mellitus, adjusted for all other variables.

B2 = The difference in the stratum-adjusted log odds ratio of using obstetric
intervention between mothers with periodontal disease but without gestational
diabetes and mothers with neither periodontal disease nor gestational
diabetes mellitus, adjusted for all other variables.

B3 = The difference in the stratum-adjusted log odds ratio of using obstetric
intervention between mothers with gestational diabetes but without periodontal
disease and mothers with neither periodontal disease nor gestational diabetes
mellitus, adjusted for all other variables.

v = The difference in the stratum-adjusted log odds ratio of the use of obstetric
intervention associated with the presence of the confounding variable
represented, adjusted for all other variables.

a = Nuisance parameters.

M = Matched pair
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Figure A7: Multivariable logistic regression for obstetric intervention as a
categorical outcome in an unmatched analysis

Log[Odds Ratio(Ol)] = Bo + B1(PD,GDM) + B2(PD) + B3(GDM) + y1(C1) +...+ vx(Cyx)

Ol = Obstetric Intervention

PD,GDM = Dummy variable representing mothers with both periodontal
disease and gestational diabetes mellitus.

PD = Dummy variable representing mothers with periodontal disease but not
gestational diabetes mellitus.

GDM = Dummy variable representing mothers with gestational diabetes
mellitus but not periodontal disease.

C = Confounding variable

Bo= The baseline risk of using obstetric intervention

B1 = The difference in the log odds ratio of using obstetric intervention between
mothers with periodontal disease and gestational diabetes and mothers with
neither periodontal disease nor gestational diabetes mellitus, adjusted for all
other variables.

B2 = The difference in the log odds ratio of using obstetric intervention between
mothers with periodontal disease but without gestational diabetes and

mothers with neither periodontal disease nor gestational diabetes mellitus,
adjusted for all other variables.

B3 = The difference in the log odds ratio of using obstetric intervention between
mothers with gestational diabetes but without periodontal disease and
mothers with neither periodontal disease nor gestational diabetes mellitus,
adjusted for all other variables.

v = The difference in the log odds ratio of the use of obstetric intervention
associated with the presence of the confounding variable represented,
adjusted for all other variables.
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Appendix B: Power Calculations
In the following power calculations, the prevalence of periodontal disease was
estimated at 57 percent using a case definition of four or more teeth with at least
four millimeters pocket depth, two millimeters clinical attachment loss, and
bleeding upon probing. The prevalence estimate of gestational diabetes was
artificially set at 50 percent due to the matched study design. Thus power
estimates for periodontal disease and gestational diabetes should be relatively
similar. | calculated the power to detect a difference in proportions, if one exists,
between two groups of unequal size in an unmatched analysis using a one-sided
test (Figure B1). The power to detect an interaction was based upon the
comparison with the two smallest exposure groups (Figure B2). Each power
calculation was based upon the following formula for differences in proportions
between unequal size populations (Fleiss 1981):
Figure B1: Power calculation for associations between periodontal disease and
outcomes of interest:
N1= [ Zo *V[(r+1)pbar*gbar] + z*V (rpagi+p202)]° / rd?

where p;1+0:1=1, po+Q2=1, pbar+gbar=1, pbar=(p1+rpz) / r+1 , n,=r*n;
a=0.05, zp» =1.96
b=0.80, z; = 1.6
r =ny/n; = 133/233 = 0.57
p:1 = prevalence of outcome in the population with periodontal disease

p2 = prevalence of outcome in the population without periodontal disease
d = pi-p2
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Figure B2: Power calculation for associations of outcomes of interest with the
interaction term for gestational diabetes and periodontal disease:

N1= [ Zg *V[(r+1)pbartgbar] + z*V (rpag+p202)] / rd?
where p1+01=1, p2+Q>=1, pbar+gbar=1, pbar=(p1+rp,) / r+1 , ny=r*n;
a=0.05, zp, =1.96
b=0.80, z; = 1.6
r =ny/n; = 108/75 = 1.33
p:1 = prevalence of outcome in the population with periodontal disease but without
gestational diabetes mellitus
p2 = prevalence of outcome in the population with neither gestational diabetes

mellitus nor periodontal disease
d =pi-p2

Outcome 1: High Birthweight

The prevalence of high birthweight is estimated at five percent in the population
without periodontal disease. Table B1 shows the power to detect a difference
between exposure groups if a difference exists at different levels of high
birthweight prevalence. Table B2 shows the power to detect the interaction of

periodontal disease and gestational diabetes on birthweight:

Table B1: Power estimates for the ability to detect an association between periodontal
disease and the delivery of a high birthweight infant.

Difference in
Prevalence of outcome  Prevalence of outcome prevalence between
among exposed among unexposed (no exposed and *Power (1-
(periodontal disease) periodontal disease) unexposed )
0.08 0.05 0.03 33%
0.10 0.05 0.05 60%
0.12 0.05 0.07 81%
0.14 0.05 0.09 93%

*Calculated for sample size of unequal groups with N=233 exposed, 183 unexposed
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Table B2: Power estimates for the ability to detect an interaction between periodontal
disease and the delivery of a high birthweight infant.

Prevalence of outcome  Prevalence of outcome Difference in
among exposed among unexposed prevalence between

(gestational diabetes -,  (gestational diabetes -, exposed and *Power (1-

periodontal disease +) Periodontal disease -) unexposed 1)
0.08 0.05 0.03 21%
0.10 0.05 0.05 37%
0.12 0.05 0.07 53%
0.14 0.05 0.09 67%

*Calculated for sample size of unequal groups with N=75 exposed, 108 unexposed
Outcome 2: Pre-eclampsia

The prevalence of pre-eclampsia is estimated at four percent in the population
without periodontal disease. Table B3 shows the power to detect a difference if it
exists at different levels of pre-eclampsia prevalence. Table B4 shows the power
to detect an interaction between periodontal disease and gestational diabetes on
pre-eclampsia:

Table B3: Power estimates for the ability to detect an association between periodontal
disease and the presence of pre-eclampsia

Difference in
Prevalence of outcome  Prevalence of outcome prevalence between
among exposed among unexposed (no exposed and *Power (1-
(periodontal disease) periodontal disease) unexposed )
0.07 0.04 0.03 36%
0.09 0.04 0.05 65%
0.11 0.04 0.07 85%
0.13 0.04 0.09 95%

*Calculated for sample size of unequal groups with N=233 exposed, 183 unexposed

Table B4: Power estimates for the ability to detect an interaction between periodontal
disease and the presence of pre-eclampsia

Prevalence of outcome  Prevalence of outcome Difference in
among exposed among unexposed prevalence between

(gestational diabetes -,  (gestational diabetes -, exposed and *Power (1-

periodontal disease +) Periodontal disease -) unexposed )
0.07 0.04 0.03 24%
0.09 0.04 0.05 41%
0.11 0.04 0.07 57%
0.13 0.04 0.09 71%

*Calculated for sample size of unequal groups with N=75 exposed, 108 unexposed
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Outcome 3: Obstetric Intervention

The prevalence of obstetric intervention is estimated at fourteen percent in the
population without periodontal disease. Table B5 shows the power to detect a
difference if it exists in the prevalence of obstetric intervention. Table B6 shows
the power to detect an interaction between periodontal disease and gestational

diabetes on the need for obstetric intervention:

Table B5: Power estimates for the ability to detect an association between periodontal
disease and the need for obstetric intervention

Difference in
Prevalence of outcome  Prevalence of outcome prevalence between
among exposed among unexposed (no exposed and *Power (1-
(periodontal disease) periodontal disease) unexposed 1)
0.17 0.14 0.03 20%
0.19 0.14 0.05 38%
0.21 0.14 0.07 58%
0.23 0.14 0.09 75%

*Calculated for sample size of unequal groups with N=233 exposed, 183 unexposed

Table B6: Power estimates for the ability to detect an interaction between periodontal
disease and the need for obstetric intervention

Prevalence of outcome  Prevalence of outcome Difference in
among exposed among unexposed prevalence between

(gestational diabetes -,  (gestational diabetes -, exposed and *Power (1-

periodontal disease +) Periodontal disease -) unexposed 1)
0.17 0.14 0.03 14%
0.19 0.14 0.05 23%
0.21 0.14 0.07 35%
0.23 0.14 0.09 47%

*Calculated for sample size of unequal groups with N=75 exposed, 108 unexposed
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