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ABSTRACT

The objective of this cross-sectional study was to examine the relationship
between gestational diabetes mellitus (GDM) and periodontal status in pregnant women.

Fifty pregnant women with GDM (study group) and 50 pregnant women without
GDM (comparison group), matched by age and gestational age, were randomly selected
from antenatal clinic, Siriraj Hospital. Plaque index (PI), gingival index (GI), probing
depth (PD) and clinical attachment loss (CAL) were assessed. Extent and severity index
were calculated. GDM related data was extracted from antenatal record.

Mean GI was significantly greater in the study group while the PI of both groups
were comparable. It was found that all pregnant women in both groups had CAL > 1
mm in at least 1 site but the extent and severity were significantly greater in study group
(88.6+8.6 vs. 84.849.9, p=0.04 and 1.96+0.56 v.s.1.64+0.36 p=0.001, respectively).
Higher prevalence of severe periodontitis (at least 1 site with CAL > 5 mm.) was also
found in the study group (50% vs. 26%, p = 0.013). After adjusting for confounders,
significant independent predictors of CAL changes were age (p=0.027), gestational age
(p=0.042), and GDM (p=0.002). GDM increased the risk of periodontal disease by 2.96
folds (adjusted OR 2.96, 95% CI 1.19-7.38, p=0.006). Among pregnant women with
GDM, poor glycemic control and obesity were independently associated with both CAL
changes and periodontal diseases after adjusting for confounders. Poorly-controlled GDM
and obesity increased the risk of periodontal disease by 12.5 times (95% CI 2.45 — 63.88,
p=0.002), and 11.9 times (95% CI 1.22 — 111.1, p=0.033), respectively.

In conclusion, a relationship between GDM and periodontal diseases was
observed. Periodontal care should be provided to all pregnant women with GDM
especially those who were obese and poor glycemic control.

KEY WORDS: GESTATIONAL DIABETES, PERIODONTAL DISEASE
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CHAPTER 1
INTRODUCTION

Periodontal disease is a chronic disorders frequently found in humans, with a
reported prevalence varying between 10 and 60% in adults, depending on diagnostic
criteria. & ? Periodontal diseases refer to gingivitis (an inflammation of the gingival
in which the junctional epithelium remains on or near the cemento enamel junction)
and periodontitis (an inflammation of the gingival and the adjacent attachment
apparatus including periodontal ligament, bone and cementum). ® Gingivitis is a
direct immune response to the dental microbial plague building up on teeth and is
modified by several factors such as smoking, certain drugs and hormonal changes that
occur during puberty and pregnancy. Periodontitis follows gingivitis and is also
influenced by the individual’s immune and inflammatory response. It is initiated by
microbial plaque but the progression of the disease is related to host factors such as
smoking and diabetes mellitus. @ ? There is increasing evidence suggesting that
periodontal disease is associated with an increased risk of systemic diseases such as
cardiovascular diseases, diabetes mellitus, and adverse pregnancy outcomes, ©©

Gestational diabetes mellitus (GDM) is defined as any degree of glucose
intolerance with onset or first recognition during pregnancy. ‘% Recommendations
vary widely about whether and how to screen, an optimal approach to screening and
diagnosis as well as treatment benefits. Various screening programs have been
proposed and utilized by many groups of experts for detection of GDM. (& 112
Since 2000, a clinical practice guideline has been developed and implemented for
screening, diagnosis, and management of GDM in Sirirg) Hospital, using arisk factor-
based selective screening program. 3 With the implementation of the guideline, the
prevalence of GDM is approximately 2.5-3% of all pregnant women and 6% among
at-risk women.

GDM is a clinical problem of interest because it is recognized as one of

significant risk factors for adverse pregnancy outcomes. When diabetes complicates
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pregnancy, both conditions could possibly have combined adverse effects on
periodontal status. In addition, with more severe periodontal diseases, glycemic
control might be more difficult and adverse pregnancy outcomes might as well
increase. Although the association between periodontal diseases and diabetes mellitus
has been well established, there was limited evidence examining relationship between
periodontal diseases and GDM. Significant association between periodontal diseases
and GDM has been recently demonstrated based on the data from the 3 National
Health and Nutrition Examination Survey (NHANES I11) in the USA. @ These
results supported the hypothesis that pregnant women with GDM experienced greater
periodontal inflammation and destruction than those non-diabetic women.
Nevertheless, some limitations existed in the study including small number of GDM
women and self-reported information on GDM status which could possibly lead to
imprecise estimated of such relationship. Another study that utilized the same
database also revealed that women with history of GDM in previous pregnancy were
more likely to have more severe periodontal diseases than those without GDM
history.

At present, there is no study regarding periodontal status among GDM women
in Thailand. Periodontal disease is relatively common among Thai population and
GDM is aso one of the most common complications during pregnancy. Both
conditions could be interrelated and lead to untoward pregnancy outcomes. It is
therefore interesting to explore and €elucidate the relationship between the 2
conditions. Among Thai population, natural history as well as characteristics of both
periodontal diseases and GDM might differ from other population in various aspects,
including risk factors, available treatment, and behavioral risks of the population such
as smoking, oral hygiene practice, and access to medical care. Therefore, the objective
of this study was to examine the relationship between GDM and periodontal status.
Understanding such relationship could be helpful in providing better care to pregnant

women with GDM to reduce related complications and achieve successful pregnancy.
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CHAPTER 2
LITERATURE REVIEW

Effects of Diabetes on the Periodontium

In children and adolescents with type 1 diabetes, the prevalence of gingivitis
was greater and sites with gingival inflammation was twice more common than in
non-diabetic group with similar plaque levels. “® * Poor metabolic control can
increase the severity of gingival inflammation, and improvement in glycemic control
may decrease gingival inflammation among this group of patients. *#*"

In adults with type 1 diabetes, the overall degree of gingival inflammation was
similar within diabetic and non-diabetic groups with similar level of plaque
accumulation. However, poorly-controlled diabetic patients had significantly greater
gingival bleeding than in either well-controlled diabetic or non-diabetic cases, and the
number of bleeding sites decreased as glycemic control improved. ®® In addition,
more rapid and pronounced development of gingival inflammation were observed
among relatively well-controlled adult type 1 diabetic subjects than in non-diabetic
controls, despite similar levels of plaque accumulation and similar bacterial
composition of plaque, suggesting a hyperinflammatory gingival response in diabetic
cases. “® Similar findings were also observed among adults with type 2 diabetes that
gingival inflammation was greater than in non-diabetic controls and highest level of
inflammation was observed in cases with poorly-controlled diabetic cases. ®* These
studies suggest that the presence of diabetes is often, but not always, associated with
increased gingival inflammation.

Many studies have demonstrated that diabetes increases the risk of
periodontitis. > ?® A thorough meta-analysis concluded that the majority of studies
clearly demonstrate a significant more severe periodontal condition in diabetic adults
than in adults without diabetes.  In addition, diabetes has been associated with an
increased risk of periodontitis even at a young age. Between 13 and 18 years of age,

13.6% of the diabetic individuals had periodontitis, and the prevalence increased to
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39% among those aged 19 to 32 years while the prevalence in non-diabetic subjects
was <3%. 1©)

Increases in extent and severity of periodontitis among diabetic adults have
also been reported. ¢ In the Pima Indians of Arizona, a population with the highest
occurrence of type 2 diabetes in the world, the prevalence and severity of attachment
loss and bone loss was greater among diabetic subjects than among non-diabetic
controls in all age groups. ¢"?® Multivariate analysis has shown that diabetic subjects
had 2.8 to 3.4-fold increased odds of having periodontitis compared to non-diabetic
subjects after adjusting for the effects of confounding variables such as age, gender,
and oral hygiene measures. Other cross-sectional and case-control studies generally
confirmed a greater risk of attachment loss and bone loss in diabetic adults. ¢+ 302

Longitudinal studies have also shown an increased risk of progressive
periodontal destruction in people with diabetes. In a study of the Pima Indians, after
2.5-year follow up, the incidence of periodontitis was 2.6-fold higher in diabetic
subjects than in non-diabetic patients. ®® In another 2-year longitudinal study,
subjects with type 2 diabetes had a 4-fold increased risk of progressive alveolar bone
loss compared to non-diabetic controls. ¥

Adults with poorly controlled diabetes had a 2.9-fold increased risk of having
periodontitis compared to non-diabetic adults, and conversely, well-controlled
diabetic subjects had no significant increase in the risk of periodontitis. > Diabetic
patients with poor glycemic control had more interproximal attachment loss and bone
loss than well-controlled subjects. ®®*® Similar results have been found in other
studies in which the percentage of deep periodontal pockets and the prevalence of
severe attachment loss increased as the glycemic control worsened. ®* 3% 4% Studies in
Pima Indians revealed that poor glycemic control of type 2 diabetes was associated
with an 11-fold increased risk of progressive bone loss compared to non-diabetic
cases, whereas well-controlled diabetic subjects had no significant increase in risk. ¥
Thus, metabolic control of diabetes may be an important variable in the onset and
progression of periodontal diseases. On the other hand, some studies found no

evidence of a relationship between glycemic control and periodontal status. “*#?
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The relationship between metabolic control of diabetes and periodontal
diseases is difficult to define conclusively. Evidence suggests that some diabetic
patients with poor glycemic control develop extensive periodontal destruction,
whereas others do not. On the other hand, many well-controlled diabetic patients have

excellent periodontal health, but others develop periodontitis. ¢ 2°)

Effects of Periodontal Diseases on the Diabetic State

Periodontal diseases can have a significant impact on the metabolic state in
diabetes. Periodontitis has been shown to increase the risk of worsening of glycemic
control over time. Diabetic subjects with severe periodontitis had a 6-fold increased
risk of worsening of glycemic control over time compared to those without
periodontitis. ¥ Several studies of type 1 and type 2 diabetic subjects with severe
periodontitis have shown improvements in glycemic control following scaling and
root planing combined with systemic doxycycline therapy. Periodontal treatment was
also associated with a reduction in HbAlc levels of 10% between pretreatment and 2
to 3-month post-treatment values. “* *® Some studies in which patients received
scaling and root planing without adjunctive systemic antibiotics showed improved
periodontal health but no significant change in glycemic control. “® *" Conversely,
other studies showed significant improvement in glycemic control when periodontal
therapy consisted of scaling and root planing alone. “® 9 One study even showed
better improvement in glycemic control in a diabetic group treated with scaling and
root planing alone compared to diabetic subjects treated with scaling and root planing
plus systemic amoxicillin/clavulanic acid. ©?

These inconsistent data are difficult to interpret, especially given the wide
range of medical treatment regimens used by study populations, which may confound
changes related to resolution of periodontal inflammation. In most studies, there is
significant variation in glycemic control changes of individual subjects after
periodontal therapy. Responses can range from major reductions in HbAlc values of
1 to 2 absolute percentage points or more, whereas in other subjects receiving the

same therapy, HbA1c values may change little or may even worsen. “®
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A recent meta-analysis of 10 intervention trials with 456 patients demonstrated
that after periodontal therapy, the weighted average decrease in absolute HbAlc
values was 0.4%, but without statistical significance. The addition of adjunctive
systemic antibiotics to the mechanical therapy regimen resulted in an average absolute
reduction of 0.7%, but without statistical significance. However, numerous problems
with existing studies have been raised including inadequate sample sizes, mixing of
subjects with type 1 and type 2 diabetes, and confounding effects of smoking, body
mass index, and medications, among others. Y Further studies are required to
determine whether periodontal therapy provides a significant benefit on glycemic
control.

Periodontitis may also associate with an increased risk of other diabetic
complications that 82% of diabetic patients with severe periodontitis experienced the
onset of one or more major cardiovascular, cerebrovascular, or peripheral vascular
events compared to only 21% of diabetic subjects without periodontitis. ®2 A recent
study examined the effect of periodontal diseases on overall mortality and
cardiovascular disease-related mortality in more than 600 subjects with type 2
diabetes. In those with severe periodontitis, the death rate from ischemic heart disease
was 2.3 times higher than in subjects without or mild periodontitis, and the mortality
rate from diabetic nephropathy was 8.5 times higher in the severe periodontitis group
after accounting for other known risk factors. The overall mortality rate from cardio-

renal disease was 3.5 times higher in subjects with severe periodontitis. ©*

Effects of Pregnancy on the Periodontium

The significant increases in plasma hormone levels accompanying pregnancy
can cause remarkable endocrine-related oral alterations in women. Pregnancy
gingivitis is extremely common in pregnant women. Gingival inflammatory changes
in pregnancy usually begin during the 2nd month and increase in severity through the
8th month, after which there is an abrupt decrease related to a concomitant reduction
in sex steroid hormone secretion. ©*°® The greatest involvement appears to be in
anterior areas of the oral cavity, with interproximal sites most commonly affected. ©”
The prevalence and severity of gingival inflammation is significantly higher in

pregnant women compared to postpartum, and appears unrelated to the amount of
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plaque present. > "8 Other clinical periodontal changes that have been described
during pregnancy include increased gingival probing depths increased bleeding upon
probing or mechanical stimulation, increased gingival crevicular fluid flow, and
increased tooth mobility. > °7 5961 2) pre_existinging gingivitis or periodontitis in
pregnant women has been noted to worsen dramatically. ®¥ Although significant
adverse gingival conditions may develop during pregnancy, there are no studies
presently available indicating that periodontitis development is a natural sequela of
steroid sex hormone-induced gingivitis.

Previous study has shown that the vast majority of periodontal activity during
pregnancy was in the form of new disease rather than disease progression that if there
is extensive disease activity during pregnancy, it is likely to involve healthy sites. The
pocket depth and bleeding on probing (BOP) detected early in pregnancy are
indicative of probing depth (PD) changes that result in an increased number of
pockets of 4 mm or more to occur later in that pregnancy. ©

The mechanisms by which female sex steroid hormones may influence the
periodontium of women during pregnancy are varied and differ from those ordinarily
associated with plaque-induced gingivitis. Human gingiva contains receptors for
estrogen and progesterone, and increased plasma hormonal levels result in an increase
in accumulation of these hormones in gingival tissues. ©* % Estrogens, and progestins
may influence the periodontal tissues by affecting subgingival microbial parameters,
gingival vasculature, the local immune system, and the specific cells of the
periodontium. Nevertheless, which etiologic factor plays the greatest role in fostering
the exaggerated inflammatory response to bacterial plaque, regardless of plaque
quantity, has not been determined, and appears to most likely be a multifactorial

phenomenon. ¢ ¢

Effects of Periodontal Diseases on Pregnancy

During the recent years, there are an increasing evidence suggesting
associations between periodontal diseases and increased risk of systemic diseases
such as atherosclerosis, myocardial infarction, stroke, diabetes mellitus, and adverse

pregnancy outcomes. © & ¢7%9) Adverse pregnancy outcomes that have been linked to
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periodontal diseases include preterm birth, low birth weight, miscarriage, and
preeclampsia, which can increase maternal and perinatal morbidity and mortality.

There is a large body of evidence pointing to infection as a key factor in
adverse pregnancy outcomes. ® Chronic periodontal infections can produce local and
systemic host responses leading to transient bacteremia. Lipopolysaccharide (LPS)
endotoxins and other bacterial substances can gain access to gingival tissue, initiate
and responsible for local inflammatory reactions, and consequently produce high
levels of proinflammatory cytokines. Such activations of maternal inflammatory cell
responses and cytokine cascades play important roles in the pathophysiological
processes of preterm labor, low birth weight, and pre-eclampsia. ¢ 7 In addition,
LPS, bacteria from subgingival plaque, and proinflammatory cytokines from inflamed
periodontal tissue can enter the bloodstream, reach the maternal-fetal interface, trigger
or worsen maternal inflammatory response, and increase plasma levels of
prostaglandin and cytokines (e.g. tumor necrosis factor). © € ™ Thus, it appears
that periodontal diseases may play a nonspecific role in various adverse pregnancy
outcomes.

Results from previous studies suggested that periodontal diseases increased
the risk of preterm low birth weight by 3.5 to 7.5 folds. ©" " ™ Two clinical trials
demonstrated that oral prophylaxis and treatment (e.g., scaling and root planing) can
reduce the incidence of preterm low birth weight. " " The pooled risk ratios showed
a 67% reduction in preterm low birth weight incidence. In addition, a 1.1 to 7.2-fold
increased risk for low birth weight has been reported. * "®® In contrast, other
studies failed to identify such relationship. /9%

Many observational studies suggested that periodontal disease is a risk factor
for preterm birth. (> 76788389 |5 addition, a randomized controlled trial demonstrated
that providing scaling and root planing to pregnant women with periodontal diseases
may reduce preterm births (<37 weeks of gestation) and very preterm birth (<35
weeks of gestation) by 50% and 80% respectively. ®” However, some other studies
failed to find a similar association. %% %)

Some studies suggested an association between periodontal diseases measured
at delivery and pre-eclampsia. ®* °) However, no such association was identified

when periodontal disease was determined prior to the 26 weeks of gestation.
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In summary, findings from various studies yielded inconsistent conclusions on
the relationship between periodontal diseases and various pregnancy outcomes. This
was partly due to potential biases (especially in terms of inconsistent definitions of
periodontal diseases) and the limited number of randomized controlled trials. Specific
etiologies and pathogeneses of these adverse pregnancy outcomes are still unclear. A
confirmation of periodontal diseases as an independent risk factor for adverse
pregnancy outcomes would be of great public health importance because periodontal
disease is both preventable and curable. Improving periodontal health before or during
pregnancy may prevent or reduce the occurrences of these adverse pregnancy
outcomes and therefore reduce the maternal and perinatal morbidity and mortality.

Gestational Diabetes and Periodontal Diseases

Gestational diabetes mellitus (GDM) is defined as any degree of glucose
intolerance with onset or first recognition during pregnancy. “*? The definition
applies whether insulin or only diet modification is used for treatment and whether or
not the condition persists after pregnancy. It does not exclude the possibility that
unrecognized glucose intolerance may have antedated or begun concomitantly with
the pregnancy.

Although the associations between periodontal diseases and diabetes mellitus
as well as pregnancy have been well established, there was limited evidence of study
examining relationship between periodontal diseases and GDM. ® When diabetes
complicates pregnancy, adverse effects of both conditions on periodontal status might
increase. There is, however, current evidence that periodontal inflammation and
destruction may be increased in pregnant women with pre-existing diabetes type 1
compared to non-diabetic pregnant patients. ¥

Only 1 recent study has demonstrated a significant association between
periodontal diseases and GDM. * The study was based on the data from the 3"
National Health and Nutrition Examination Survey (NHANES III) in the USA. The
results revealed that prevalence of periodontitis was 44.8% in pregnant women with
GDM and 13.2% in non-diabetic women, with adjusted odds ratio of 9.11 (95% ClI
1.11-74.9). In non-pregnant women, the prevalence of periodontitis was 40.3% in

women with type 1 or 2 diabetes, 25.0% in women with previous history of GDM,
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and 13.9% in non-diabetic women. However, the study consisted of relatively small
cases of GDM (11 cases with current GDM) and diagnosis of GDM was based on
self-reported information which might subject to recall bias. These limitations could
result in imprecise estimates.

The increased prevalence of periodontitis among women with a previous
history of GDM may contribute to the risk of development of type 2 diabetes later in
life. Another study also revealed that women with history of GDM in previous
pregnancy were more likely to have more severe periodontal diseases than those
without GDM history. )
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CHAPTER 3
MATERIALS AND METHODS

The study was conducted at antenatal clinic, Department of Obstetrics and
Gynecology, Faculty of Medicine Siriraj Hospital, Mahidol University. This study
was an analytic cross-sectional study examining the relationship between GDM and
periodontal status in pregnant women. The study has been reviewed and approved by
Ethics Committee, Faculty of Medicine Siriraj Hospital, Mahidol University (COA
no. SI 384/2007).

Study Population

Study population was pregnant women attending antenatal clinic at Siriraj
Hospital during November to December 2007. The study samples were randomly
selected from pregnant women between 20-34 weeks’ gestation who received
screening for GDM according to the practice guideline protocol. Exclusion criteria
were as follows

Women with pre-existing diabetes mellitus before pregnancy.

Women with underlying diseases which might affect periodontal status,
such as hypophosphatasia, leukemia, etc.

Women who were imunocompromised.

Women taking medicine which might affect periodontal status, such as
phenytoin, cyclosporine, calcium channel blocker, etc.

Women who did not agree to participate.

Eligible women were divided into 2 equal groups, i.e., those with GDM (study
group) and those without GDM (comparison group). Each woman in comparison
group will be selected to match with each woman in study group in terms of age and
gestational age group (frequency matching) as follows:

Age groups were <25 years, 25-34 years, and >35 years. Gestational age

groups were 20-28 weeks of gestation and 28-34 weeks of gestation.
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Sample Size Calculation

The sample size was estimated using the following formula

N2 (Za + Zf)sz

N = Sample size in each group
PO = Prevalence of severe periodontal diseases in women without GDM
(clinical attachment loss >5 mm) which was 30% from pilot study
=0.3
P1 = Prevalence of severe periodontal diseases in women with GDM

which was 60% from pilot study

=0.6
P = (PO+P1)/2 = 0.45
Q=1-P=0.55
d=PI-P0=0.3

Let a=0.05, Zo=1.96 (two-tailed)
Letp=0.2, ZB=0.84
Therefore, the sample size required in each group was at least 44 cases. After

adding 10%, the total sample size in each group was 50 cases.

Study Procedures

All eligible women were informed about the study by the investigator and
were asked to sign the informed consent form. They were interviewed regarding
various characteristics including age, pre-pregnancy weight, height, education,
occupation, and income. Dental history and oral hygiene practice were also obtained
by the interview. Obstetric data and GDM-related data were extracted from antenatal
records, including parity, gestational age, clinical risks for GDM, duration of GDM,

and latest 2-hour postprandial blood sugar level.

Screening and Diagnosis of GDM
According to Siriraj Hospital practice guideline, clinical risks for GDM
include family history of DM, age of 30 years or more, history of macrosomic infant,

congenital fetal anomaly, unexplained intrauterine fetal death (IUFD), hypertension,
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GDM in previous pregnancy, and obesity (body mass index, BMI, > 27 kg/m?). ("

All at-risk pregnant women were screen and diagnose for GDM by 2 step approach. A
50-gram glucose challenge test (GCT) was used as screening test and those with
abnormal results (> 140 mg/dL) were confirmed with 100-gram oral glucose tolerace
test (OGTT). The cutoff values were adopted from the recommendation of the
National Diabetes Data Group (NDDG). ©2) Diagnosis of GDM was made when any 2
of 4 plasma glucose levels from OGTT met or exceeded the value of 105, 190, 165,
and 145 mg/dL at baseline, 1, 2 and 3 hours respectively. When the diagnosis of
GDM was made, pregnant women were counseled and treated individually following
the treatment guideline as appropriate. A 2-hour postprandial blood sugar level was
used to determine glycemic control during antenatal care follow up. Poor glycemic
control was defined as 2-hour postprandial blood sugar level > 120 mg/dL. Screening
was offered during first antenatal visit and repeated during 24-28 weeks of gestation.

The screening and diagnosis procedure is demonstrated in Figure 1.

At-risk pregnant women

:

Normal A 50-gram GCT
Repeat at GAl24-28 weeks Abnormal (3140 mg/dL)
NorInal — IOO-grail OGTT
Abno¢rmal

(105/190/165/145 mg/dL)

:

GDM

Figure 1 GDM screening and diagnosis procedure for pregnant women according to

CPG currently used at Siriraj Hospital



Chatkoew Tosayanond Materials and Methods / 14

Periodontal Examination and Assessment

All subjects were examined in a hospital bed using a mouth mirror and

Michigan O periodontal probe (Hu-Friedy ®, Chicago, IL, USA.) The following

clinical parameters were recorded:

1.

Plaque index (PI). ©» The scores and criteria were described as follows:
Score 0 = No plaque

Score 1 = A film of plaque adhering to the free gingival margin and
adjacent area of the tooth. The plaque may be seen in situ only after
application of disclosing solution or by using the probe on the tooth
surface.

Score 2 = Moderate accumulation of soft deposits within the gingival
pocket, or the tooth and gingival margin which can be seen with the naked
eye.

Score 3 = Abundance of soft matter within the gingival pocket and/or on
the tooth and gingival margin.

Gingival index (GI). ©7 The scores and criteria were described as follows:
Score 0 = Normal appearance, no bleeding, no inflammation

Score 1 = Slight change in color and mild edema with slight change in
texture of the gingival, no bleeding, mild inflammation

Score 2 = Redness, hypertrophy, edema and glazing of the gingival,
bleeding on probing or pressure, moderate inflammation

Score 3 = Marked redness, hypertrophy, edema, ulceration of the

gingival, spontaneous bleeding, severe inflammation

. Probing depth (PD): distance from the gingival margin to the most apical

penetration of the probe.

Cemento-enamel junction to gingival margin (CEJ-GM). Positive values
denote gingival margin was apical to CEJ while negative values denote
gingival margin was coronal to CEJ.

Clinical attachment loss (CAL): Calculation is made by the summation of

PD and CEJ-GM.
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Whole-mouth PD, CEJ-GM, and CAL were measured at six sites per tooth,
i.e., mesiobuccal, midbuccal, distobuccal, mesiolingual, midlingual, and distolingual.
Both PI and GI were measured on buccal, lingual, mesial and distal sites of Ramfjord
teeth (#16, #21, #24, #36, #41, #44). The scores from the 4 areas of the tooth are
added and divided by 4 in order to give PI and GI values.

The extent and severity index (ESI), ®*

a simple, reproducible method which
appears to yield an informative description of the periodontal diseases status, was
calculated. Disease extent (E) is the percentage of sites that have CAL >1 mm, and
disease severity (S) is the mean loss of attachment, in excess of 1 mm. In addition,
severe periodontitis was defined when at least 1 site had CAL >5 mm. ©°

All examinations were performed only by the investigator, without knowledge
of which group the women belonged to. After the examination, all women were
counseled regarding their periodontal status and advice on oral hygiene was provided.
When necessary, they were scheduled for appropriate treatment at the Division of

Dentistry, Siriraj Hospital.

Reliability of Periodontal Examination

All clinical measurements were carried out by the investigator who was
trained and calibrated by and against an experienced staff in 4 subjects (whole mouth
examination). Correlation coefficient for CEJ-GM, PD, and CAL measurements were
0.88, 0.90, and 0.91 respectively, p<0.001. In detection of CAL of >5 mm, there was
95% agreement with Kappa statistics of 0.80 (good agreement).

Statistical Analysis

All data were entered into a personal computer and were analyzed using
Statistical Package for Social Science for Windows version 15 (SPSS Inc., Chicago,
IL, USA).

Descriptive statistics, including mean, standard deviation (SD), number, and
percentage, were used to describe periodontal status and various obstetric
characteristics of the subjects. Prevalence of periodontal diseases in each group was

estimated. All data were initially tested whether they were normally distributed by
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Kolmogorov-Smirnov test. Comparisons between groups were made by Student t-test,
and Chi-square test as appropriate.

Multivariate analyses were performed to adjust for potential confounders.
Multiple linear regression was used to determine factors independently associated
with CAL changes. Logistic regression analysis was performed to determine whether
GDM was an independent risk factor for periodontal diseases Adjusted odds ratio
(OR) and 95% confidence interval (CI) were estimated. Statistical significance was

considered if p value < 0.05.
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CHAPTER 4
RESULTS

During November and December 2007, a total of 50 pregnant women who
were diagnosed with GDM (study group) and met the inclusion criteria were enrolled.
Another 50 pregnant women without GDM were randomly selected as a comparison
group. Pregnant women in both groups were frequency-matched with study group by
age group (<25 years, 25-34 years, and >35 years) and gestational age group (20-28
and 28-34 weeks of gestation). The characteristics of pregnant women in each group
are shown in Table 1.

Table 1 Characteristics of study and comparison groups

Characteristics Study Comparison p value*
group group
N =50 N =50
Mean age + SD (years) 33.0+£4.7 31.9+43 0.2527
Education level > 12 years 10 (20.0%) 8 (16.0%) 0.603"
Monthly income > 20,000 Baht 18 (36.0%) 12 (24.0%) 0.191
Occupation 0.095
Employee 18 (36.0%) 30 (60.0%)
Trader 10 (20.0%) 7 (14.0%)
Housewife 13 (26.0%) 6 (12.0%)
Others 9 (18.0%) 7 (14.0%)
Mean pre-pregnancy weight + SD (kg) 55.9 + 13.2 485+4.4 <0.001"
Mean height + SD (cm) 1549 +5.1 156.3 +5.2 0.172"
Mean BMI % SD (kg/m?) 232+ 46 19.9+2.4 <0.001"
Obesity (BMI > 27 kg/m?) 8 (16.0%) 0 (0%) 0.006

* Chi-square test
" Student t-test
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Mean age of both groups were not significantly different, although mean age
of the study group was slightly higher than comparison group (33.0 = 4.7 vs. 31.9 +
4.3 years respectively, p = 0.252). No woman was less than 25 years old (data not
shown). Education level, monthly income, and occupation of both groups were also
comparable. It should be noted that pregnant women in the comparison group were
more likely to be employee than the study group (60% and 36% respectively) but less
likely to be housewife (26% and 12% respectively).

Pregnant women with GDM had significantly higher pre-pregnancy weight
and BMI than comparison group (55.9 + 13.2 vs. 48.5 + 4.4 kg, and 23.2 + 4.6 vs.
19.9 + 2.4 kg/m?® respectively, p < 0.001). While 16% of women with GDM were
classified as obese (BMI > 27 kg/m?), no women in comparison group was obese (p =
0.006).

Obstetric data were extracted from antenatal record and comparisons between
the two groups are demonstrated in Table 2.

Table 2 Obstetric characteristics of the study and comparison groups

Characteristics Study group Comparison group p value*
N =50 N =50

Nulliparous 18 (36.0%) 26 (52.0%) 0.107

Mean gestational age £ SD (weeks) 30.0+£45 28.8+3.3 0.129"

Mean gestational age at diagnosis of 155+6.8 - -
GDM = SD (weeks)

Mean duration of GDM * SD 144 +6.2 - -
(weeks)
Well-controlled GDM 20 (40%)

* Chi-square test
" Student t-test

Pregnant women in the study group were less likely to be nulliparous than
comparison group (36% vs. 52%), however, the difference was not statistically
significant. Mean gestational age of both groups were comparable. Among pregnant

women with GDM, the diagnosis was made at the average of 15.5 weeks of gestation
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and the mean duration of GDM to the time of enrollment was 14.4 weeks. Of 50
pregnant women with GDM, only 20 (40%) were considered to have well-controlled

DM as defined by 2-hour postprandial blood glucose < 120 mg/dL.

Table 3 Dental history and oral hygiene practice of the study and comparison groups

Characteristics Study group Comparison group p value*

N =50 N =50
Dental visit 0.212
Never 23 (46.0%) 24 (48.0%)
Yearly 3 (6.0%) 0 (0%)
With symptoms 24 (48.0%) 26 (52.0%)
Dental prophylaxis 0.121
Never 47 (94.0%) 50 (100.0%)
Yearly 3 (6.0%) 0 (0%)
History of periodontal disease 3 (6.0%) 0 (0%) 0.242
Brushing 0.505
Daily 6 (12.0%) 4 (8.0%)
Twice 44 (88.0%) 46 (92.0%)
Oral hygiene aids 0.213

No 46 (92.0%) 49 (98.0%)
Dental floss 3 (6.0%) 0 (0%)
Mouth wash 1(2.0%) 1(2.0%)

* Chi-square test

Table 3 shows dental history and oral hygiene practice of the study and
comparison groups. Most of pregnant women in both groups never had regular dental
visits and approximately half had dental visit only when they had symptoms (48% in
study group and 52% in comparison group). Only 3 women (6%) in the study group
and none of comparison group reported yearly dental visit and dental prophylaxis.
These women also reported history of periodontal disease.
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With regard to oral hygiene practice, the majority of pregnant women in the
study (88%) and the comparison (92%) groups brushed their teeth twice daily. No oral
hygiene aids were used by most of pregnant women in both groups (92% in study
group and 98% in comparison group). Dental floss was used in 3 women (6%) in the
study group and mouth wash was used in 1 of the woman (2%) in each group.

Pregnant women in the study and comparison groups had comparable mean
number of remaining teeth (data not shown). Periodontal characteristics and oral
hygiene status of the study and comparison groups are displayed in Table 4. While
mean Pl was slightly lower among study group than comparison group (1.34 + 0.47
vs. 1.40 + 0.20, p = 0.406), mean Gl was significantly greater (1.63 + 0.39 vs. 1.46
0.28, p = 0.011).

Mean CEJ-GM of the study group was significantly greater than that of the
comparison group, with the difference of 0.2 mm (0.19 £ 0.45 vs. -0.01 + 0.18 mm,
p = 0.005). Mean PD was also greater among study group than comparison group
with the mean difference of 0.16 mm (2.58 + 0.49 vs. 2.42 + 0.43 mm), however,
without statistical significance (p = 0.089). Mean CAL among study group was
significantly greater than the comparison group with the mean difference of 0.35 mm
(2.76 £ 0.63 vs. 2.41 £+ 0.40 mm, p = 0.001).

Table 4 Periodontal and oral hygiene status of the study and comparison groups

Characteristics Study group Comparison group p value*
N =50 N =50

Mean Pl £ SD 1.34+0.47 1.40+£0.20 0.406

Mean Gl £ SD 1.63+0.39 1.46 +0.28 0.011

Mean CEJ-GM %= SD (mm) 0.19+0.45 -0.01+0.18 0.005

Mean PD £ SD (mm) 2.58 +0.49 242 +0.43 0.089

Mean CAL + SD (mm) 2.76 £ 0.63 2.41+0.40 0.001

* Student t-test

It was found that all pregnant women in both groups had CAL > 1 mm in at
least 1 site. Table 5 shows extent and severity index of the study and comparison

groups. Pregnant women in the study group demonstrated significantly higher disease
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extent and severity indices than the comparison group (extent index of 88.6 £ 8.6 vs.
84.8 £ 9.9%, p = 0.041, and severity index of 1.96 = 0.56 vs. 1.64 £ 0.36 mm, p =
0.001).

Table 5 Extent and severity index of the study and comparison groups

Extent and severity Study group Comparison group p value*
N =50 N =50

Mean extent index + SD (%) 88.6 + 8.6 84.8+9.9 0.041

Mean severity index + SD (mm) 1.96 + 0.56 1.64 +0.36 0.001

* Student t-test

In case of severe periodontitis (at least 1 site with CAL > 5 mm) the result
showed that 25 pregnant women with GDM and only 13 pregnant women without
GDM were diagnosed. The proportion of severe periodontitis was significantly higher
among pregnant women with GDM than those in comparison group (50% vs. 26%, p
=0.013).

Multivariate analyses were performed to determine factors associated with
periodontal disease, adjusted for potential confounders. Variables included in the
analyses were age, gestational age, obesity, and GDM. Age and gestational age were
entered as continuous variables to minimize effects of residual confounding. Multiple
linear regression analysis was performed to predict changes in CAL. The results are

shown in Table 6.

Table 6 Multiple linear regression analysis for CAL (N = 100)

Variables Beta S.E. p value
Age (years) 0.03 0.01 0.027
Gestational age (weeks) 0.03 0.01 0.042
Obesity 0.36 0.20 0.082

GDM 0.35 0.11 0.002
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Significant predictors of CAL changes were age, gestational age, and GDM.
On the other hand, obesity was not a significant predictor for CAL changes. Pregnant
women with GDM had CAL 0.35 mm greater than comparison group, adjusted for
age, gestational age, and obesity.

Logistic regression analysis was performed to determine the independent
factors associated with severe periodontitis. The results are shown in Table 7.

Table 7 Logistic regression analysis for severe periodontitis (N = 100)

Variables Beta S.E. Adjusted OR (95% CI)  pvalue
Age (years) 0.06 0.05 1.1 (0.96 -1.18) 0.219
Gestational age (weeks) 0.03 0.06 1.0 (0.92 - 1.16) 0.551
Obesity 0.92 0.92 2.51 (0.41 - 15.38) 0.318
GDM 1.09 0.47 2.96 (1.19-7.38) 0.006

Gestational diabetes was the only factor independently associated with
periodontal disease, adjusted for age, gestational age, and obesity. Pregnant women
with GDM were 2.96 times more likely to have periodontal disease than comparison
group (95% CI 1.19 — 7.38, p = 0.006). Age, gestational age, and obesity were not
significantly associated with periodontal disease, after adjusting for each other.

Further analyses among pregnant women with GDM were performed
according to the severity of periodontal diseases. Pregnant women with and without
severe periodontitis were compared with regard to various characteristics. The results
are shown in Table 8.

Mean age, mean gestational age, mean gestational age at diagnosis and
duration of disease were not statistical significant difference between those with and
without severe periodontitis. Obesity was found in higher proportion among those
with severe periodontitis than those without, however, the difference was not
statistical significance (24% vs. 8%, p = 0.247). Pregnant women with GDM who had
severe periodontal disease were significantly more likely to had poorly-controlled
GDM (76% vs. 44%, p = 0.021).
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Table 8 Comparison between GDM pregnant women with and without severe
periodontitis

Characteristics Severe No severe p value*

periodontitis  periodontitis

N =25 N =25

Mean age + SD (years) 33.3+4.4 32.8+5.1 0.701"
Mean gestational age £ SD (weeks) 28.8 £ 4.6 31.1+43 0.175"
Mean gestational age at diagnosis of 154 +6.3 15.7+7.3 0.853"
GDM = SD (weeks)

Mean duration of GDM #+ SD (weeks) ~ 13.4+6.1 15.5 + 6.4 0.244"
Obesity 6 (24.0%) 2 (8.0%) 0.247
Poorly-controlled GDM 19 (76.0%) 11 (44.0%) 0.021

* Chi-square test
" Student t-test

Multivariate analyses were also performed among pregnant women with GDM
to determine factors associated with severe periodontitis, adjusted for potential
confounders. Variables included in the analyses were age, gestational age, obesity,
duration of GDM, and control of GDM. Multiple linear regression analysis was

performed to predict changes in CAL, and the results are shown in Table 9.

Table 9 Multiple linear regression analysis for CAL among pregnant women with
GDM (N =50)

Variables Beta S.E. p value
Age (years) 0.004 0.018 0.809
Gestational age (weeks) 0.025 0.018 0.175
Duration of GDM (weeks) 0.006 0.013 0.627
Obesity 0.28 0.25 0.006

Poorly-controlled GDM 0.60 0.17 0.001
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With regard to CAL changes, obesity and poorly-controlled GDM were the
only significant associated factors, adjusted for other confounders. Obesity
significantly increased CAL by 0.28 mm than those who were not obese (p = 0.006).
Poorly-controlled GDM also significantly associated with 0.6 mm increased in CAL
(p =0.001).

Logistic regression analysis was performed to determine the independent
factors associated with periodontal disease among pregnant women with GDM. The

results are shown in Table 10.

Table 10 Logistic regression analysis for severe periodontitis among pregnant women
with GDM (N = 50)

Variables Beta S.E. Adjusted OR (95% CI) pvalue
Age (years) -0.10  0.08 0.90 (0.76 — 1.06) 0.219
Gestational age (weeks) 0.06 0.08 1.07 (0.90 — 1.26) 0.449
Duration of GDM (weeks) 0.07 0.06 1.07 (0.96 — 1.20) 0.221
Obesity 2.47 1.16 11.90 (1.22 -111.1) 0.033
Poorly-controlled GDM 2.53 0.83 12.50 (2.45 - 63.88) 0.002

Similar to the results of multiple linear regression analysis, obesity and poorly-
controlled GDM were the only 2 independent factors significantly associated with
periodontal disease after adjusting for potential confounders. Obesity increased the
risk of periodontal disease by 11.9 times (95% CI 1.22 — 111.1, p = 0.033) compared
to those who were not obese. Poorly-controlled GDM increased the risk of
periodontal disease by 12.5 times (95% CI 2.45 — 63.88, p = 0.002) compared to well-
controlled cases.
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CHAPTER 5
DISCUSSION

Although the association between periodontal disease and diabetes mellitus
has been well established as well as its relationship with various adverse pregnancy
outcomes, there was limited evidence examining relationship between periodontal
disease and GDM. "* > °) Both diabetes and pregnancy could be interrelated and
possibly have combined adverse effects on periodontal status. To date, there is no
study regarding periodontal status among GDM pregnant women in Thailand.
Therefore, this study was conducted to explore the relationship between GDM and
periodontal status. The cross-sectional study was conducted at Siriraj Hospital which
is a university hospital in Thailand. Pregnant women were divided into 2 groups, i.e.,
those with GDM (study group), and those without GDM (comparison group).
Periodontal status, using various indices, of both groups was compared and associated
factors were examined.

Pregnant women enrolled in this study had characteristics representing general
pregnant women attending antenatal clinic at Siriraj Hospital which serves mainly low
to middle-class population in Thailand. AS shown in Table 1, majority of the women
in both groups had relatively low monthly income, were not well educated (<12
years), and were employee, housewife, or trader. With regard to dental history and
oral hygiene practice, pregnant women in both groups reported relatively poor oral
hygiene care. Only 3 of pregnant women in the study group reported yearly dental
visit and prophylaxis, and all these pregnant women had history of periodontal
diseases. However, these characteristics were not significantly different between
study and comparison groups.

These unfavorable characteristics might be one of the explanations for high
prevalence of periodontitis that all pregnant women (100%) had at least 1 site with
CAL > 1 mm. Relatively low socioeconomic status has been reported to be associated

with increased risk of periodontal disease. Gingival inflammatory symptoms during
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pregnancy, including increased GI, PI, PD, and CAL, have been reported to be related
to lower level of education and non-employment. ®® This is possibly the result of
poor or lower awareness of the importance of oral hygiene as well as limited access to
appropriate health care among this specific group of population.

Pregnant women with GDM had significantly higher pre-pregnancy weight
and BMI, hence, 16% of these women were obese while none of comparison group
was. This can be explained by that obesity is one of the major risk factors for GDM
that every obese pregnant woman will be offered GDM screening according to
clinical practice guideline used at Siriraj Hospital. "> It can also be noted that
pregnant women with GDM were less likely to be nulliparous, although statistical
significance was not achieved. Similar explanation could also be applied that
multiparous pregnant women were more likely to be screened for GDM due to some
additional risk from their previous pregnancies such as fetal macrosomia, previous
GDM, etc.

According to the guideline, all pregnant women who were at risk for GDM
were offered screening tests at their first antenatal visits, resulting in early diagnosis
that mean gestational age at diagnosis was 15.5 weeks. After diagnosis of GDM, all
women received dietary counseling and therapy or insulin treatment for glycemic
control throughout pregnancy with close follow up schedule. However, good
glycemic control was achieved in only 40% of cases.

Associations between periodontal diseases and diabetes mellitus as well as
pregnancy have been well established. Available data reveals strong evidence that
diabetes is a risk factor for gingivitis and periodontitis. " > *® An increased risk of
progressive periodontal destruction in people with diabetes has been reported. ©* *
The incidence of periodontitis was 2.6 fold higher in diabetic than in non-diabetic
patients after 2.5-year follow up and had a 4 fold increased risk of progressive
alveolar bone loss compared to non-diabetic controls. Other studies also demonstrated
that diabetic subjects had 2.8 to 3.4 fold increased odds of periodontitis compared to
non-diabetic subjects after adjusting for the effects of various confounding variables
such as age, gender, and oral hygiene practice. *"**

During pregnancy, the significant increases in plasma hormone levels can

result in remarkable endocrine-related oral alterations. Gingival inflammatory
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changes in pregnancy begin early in pregnancy and increase in severity through the
third trimester, after which abrupt improvement can be noted due to a concomitant
reduction in sex steroid hormone secretion. ®*>® The prevalence and severity of
gingival inflammation is significantly higher in pregnant women compared to
postpartum, and appears unrelated to the amount of plaque present. > °” *® Other
clinical periodontal changes during pregnancy include increased PD, increased BOP,
increased gingival crevicular fluid flow, and increased tooth mobility. &7 362

It is therefore possible that combined synergistic effects of both pregnancy and
GDM could adversely affect periodontal status. However, there was limited evidence
examining relationship between periodontal diseases and GDM. © %> 29 At present,
there were only 3 previous studies that reported the effects of both diabetes and
pregnancy on periodontal status. '* > °) However, only 1 study examined such
relationship among pregnant women with GDM, (9 the others studied in pregnant
women with pre-existing type-1 diabetes, ®" and those with history of GDM.

The results from this study demonstrated that the prevalence of severe
periodontal disease was significantly higher in pregnant women with GDM than in
comparison group (50% vs. 26%, p = 0.013). After adjusting for confounders, GDM
increased the risk of periodontal disease by approximately 3 folds (adjusted OR 2.96,
95% CI 1.19-7.38, p = 0.006). The result was consistent with a recent study that was
based on the data from the 3™ National Health and Nutrition Examination Survey
(NHANES 11I) in the USA. " The results in such study revealed that prevalence of
periodontal diseases was 44.8% in pregnant women with GDM and 13.2% in non-
diabetic women, with adjusted odds ratio of 9.11 (95% CI 1.11-74.9). However, such
study consisted of relatively small cases of GDM (11 cases of current GDM) and the
diagnosis of GDM was based on self-reported information which might subject to
information and recall bias. These limitations could result in imprecise estimates of
the results. In addition, the prevalence of periodontal diseases from such study might
not be accurate since periodontal examination was carried out in only 2 randomly
selected quadrants (one maxillary and one mandibular) and only 2 sites per tooth
(mesio-buccal and midbuccal) were examined.

Some have suggested an alternative explanation that periodontal disease may

possibly be a cause, rather than the result, of GDM. Periodontal infection can induce
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©- 9 Bacteria from the subgingival plaque and

local and host immune responses.
products from the inflamed periodontal tissues, including endotoxin (LPS), and
various inflammatory cytokines (e.g., IL-1 and TNF-a) can trigger or exacerbate
maternal systemic inflammatory response. In addition, infection can result in
increased insulin resistance and elevated inflammatory cytokines could also possibly
cause pancreatic beta cells destruction. Therefore, an infection-induced insulin
resistance in response to chronic periodontal infection may exacerbate the pre-existing
pregnancy-induced insulin resistance that may cause impaired glucose tolerance and
the manifestation of GDM.

Significant differences were observed only for GI, but not PI in this study, the
findings reflected that gingival inflammation was more pronounced in pregnant
women with GDM compared to those in comparison group while plaque levels were
similar. Greater in GI might partly due to most of pregnant women in this study were
in their second or early third trimester that gingival inflammation usually increases
related to sex steroid hormone secretion. ©*°¢

More detailed comparisons of periodontal measurements have shown that
mean CAL was significantly greater among pregnant women with GDM. It should be
noted that PD was similar in both groups but CEJ-GM was significantly greater in the
study group than in comparison group. One possible explanation is the swelling and
loosening of the gingival tissues, which could normally be observed during
pregnancy, could result in similar increased PD in both groups. On the other hand,
among pregnant women with GDM, there might be greater gingival destruction which
could possibly result in significant greater CEJ-GM than in comparison group. From
multiple linear regression analysis, other significant and independent factors for
increased CAL other than GDM included age and gestational age. However, effects
from these factors were not of clinical significance.

In terms of extent and severity of periodontitis as expressed by extent and

severity index, *?

the results showed that adverse effects on periodontal status among
pregnant women with GDM was more statistically significant for severity than the
extent. This could indicate that pregnant women in this study might have similar
extent of pre-existing periodontal disease or pregnancy might greatly affect the extent

of periodontal disease to the more similar degree for both groups that similar high
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extent index was observed. Gingival inflammation and periodontal destruction could
be more severe among pregnant women with GDM, resulting in significant higher
severity index, i.e., greater mean loss of attachment in excess of 1 mm. Increases in
extent and severity of periodontitis among diabetic adults have been reported. ¢’="
Severity of attachment loss and bone loss have been shown to be greater among
diabetic subjects than among non-diabetic controls in all age groups. ¢ *® Other
cross-sectional and case-control studies generally confirmed a greater risk of
attachment loss and bone loss in diabetic adults. ¢* 3%

Previous study among pre-existing type-1 diabetic pregnant women has also
reported similar results. ®" Significant more severe periodontal status has been
observed among diabetic than non-diabetic pregnant women, including GI, PI, PD,
CEJ-GM, and CAL. However, it could not be ruled out that pre-existing diabetic
pregnant women might already have more unfavorable periodontal status even before
pregnancy. This issue could not be delineated from this study due to the nature of the
cross-sectional design used in this study.

When further analyses were performed among pregnant women with GDM,
the results demonstrated that poorly-controlled GDM was significantly associated
with increased CAL and hence periodontal disease. Poorly-controlled GDM increased
CAL by 0.6 mm and increased risk of periodontal disease by 12.5 folds, after
adjusting for other confounders. To date, only association between glycemic control
and increased severity of periodontal disease among diabetes mellitus has been
reported, but no previous study has reported such association with GDM.

As demonstrated from this study, level of glycemic control appears to be an
important determinant of periodontal disease among pregnant women with GDM.
This was supported by many studies of subjects with diabetes mellitus. > *> 2 The
level of glycemic control may play a role in the gingival response to bacterial plaque
in people with diabetes. Previous studies have demonstrated that gingival
inflammation was greater among diabetic subjects than in non-diabetic controls
despite similar levels of plaque accumulation and similar bacterial composition of
plaque, suggesting a hyperinflammatory gingival response in diabetic cases. In
addition, highest level of inflammation was observed in cases with poorly-controlled

diabetic cases. “***¥ Moreover, metabolic control of diabetes has been reported as an
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important variable in the onset and progression of periodontal disease. Previous study
has shown that adults with poorly-controlled diabetes had a 2.9-fold increased risk of
periodontitis compared to non-diabetic adults, and conversely, well-controlled
diabetic subjects had no significant increase in the risk of periodontitis. > Diabetic
patients with poor glycemic control had more interproximal attachment loss and bone
loss than well-controlled subjects. “**® Similar results have been reported from other
studies in which the percentage of deep periodontal pockets and the prevalence of
severe attachment loss increased as the glycemic control worsened. **% *” Another
study revealed that poor glycemic control of type 2 diabetes was associated with an
11-fold increased risk of progressive bone loss compared to non-diabetic cases,
whereas well-controlled diabetic subjects had no significant increase in risk. ©*
Similar results of the significance of glycemic control on periodontal disease among
pregnant women with GDM were observed from this study as well. However, effects
on disease progression need to be further clarified from prospective studies in the
future.

The results from this study also showed that obesity was another independent
factor associated with periodontal diseases among pregnant women with GDM.
Obesity has been related to increased risk of periodontal diseases. “”** Data for non-
diabetic subjects from NHANES III revealed a positive association between BMI and
CAL. Overweight individuals (BMI > 27 kg/m?) with elevated insulin resistance had a
significant odds ratio of 1.48 for severe periodontal disease compared to overweight
individuals without insulin resistance. Subjects in the highest quartile of body mass
(BMI > 30.8 kg/m?) also showed significantly elevated serum levels of TNF- o and
soluble TNF-a receptors compared to those in the lowest quartile of body mass, with a
BMI < 24.6 kg/m”. These data suggest that increased BMI is associated with both
systemic inflammation and periodontal disease. Increased BMI has been demonstrated
to be associated with elevated levels of TNF-a and IL-6 from increase production
form adipocytes. These cytokines were not only associated with periodontal diseases
but also insulin resistance. *® Another studying in non-pregnant women has reported
that obesity was independently associated with increased PD and CAL, after adjusted
for glucose tolerance status. However, diabetes was independently associated with

severe attachment loss, but not PD, after adjusting for obesity. '
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From this study, such association between obesity and periodontal diseases
was not observed after adjusting for GDM after initial analysis (Table 7). However,
further analyses among pregnant women with GDM showed that obesity significantly
increased risk of periodontal disease (Table 10). Pregnant women with GDM who
were obese were 11.9 times more likely to have periodontal disease. Only 1 previous
study has demonstrated an association between various periodontal indices and
obesity among pregnant women with GDM. The study found significant increased in
gingival bleeding, CAL, and BOP among pregnant women with GDM who were
overweight and obese. 'V

Whole-mouth examination, six sites per tooth, was used for all periodontal
measurements in this study, which should provide accurate information on
periodontal indices, disease prevalence, extent and severity. Partial-mouth and half-
mouth assessment of periodontal disease have been proposed and previous studies
have demonstrated that the 2 techniques could provide an appropriate substitution for

% CA However, whole-mouth examination is still

whole-mouth assessment.
considered the gold standard. " Nevertheless, the use of partial- or half-mouth
examination could possibly considered as an alternative to conserve time, limit cost,
and reduce patient and examiner fatigue in daily clinical practice. However, since
periodontal destruction appears to be both site- and tooth-specific, it is unlikely that
the assessment of index teeth, most notably the Ramfjord teeth, or limited sites will
provide an accurate representation of the extent and severity of the disease. Previous
study has shown that assessment of only 2 sites per tooth or the Ramfjord teeth was
not suitable for the evaluation of periodontal disease. '**

Frequency matching by age and gestational age groups during patient selection
was one of the strategies to minimize confounders in this study since both variables
are known to associate with periodontal status in pregnant women. In addition,
multivariate analyses were also performed to adjust for other potential confounders in
order to determine independent associated factors for each outcome of interest.
Nevertheless, both age and gestational age were also included in the multivariate

analyses in forms of continuous variable to minimize the possibility of residual

confounding.
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Various measures have been implemented to avoid possible biases in
conducting the study. For outcome measurement, the investigator was the only person
who performed dental and periodontal examinations and assessments; hence
interobserver variation should be minimized. In addition, prior to the beginning of the
study, the investigator was trained and calibrated by and against an experienced staff,
and good correlation and agreement in all measurements were observed. Thus, all
measurements should be valid and reliable. Moreover, during the study, the
investigator was blinded to GDM status of pregnant women to avoid biases in the
outcome assessments.

Some limitations should be noted in this study. There might be some
misclassifications especially among pregnant women in the comparison group.
According to the practice guideline, pregnant women without any risk for GDM were
not offered any screening tests that, in fact, they might have undiagnosed GDM. On
the contrary, those who were at risk for GDM but were not diagnosed from initial
testing might actually be diagnosed later as pregnancy progresses or in their third
trimester. However, such misclassification was minimized by the widely-used of
practice guideline in Siriraj Hospital. Pregnant women in this study were enrolled at
average 28-30 weeks of gestation that the majority already received second screening
and diagnostic tests hence such misclassification should be lessened.

As GDM is defined as any degree of glucose intolerance with onset or first
recognition during pregnancy, it does not exclude the possibility that unrecognized
glucose intolerance may have antedated the pregnancy. "'” Therefore, among
pregnant women with GDM, unknown proportion of these women might already have
diabetes mellitus before pregnancy. Pre-pregnancy diabetes mellitus might be
associated with pre-existinging periodontal diseases or more unfavorable periodontal
conditions than non-diabetic women. This might result in overestimation of the
prevalence of periodontal disease among study group as well as the observed
association. Almost all these unknown pre-existinging diabetes before pregnancy
usually require insulin therapy during pregnancy. Previous study in Siriraj Hospital
have shown that proportion of pregnant women diagnosed with GDM who required

insulin therapy, i.e., suspected to have DM before pregnancy, was only less than 10%.
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In this study, all pregnant women with GDM required only diet therapy that can be
assumed that all did not have DM before pregnancy.

The effects of treatment and other behavioral factors changes after the
diagnosis of GDM could not be assessed and quantified in each individual. Therefore,
these unknown effects could not be taken into account during the analyses. However,
these effects might not be strong enough to change such strong associations
demonstrated in this study.

Another limitation in this study was that the sample size was relatively small
when subgroup analyses were performed. Power might not be adequate to detect some
existing differences and associations. Interpretation of the results in subgroup
analyses should be made cautiously.

Since this study was conducted in a cross-sectional fashion, only prevalence of
disease was estimated. Incidence, which is a measure of risk, could not be estimated.
In addition, the problem of temporal relationship could also not be clarified. In both
groups, periodontal diseases might antedate pregnancy. If possible, a prospective
study with adequate sample size is needed to avoid such limitations in order to
explore causal relationship between GDM and periodontal diseases.

The results of this study have demonstrated that pregnant women with GDM
were at significant greater risk for periodontal diseases compared to those without
GDM. Moreover, obesity as well as poor glycemic control were other independent
risks among pregnant women with GDM. Understanding such relationship could be
helpful in providing better and more holistic care to pregnant women with GDM.
These at-risk women should be counseled and prepared even before pregnancy.
Comprehensive oral hygiene assessment and appropriate treatment should be
provided for all pregnant women. Those with GDM should take better care of their
oral health and more intensive counseling and treatment should also be provided
especially among obese women and those with poor glycemic control.

During the recent years, there are an increasing evidence suggesting
associations between periodontal diseases and various adverse pregnancy outcomes,

(73, 76, 78,

including preterm and low birth weight. 83860 Many clinical trials

demonstrated that oral prophylaxis and treatment (e.g., scaling and root planing) can

(73-78, 87)

significantly reduce the incidence of these adverse outcomes. Since
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periodontal diseases is both preventable and curable, therefore, providing appropriate
periodontal care before or during pregnancy for better periodontal health could also
reduce related adverse pregnancy complications and therefore reduce the maternal and
perinatal morbidity and mortality to achieve successful pregnancy.

The results of this study supported the hypothesis that periodontal diseases
were associated with GDM. However, mechanisms that underlie such relationship are
still not clearly defined, and causal relationship is needed to be confirmed. Further
large prospective studies are warranted in order to elucidate such association in
various aspects with more details. Better understanding of these issues could lead to
better care of these pregnant women to avoid both direct and indirect adverse effects

to both the mothers and their newborns.
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CHAPTER 6
CONCLUSION

The results of this study demonstrated that oral hygiene status, assessed by PI,
of the pregnant women with or without GDM were comparable while gingival
inflammation, assessed by GI, was significantly greater in pregnant women with
GDM. Although all pregnant women in both groups had CAL > 1 mm in at least 1
site but severity and extent of the disease were significantly higher in pregnant
women with GDM. Prevalence of severe periodontitis (CAL = Smm in at least 1 site)
was also significantly higher in pregnant women with GDM.

After adjusting for confounders, significant independent predictors of CAL
changes were age (p=0.027), gestational age (p=0.042), and GDM (p=0.002). GDM
increased the risk of periodontal disease by 2.96 folds (adjusted OR 2.96, 95% CI
1.19 — 7.38, p=0.006). Among pregnant women with GDM, poor glycemic control
and obesity were independently associated with both CAL changes and periodontal
diseases after adjusting for confounders. Obesity and poorly-controlled GDM
increased the risk of periodontal disease by 11.9 times (95% CI 1.22 — 111.1,
p=0.033) and 12.5 times (95% CI 2.45 — 63.88, p = 0.002), respectively.

In conclusion, a relationship between GDM and periodontal diseases was
observed. However, further studies are needed to explore such relationship in more
details on various aspects. Mechanisms that underlie the association should also be
further elucidated in order to direct the appropriate prevention and treatment.
Periodontal care should be provided to all pregnant women with GDM especially
those who were obese and poor glycemic control. Better periodontal care among these
pregnant women would not only prevent further periodontal destruction but could also
minimize associated adverse pregnancy outcomes. Preventive measures should be

initiated and implemented in every level of medical care to all pregnant women.
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APPENDIX B
CASE RECORD FORM

Case Record Form

Study ID [J1[]
General Information
Age......... years
Weight ......... kilograms  Height ......... centimeters
Nationality
[ ] Thai []Others .........
Education
[ 1 None ] Primary [1 Secondary
(] Bachelor degree  [] Higher [] Others .........
Occupation
] Employee (] Trader ] Housewife
[]Others .........
Monthly income
[ 1No [ 1< 5,000 Baht [ ]15,000-10,000 Baht

[110,000-15,000 Baht [] 15,000-20,000 Baht []> 20,000 Baht

Obstetric information

Gestational age .......... week
G...R\" A....

Gestational age at diagnosis ......... week
Risk of GDM

11 Family history of DM []2 Age > 30 years [] 3 Previous IUFD
[14 Previous macrosomia  []5 Previous fetal anomaly [] 6 Previous GDM
[] 7 Obesity 1 8 Hypertension

Dental History

Frequency of dental visit

1 No []1 Once a year[] Twice a year ] With symptom
Frequency of oral prophylaxis

1 No [] Once a year[] Twice a year [] Others......
History of periodontal disease and treatment

[ INo []Yes

Oral Hygiene
Frequency

[]1time/day [] 2 times/day[] 3 times/day [ ] more

Oral hygiene aids

] No [] Dental floss ] Proxabrush [] End tuff brush
] Mouth wash ] Others.......cccee...
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Periodontal Chart Record

# 1811716 (15|14 13|12 1121|2223 |24 25|26 |27 |28

CEJ-GM

PD

CAL

CAL

PD

CEJ-GM

CEJ-GM

PD

CAL

CAL

PD

CEJ-GM

# 48 |47 |46 14544 143142 (41131132 |33|34|35|36[37|38

Plaque Index

#16 #12 #24 #36 #32 #44

Buccal

Lingual

Gingival Index

#16 #12 #24 #36 #32 #44

Buccal

Lingual

The Gingival Index System

0 no bleeding

1 slight change in color and mild edema with slight change in texture, no
bleeding, mild inflammation

2 redness, hypertrophy, edema and glazing, bleeding on probing/pressure,
moderate inflammation

3 marked redness, hypertrophy, edema, ulceration, spontaneous bleeding, severe
inflammation

The Plaque Index System

0 No plaque

1 A film of plaque detected by using the probe on the tooth surface.

2 Moderate accumulation of soft deposit can be seen with the naked eye.

3 Abundance of soft matter within the gingival pocket and/or on the tooth and
gingival margin.
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