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Introduction

Periodontal Disease (PD) includes infectious pathologies that

Abstract

Background: Studies linking Periodontal Disease (PD) and Ges-
tational Diabetes Mellitus (GDM) are not in agreement. Our main
objective is to evaluate the possible association between PD and
GDM.

Methods: 222 pregnant women participated, 111 with GDM,
from Hospital La Fe de Valencia. Periodontal examination was
performed, assessing the following parameters: number of teeth,
plaque index, bleeding on probing, Pocket Probing Depth (PPD)
and Clinical Attachment Level (CAL).

Results: The GDM had a higher value of PPD (p = 0.001) and CAL
(p = 0.013). 75.7% of the patients with GDM had gingival inflam-
mation compared to 56.8% of the non-diabetic patients. Periodon-
titis was more prevalent in patients with GDM (p < 0.05).

Conclusions: The results suggest that pregnant women with
gestational diabetes associate more periodontal disease than
those without such gestational disease. In our sample, the risk
of GDM can be estimated from periodontitis, age and education-
al level. However, no relation of statistical significance has been
found between a worse periodontal condition and the need of in-
sulin in the treatment of GDM or having more adverse pregnancy
outcomes in the GMD.

Keywords: Gestational diabetes mellitus; Periodontal disease;
Gingivitis; Periodontitis; Pregnancy; Insulin

medical complication of pregnancy [4]. GDM is associated with
preeclampsia, abortion, premature births and type 2 diabetes
(DM2) in the future [5,6].

affect the supporting tissues of the tooth. Gingivitis only affects
the gums and is a reversible inflammatory process, while peri-
odontitis is a multifactorial bacterial infection that, in addition
to gingival inflammation, causes irreversible destruction of the
supporting structures of the tooth [1,2]. Periodontal diseases
affect a large part of the population worldwide, with advanced
periodontitis being the sixth most prevalent disease on the
planet [3].

Gestational Diabetes Mellitus (GDM) is a glucose intolerance
detected for the first time during pregnancy, with a prevalence
of 10-25% of pregnancies, depending on the population stud-
ied and the diagnostic criteria used. It is the most common

In pregnant women, periodontitis has been associated with
premature births, low birth weight newborns, and preeclamp-
sia [7-11]. There are different studies suggesting the relation-
ship between periodontitis and GDM. However, the results are
contradictory [12,13]. Establishing a relationship between poor
periodontal health and GDM would help reduce the incidence
of GDM and its associated adverse outcomes.

Our main goal is to study the possible relationship between
GDM and PD. Secondary objectives are to analyze if patients
with GDM and in worse periodontal condition have worse blood
glucose control and more adverse pregnancy outcomes than
gestational diabetic women with better periodontal health.
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Material and Methods
Design

This is an observational case-control and cross-sectional
study, where we compare the periodontal status of 111 preg-
nant women with GDM (cases) and 111 without GDM (con-
trols), controlled in the Obstetrics and Gynecology Service of
the Hospital UP La Fe de Valencia.

The inclusion criteria were: gestational age greater than
24 weeks, complete GDM screening, over 18 years of age, in-
formed consent. The exclusion criteria were: pregestational dia-
betes type 1 or 2, HIV and autoimmune diseases, less than 14
teeth, having received periodontal treatment during the three
months prior to the study, use of drugs, insulin or oral antidia-
betics before pregnancy, consumption of corticosteroids.

Definition of Cases and Controls

The cases were pregnant women diagnosed with GDM fol-
lowing the diagnostic criterion recommended by the National
Diabetes Data Group (NDDG) [14]. Whereas the controls had
a normal oral glucose loads. Both cases and controls had the
same gestational age.

Oral Health Examination

All periodontal records were made by a single dentist us-
ing a mouth mirror number 5 and PQ-W Williams periodontal
probe (Hu-Friedy, Chicago, IL, USA). Each tooth was explored in
6 zones (mesiobuccal, buccal, distobuccal, mesiolingual, lingual,
distolingual). The recorded parameters were: The number of
teeth that each patient had (excluding third molars). The Plaque
Index (PI) is calculated as the percentage of surfaces that pres-
ent plaque in relation to the total number of dental surfaces
evaluated. Oral hygiene was considered acceptable when the
Pl was < 20%. The Bleeding Index on Probing (BOP) was the
method used to assess gingival inflammation. It was considered
that there was gingival inflammation when the patient present-
ed > 10% of the bleeding locations [15]. Pocket Probing Depth
(PPD) was measured as the distance from the gingival margin to
the bottom of the periodontal pocket. And Clinical Attachment
Level (CAL) was calculated from the measurements of gingival
recession (distance from the cement-enamel line to the gingival
margin) and probing depth. The mean attachment level and the
mean probing depth were calculated.

Periodontitis was defined according to the clinical criterion
of the CDC classification for population studies and the AAP
(Centers for Disease Control and Prevention and the American
Academy of Periodontology), also called the Page & Eke classifi-
cation [16]. According to this classification, Severe Periodontitis
is defined as the presence of 2 or more interproximal areas with
clinical attachment loss > 6 mm, not in the same tooth, and 1 or
more interproximal areas with PS > 5 mm. Moderate Periodon-
titis is described as the presence of 2 or more interproximal ar-
eas with attachment loss > 4 mm, not in the same tooth or 2
or more interproximal areas with PS 25 mm not in the same
tooth. Mild Periodontitis is defined as the presence of 2 or more
interproximal areas with attachment loss 2 3mm and 2 or more
interproximal areas with PS = 4mm (not on the same tooth) or
one area with PS > 5mm. Periodontitis was considered as the
presence of mild, moderate or severe periodontitis, Gingivitis
as the absence of periodontitis and bleeding index on probing
> 10%, and Periodontal Health as the absence of periodontitis
and bleeding index on probing < 10%.

To study the secondary goals, patients with GDM were sepa-
rated into two groups: non-insulin dependent and insulin de-
pendent following the ACOG (American College of Obstetricians
and Gynecologists) classification according to whether or not
they required insulin treatment to control the disease. These
two groups were compared with the periodontal variables: PI,
BOP, PPD, CAL and Periodontal criteria.

The adverse pregnancy outcomes that were analyzed were
Premature Rupture of Membranes (PROM), preeclampsia, Low
Birth Weight (LBW), preterm birth, macrosomia and intrauter-
ine growth restriction (IUGR).Patients with GDM were classified
into two groups according to whether they had one or more of
these perinatal complications or not. These two groups were
compared with the periodontal variables: PI, BOP, PPD, CAL and
Periodontal criteria.

Questionnaire

The study participants completed a supervised question-
naire to collect affiliation, sociocultural, and oral and general
health data.

Statistical Analysis

A descriptive and inferential statistical analysis was per-
formed. Quantitative variables were described by means and
Standard Deviations (SD). Qualitative variables were described
using frequencies and relative percentages. The Kolmogo-
rov-Smirnov test was used to determine the normality of the
quantitative variables. In the case of non-normality, the non-

Table 1: Characteristics of the study population according to the case-
control status.

GDM No GDM
n=111 n=111 P

Age Mean (SD) ' 36.63 (4.37) |34.34 (4.65) 0.000 "
Gestational age at recruitment | Mean (SD) | 32.62 (3.10) 32.21(3.01)|0.434 ¢
Pregestational BMI Mean (SD) | 26.31 (6.03) |24.71 (6.08) 0.014 ¢
Education level
None or basic 24 (21.6) 9(8.1)
Secondary n (%) 37(33.3) 38(34.2) 0.013°
University 50 (45.1) 64 (57.7)
Employment
Employed 78 (70.3) 91 (82.0)

n (%) 0.041°
Unemployed 33(29.7) 20 (18.0)
Smoking
Current 14 (12.6) 8(7.2)
Previous< 10 years n (%) 27 (24.3) 22 (19.8) |0.229°
Never 70 (63.1) 81 (73.0)
Frecuency of brushing
<1 per day 32(28.83)  29(26.13)

n (%) 0.652°
> 1 per day 79 (71.17) | 82(73.87)
Family 12 grade history of diabetes
No 69 (62.16) 84 (75.68)

n (%) 0.042°
Yes 42 (37.84) 27 (24.32)
ax?
b T Student

¢ U Mann Whitney
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parametric Mann-Whitney U test was applied for independent
samples of two groups. In the cases of normal variables, the
Student’s t test was applied for independent groups. To analyze
the bivariate relationships between the qualitative variables,
contingency tables were constructed and the Chi-Square test
was applied, logistic regression analysis was used to character-
ize the independent risk factor for GDM, also ROC curve was
build. Statistical analysis was performed using IBM SPSS statis-
tics v.23 and Medcap. The significance level was set at p <0.05.

Results

On the total sample (n=222), the association of social, local,
systemic factors and other factors in relation to GDM was stud-
ied (Table 1) shows the comparative analysis between cases and
controls. The gestational age at which the study was performed
was not different between the two groups. Pregnant women
with GDM were significantly older, had higher BMI and lower
educational level and relatives with diabetes history. There
were no differences regarding the rest of the studied param-
eters.

When comparing the periodontal situation between cases
and controls, as shown in (Table 2), gestational diabetic pa-
tients had a significantly lower number of teeth, 26.87+1.8 vs
27.35%1.3, p<0.05. Patients with gestational diabetes also had
statistically higher average of PPD and CAL, and there were
more gestational diabetics with BOP index = 10% (75.7% of cas-
es vs. 56.8% of controls, p= 0.029). The presence of periodonti-
tis occurred in 93/111 of the gestational diabetics, while it was
in 72/111 of the controls p <0.025, OR 2.36 95% Cl 1.25 to 4.47.
However, no statistically significant differences (p= 0.059) were
found between the plaque index and GDM.

Table 2: Periodontal clinical characteristics of the study participants.

Secondary Results

To study if patients with GDM with or without insulin have
different periodontal condition, we compared the periodontal
variables. No differences were found between periodontal sta-
tus and insulin-dependent / non-insulin-dependent diabetes in
GDM pregnant (Table 3).

Table 3: Periodontal status in insulin and non-insulin dependent GDM
participants.

Non-insulin | Insulinde-
dependent pendent p
n=79 n=32
Plague Index
40 (50.6)
PI>20% n (%) 20 (62.5)
39 (49.4) 0.256°
PI<20% 12 (57.5)
Bleedi Probi
ceding on Frobing 58(73.4) | 26(813)
BOP > 10 % n (%) 0.384°
21 (26.6) 6(18.7)
BOP<10%
Pocket Probing Depth Mean (SD)
2.34(0.36) | 2.31(0.28) 0.990¢
Mean PPD (mm)
Clinical Attachment Level | Mean (SD)
2.39(0.38) | 2.35(0.29) 0.848°
Mean CAL (mm)
Periodontal status
Periodontal health 15 (19) 3(9,4)
Gingivitis n (%) 11(13.9) 4(12.5) 0.113°
Periodontitis* 53 (67.1) 25 (78.1)
ax?

¢ U Mann Whitney
* Defined according to CDC-AAP criterion

Table 4: Periodontal condition in GDM participants with and without
adverse pregnancy outcomes.

GDM No GDM

n=111 n=111 P
Number of teeth c
Mean ne of teeth Mean (SD) 26.87 (1.8) 27.35(1.3) <0.05
Plaque Index
PI>20% n (%) g(l) :2‘5";; 46 (41.4) 0,055
PI<20% : 65 (58.6) :
Bleeding on Probing 84 (75.7) 63 (56.8)
BOP > 10 % n (%) 27 (24.3) 48 (43.2) 0.029°
BOP<10% ’ ’
Pocket Probing Depth .
Mean PPD (mm) Mean (SD) 2.33(0.34) 2.24 (0.28) 0.001
Clinical Attachment Level .
Mean CAL (mm) Mean (SD) 2.38 (0.35) 2.29 (0.28) 0.013
Periodontal status
Periodontal health 18 (16.2) 39 (35.1)
Gingivitis n (%) 15 (13.5) 14 (12,6) 0.025°
Periodontitis* 78 (70.3) 58 (52.3) :
ax’

¢ U Mann Whitney
* Defined according to CDC-AAP criterion

Since maternal age, BMI, family history of diabetes and so-
ciocultural level are considered risk factors for GDM. They can
act as confounders of the influence of periodontitis (as a global
assessment of periodontal health). For this reason, we per-
formed a binary logistic regression and the predictor variables
were included together with periodontitis. Only age (OR = 1.14,
95% Cl 1.06 to 1.22, p <0.001), educational level (OR = 0.56,
95% Cl 0.36 to 0.85, p <0.01) and periodontitis (OR = 2.43, 95%
Cl 1.32 to 4.45, p <0.01) were significantly associated. In (Figure
1), we show the ROC curve whose values are ROC = 0.73 Cl 95%
0.66 t0 0.79, p< 0.001.

DMG with | DMG with-
adverse out adverse
outcomes outcomes P
n=46 n=53
Plaque Index
PI>20% n (%) 27 (58.7) 28(52.8) | 0.558°
PI<20% 19 (41.3) 25 (47.2)
Bleedi Probi
ceding on Frobing 37(80.4)  41(77.4)
BOP > 10 % n (%) 0.709°
9(19.6) 12 (22.6)
BOP <10 %
Pocket Probing Depth Mean
2.35(0.38) | 2.31(0.33) | 0.723¢
Mean PPD (mm) (SD)
Clinical Attachment Level Mean
2.40(0.39) | 2.38(0.35) | 0.955¢
Mean CAL (mm) (SD)
Periodontal status
i 8(17.4) 6(11.3)
Periodontal health
. n (%) 10(21.7) 5(9.4) 0.59°
Gingivitis 28(60.9)  42(79.3)
Periodontitis* ’ ’
ax?

¢ U Mann Whitney
* Defined according to CDC-AAP criterion

No association was found (p < 0.05) between adverse preg-
nancy outcomes and periodontal condition in diabetes gesta-
tional pregnants. (Table 4).
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Figure 1: Area under the curve of the diagnostic capacity of GDM
based on age, educational level and periodontitis ROC = 0.73 CI
95% 0.66 to 0.79, p< 0.001.

Discussion

Our study shows that pregnant women who developed ges-
tational diabetes during their pregnancy, in addition to being
older and with a lower level of education, had a worse peri-
odontal condition than non-diabetic pregnant women. This is
because they had fewer teeth, a greater presence of gingival
inflammation and periodontitis, as well as a higher average of
PPD and CAL. Maternal age, educational level and the presence
of periodontitis are independent risk factors for GDM.

The results of this study showed a significant association be-
tween having a family history of first degree diabetes and devel-
oping GDM. Some studies coincide with these findings [17] while
others did find a relationship [18]. As far as BMI is concerned, a
BMI > 30 Kg/m? is considered to be a risk factor for developing
GDM [19]. Some studies observe the association of BMI with
women who had GDM [17,18,20-22]. Our results initially show
that a higher BMI occurs among gestational diabetics, however,
when performing logistic regression its importance disappears.
This could be due to sample limitation. In fact, only 30 patients
had a BMI greater than 30, of which 19 had GDM and 11 did
not, x2 = 1.96, p= 0.16. Our sample size is probably responsible
for not including it as a risk factor.

The presence of bacterial plaque is the main risk factor for
PD, so it could act as a confounding factor between periodontal
parameters and GDM. In this study, it was observed that there
were no significant differences in Pl between cases and con-
trols, so we ruled out dental plaque as a possible confounder
that could exacerbate the relationship between PD and GDM.
Bagis et al. [22] also found no differences in Pl between the two
groups. However, other authors did observe significant differ-
ences [21].

Other factors that did not show a significant relationship
with GDM and agreeing with what has been observed in the lit-
erature are smoking [17,20] and brushing frequency [17,18,23].
When analyzing bleeding on probing between cases and con-
trols, statistically significant differences were found. There were
more pregnant women with GDM who presented gingival in-
flammation than in the control group (75.7% vs 56.8% respec-
tively). These results agree with those found by other authors
[17,18,21,22]. Kumar et al. [24] in their work concluded that the
incidence of GDM was significantly higher in women with gingi-

vitis, periodontitis and periodontal disease in general compared
to women with healthy gums, consistent with our findings.

Regarding the number of teeth, the gestational diabetics
showed a significantly lower number than the controls. These
results are in line with other studies [20,21]. In this study, the
mean periodontal parameters of PPD and CAL are statistically
related to GDM. We found significant differences in the mean
PPD between the patients of the two groups (p=0.001). We
agree with others in the existence of a significantly higher mean
PPD in diabetic pregnant women than in controls [17,18,21].
However, Bagis et al. [22] find no relationship between mean
PPD and the presence or absence of GDM. Regarding the mean
CAL in patients with GDM and without GDM, we found signifi-
cant differences (p=0.013). Other works such as that of Chok-
wiriyachit et al. [18] or Ruiz et al. [21] agree with these findings.

The educational level maintained significant differences with
the GDM. In this work, it is an independent risk factor for GDM
so that, the higher the level of education, the lower the preva-
lence of GDM. Other works did not take this factor into account
[18,21] or found no relationship.[17,20,23]. The level of educa-
tion can be considered a proxy for the economic situation. A
higher level of education is generally associated with a higher
economic level, greater health education and access to health
care.

Older age is a risk factor for gestational diabetes [17,20,21].
In this study, the women with GDM were significantly older
than the pregnant women in the control group. In fact, in our
casuistry, age appears as a predictor OR 1.14, p <0.001. The oth-
er risk factor that we observed in our study is the presence of
periodontitis OR = 2.43, p <0.01, observation confirmed by oth-
ers [17,18,21]. Interestingly, two systematic reviews, published
in the same year, showed contradictory results. Esteves Lima et
al. [12] concluded that the scientific evidence could not demon-
strate a positive association between periodontitis and GDM. In
contrast, the results of the meta-analysis by Abariga and Whit-
comb [13] suggested those patients with periodontitis were
more than twice as likely to develop GDM, a figure similar to
our estimate risk. In the same sense and more recently, Kumar
et al [24] observed an association between periodontal disease
and GDM and a higher risk of developing preeclampsia, with an
adjusted HR of 2.85, 95% Cl = 1.47 to 5.53. Esteves Lima et al.
[12] observed a significant association in the meta-analysis of 4
cross-sectional studies (OR 1.67, 95% ClI 1.20 to 2.32) and also
in two case studies (OR 2.66, 95% Cl 1.52 to 4.65), while when
in this last group they integrate their own study, the significance
of risk disappears (OR 1.69, 95% Cl 0.68 to 4.21). These same
authors point out the difficulty in the study given the clinical,
methodological and statistical differences between the studies.

Scientific evidence from numerous studies indicates that dia-
betes mellitus (DM) and PD are bidirectionally related [25]. In
other words, being diabetic is a risk factor for the onset and
progression of PD and, although there is less scientific evi-
dence, periodontitis could increase the risk of developing DM
and compromise glycemic control in patients with DM. There-
fore, in this work we have tried to assess the existence of a pos-
sible bidirectional association between GDM and PD. After an
extensive review of the literature, we are not aware of studies
that analyze whether patients with GDM and worse periodontal
condition have worse glycemic control and require more fre-
quent insulin treatment. To study this possible association, we
separated the 111 patients with GDM into two groups: insulin
dependent (n=32) and non-insulin dependent (n=79) following
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the ACOG classification. When analyzing the influence of the
periodontal parameters: Pl, BOP, PPD and NIC and the PD sta-
tus on the glycemic control of GDM, no differences were ob-
served at the 95% confidence level between insulin-dependent
and non-insulin-dependent patients. Therefore, we cannot say
that pregnant women with GDM and worse periodontal condi-
tion show lower glycemic control than patients with GDM and
periodontal health. Other studies should analyze the impact of
the periodontal condition on the glycemic control of gestational
diabetes.

In this work we have recorded perinatal complications
(preterm birth, LBW, PROM, preeclampsia, macrosomia, and
IUGR). When reviewing the literature, we verified that only two
studies collect the adverse pregnancy outcomes. In the one
by Dasanayake et al. [26] where perinatal complications were
studied with GDM but not with PD, this author found that preg-
nant women with GDM presented more PROM. However, this
difference was not observed in our study. The other study that
analyzed perinatal complications with PD and GDM was that of
Kumar et al. [24] who established a relationship between PD
and GDM and an increased risk of developing preeclampsia due
to this association. In our study we also found that pregnant
women with gestational diabetes had a significantly higher risk
of preeclampsia. However, our results showed no relationship
between preeclampsia and PD. Interestingly, there are studies
in which the treatment of periodontitis during pregnancy does
not reduce the adverse obstetric effects associated with it, such
as prematurity or low birth weight [27,28]. We found no asso-
ciation between the existence of periodontitis and prematurity
or preeclampsia. Others do find it, with OR for premature birth
and/or low birth weight between 2.04 to 4.19 [29].

Limitations

Among the main limitations of the studies of GDM and peri-
odontitis is the discrepancy of the definitions used to diagnose
both GDM and periodontitis. In this work, in addition to ana-
lyzing the mean periodontal parameters of PPD and CAL, the
CDC-AAP [16] criteria have been used. Although an associa-
tion between periodontitis and GDM is observed in this study,
its cross-sectional design does not allow establishing causal-
ity judgments. Whether periodontitisis a risk factor for GDM
or whether having GDM or a prediabetic metabolic situation
would increase the prevalence and severity of periodontitis.

The number of patients examined, despite being the high-
est of most relevant publications that aim to relate PD to GDM
[17,18,20,24,26] so far, is a limiting factor since it could be insuf-
ficient or less likely to find significant differences when analyz-
ing low-prevalence diseases such as preeclampsia or premature
birth, which some authors relate to the periodontitis. Another
possible limitation is the non-blinded study design.

Conclusions

Patients who develop gestational diabetes have a worse
periodontal condition than unaffected ones. The risk of GDM
can be estimated in our sample based on periodontitis, age and
educational level.

A worse periodontal condition does not imply that pregnant
women with GDM require more insulin treatments than gesta-
tional diabetic pregnant women with better periodontal status.

Gestational diabetic women with periodontal pathology do
not have more perinatal complications than pregnant women

with GDM and better periodontal condition.
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