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Science, BVS/LILACS, Cochrane Library and SCIELO databases were accessed. Eligibility criteria were: human
clinical studies published between year 2000 and 2021. Newcastle-Ottawa scale was used to evaluate risk of
bias of the studies. Meta-analysis was performed using MedCalc® Statistical Software. Eleven studies were

included, evaluating 2152 pregnant women (743 with overweight/obesity and 1409 with normal body mass

Iéebye‘:ii;ds' index - BMI), with a mean age of 29.62 years. Most studies had low risk of bias. A positive association
Overweight between overweight/obesity and periodontitis was found, with an average of 61.04% of women with
Periodontitis overweight/obesity and periodontitis, showing the overall random-effects relative risk and 95% CI of 2.21
Pregnancy (1.53-3.17) (p < 0.001). Arterial hypertension, gestational diabetes mellitus and excessive gestational
weight gain were the most common adverse effects of maternal obesity that may have been linked to
periodontitis induced pro-inflammatory state. In conclusion, a positive association was found between
overweight/obesity and periodontitis during pregnancy. However, the high heterogeneity between the
studies related to sample size, periodontal classification and the cutoff-points for BMI are the main lim-

itation.
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1. Introduction

Several physiological, immunological and hormonal changes
occur during pregnancy in order to ensure the woman's body
maintenance throughout the gestational period and the develop-
ment of the fetus [1]. High hormone levels are associated with im-
paired connective tissue turnover in the periodontium, which may
result in an increased inflammatory response in periodontal tissues
and, consequently, in an increase in aerobic and anaerobic bacteria
and in the higher prevalence of pregnancy-induced periodontal
diseases [1].

On the other hand, periodontitis may lead to adverse pregnancy
outcomes including pre-term birth and low birth weight of the
newborn [2], perinatal mortality [3], gestational diabetes mellitus
(GDM) [4] and pre-eclampsia [5]. This occurs as a consequence of
profound pertubations in the immune system during pregnancy.
Appropriate attention to periodontal health during pregnancy is
found to reduce adverse pregnancy outcomes and its effect on ma-
ternal and newborn [6]. Research universally supports the safety of
dental treatment during pregnancy and confirms that maintaining
good oral health prior to and during pregnancy is an important
factor in achieving better overall health and well-being for women
and their infants [7].

In addition, systemic changes during pregnancy are associated
with anemia, maternal weight gain, pregnancy-induced diabetes and
arterial hypertension [8-12]. These outcomes are more significant in
pregnant women with pre-existing obesity. Obesity represents a
major public health challenge because it is related to comorbidities,
such as systemic arterial hypertension, diabetes mellitus, obstructive
sleep apnea and cancers [13]. Excessive weight is associated with
adverse effects in pregnancy such as arterial hypertension, pre-
eclampsia, gestational diabetes mellitus, excessive babies’ size for
gestational age, premature delivery, macrosomia, emergency ce-
sarean section and forced delivery with the aid of instruments [8,14].

Previous evidences demonstrated the association between obe-
sity and periodontitis in the population [15]. The adipose tissue of
individuals with obesity secretes inflammatory cytokines and adi-
pokines, which reduce the host's immune response and cause a
generalized inflammatory state of body [16]. Therefore, in the pre-
sence of biofilm, the individual with obesity may have a more ex-
acerbated inflammatory response of the periodontal tissues. The
adverse effects of overweight/obesity in the periodontium can also
be mediated by reduced glucose tolerance [17] and dyslipi-
demia [18].

Based on the rationales that: (i) periodontitis leads to adverse
pregnancy outcomes [19,20]; (ii) maternal overweight/obesity is
associated with insulin resistance that induces gestational diabetes
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mellitus; and (iii) both overweight/obesity and periodontitis are
closely linked conditions with pro-inflammatory potential and
greater risk to maternal and newborn health, this study aims to in-
vestigate the association between overweight/obesity, periodontitis
and pregnancy using a systematic review and meta-analysis.

2. Material and methods

The key issue of this systematic review was formulated con-
sidering the PI(E)CO strategy: “Is there the association between
overweight/obesity and periodontitis in pregnant woman?”.

e Population: pregnant women,;

Intervention/Exposure: excessive weight (diagnosis of over-
weight/obesity);

e Controls: pregnant women with normal BMI;

Outcome: diagnosis of periodontitis.

2.1. Ethical aspects

This systematic review was conducted without human involve-
ment. Pregnant women were not involved in any way during the
review of the available literature, nor during the writing or editing of
this document for readability or accuracy.

2.2. Registration of protocol

The search strategy followed the indications of the National
Health Service Centre for Reviews and Dissemination and the Meta-
analysis Of Observational Studies in Epidemiology (MOOSE) guide-
lines [21]. Also, this systematic review was registered in Interna-
tional Prospective Register of Systematic Reviews (PROSPERO) with
protocol CRD42021243782 (https://www.crd.york.ac.uk/prospero).

2.3. Search strategy

A systematic revision of relevant studies published in the lit-
erature was conducted between April 1st, 2021 to May 05th, 2021,
considering the period between January 1st, 2000 to April, 2021.
Searches were re-run in May 04th, 2021 prior the final analysis. The
following database were explored: BVS/LILACS (https://www.lilacs.
bvsalud.org); EMBASE (https://www.embase.com); SCOPUS (https://
www.scopus.com); Web of Science (http://www.isiknowledge.com);
PubMed (http://www.ncbi.nlm.nih.gov/pubmed); SCIELO (https://
www.scielo.org/) and Cochrane Library (https://www. cochraneli-
brary.com), considering the following MeSH (Medical Subject
Headings) terms, which were adjusted for each database:
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(Pregnancy OR “Pregnant Women” OR “Pregnancy Trimesters” OR
“Pregnancy Trimester, Third” OR “Pregnancy Trimester, Second” OR
“Pregnancy Trimester, First” OR Pregnan*) AND (“Alveolar Bone Loss”
OR Periodontitis OR “Aggressive periodontitis” OR Periodont*) AND
(“Body Mass Index” OR “Body Weight” OR Fat OR Overweight OR
Obesity OR “Obesity, maternal”).

To identify relevant articles, titles and abstracts of retrieved pa-
pers were exported to Endnote Web where duplicates were identi-
fied and removed by two reviewers. It is important to highlight that,
in order to identify missing studies, we also hand searched the re-
ference lists of the studies included.

2.4. Eligibility criteria

As eligibility criteria, we considered clinical trials, case-control
studies, observational studies (cross-sectional and longitudinal stu-
dies), in English, Portuguese and Spanish published in peer-reviewed
journals, that have addressed the association between excessive
weight and periodontitis in female pregnant woman. Duplicate
publications and articles that did not correspond to the objectives of
this review were excluded. Then, studies non-published, published
in grey literature or published with non-pregnant women, pregnant
women with cognitive-degenerative impairments and puerperal
women were not considered. Similarly, case reports; case series;
review articles; descriptive studies; opinion article; correspondence;
editorials; and letters were excluded.

2.5. Data extraction and analysis

Two researchers independently conducted the literature search
(following the inclusion and exclusion criteria), screening of title,
abstract and full text of studies, selection of studies and extraction of
data. There was a good concordance coefficient between reviewers
(Kappa index = 0.88). Discordances between the authors were dis-
cussed and agreed upon with a third author.

Studies assessed in this review were exported to a software
system (Endnote Web) where duplicates were identified and re-
moved, afterwards they were classified and stored by: main author,
publication year, study design, sample/participants, maternal age,
maternal nutritional classification, maternal periodontitis classifi-
cation, conclusion.

2.6. Risk of bias (quality) assessment

Data heterogeneity and methodological quality of the included
studies were assessed using The Newcastle-Ottawa Scale for cohort
and case-control studies [22] and Newcastle-Ottawa Scale for cross-
sectional studies [23]. The scale is divided in three different sections:
study selection; comparability and verification of exposure; and
outcome investigated. Questions from each section were analyzed to
receive a star/point. According the number of points received, cohort
studies were categorized as following: 1) High risk of bias - up to 3
points; 2) Moderate risk of bias - 4-6 points and; 3) Low risk of bias -
7-9 points; and cross-sectional studies were categorized as fol-
lowing: 1) High risk of bias - up to 4 points; 2) Moderate risk of bias -
5-6 points; 3) Low risk of bias - 7-8 points; 4) Very low risk of bias -
9-10 points.

2.7. Meta-analysis

The statistical analyzes were performed using MedCalc®
Statistical Software version 19.7.4 (MedCalc Software Ltd, Ostend,
Belgium; https://www.medcalc.org; 2021). Heterogeneity between
the results of the studies included was tested by I? statistics. The
Mantel-Haenszel type method of Rothman and Boice was used to
studies with dichotomous data and relative risk was adopted as
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effect measure. A confidence interval for the pooled relative risk is
calculated using the Greenland-Robins variance formula. Positive
outcomes were considered in the intervention group when data
were related to pregnant women with overweight/obesity and per-
iodontitis; and in the control group when data were related to
pregnant women with normal BMI and periodontitis. The random
effect model was considered for all studies, since, with some dif-
ferent characteristics between the studies, the effect size is expected
to be different. Publication bias were examined via Begg's rank
correlation.

3. Results
3.1. Search results

The initial search identified 864 studies, being 293 from BVS/
LILACS; 155 from EMBASE; 147 from SCOPUS; 92 from Web of
Science; 88 from PubMed; 84 from SCIELO and 5 from Cochrane
Library. Five hundred and eighty-two sources remained on screening
step after duplicates exclusion.

Following screening of titles and abstracts, 556 sources were
excluded due to the following reasons: reviews; author reply/
comment/ correspondence/ expert comment/ guideline/ letter to
editor; not correspond to the objectives of this review; not peer-
reviewed; language. Twenty-six articles in full text were assessed.
Fifteen were removed due to the following reasons: conference ab-
stract (n = 6); did not evaluate the association between overweight/
obesity and periodontitis during pregnancy (n = 8); and without
control group (n = 1). Eleven clinical research were considered with
good relevance. Fig. 1 shows the steps of the literature search.

3.2. Descriptive results

Table 1 describes the methodology and main findings of the 11
clinical studies included in this review. A total of 2152 pregnant
women was considered (743 pregnant women with overweight/
obesity and 1409 pregnant women with normal BMI), with a mean
age of 29.62 years. Seven studies had a cross-sectional design
[25,26,28-30,32,33], whilst two studies were prospective cohort
[31,34], one was retrospective cohort [27] and one was a mixed-
method study incorporating cross-sectional and case-control de-
signs [24]. The most frequent number of studies were conducted in
Brazil (n=8) [24,25,29-34], and others conducted in Korea (n=1)
[26], USA (n=1) [27] and Italy (n=1) [28].

3.3. Measurement of BMI

Regarding differences in BMI classifications, Lee et al. [26] de-
fined underweight as BMI< 18.5kg/m?, normal weight as BMI
18.5-22.9kg/m? and overweight/overweight as BMI 223 kg/m?.
Overweight also was defined as BMI 19-25 kg/m? and obesity as a
BMI > 26 kg/m? [24]; Vogt et al. [25] defined obesity as BMI> 29 kg/
m?. Gomes-Filho et al. [33] adopted an individualized classification
according to the gestational week; and the other studies adopted the
WHO classification for nutritional status (overweight defined by a
BMI 25-30 kg/m? and obesity as BMI > 30 kg/m?) [27-32,34].

3.4. Periodontitis examination and classifications

Vogt et al. (2012) [25] did not have the examiners’ calibration for
collection of periodontal data. Piscoya et al. (2012) [24], Zambon
et al. (2018) [28], and Gomes-Filho et al. (2020) [33] did not present
the reliability coefficient relative to the examiner's calibration.

Many different classifications were adopted: I) The presence of
>4 teeth that had > 1 sites with probing pocket depth >4 mm and
clinical attachment loss >3 mm at the same site was considered
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Fig. 1. Flow Diagram of four stages for collection of the study data, highlighting the number of identified, selected, eligible and included studies.

periodontitis [24]. II) Moreover, periodontitis was defined as the
presence of > 4 teeth showing > 1 site with >4 mm of probing pocket
depth, clinical attachment loss at the same site, and with bleeding on
probing [25]. IlI) Periodontitis was also defined by the presence of
> 2 interproximal sites showing clinical attachment loss >4 mm that
were not on the same tooth [26,31,32], according to definitions from
American Academy of Periodontology [35]. IV) An update to those
definitions (2012 definitions - American Academy of Periodontology)
[36] has also been adopted, in which mild periodontitis was con-
sidered when the presence of two or more interproximal sites with
clinical attachment loss of > 3 mm (not on the same tooth), or two or
more interproximal sites with probing pocket depth of >4 mm (not
on the same tooth), or one site with probing pocket depth of >5 mm
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were found [29,33]. V) Periodontitis classification was also con-
sidered by the presence of > 1 sites exhibiting probing pocket depth
>4 mm or clinical attachment loss >4 mm [27]. VI) Also, period-
ontitis was defined by probing pocket depth >4 mm, soft debris,
calculus, and bleeding affecting > 6 teeth [28]. VII) Caracho et al. [30]
and Foratori-Junior et al. [34] considered that periodontitis was
present if interdental clinical attachment loss was detectable on 2 or
more nonadjacent teeth or buccal or oral clinical attachment loss of
>3 mm with pocketing of > 3 mm was detectable on 2 or more teeth,
and the observed clinical attachment loss was not ascribed to non-
periodontal causes. VIII) Finally, Gomes-Filho et al. [33] adopted as
mild periodontitis when >4 teeth present >1 site with probing
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Table 1 (continued)

Conclusions

Periodontitis

Nutritional classification Covariates

Mean of

Pregnant women divided
according nutritional

status

Author (year) and country

Design

classification

maternal age

according to Eke et al. (2012) (adjusted PR

0.92; 95% CI 0.62-1.37); and 17.86% of
overweight/obese pregnant women had

activity practice, planned pregnancy, number
of previous pregnancies, low birth weight

Pereira, L.A. Gasparoto et al.

child, food and nutritional guidance, guidance

periodontitis, being mild (1.19%), moderate
(15.48%) and severe (1.19%), according to

on breastfeeding, complications, urinary tract
infections, hospital admissions and access to
oral health care, dental flossing, tooth

Gomes-Filho et al. (2018) (adjusted PR 0.81;

95% CI 0.49-1.40)

brushing, toothache, and presence of dental

caries

Tonetti, Greenwell &  Authors suggested positive association

Kornman (2018)

Age, arterial hypertension, diabetes mellitus,
BMI 3rd trimester, tooth brushing, dental

Excessive: BMI
>30.00 kg/m?

29.66

=30);

Obesity (n

Foratori-Junior et al. (2021)**

between outcomes. 73.70% of obese pregnant
women had periodontitis (adjusted OR 1.22;

=30)

Normal BMI (n

Brazil Prospective cohort

flossing, PPD, CAL, dental plaque, BOP, and

quality of life (OHIP-14)

Normal: 18.50-24.90 kg/m?

(WHO, 2000)

95% CI 110-1.38), in stages I (20%), Il (26.60%),

11l (26.60%)

2 Xie et al. (2014)? included pregnant women with underweight in the same group with pregnant women with normal BMI, but RR shown in table did not consider pregnant women with underweight.

BMI: body mass index; OR: odds-ratio; CI: confidence interval; PR: prevalence ratio; RR: risk ratio.
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pocket depth >4 mm and clinical attachment loss >1 mm on the
same site, also with bleeding upon stimulus.

3.5. Covariates

Piscoya et al. (2012) [24] showed a multivariate model of peri-
odontitis-associated risk factors adjusted by the following covari-
ates: smoking, marital status, schooling, household income, BMI and
presence of dental plaque. Overweight/obesity during pregnancy
was linked with periodontitis (adjusted OR 2.28; 95% CI 1.29-4.02),
as well as, lower schooling level (adjusted OR 4.54; 95% CI
1.62-12.75) and household income (adjusted OR 2.34; 95% CI
1.11-4.94), smoking (adjusted OR 4.17; 95% CI 2.31-7.50), and bac-
terial plaque (adjusted OR 14.04; 95% CI 3.25-60.64). Vogt et al.
(2012) [25] evaluated the following covariates: age, race/color,
schooling level, marital status, parity, BMI-estimated with the pre
pregnancy weight, systemic disease, smoking, alcohol, drug con-
sumption, medication use, gestational age at examination. Period-
ontitis was associated with: more advanced gestational age at the
time of the periodontal evaluation (PR 1.52; 95% CI 1.10-2.08), ma-
ternal age between 25 and 29 years (PR 1.65; 95% CI 1.02-2.68) and
obesity (PR 1.38; 95% CI 1.04-1.82). Being black was at the limit of
statistical significance (PR 1.39; 95% CI 1.00-1.94).

Covariates assessed by Lee et al. (2014) [26] were: smoking,
drinking, weekly exercise before pregnancy, floss or interdental
brush and scaling within 1 year before pregnancy, parity and age at
first delivery. When adjusted for all variables, females who were
overweight/obese before pregnancy were 4.6 times more likely to
have periodontitis than normal-weight females (OR 4.57; 95% ClI
2.30-9.07). The covariates adjusted in the model of Xie et al. (2014)
[27] included: age, race, parity, education, marital status, smoking
status, stress, dental insurance coverage, oral health behaviors,
dental disorder treatment during pregnancy, and last visit for dental
cleaning. Overweight/obese pregnant women had higher risk for
periodontitis, with adjusted risk ratios of 1.2 and 1.7 for overweight
(adjusted RR 1.2, 95% CI 0.8-1.6) and obesity (adjusted RR 1.6, 95% CI
1.1-2.2), respectively. Zambom et al. (2018) [28] assessed maternal
age, BM], fasting glycaemia, gestational weight gain (GWG), gesta-
tional age at delivery, vaginal deliveries, cesarean sections, fetal
weight, weight, efficiency, area and thickness of placenta.

Fusco et al. (2019) [29] showed that high maternal pre-pregnancy
BMI was a significant predictor of arterial hypertension (adjusted OR
1.27; 95% CI 1.03-1.56) and periodontitis (adjusted OR 1.37; 95% ClI
1.12-1.67). The covariates assessed were: schooling level, monthly
household income, presence of gestational diabetes mellitus and
arterial hypertension, daily tooth-brushing frequency, daily use of
dental floss and regular dental appointments (once per year) before
the gestational follow-up. In the same way, Caracho et al. (2020) [30]
evaluated maternal BMI, pre-pregnancy BMI, schooling level,
monthly household income, gestational arterial hypertension, ge-
stational diabetes mellitus, excessive weight gain, PPD, CAL, calculus,
BOP, tooth brushing, flossing, regular dental care by professional.
They highlighted that high pre-pregnancy BMI was associated with
both arterial hypertension during pregnancy (OR 1.43; 95% CI
1.14-1.79) and periodontitis (OR 1.19; 95% CI 1.03-1.36).

Foratori-Junior et al. (2020) [31,32] and Foratori-Junior et al.
(2021) [34] assessed maternal age, educational level, monthly
household income, arterial hypertension, gestational diabetes mel-
litus, BMI 3rd trimester, daily tooth brushing, dental floss use, PPD
and CAL. Foratori-Junior et al. (2020) [31] showed that in the final
logistic regression model adjusted by maternal age, household
monthly income, maternal BMI and hypertension during the third
trimester of pregnancy, high BMI was associated with periodontitis
(adjusted OR 1.16; 95% CI 1.05-1.29). In the same way, Foratori-Junior
et al. (2020) [32] adjusted the model by pre-pregnancy BMI, edu-
cational level, and hypertension and diabetes mellitus, showing
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Table 2
Scores from Newcastle-Ottawa scale (versions for cohort and cross-sectional studies).

Japanese Dental Science Review 58 (2022) 41-51

Authors (year) Items Risk of bias Outcomes association
Selection Comparability Outcome Score
Piscoya et al. (2012)%* o000 Y YY) 9 Very low Yes
Vogt et al. (2012)%° YY) ° YY) 7 Low Yes
Lee et al. (2014)%¢ YY) (Y (YY) 8 Low Yes
Xie et al. (2014)%7 o000 o0 (Y 7 Low Yes
Zambom et al. (2018)* o0 o0 YY) 7 Low Yes
Fusco et al. (2019)%° Y Y 000 6 Moderate Yes
Caracho et al. (2020)*° Y Y YY) 7 Low Yes
Foratori-Junior et al. (2020)*! YY) (Y 000 8 Low Yes
Foratori-Junior et al. (2020)*? o000 o0 YY) 8 Low Yes
Gomes-Filho et al. (2020)* e000 o0 o00 9 Very low No
Foratori-Junior et al. (2021)** o0 (1) YY) 7 Low Yes

association of high BMI with periodontitis (adjusted OR 1.12; 95% CI
1.02-1.21). When adjusted for dental plaque, hypertension, and
maternal BMI, Foratori-Junior et al. (2021) [34] also demonstrated
that pregnant women with overweight/obesity are more prone to
periodontitis (adjusted OR 1.22; 95% CI 1.10-1.38).

Gomes-Filho et al. (2020) [33] evaluated: age, race, skin color,
occupation, schooling level, family income, social class, marital
status, household density, smoking habit, alcohol beverage con-
sumption, physical activity practice, planned pregnancy, number of
previous pregnancies, low birth weight child, food and nutritional
guidance, guidance on breastfeeding, complications, urinary tract
infections, hospital admissions and access to oral health care, dental
flossing, tooth brushing, toothache, and presence of dental caries.
The following covariables presented statistically significant differ-
ences: age, number of previous pregnancies, smoking, food and
nutritional orientation, alcoholic beverage consumption, number of
prenatal consultations, and arterial hypertension as a complication
of the current gestation. They did not find association between
overweight/obesity and periodontitis, neither according to Eke et al.
(2012) classification (adjusted PR 0.92; 95% CI 0.62-1.37), nor
Gomes-Filho et al. (2018) classification (adjusted PR 0.81; 95% CI
0.49-1.40).

3.6. Quality of included studies

According to the Newcastle-Ottawa Scale for cohort studies and
the modified Newcastle-Ottawa Scale for cross-sectional studies, the
risk of bias was considered very low [24,33], low [25-28,30-32,34]
and moderate [29], as demonstrated in Table 2. Excluding Fusco et al.
(2019) [29], all other studies had a low risk of bias. Fusco et al. (2019)
[29] presented moderate risk, whilst Piscoya et al. (2012) [24] and
Gomes-Filho et al. (2020) [33] presented very low risk of bias
(Table 2). The selection methods, mainly related to the representa-
tiveness of the sample and the justification for calculating the
sample size were the main factors for the study of Fusco et al. (2019)
to be classified as having a moderate risk of bias.

3.7. Sampling methods

It is important to point out that all the included studies involved
a convenience non-randomized sample. Vogt et al. (2012) [25], Lee
et al. (2014) [26], and Zambon et al. (2018) [28] did not justify the
sample size of their studies. Xie et al. (2014) [27], Zambon et al.
(2018) [28], Fusco et al. (2019) [29], Caracho et al. (2020) [30], For-
atori-Junior et al. (2020) [31,32], and Foratori-Junior et al. (2021) [34]
presented the sample size as limitation of the study. Piscoya et al.
(2012) [24], Vogt et al. (2012) [25], Lee et al. (2014) [26], and Gomes-
Filho et al. (2020) [33] had the largest samples.
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3.8. Quantitative results

All studies were included in dichotomous meta-analysis since all
of them showed the number of participants with events (period-
ontitis) and total number of participants in experimental (over-
weight/obesity) and control groups (normal BMI) (n=11). RR of
periodontitis, 95% CI and weight of the association for each result are
demonstrated in Fig. 2.

For the association between prevalence of periodontitis and
overweight/obesity in pregnant women, the overall random-effects
RR and 95% CI was 2.21 (1.53-3.17) with a x2 statistic for hetero-
geneity (Q) of 88.88 with 10 degrees of freedom (p < 0.0001),
showing high heterogeneity between the studies (88.75%). Despite
the heterogeneity, the RR of periodontitis in overweight/obesity
group was statistically significant (p < 0.001). Fig. 2 depicts the
forest plot as a graphical representation of the individual results that
contributed to meta-analysis. The result revealed that Begg’s test
(p=0.073) did not indicate any evidence of publication bias.

Only one [33] among the 11 studies included in the systematic
review did not find an association between periodontitis and over-
weight/obesity in pregnant women. However, in that study, the
authors indicated as limitation the gestational age of the partici-
pants at the time of assessment of their oral condition, since most
participants were examined in their first trimester [33]. Possibly, if
the oral evaluation had been performed in the last gestational tri-
mester, the authors could have found a positive association between
outcomes.

4. Discussion

This present meta-analysis contributes to the scientific evidence
since it clarifies the association between periodontitis and over-
weight/obesity during pregnancy. The main barriers that hinder the
understanding of the association of these outcomes are: divergences
between studies regarding the sample size, the classification of
periodontitis and nutritional status (cut-off point of BMI).

Despite high heterogeneity between the studies (88.75%; Q =
88.88, df = 10; p < 0.0001), meta-analysis suggests a significantly
positive association between overweight/obesity and periodontitis
during pregnancy (RR = 2.21; 95% IC = 1.53-3.17; p < 0.001).

Overweight/obesity is known to trigger a generalized in-
flammatory response in the body of individuals due to the produc-
tion of pro-inflammatory cytokines (IL-1, IL-6, IL-8 and TNF-a),
adipokines (leptin, adiponectin, resistin and inhibitors of plasmi-
nogen activator-1) and other bioactive substances, such as reactive
oxygen species, by adipose tissue. The impairment of the immune
response of the individual with overweight/obesity is due to changes
in T lymphocytes and monocytes/macrophages. Faced with this, in-
dividuals become more prone to inflammation in the oral cavity,
even in the presence of a small amount of plaque. Previous evidences
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Overweight/ Normal . o,
obesity weight Weight (%)
Authors (year) RR (95% CI)
Total | Pr+ | Total | Pr+ Random
Piscoya et al. (2012)!6 205 | 50 | 477 | 31 - 3.75 (2.47-5.69) 10.42
Vogt et al. (2012)"7 91 52 186 81 B 131 (1.03-1.67) 11.47
Lee et al. (2014)'S 59 27 | 203 34 - 2.73 (1.80-4.13) 10.44
Xie et al. (2014) 86 65 73 37 B 1.49 (1.15-1.92) 11.40
Zambom et al. (2018)%° 35 12 27 5 —_l— 1.85(0.74-4.62) 6.84
Fusco et al. (2019)?! 25 20 25 1 " 20.00 (2.90-137.84) 2.73
Caracho et al. (2020)% 25 16 25 7 —— 2.28 (1.14-4.57) 8.38
Foratori-Junior et al. (2020)% 53 38 40 10 —- 2.86 (1.63-5.03) 9.36
Foratori-Junior et al. (2020)* 50 36 50 18 . = 2.00 (1.33-3.00) 10.48
Gomes-Filho et al. (2020)25t 84 56 273 | 190 [ | 0.95 (0.80-1.13) 11.77
Foratori-Junior et al. (2021)% 30 22 30 4 —— 5.50 (2.15-14.04) 6.69
Total (random effects) | 743 | 394 | 1,409 | 418 - 221 (1.53-3.17) 100.00
1 e | sl
Pr+ periodontitis; RR: Relative risk; ! 10 100 1000
T CDC-AAP classification Relative risk

Fig. 2. Meta-analysis forest plot. The forest plot is a graphical depiction of the individual results that contributed to meta-analysis. Sizes of the boxes are proportional to the

weight assigned to each result in calculating the random-effects relative risk (RR).

have highlighted the direct mechanism of obesity to an increased
inflammatory response to plaque in the oral cavity [16-19,37-40].

Several hypotheses for biological interactions between preg-
nancy and periodontal diseases have been proposed, such as: re-
duction of the antimicrobial activity of peripheral neutrophils,
increase in the proportion of aerobic and anaerobic bacteria
(Bacteroides ~ melaninogenicus,  Prevotella  intermedia  and
Porphyromonas gingivalis), changes in the periodontal connective
tissue turnover and high levels of estrogen and progesterone [1]. It is
hypothesized that these biological interactions during pregnancy
become more intense when there is an association with the im-
munological damage resulting from overweight/obesity.

Social Determinants of Health are specific characteristics of the
social context that can affect individual health through social con-
ditions, such as income, education, occupation, family structure,
availability of services, sanitation, exposure to diseases, networks
and social support, social discrimination and access to preventive
health actions [41]. Age, socioeconomic status, oral hygiene habits,
smoking, diabetes mellitus, blood pressure and gestational weight
gain are important co-variates assessed in the association between
overweight/obesity and periodontitis.

This study indicated that pregnant women with overweight/
obesity have demonstrated lower income [27,31,32], education level
[31,32], poor oral hygiene [28], high prevalence of arterial hy-
pertension [28-34] and gestational diabetes mellitus [27,28,31,32],
and presented lower dental assistance during pregnancy
[27,29,30,33]. Xie et al. [27] pointed out a higher prevalence of
pregnant women of African American descent having overweight/
obesity and periodontitis. Lee et al. [26] and Caracho et al. [30]
highlighted that the pregnant women with overweight/obesity, who
also had a higher prevalence of periodontitis, were older.

The association of overweight/obesity and periodontitis with
lower socioeconomic status can be explained by the fact that in-
dividuals with lower socioeconomic status show inadequate eating
behaviors due to their reliance on low cost food products that often
have high caloric value and lower nutrition content, resulting in
greater risk for weight gain [31,32]. Likewise, individuals with lower
socioeconomic status have impaired access to health services and
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dental care services, reduced oral hygiene care knowledge, and
greater risk of preventable hospital admission [42].

Gestational diabetes mellitus results from a reduction in pan-
creatic B-cell function, consequently, there is a reduction in carbo-
hydrate metabolism, requiring an increase in insulin levels [12].
There is a triangular relationship between overweight/obesity, ge-
stational diabetes mellitus and periodontitis. It is believed that both
periodontitis and overweight/obesity are capable of inducing local
and host immune responses causing both transient bacteremia and
the release of inflammatory markers such as interleukins and tumor
necrosis factors, which then can act multiplicatively to block the
effect and action of insulin, or act via the destruction of pancreatic
beta cells to prevent its production. This process consequently leads
to insulin resistance and impairment of glucose metabolism and, if
not reversed, to gestational diabetes mellitus [43].

Hypertension, in turn, is related to the vascular inflammation and
endothelial disturbance. Inflammatory cytokines and adipokines
increase the vascular permeability and promote cytoskeletal changes
in the endothelial cells, which can disrupt the balance between va-
sodilation and vasoconstriction. The widespread inflammation re-
sulting from overweight/obesity makes vasoconstriction more
intense. Elevated gestational hormone levels may play a key role in
this mechanism and clinically it is diagnosed as arterial hypertension
[32,44,45]. There are evidences that associate periodontitis with
arterial hypertension, also due to the changes in the hosts’ pro-in-
flammatory and immune response. However, the causal direction of
these outcomes is unclear [46].

Besides maternal obesity, studies indicate that excessive gesta-
tional weight gain is also associated with several complications, such
as GDM, hypertension, pre-eclampsia, emergency cesarean section,
premature and stillbirth and spontaneous abortion [11,47,48]. The
biological interactions of the individual with obesity aforementioned
are similar for pregnant women with excessive gestational weight
gain. High macronutrients intake is associated with the accumula-
tion of lipids in adipocytes and expansion of adipose tissue, which
may initiate an inflammatory process through the production of pro-
inflammatory cytokines and chemokines, such as the tumor necrosis
factor alpha (TNF-a), interleukin 6 (IL-6) and C-reactive protein
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(CRP), by adipocytes [20,27,38,39,49,50]. Jesuino et al. (2020) high-
lighted that pregnant women with excessive GWG have a high
prevalence of hypertension and periodontitis, with periodontitis
persisting even after delivery. Furthermore, excessive GWG was
significantly associated with high BMI of newborns [50].

4.1. Limitations

This study has some limitations. The small number of studies
included in the meta-analysis favors the presence of publication
bias, however the Begg’s test did not reveal a statistically significant
publication bias (p=0.073). In addition, the studies showed great
variation in the sample size, which, added to the divergences in the
parameters of classification of nutritional status and periodontitis,
result in high heterogeneity of the studies, making it difficult to
compare them in order to understand the association of the out-
comes. Finally, for a better understanding of the association of out-
comes, population-based prospective cohorts should be conducted
and should assess women in the same gestational period, with
preference for the third trimester of pregnancy, since greater hor-
monal changes are expected in that period.

4.2. Implications for research

The evidence generated from this systematic review are guiding
principles towards use of robust standardized definitions and clas-
sification models for periodontitis, body composition measures, so-
cial demographic variables, health service use data, and risk
behaviour data across the studies. This would lead to much clearer
comparison for the studies across varying cohorts and will generate
meaningful outputs. Future research should adopt longitudinal
prospective cohort study design and must utilize robust statistical
models that leads to understanding of life course mechanics of
maternal oral health and general health, and its rudimentary effect
on child health. It is essential that future studies assess the pro-
gression of inflammation in periodontal tissues over the gestational
trimesters, as in this review only one study evaluated women at
different times of pregnancy. Furthermore, the only study that did
not find an association between the outcomes evaluated pregnant
women in early pregnancy and, possibly, the association between
periodontitis and overweight/obesity could have been elucidated if
women had been evaluated in the third trimester, when there are
higher hormone levels.

4.3. Implications for practice

In view of the outputs of this systematic review and meta-ana-
lysis, we highlight that there is a need for an oral health care tool kit
development that should be used by allied health professionals in
oral health care promotion as part of their midwifery and obstetric
practice. In addition, regular 12-monthly visit to a dentist promotion
should be part of routine practice to embed a habit of dental visiting
among mothers and subsequently among their children.

4.4. Implication for policy

New policies must be devised that works on lifespan health
model with aims to achieve universal health coverage for all, and
towards development of generation that receive equitable health
care and dental care services.

5. Conclusion
Despite the limitations, this study contributes to the scientific

literature. Considering that previous evidences have associated
maternal periodontitis with worse baby health parameters [51,52],
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such as prematurity and low birth weight, understanding the asso-
ciation between overweight/obesity and periodontitis during preg-
nancy is essential for protocols for the care of women to be adopted
during pregnancy, in order to ensure better health conditions for
women and babies. The results of the present systematic review
provide evidence that there is an association between overweight/
obesity and periodontitis during pregnancy. Nonetheless, the het-
erogeneity of the studies regarding sample size, classification of
maternal nutritional status and periodontitis is the main limitation.
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