
Taibah University

Journal of Taibah University Medical Sciences (2023) 18(6), 1376e1383
Journal of Taibah University Medical Sciences

www.sciencedirect.com
Original Article
Interleukin 1 beta and its association with the periodontal health of

pregnant women

Nawal K.B. El Hassan, MDa and AbdelRahman M. Ramadan, PhD b,*

aDepartment of Periodontics, Faculty of Dental Medicine and Surgery, El Razi University, Khartoum, Sudan
bDepartment of Oral and Basic Clinical Sceinces, Ibn Sina National College for Medical Sciences, Jeddah, KSA
Received 16 February 2023; revised 18 April 2023; accepted 12 May 2023; Available online 23 May 2023
صلخملا

يف)1-لإيآ(نيكوتيسلاتايوتسمسايقلةساردللطيطختلامت:ثحبلافادهأ
عماهتنراقموةثللاباهتلإبتاباصملالماوحلاءاسنلل"فإيسيج"ولاصملأا
.ةيحصمعاودنهيدليتاوللاتاقباطملالماوحلاتاديسلا

ةلقتسمتانيعلتتارابتخاءارجإمت،يئاصحلإاليلحتللةبسنلاب:جئاتنلا
ةساردلاتاعومجميف1-لإيآو"فإيسيج"ولصملاتايوتسمعيزوتل
لصملاوةيوثللاتاملعملانيباضيأنوسريبطابترارابتخاءارجإمت.ةبقارملاو
عيمجل0.05≤دنعبةميقلانييعتمت.اتيب1-لأيآ"فإيسيج"تايوتسمو
ةعومجمل"فإيسيج"واتيب1-لإيآيفةريبكةدايزكانهتناك.تانراقملا
ةيلاعلااتيب1-لأيآتايوتسمنيبريبكيباجيإطابتراكانهناك،اضيأ.ةساردلا
ةعومجمل"فإيسيج"يفيريرسلاقلعتلانادقفوةثللابويجتايوتسمو
.ةساردلا

،ةثللاباهتلانأبةلئاقلاةيضرفلامعدلةيفاضإةلدأةساردلامدقت:تاجاتنتسلاا
نأنكمي،يريرسلاقلعتلانادقفوةثللابويجصحفللاخنمهسايقمتييذلا
لماوحلاءاسنلليقنعلايوثللالئاسلايفاتيب1-لإيآتايوتسمةدايزىلإيدؤي
لاقتنلااىلإاذهيدؤينأنكمي.لمحلاءانثأةطشنلاةثللاضارمأبتاباصملا
وأباهتللااىلإيدؤيدقامم،ةميشملاومحرلابكرمىلإةيومفلاتانئاكللرباعلا
ببستينأنكمي،فاطملاةياهنيف.لمحلانمركبمتقويفيدسكأتلاداهجلإا
ضافخناوةركبملاةدلاولاوجاعترلااتامدقمىلإيدؤيوةميشملافلتيفكلذ
.ةدلاولادنعنزولا

نادوسلا؛لمحلا؛ةثللاضارمأ؛اتيب1-نيكولرتنإ:ةيحاتفملاتاملكلا
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Abstract

Objectives: In this study, we measured and compared

serum and gingival crevicular fluid (GCF) levels of

interleukin 1 beta (IL-1b) in pregnant women with peri-

odontitis and pregnant women with a healthy perio-

dontium. We also determined the prevalence of

periodontitis among pregnant women attending Omdur-

man Midwifery Hospital.

Materials: This was a hospital-based clinical study and

laboratory investigation using ELISA tests of 80 preg-

nant women in the third trimester conducted at the

Omdurman Midwifery Hospital in Khartoum, Sudan.

The study group consisted of 50 women while the control

group consisted of 30 women.

Results: Independent samples t-tests were used to

compare serum and GCF levels of IL-1b between the

study and control groups. Pearson’s correlation analysis

was also used to compare gingival parameters and IL-1b
levels in the GCF. For each comparison, the p-value was

fixed at 0.05. The GCF in the research group showed a

considerable increase in IL-1b levels. There was also a

strong positive association between high IL-1b levels in

the research group’s GCF and probing pocket depth

(PPD) and clinical attachment level (CAL) levels.

Conclusions: Our study provides further evidence that

periodontitis, as measured by a PD �4 mm and a CAL

�3 mm, is associated with an increased level of IL-1b in

the GCF of pregnant women with active periodontal

disease during pregnancy and may include the transient

translocation of oral organisms to the utero-placental

unit, inciting placental inflammation or oxidative stress

early in pregnancy, ultimately resulting in placental

damage and clinical manifestations.
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Introduction

Periodontitis is a common chronic infectious inflamma-

tory condition affecting the periodontium. Gingivitis is the
first sign of periodontitis; without intervention this can
progress to periodontitis which causes the loss of connective
tissues and alveolar bone.1 Periodontitis is a specific response

to acknowledged subgingival periodontal pathogens that are
insufficient to cause disease progression unless an associated
inflammatory response occurs in susceptible hosts.2

The bacterial insult caused by bacterial virulence factors,
such as collagenases and leucotoxin, can directly destroy
host tissues or by a response to the pathogenic biofilm

which activates the host’s inflammatory cells, including
neutrophils and macrophages. These inflammatory cells
release effector molecules, such as prostaglandin E2, inter-
leukin 1 beta (IL-1b), and tumour necrosis factor-alpha

(TNF-a), to destroy host tissues in an indirect manner. In
addition, these effector molecules activate the autocrine and
paracrine inflammatory cells through chemotactic mecha-

nisms to modulate the inflammatory process.2,3 IL-1b is a
noteworthy pro-inflammatory cytokine that is known to
play a role in the pathogenesis of periodontitis. IL-1b has

been shown to regulate inflammatory mediators, break
down osteoclasts, and activate matrix metalloproteinases
(MMP).4,5

Pregnancy is a normal physiological process that
significantly impacts women of childbearing age and can
manifest orally as dental caries and various forms of peri-
odontal disease, particularly gingivitis.6 In addition, there

is a 10-fold increase in progesterone levels during preg-
nancy and a 30-fold increase in oestrogen levels than dur-
ing a menstrual cycle.7 Gingival inflammation is caused by

increased levels of progesterone, which increase vascular
permeability, gingival enlargement, crevicular fluid levels,
and prostaglandin production. Furthermore, probing

pocket depths (PPDs) may increase during pregnancy
without a change in the level of clinical attachment.
Furthermore, other physiological changes may occur

during pregnancy, including microbial species, immune
response, and cell metabolism.6,8e11

Miller’s classical theory of ‘focal infection’ contributed to
the assumption that the foci of oral infection, such as peri-

odontitis, may trigger systemic inflammatory responses and
affect the mechanism and course of numerous systemic dis-
eases, including vascular disease, cardiovascular disease, ce-

rebrovascular disease, athermanous diseases, bacterial
pneumonia, diabetes mellitus, osteoporosis, or cause adverse
pregnancy outcomes.12

According to recent research, the haematogenous spread
of known periodontal pathogens and their products, or the
release of pro-inflammatory mediators from periodontal
infection sites into the foetal membranes, placenta, and
amniotic cavity, may result in a pathological process that
could result in adverse pregnancy outcomes.13,14

While researchers agree that there is a deterioration in
periodontal health status during pregnancy, some studies
have demonstrated no association between periodontal

health status and adverse prenatal outcomes.15 In contrast,
numerous studies have identified adverse pregnancy
outcomes, such as preterm birth, the restriction of foetal

development, low birth weight, or pre-eclampsia. These
studies have emphasised the significance of studying the cy-
tokines associated with pregnant women and periodontitis in
comparison with women with a healthy periodontium. A

possible link between adverse pregnancy outcomes and peri-
odontitis has been suggested.14,16e21 These are leading global
prenatal problems that are associated with significant public

health implications because their prevalence has not been
reduced despite numerous prevention efforts. Both bacterial
vaginosis and intra-uterine infections are well-known risk

factors, although distant infections can result in premature
births, even in subclinical cases.22

Since 1996, several studies have reported a close link be-
tween adverse pregnancy outcomes and periodontitis.17e19 A

theoretical model could emerge that proposes a link between
maternal inflammatory periodontal conditions and foetal
growth. Nonetheless, more research is needed to confirm or

reject this association. The virulence factors of putative
periodontal microorganisms residing within periodontal
pockets can produce a localised host-immune response in

the periodontal tissues that leads to the synthesis of anti-
bodies, pro-inflammatory cytokines (lL-1b and TNF-a) and
prostaglandin (PG).23e25

Because periodontal disease is a chronic and subclinical
infectious condition, numerous studies have reported that it
may trigger systemic inflammatory responses that increase
the risk of adverse pregnancy outcomes.14,21

Adverse pregnancy outcomes have all been linked to
periodontal disease. For example, pre-eclampsia, an adverse
pregnancy outcome, is thought to be caused by an exagger-

ated systemic inflammatory response (including endotoxin,
inflammatory cytokines, and oxidative stressors) and their
release into the maternalefoetal circulation during preg-

nancy.17,26 The Introduction of these vascular stressors may
initiate the development of pre-eclampsia in pregnant
women.27 In addition, significant evidence suggests that

periodontal pathogens enter the bloodstream regularly8,9

and that infected tooth-supporting tissues can act as a pool
of metabolites for periodontal pathogens increase both local
and systemic levels of the inflammatory factors PGE2 and

TNF and other cytokines.9,28

In this study, we aimed to compare the profiles of cyto-
kines in pregnant women with periodontitis to those of

pregnant women without periodontitis by assessing lL-1b
cytokine levels in sera and gingival crevicular fluid (GCF).

Materials and Methods

This was a hospital-based cross-sectional study conducted
at the Omdurman Midwifery Hospital (OMH), Khartoum,

Sudan. The study was based on clinical and laboratory in-
vestigations and compared the cytokine profiles of pregnant
women with and without periodontitis.

http://creativecommons.org/licenses/by-nc-nd/4.0/
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An introductory letter outlining the study’s purpose and
importance was sent to the OMH authorities. The study

population was all pregnant women attending the antenatal
clinic at the OMH. From an initial total of 118 female pa-
tients who were randomly examined, only 80 patients who

fulfilled the inclusion criteria and were willing to participate
were subsequently invited to participate.

The participants were aged between 18 and 45 years of age

and had a confirmed intrauterine pregnancy. Periodontitis
was defined by a PPD of �4 mm and a clinical attachment
level (CAL) of �2 mm. We excluded pregnant women who
had concomitant chronic conditions such as hypertension or

diabetes mellitus, as well as women who were taking medi-
cations, current antimicrobial therapy, or who had received
periodontal therapy in the previous 6 months.

Eligible participants were divided into a study group of 50
subjects and a control group of 30 subjects. Prior to clinical
examination, participants were verbally informed of the

study’s objectives and methodology before being asked to
sign a formal consent form. The principal investigator
thoroughly examined all participants using a standard, plain
dental mirror and a graduated University North Carolina

(UNC) No. 15 periodontal probe.
The periodontal clinical parameters were evaluated by the

Gingival Index (GI),25 the Plaque Index (PI),26 the PPD,27

CAL,27 the degree of recession,28 the degree of tooth
mobility,29 and the furcation involvement.30

A certified laboratory technician was assigned to extract

5 mL of blood through venepuncture from each participant’s
antecubital vein. The blood samples were transferred into the
blood containers; this allowed us to acquire GCF. Three

paper points (size 55) were gently placed for 30 s into the
mesiobuccal, midbuccal, and distobuccal sulci of the lower
first molar for each participant. The paper points were then
carefully removed using tweezers and placed in a sterile vial

to subsequently assay the GCF.
All blood and GCF samples were transported to the

Institute of Endemic Diseases laboratories at the University

of Khartoum in an ice container for subsequent analysis. The
blood samples were centrifuged for 5 min at 12,000 RPM.
The extracted serum and the sterile container holding the

paper points were kept at �20 �C until analysis. The vials
were allowed to thaw to room temperature before being
analysed, and cytokine IL-1b levels in both the sera andGCF

were then measured using the sandwich ELISA technique.
Data were analysed using the Statistical Package for So-

cial Sciences (SPSS) version 18.0. The independent samples
t-test was used to compare IL-1b levels in the serum and the

GCF between the control and study group. In addition,
Pearson’s correlation test was also performed between the
Table 1: Distribution of participants according to age, occupation, a

Participant distribution Age

X (�SD) years

Occupation of the part

Housewife

N (%)

Employ

N (%)

Study (N ¼ 50) 28.6 (�5.7) 39 (78%) 11 (22%

Control (N ¼ 30) 26.1 (�5.1) 24 (80%) 2 (6.7%

Total (N ¼ 80) 63 (78.8%) 13 (16.3

P � 0.05 is significant.
gingival parameters and IL-1b levels in the serum and the
GCF. For all comparisons, p < 0.05.

Results

We conducted a hospital-based, cross-sectional, study
based on clinical and laboratory data acquired from the
Omdurman Midwifery Hospital in Omdurman, Khartoum,
Sudan. We aimed to compare the levels of IL-1b in pregnant

women with periodontitis to pregnant women without peri-
odontitis. Following initial interviews with 118 female pa-
tients, a final total of 80 participants were randomly chosen

and divided into two groups. The study group featured 50
subjects and the control group featured 30 participants.
Mean age in the study group was 28.6 � 5.1 years and the

mean age in the control group was 26.1 � 5.1 years.
In the control group, 24 (80%) of the participants were

housewives, two (6.7%) were employees, and four (13.3%),

were students. In the study group, 39 (78%) of the partici-
pants were housewives, while 11 (22%) were employees
(Table 2).

The mean GI score in the case group was 0.63� 0.43; this

compared to zero in the control group. The mean PI scores in
the case and control groups were 0.54� 0.39 and 0.47� 0.46,
respectively.

The mean PPD in the study group was 0.63� 0.37 mm; in
the control group, the mean PPD was zero. Similarly, the
mean gingival recession (R) in the study group was

0.11 � 0.17 mm; in the control group, R was zero. Similarly,
the mean CAL was 0.71 � 0.40 mm and zero in the study
group and control group, respectively. None of the teeth
showed furcation involvement or mobility.

The mean number of removed teeth in the study group
was 1.3 � 1.46; this compared to 1.61 � 2.11 in the control
group. The mean number of restored teeth in the study group

was 0.23 � 0.56; this compared to 0.22 � 0.72 in the control
group (Table 1). Only the GCF showed a statistically
significant difference in the independent samples t-test

between the study and control groups (p < 0.05) (Figure 1).
Pearson’s correlation analysis demonstrated a statistically

significant difference between serum IL-1b levels and the

degree of recession in the study group (0.363); this compared
to 0.000 in the control group (Table 2). Similarly, a
statistically significant difference was observed between the
GCF IL-1b and PPD in the study group (0.307); this

compared to 0.000 in the control group. A statistically
significant correlation was detected between GCF IL-1b
levels and the CAL in the study group (0.288); this

compared to 0.000 in the control group (Table 2).
nd oral hygiene frequency.

icipants Oral hygiene frequency

ee Student

N (%)

Once a day

N (%)

Twice a day

N (%)

Three times

and more

N (%)

) 0 (0%) 8 (16.0%) 24 (48.3%) 18 (36.0%)

) 4 (13.3%) 1 (3.3%) 20 (66.7%) 9 (30%)

%) 4 (5%) 9 (11.3%) 44 (55.0%) 27 (33.8%)



Figure 1: The mean distribution of IL-1b in the serum and GCF of the study and control groups.

Table 2: IL-1b levels in the serum and GCF in the study and control groups and their relationships to gingival and periodontal indices.

Variable Serum GCF

Study Control Study Control

Pearson correlation Pearson correlation Pearson correlation Pearson correlation

PI 0.177 0.007 0.121 0.174

GI 0.188 e 0.124 e

PPD 0.138 e 0.307* e

R 0.363* e 0.143 e

AL 0.21 e 0.288* e

*P < 0.05.
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Discussion

There have been extensive studies on the periodontal health

of pregnant women; findings from such studies have been
controversial.31e35 Studies have also demonstrated that the
oral tissues of diverse ethnic populations can be affected

during pregnancy.36 Periodontal disease is not caused by
pregnancy; rather, it aggravates an existing periodontal
condition. During pregnancy, gingivitis is thought to be

caused by a plaque biofilm influenced by systemic
immunosuppressive factors, with symptoms appearing in the
second trimester.15

A link between periodontitis progression and IL-1b levels
has been detect in the GCF and serum by numerous
studies.23,33Nonetheless, fewstudieshaveattempted to identify
associations between symptoms of increased gingivitis during

pregnancy and changes in the local immune system.31,34

Systemic factors, the progression of periodontitis, and
interleukin levels are all known to affect the periodontal

health of pregnant women. As a result, in the current study,
we used ELISA tests to determined IL-1b levels in pregnant
women with periodontitis can compared these levels with
pregnant women with a healthy periodontium.

As described by Faizuddin et al.,37 differences in IL-I
levels can be attributed to differences in plaque accumula-
tions or plaque-induced consequent inflammation. Further-

more, studies suggest that continuous or excessive cytokine
production, such as IL-1b, can be used as a clinical marker of
the severity of periodontitis.9 IL-1b affects numerous cells,

including the fibroblasts, chondrocytes, bone cells,
neutrophils, and lymphocytes, implying that in
periodontitis, periodontal destruction and repair may be

associated with IL-1b.4,38e40 Moreover, gingivitis and/or
periodontitis may be linked to the GCF levels of IL-1b,
TNF-a, and PGE2.41,42

In the present study, we demonstrated a statistically sig-

nificant difference in the GCF as the level of IL-Ib increased .
Our findings in the study group mirror those of Cekici et al.,
who concluded that the local pattern of cytokines in peri-

odontal tissues influences the severity and rate of progression
of periodontal disease and an increase in inflammatory
response.5
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In another study, Tymkiw et al. revealed that the GCF of
periodontitis subjects possessed significantly higher levels of

the pro-inflammatory cytokines interleukins lL-1a, IL-1b,
IL-6, and lL-12 when compared with healthy control subjects
and concluded that those with periodontitis had a distinctive

chemokine profile.43

Cytokines have been shown to influence the inflammatory
process. In a previous study, Canakci et al. reported that

infections are a significant risk factor for the pathogenesis of
pre-eclampsia and periodontal disease.21 Moreover, these
authors observed that the study group expressed high levels
of IL-1 and concluded that the elevated risk of severe pre-

eclampsia in pregnant women was associated with peri-
odontal disease.44

The periodontium is highly vascular; this phenomenon is

considered to represent a source of systemic inflammatory
mediators.14 In another study, Kampits et al. reported
significantly higher serum levels of several inflammatory

mediators (IL-1b, IL-2, IFN-1, and TNF-a) in periodonti-
tis subjects than in healthy controls; these effects were
attributed to the periodontal reservoir present in the foetale
placental unit.45,46

In the present study, we demonstrated a significant rela-
tionship between periodontitis and increased IL-1b levels;
this may give rise to an adverse pregnancy outcome. This

finding mirrored previous results by Mega et al. who
concluded that periodontal diseases in pregnant women
cause a significant rise in the risk of subsequent adverse

pregnancy outcomes.47

In their comprehensive review, Puertas et al. concluded
that reduced periodontal health status in pregnant women is

associated with adverse pregnancy outcomes.48

Furthermore, other studies have also suggested a possible
correlation between a higher risk of adverse pregnancy
outcomes and periodontal disease; these previous studies

determined that additional studies with large, well-
designed, multicentre trials are needed. Furthermore, these
authors concluded that the available literature does not

clinically associate periodontal disease or periodontal ther-
apy with specific undesirable pregnancy outcomes.49,50

In the current study, we further demonstrated a marked

statistical correlation between serum levels of IL-1b and
gingival recession in pregnant women with periodontitis, a
finding that was also highlighted by Radnai et al., who used

gingival recession and PPD to evaluate periodontitis and
identify a statistically significant association.51

In addition, we identified a significant statistical rela-
tionship between GCF IL-1b levels and PPD and CAL in

pregnant women with periodontitis. In a previous study, Anil
et al. reported similar findings in that there was a relationship
between adverse pregnancy outcomes and periodontal dis-

ease.36 Offenbacher et al.,52,53 and Turcu-Duminic�a et al.54

have all demonstrated a significant association between
CAL and periodontitis.

The current study is consistent with the findings of
Mokeem et al., who used PPD to conclude that pregnant
females with periodontal disease were 4.21-fold more likely
to develop adverse pregnancy outcomes than women with a

healthy periodontal status.55 Radnai et al.51 also used PPD
as a marker of periodontitis to demonstrate a significant
statistical association. Moliterno et al.56 and Jarjoura
et al.57 used PPD and CAL as periodontal parameters of

periodontitis and demonstrated a significant statistical
association. Uwambaye et al. using the CAL and Vidhale
et al. using the PI, CAL and PPD assessed periodontitis58

while Walia et al., used similar periodontal parameters;
these studies concluded that periodontal disease was a
possible risk factor for adverse pregnancy outcomes.59 As

periodontitis parameters, PPD and R, also demonstrated a
significant statistical association.60

In contrast, some of the findings of this study contradicted
those reported previously. For example, Meqa et al. used

PPD to appraise periodontitis and found no evidence of a
link between adverse pregnancy outcomes and periodontal
disease.61 In another study, Ren used PI, PPD, CAL, IL-1b
and TNF-a polymorphism to evaluate periodontitis and
found no evidence for a statistically significant difference in
the presence of IL-1b bþ allelic variants between the study

and control subjects.12 In addition, Ren used PI, PPD, and
CAL to assess periodontitis and concluded that
periodontitis was not a demonstrable risk factor for
adverse pregnancy outcomes.12

Conclusions

The present study substantiates the idea that periodonti-

tis, as evaluated by a PPD �4 mm, a CAL �2 mm, and
associated with a high level of lL-1, may be associated with a
poor pregnancy outcome and is further supported by a

strong positive connection with high levels of IL-l, PPD, and
CAL in the GCF of the study group.

Study recommendations

We recommend that a randomised clinical trial should be
performed with an appropriate follow-up period so that the

specific relationship between IL-1b and periodontitis can be
investigated. Efforts should also be made to establish a
dental clinic in maternal hospitals for periodical dental

check-ups and to provide periodontal education as an aspect
of the prenatal care given to attending pregnant women. This
will help to demonstrate to patients and staff that there is a

possible association between pregnancy and periodontal
status.
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et al. Lack of association between maternal periodontal status

and adverse pregnancy outcomes: a multicentric epidemiologic

study. J Matern Neonatal Med 2013; 26(4): 369e372. https://
doi.org/10.3109/14767058.2012.733776.

17. Daalderop LA, Wieland BV, Tomsin K, Reyes L, Kramer BW,

Vanterpool SF, et al. Periodontal disease and pregnancy out-

comes: overview of systematic reviews. JDR Clin Transl Res

2018; 3(1): 10e27. https://doi.org/10.1177/2380084417731097.

18. Erchick DJ, Khatry SK, Agrawal NK, Katz J, Leclerq SC,

Rai B, et al. Risk of preterm birth associated with maternal

gingival inflammation and oral hygiene behaviours in rural

Nepal: a community-based, prospective cohort study. BMJ

Open 2020; 10(8). https://doi.org/10.1136/BMJOPEN-2019-

036515.

19. Gomes FI, Aragão MG, Barbosa FC, Bezerra MM, de Paulo

Teixeira Pinto V, Chaves H. Inflammatory cytokines inter-

leukin-1b and tumour necrosis factor-a - novel biomarkers for

the detection of periodontal diseases: a literature review. J Oral

Maxillofac Res 2016; 7(2).

20. Nuriel-Ohayon M, Neuman H, Koren O. Microbial changes

during pregnancy, birth, and infancy. Front Microbiol 2016; 7:

1031. https://doi.org/10.3389/fmicb.2016.01031.

21. Wu M, Chen SW, Jiang SY. Relationship between gingival

inflammation and pregnancy. Mediators Inflamm 2015; 2015:

623427. https://doi.org/10.1155/2015/623427.

22. Fettweis JM, Serrano MG, Brooks JP, Edwards DJ, Girerd PH,

Parikh HI, et al. The vaginal microbiome and preterm birth.

Nat Med 2019; 25(6): 1012e1021. https://doi.org/10.1038/

s41591-019-0450-2.

23. Latorre Uriza C, Velosa-Porras J, Roa NS, Quiñones Lara SM,
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Polanczyk CA, Rösing CK, et al. Periodontal disease and in-

flammatory blood cytokines in patients with stable coronary

artery disease. J Appl Oral Sci 2016; 24(4): 352. https://doi.org/

10.1590/1678-775720160082.

46. Liu X, Li H. A systematic review and meta-analysis on multiple

cytokine gene polymorphisms in the pathogenesis of peri-

odontitis. Front Immunol 2022; 12: 713198. https://doi.org/

10.3389/FIMMU.2021.713198/FULL.

47. Penova-Veselinovic B, Keelan JA, Wang CA, Newnham JP,

Pennell CE. Changes in inflammatory mediators in gingival

crevicular fluid following periodontal disease treatment in

pregnancy: relationship to adverse pregnancy outcome.

J Reprod Immunol 2015; 112: 1e10. https://doi.org/10.1016/

J.JRI.2015.05.002.

48. Puertas A, Magan-Fernandez A, Blanc V, Revelles L,

O’Valle F, Pozo E, et al. Association of periodontitis with

preterm birth and low birth weight: a comprehensive review.

J Matern Fetal Neonatal Med 2018; 31(5): 597e602. https://
doi.org/10.1080/14767058.2017.1293023.

49. Bobetsis YA, Graziani F, Gürsoy M, Madianos PN. Peri-

odontal disease and adverse pregnancy outcomes. Periodontol

2000 2020; 83(1): 154e174. https://doi.org/10.1111/PRD.12294.

50. da Silva HEC, Stefani CM, Melo N DeS, de Lima LAA,
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