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#e relationship between oral health and general health has
been the focus of research interests for decades. While the
impact and oral manifestations of certain systemic conditions
have been identified very early [1, 2], later research examined
the potential impact of oral diseases on chronic systemic
conditions. To list a few, periodontal diseases have been linked
to cardiovascular diseases, high blood pressure, stroke, di-
abetes, dementia, respiratory diseases, and mortality, where
an inflammatory pathway was depicted [3, 4]. Another line of
research examined the association between the number of
teeth, severe dental caries, and general health among older
adults [5, 6] and children [7], suggesting a nutritional
pathway. While a causal relationship between oral health and
general health is still unconfirmed, comorbidities due to
common risk factors appear to be a more acceptable expla-
nation in view of the current evidence [8]. #is highlights the
importance of integrating oral health and general health
policies and health-promoting interventions and the im-
portance of considering oral health status among individuals
with compromised medical conditions.

In this special issue, ten articles pertaining to the oral
health/general health relationship and care for medically
compromised patients have been published.

J. Kowar et al. compared mortality rates among 3,902
Swedish patients who received dental implants in the
edentulous arch to the national death register. #e authors
concluded that while the edentulous patients younger than
60 years were at a higher risk of mortality from cardiovas-
cular diseases than the general population, those over
79 years who had implant were at a significantly lower risk of
all-cause mortality than the general population.

A few of the articles examined the relationship between
periodontal diseases and general health. P. B. Linhartova
et al. examined 1,016 participants in a case-control study to
assess the variability in the interleukin-1 (IL-1) gene cluster
and IL-1β plasma levels in patients with chronic peri-
odontitis and diabetes. #eir analysis suggested that vari-
ability in the IL-1 gene cluster may be one of the factors
implicated in the relationship between chronic periodontitis
and type 1 diabetes pathogenesis. Similarly, P. Naiff et al.
reviewed the literatures on the relationship between chronic
periodontitis and type II diabetes and concluded that
periodontal screening should be part of the clinical exam-
ination of patients with diabetes. R. A. G. Khammissa et al.
reviewed the literatures on the role of vitamin D serum level
in maintaining periodontal health. While the authors ac-
knowledged the limitation of the available evidence, mostly
from cross-sectional studies, they acknowledged a potential
role of vitamin D in maintaining good oral health.

One article examined the relationship between dental
caries and maternal and child health. C. W. J. Africa and M.
Turton examined oral health status and treatment needs of
443 pregnant women attending antenatal clinics in
KwaZulu-Natal, South Africa. While identifying pregnant
women at risk of dental caries and tooth mobility, the au-
thors recommended early oral health screening during
pregnancy to ensure wellbeing of the mother and the fetus.
A. A. Alshihri et al. conducted a narrative review on the
relationship between dental caries and obesity among
children and adolescents. #e review concluded that there is
an inconsistent relationship between dental caries and body
measurements. While dietary habits could explain a positive
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relationship between obesity and caries, the impact of severe
dental pain and dental inflammation could negatively affect
children’s weight gain.

Others examined the oral manifestation of chronic health
conditions. R. B. Chebil et al. examined 30 patients with
Sjogren’s syndrome to assess oral lichen planus and oral
lichenoid lesions and concluded that these two lesions were
common among patients with Sjogren’s syndrome. F. Cos-
tantinides et al. reviewed manifestation of end-stage renal
disease and hemodialysis to describe the dental operative
protocols for patients awaiting kidney transplantation. #e
authors highlighted the need for coordination between ne-
phrologist and dental providers and the importance of early
detection of oral conditions to minimize the need for ex-
tensive care. A. Peteuil et al. examined the feasibility of the
therapeutic educational program in oral health for persons
with schizophrenia using the qualitative method and con-
cluded that oral health representation evolved after the
therapeutic educational program. Further study will be
conducted on a larger sample to produce stronger evidence.

#e manuscripts published in this special issue covered a
number of different topics pertaining to the relationship
between oral and general health, thus highlighting the di-
versity of research in this area. While few studies examined a
potential relationship between oral health and mortality,
diabetes, and obesity, others have addressed dental care for
patients under medical care and those with medically
compromised conditions. With the increasing interest in
research on the oral health and general health relationship,
and the high demands for providing efficient and com-
prehensive medical and dental care, this special issue is a
timely contribution to research on this topic that will un-
doubtedly be beneficial to researchers working in this field of
research and to oral and general health practitioners.
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Objective. )e aim of this study was to investigate the prevalence and characteristics of oral lichen planus (OLP) and oral lichenoid
lesions (OLL) in Sjogren’s syndrome (SS) patients. Patients and Methods. A prospective clinical study was conducted at the
Department of Oral Medicine and Oral Surgery in Sahloul Hospital, Sousse, from January 2012 to June 2018.)e patients involved
in this study were diagnosed with Sjogren’s syndrome according to the AECG (American-European consensus group) diagnostic
criteria. Among these patients, we searched for those affected by OLP or OLL as determined by the WHO (World Health
Organisation) classification of 2003. Clinical variables such as age, sex, medical conditions andmedications, type of SS (primary or
secondary), clinical form of OLP, and treatment were analyzed. )e assessment of the results was performed using SPSS software.
Results. We evaluated 30 patients (27 females and 3 males) diagnosed with SS (24 had primary SS) with a mean age of 55 years and
11months (±11,714). Overall, 9 patients had oral lesions (30%). Two patients had OLP associated with secondary SS (25%).
Primary Sjogren’s syndrome patients had 6 OLP lesions and one erythematous lichenoid lesion. OLP was erosive in eight patients,
among them two had vulvo-vaginal-gingival syndrome. OLP lesions showed improvement in symptoms after topical or general
corticosteroids treatment, while OLL showed improvement only under antibiotic treatment. Conclusion. )e results of our
analysis suggest that patients with SS have 30% prevalence of OLP and OLL. )is possible association shows the importance of
screening for oral dryness in patients with OLP or OLL. Treatment includes topical or general corticosteroids for erosive forms
associated or not with topical antifungal treatment to treat or prevent oral candidiasis.

1. Introduction

Sjögren’s syndrome (SS) is a systemic autoimmune disease
characterized by marked reduction of exocrine glandular
secretions and by its progression to lymphocytic infiltration
and destruction [1].

)is conditionmay occur in isolation or in associationwith
organ-specific autoimmune diseases, such as thyroiditis, pri-
mary biliary cirrhosis, or cholangitis. In these cases, the disease
is referred to as primary Sjögren’s syndrome (PSS). However,
the term “secondary Sjögren’s syndrome (SSS)” is used when
the disease is associated with another systemic autoimmune
disease, such as rheumatoid arthritis, systemic lupus eryth-
ematosus (SLE), scleroderma, or dermatomyositis [2].

)e etiopathogenesis is still poorly elucidated. But most
probably, it is related to epithelial cells deregulation leading
to immune cells attraction. All the epithelial tissues may be
attacked even though this pathologic process is more im-
portant in the salivary and lacrimal glands [2].

)is exocrinopathy often results in dryness of the mouth
and eyes, fatigue, and joint pain. )e pleiotropic features of the
disease are the result of a wide activation of both inflammation
as well as innate and adaptive immune pathways that lead to a
chronic deregulation of T and B cells. Diagnosis of SS is often
made at a late stage due to the delay of its symptoms.

Recently, great efforts have been made to search for
reliable biomarkers to ameliorate the diagnostic algo-
rithm [3].
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Xerostomia could contribute to an accelerated de-
struction of the mucosal epithelium, as saliva normally has
mechanical, antibacterial, and antimycotic roles in pro-
tecting the oral mucosa. As a result, atrophic lesions of the
mucosa are a common observation in cases of Sjogren’s
syndrome and other salivary gland diseases. )ese epithelial
changes can occur in both the skin and mucous membranes
in cases of lichen planus.

Oral lichen planus is a chronic inflammatory disease of
unknown etiology that affects the oral mucosa. It is well
documented that the disease represents a cell-mediated
immune response. )e diagnostic criteria for oral lichen
planus (OLP) are based on clinical and histopathologic
features. SS and OLP are two chronic inflammatory diseases
similar in many aspects. )ese two pathologies are fre-
quently associated with autoimmune disorders, and both
have immune dysfunction. T-lymphocyte infiltration is also
found in SS and OLP patients. Atrophy, fibrosis, fatty de-
generation in the acini, changes in the ductal structure, and
lymphocytic infiltration are common changes observed on
minor salivary gland biopsies from patients with OLP,
suggesting the presence of a salivary gland disease [4].

)ese data suggest that both diseases are also related in a
pathological manner.

)e aim of this study was to investigate, through a
prospective clinical study, the prevalence and characteristics
of oral lichen planus (OLP) and lichenoid lesions (OLL) in
Sjogren’s syndrome (SS) patients.

2. Materials and Methods

A prospective clinical study was conducted at the De-
partment of Oral Medicine and Oral Surgery in Sahloul
Hospital from January 2012 to June 2018. )e patients in-
volved in this study were diagnosed with SS according to the
2002 AECG (American-European consensus group) di-
agnostic criteria [5]. Diagnosis of PSS requires four of the six
following criteria including either positive histopathology or
positive autoimmune serology: subjective symptoms of oral
and/or ocular dryness; oral and/or ocular signs (determined
by salivary and lacrimal gland functions); positive histo-
pathology and/or positive autoimmune serology. Diagnosis
of PSS is made if the patient has 3 of the 4 positive objective
responses: oral signs, ocular signs, positive histopathology,
or positive autoantibodies [6].

Secondary SS is retained for patients having ocular
symptoms or oral symptoms together with any two positive
objective responses from ocular signs, oral signs, or histo-
pathology with an underlying autoimmune diagnosis [6].

Among these patients, we searched for those affected by
oral lichen planus (OLP) or lichenoid lesions (OLL) as
determined by the WHO (World Health Organisation)
classification of 2003. We excluded patients with epithelial
dysplasia or having lesions close to silver amalgam resto-
rations [7].

Pertinent data were gathered including the patients’
demographics (sex and age), medical history, medications,
SS diagnostic criteria values, type of Sjogren’s syndrome
(primary or secondary), clinical form of OLP, its location,

Candida infection, biopsy results, and treatment modality.
)e assessment of the results was performed using SPSS
software.

3. Results

3.1. Demographics. In total, 30 patients with well-
characterized Sjogren’s syndrome were evaluated. )e
mean age of these patients was 55 years and 11months
(SD± 11,714). Twenty-seven (90%) patients were females.

3.2. SS Classification Criteria. Minor salivary gland biopsy
was conducted for all the patients. 63.33% (19 patients) of
these biopsies were positive (stage 3 or 4). Autoantibodies
were obtained in 11 patients (36.66%), with the presence of a
positive anti-SSA or anti-SSB autoantibody serum test in 7
(23.33%) patients.

Seven patients had a positive anti-SSA autoantibody
titer, and 6 (20%) had a positive anti-SSB autoantibody titer.

Overall, diagnosis of PSS was made for 23 (76.66%)
patients while 7 patients were diagnosed with the secondary
form.

3.3. Oral Lesions. Overall, 9 patients had oral lesions (30%).
Two patients had oral lichen planus (OLP) associated with
secondary Sjogren’s syndrome. Primary Sjogren’s syndrome
patients had 6 oral lichen planus (OLP) lesions and one
lichenoid lesion (Table 1).

)e most frequent locations of OLP were the inner
surfaces of the cheeks, lips, and gingiva (Table 2). Lichenoid
lesion was located in the inner surface of the lips, and it was
resistant to conventional treatment (Figure 1). )ree pa-
tients suffered from vitamin D deficiency. Two patients
presented vulvo-vaginal-gingival syndrome in association
with cutaneous lesions with esophageal involvement and
negative autoantibodies anti-SSB in one case (Figure 2). )is
patient had a history of hysterectomy 5 years earlier. All the
oral lesions were treated by oral cavity conditioning and
topical corticosteroids (SOLUPRED®) associated with
topical antifungal treatment in two cases (oral candidiasis).
Tapering doses of oral corticosteroids over 4weeks in ad-
dition to topical treatment with steroid ointment
(DERMOCORT®) on the vaginal mucosa was indicated for
vulvo-vaginal-gingival syndrome. )is treatment showed an
improvement of the erosive lesions. Lichenoid lesion of the
inner surface of the lip was ameliorated following topical
mouthwash and antibiotic treatment (CLAMOXYL®)(Table 2).

4. Discussion

To the best of our knowledge, this study provides the first
evaluation of the prevalence of OLP and OLL among pri-
mary and secondary SS patients.

Recently, the American College of Rheumatology (ACR)
and the European League Against Rheumatism (EULAR)
have validated criteria for the classification of PSS.
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Table 2: Sex, age, autoantibodies, medical condition, oral lesion characteristics, and treatment modality.

Sex/
age

Autoantibodies (anti-
SSA/anti-SSB)

Medical
condition

Sjogren’s
syndrome Oral lesions Location Treatment

1.
\/44 Negative Diabetes Primary Erosive OLP

(i) Gingiva
(ii) Inner surface of the

cheeks

(i) Oral cavity conditioning
(ii) Topical mouthwash

(Solupred)
(iii) Dermocort

(iv) Topical antifungal
treatment

2.
\/52 Negative

(i) Psoriasis
(ii) Rheumatic

psoriasis
(iii) Vitamin D

deficiency
(iv) Allergy to
Co, Cr, Ni

Secondary Erosive OLP

(i) Inner surface of the
cheeks

(ii) Inner surface of the
lips

(i) Oral cavity conditioning
(ii) Topical mouthwash

(Solupred)
(iii) Vitamin D
supplementation

3.
_/65 Not mentioned (i) Gastric ulcer

(ii) Anemia Primary Erosive OLP

(i) Dorsal side of the
tongue

(ii) Inner surface of the
cheeks

(iii) Inner surface of
the lips

(i) Oral cavity conditioning
(ii) Topical mouthwash

(Solupred)

4.
\/40

(i) Negative
(ii) Positive

(iii) Rheumatoid
factor

(i) Anemia
(ii) Rheumatoid

Arthritis
Secondary Erosive OLP

(i) Inner surface of the
cheeks

(ii) Inner surface of the
lips

(i) Oral cavity conditioning
(ii) Topical mouthwash

(Solupred)

5.
\/51 Anti-SSA+ anti-SSB -

(i)
Hypertension

(ii)
Hyperlipidemia
(iii) Vitamin D

deficiency
(iv)

Hysterectomy

Primary
Erosive OLP
Vulvo-vaginal-

gingival syndrome

(i) Gingiva
(ii) Soft palate
(iii) Esophageal

mucosae
(iv) Inner surface of

the cheeks
(v) Skin lesions

(vi) Vulvar and vaginal
lesions

(i) Oral cavity conditioning
(ii) Topical mouthwash

(Solupred)
(iii) Vitamin D
supplementation

(iv) General treatment with
corticosteroids

6.
\/60 Not mentioned Vitamin D

deficiency Primary Erosive OLP Inner surface of the
lips and cheeks

(i) Oral cavity conditioning
(ii) Topical antifungal

treatment
(iii) Topical mouthwash

(Solupred)
(iv) Mouthwash
(Chlorhexidine)
(v) Vitamin D
supplementation

7.
\/60 Not mentioned Vitamin D

deficiency Primary Erythematosus OLL Inner surface of the
lips

(i) Oral cavity conditioning
(ii) Topical antifungal

treatment
(iii) Topical mouthwash

(Solupred)
(iv) Mouthwash
(Chlorhexidine)
(v) Vitamin D
supplementation

(vi) Antibiotherapy
(CLAMOXYL®).

Table 1: Oral lichen planus and lichenoid lesions in primary and secondary Sjogren’s syndrome (SSS) patients.

OLP OLL Total
PSS 6 1 23
SSS 2 0 7
Total 8 1 30

International Journal of Dentistry 3



Table 2: Continued.

Sex/
age

Autoantibodies (anti-
SSA/anti-SSB)

Medical
condition

Sjogren’s
syndrome Oral lesions Location Treatment

8.
\/62 Not mentioned Diabetes Primary Erosive OLP

(i) Inner surface of the
cheeks

(ii) Skin lesions
(iii) Vulvar and
vaginal lesions

(i) Oral cavity conditioning
(ii) Topical mouthwash

(Solupred)

9.
\/56 Not mentioned Primary Erosive OLP Inner surface of the

lips

(i) Oral cavity conditioning
(ii) Topical mouthwash

(Solupred)
(iii) General treatment
with corticosteroids

∗OLP: oral lichen planus; ∗OLL: oral lichenoid lesion. \: female; _: male.

(a) (b)

Figure 1: Oral erythematosus lichenoid lesion of the lips’ inner surfaces of patient 7 (absence of reticular pattern). (a) Upper lip. (b) Lower
lip.

(a) (b)

(c) (d)

Figure 2: Vulvo-vaginal-gingival syndrome: oral lesions (patient 5). (a) Erosive gingivitis. (b) Soft palate involvement with extension to
esophageal region. (c), (d) Erosive lesions of the inner surface of the cheeks.
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On the basis of the listed classification criteria (Table 3),
diagnosis of a primary Sjogren’s syndrome is defined as
having a score 4 or more. Positive serologic results for anti-
SSB/La antibodies in the absence of anti-SSA/Ro antibodies
are not specific and are no longer considered to be a criterion
for the diagnosis [2]. Since the classification criteria for SSS
are not yet validated, we adopted in our study the 2002
AECG classification.

)e pathophysiology of PSS implies the activation of
mucosal epithelial cells, possibly from viral stimulation. )is
leads to the activation of the immune systems with the
secretion of autoantibodies. Recent studies have suggested
the presence of activated CD8 Tcells in the blood and glands
[2].

Similarly, patients with oral lichen planus suffer from the
consequences of immune dysfunction with T-lymphocyte
(CD8 T cells) infiltration.

It has been reported that autoimmune diseases are
observed in 33% of SS patients including primary biliary
cirrhosis, hypothyroidism, rheumatoid arthritis, Graves’
disease, discoid lupus, coeliac disease, dermatomyositis,
and scleroderma [8]. )e same associations were noted for
oral lichen planus which is frequently observed in patients
with autoimmune diseases such as myasthenia gravis,
hypothyroidism, rheumatoid arthritis, graft host disease,
irritable bowel syndrome, ulcerative colitis, psoriasis,
thymoma, lupus erythematosus, and coeliac disease.

)e mean age of SS patients found in our study was
55 years, which corresponds to the mean ages of SS and OLP
lesions.

Likar-Manookin et al. studied the prevalence of oral
lesions having autoimmune etiology (OLAIE) in patients
with primary Sjogren’s syndrome and found that lichen
planus and recurrent aphthous stomatitis were the two most
common oral lesions [9]. Sistig et al. reported that salivary
immunoglobulin levels increase in both OLP and SS [10].

)ese data suggest that both diseases are related in a
pathological manner. In their study, Likar-Manookin et al.
found that 7% of patients with PSS had oral lichen planus
lesions [9]. In our study, we found that, from 23 patients
with PSS, 7 (30.43%) had OLP. Previous studies indicated
that roughly 1% of the general population has OLP [11].
Likar-Manookin et al. reported that 9/190 (4.7%) OLP pa-
tients were also found to have PSS [9]. Prospectively, we
evaluated the prevalence of PSS and glandular lymphocytic
infiltrate on OLP patients who underwent minor salivary
gland biopsies. We found that, from 25 OLP patients, seven
had PSS and 4 had lymphocytic infiltrate with a focus score
<1. )e higher prevalence of SS disease among OLP patients
found in our study is due to systematic sialometric analysis
and minor salivary gland biopsy for patients presenting for
OLP or OLL.

To verify if the oral lesions described in our study are
related to lichenoid reactions to medications, we compared
the drug classes between the patients with OLP or OLL
versus those without oral lesions. )e patients presenting no
OLP were more medicated than those having these lesions.

In our study, we noted that lichenoid lesion was located
in the inner surface of the lips and was resistant to

conventional treatment. )is oral lichenoid lesion is de-
scribed as mucositis of the upper lip and gingiva and is
considered by some authors as a clinical subtype of lichenoid
lesions. )e main features making it a distinct clinical entity
are the location (the mucosa of the upper lip and gingiva),
the clinical appearance which shows intense erythema, and
resistance to conventional treatment with topical and sys-
temic glucocorticosteroids. A microbial factor is strongly
speculated in the pathogenesis [12].

)e association of this lesion with PSS in our patient
suggests that a reduced salivary flow rate may enhance
this microbial etiology. Georgakopoulou et al. suggests
that the combination of clarithromycin and prednisolone
may be effective for the treatment of this lichenoid lesion
[13].

Two patients presented with lichen planus of the vulva
and vagina with desquamative gingivitis which is described
as the vulvo-vaginal-gingival syndrome. Only a few pre-
vious reports of this syndrome and even fewer with
esophageal involvement were found. In their case series
study, Rauschecker et al. found that esophageal lichen
planus typically occurs in older women with longstanding
dysphagia and often develops in the absence of extra-
esophageal sites of disease. )is may be explained by the
fact that many patients have the disease confined to the
esophagus before the development of oral or cutaneous
lesions, resulting in esophageal strictures and dysphagia
[14]. Upper gastrointestinal endoscopy reveals multiple
ulcers in the esophageal mucosa [14]. For our patient
(Figure 2), esophageal lesion appeared one year after oral
and vaginal erosions. )en, anti-SSB antibodies were
negative, and this patient had a history of hysterectomy
while presenting the most serious condition among all the
OLP patients studied. Likar-Manookin et al. found three
potential risk factors for having both PSS and oral lesions of
autoimmune etiology: anti-SSB negativity, irritable bowel
syndrome (IBS), and use of hormone replacement or oral
contraceptives [9].

All the OLP lesions were erosive. )e treatment of these
symptomatic forms included oral cavity conditioning and
topical steroid rinses. Systemic steroids were indicated for
vulvo-vaginal-gingival syndrome (tapering doses of oral
corticosteroids CORTANCYL 30mg over 4 weeks). Topical
antifungal treatment was prescribed for two patients. Oral
candidiasis is a frequent complication of SS, and it is also a
common side effect of these medications [15]. )erefore,
prophylactic antifungal medications should be associated

Table 3: 2017 ACR-EULAR classification criteria for primary
Sjögren’s syndrome [2].

Item Score
Focus score of ≥1 3
Presence of anti-SSA antibodies 3
SS ocular staining score of ≥5 1
Schirmer’s test of ≤5mm per 5min 1
Unstimulated whole salivary flow of ≤0.1ml per min 1
Total score 9
∗SS: Sjögren’s syndrome.
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with topical steroids. Antifungal treatment should be
started before performing biopsy if the lesion is compli-
cated by oral candidiasis because of histologic analysis
difficulties. )e status of serum 25-hydroxyvitamin D in
OLP patients, when investigated (5 Patients), was reduced
consistently. Jie Du et al. conducted an experimental study
on the role of 1,25(OH)2D3 amelioration of oral lichen
planus. )ey suggested that 1,25(OH)2D3 plays an anti-
inflammatory role in OLP, and they concluded that vitamin
D supplement may be a potential strategy for OLP man-
agement [16].

Pedersen et al. [17] conducted a preliminary study on the
effects of bovine colostrum-containing oral hygiene prod-
ucts in patients with primary SS and oral lichen planus.)eir
results suggested beneficial effects on the oral symptoms as
well as the general health.

5. Conclusion

Two hypotheses could be retained. OLP could be triggered
by SS or the same immunological and genetic factors could
have played a role in the development of both diseases.

)ese findings highlight the importance of screening
patients having oral lichen planus for Sjogren’s syndrome by
sialometric analysis and minor salivary gland biopsy, even if
they are not specifically referred for that purpose. Treatment
involves topical or general corticosteroids for erosive forms
associated or not with topical antifungal treatment to treat or
prevent oral candidiasis.

)is study has an important limitation. It was performed
on a small sample size and was geographically restricted to
Tunisia. )us, generalization of the results should be made
with caution. Data were not obtained from a specialized
center in internal medicine which may be considered as a
recruitment bias.

Data Availability

Previously reported (data type) data were used to support
this study and are available at (doi or other persistent
identifier). )ese prior studies (and datasets) are cited at
relevant places within the text as references.

Additional Points

Areas of Uncertainty. Recent pathophysiological studies have
shown a number of similarities between primary Sjögren’s
syndrome and systemic lupus erythematosus SLE, which
suggests that primary Sjögren’s syndrome may represent a
form of SLE affecting the mucosa [2]. Oral lichen planus is
frequently associated with SS and SLE, and it has clinical and
histopathological similarities with the oral lesions of SLE.
Could OLP also represent a form of SLE affecting the
mucosa?
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Sjögren’s syndrome and oral lichen planus—a preliminary
study on the effects of bovine colostrum-containing oral
hygiene products,” Clinical Oral Investigations, vol. 6, no. 1,
pp. 11–20, 2002.

International Journal of Dentistry 7



Review Article
Association between Dental Caries and Obesity in Children and
Young People: A Narrative Review

Abdulmonem A. Alshihri ,1 Helen J. Rogers,2 Mohammed A. Alqahtani,1

and Mohammed S. Aldossary 3

1Department of Prosthodontics and Biomaterials, College of Dentistry, King Saud University, Riyadh, Saudi Arabia
2Division of Pediatric Dentistry, School of Clinical Dentistry, University of Sheffield, Sheffield, UK
3Division of Pediatric Dentistry, Department of Dentistry, Ministry of Health, Riyadh, Saudi Arabia

Correspondence should be addressed to Mohammed S. Aldossary; msfd99@hotmail.com

Received 22 January 2019; Revised 21 March 2019; Accepted 14 April 2019; Published 2 May 2019

Guest Editor: Maha El Tantawi

Copyright © 2019 Abdulmonem A. Alshihri et al. )is is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in anymedium, provided the original work is
properly cited.

Objectives. To explore the association between obesity and dental caries in children and adolescents. Furthermore, to consider
the possible reasons behind this relationship.Methods. A database search for papers published between January 2015 and May
2018, inclusive, addressing the association between obesity and dental caries was conducted. A review and critical appraisal of
all included studies was performed. Results. Twenty-six studies were included in this review from different populations
worldwide. Eight studies assessed the primary dentition, nine studies were conducted on permanent dentition, and remaining
nine studies on both dentitions. )e results regarding the association between obesity and dental caries were conflicting and
inconsistent. Nine studies concluded that there was no relationship between obesity and dental caries. A positive association
was reported in five studies, while the inverse association was reported in eleven studies. Studies included in this review had
significant variations in methodology and the investigated cofactors. Possible explanations of the controversial association
between obesity and dental caries are discussed in this review. Conclusion. Both obesity and dental caries are multifactorial
diseases, and their association is far more complex that can be explained by a single common risk factor, presenting evidence
for the complexity of this association.

1. Introduction

Obesity and dental caries are growing public health prob-
lems worldwide. Both obesity and dental caries are con-
sidered to be chronic, highly prevalent, and multifactorial
conditions, with significant and potentially lifelong impacts
on the lives of children and young people [1–4]. )e two
conditions are thought to share common contributing
factors, including biological, genetic, socioeconomic, cul-
tural, dietary, environmental, and lifestyle factors [5, 6].

For this reason, a relationship between obesity and
dental caries seems logical. Further knowledge of this re-
lationship could enable the development of more effective
and efficient targeted public health initiatives to reduce the
prevalence of both obesity and dental caries [6–8].

Numerous studies have investigated the association
between obesity and dental caries in different countries, and
in both primary and permanent dentitions [2, 9]. However,
the results have always been controversial and inconclusive.
)e data are inconsistent regarding the existence of a re-
lationship and the nature and direction of the association.
Some studies found no association, whereas others reported
a positive correlation or an inverse relationship between the
two conditions [10].

Few systematic reviews of the literature regarding the
association between obesity and dental caries were published
in 2012-2013 [2, 9, 10]. )ere was agreement between all of
these systematic reviews regarding the inconclusive litera-
ture and the need for further analysis of this association and
its confounding variables.
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A more recent systematic review in 2015 included only
longitudinal studies and concluded that the evidence of the
association between obesity and dental caries was conflicting
and remains inconclusive. )ese inconsistent results are
influenced by discrepancies in assessments, setting, and
measurements [11].

Since the publication of these reviews, many further
studies have been conducted to assess the association be-
tween obesity and dental caries in various populations and
countries [12–16].

)is narrative review was conducted to investigate the
reported association between obesity and dental caries in
children and adolescents in the most recent publications. In
addition, this review aimed to provide a narrative synthesis
of the possible explanations and underlying causes of the
association between obesity and dental caries.

2. Materials and Methods

A search of PubMed/Medline, ScienceDirect, Scopus, and
Google scholar databases was conducted for papers pub-
lished between January 2015 andMay 2018, inclusive. Search
terms surrounding “children” and “adolescents” were
combined with terms relating to “caries,” “bodymass index,”
“obesity,” and “weight.” )is search was supplemented by
manual searching of reference lists from each relevant paper
identified.

All English language studies addressing the association
between obesity and dental caries in children and adoles-
cents were included. Studies relating to prevalence and risk
factors only were excluded, as were studies involving par-
ticipants over the age of 18 years. A review of the associations
reported in these studies was conducted, with a synthesis of
the potential explanations.

3. Results

A total of 26 studies of various global populations were
included in this review. )e summary of these studies is
presented in Table 1.

Amongst the included studies, eight assessed the
primary dentition, nine investigated the permanent
dentition, and the remaining nine studies investigated
both dentitions. )e results were varied, with nine studies
concluding that there was no relationship between
obesity and dental caries. A positive association between
the two conditions was reported in five studies, whilst an
inverse association was identified by eleven studies.
Importantly, only one study found that prevalence of
dental caries was higher in both obese and underweight
children, showing a positive association in both
directions.

Most of the studies used a cross-sectional design (n� 22).
Only three studies were longitudinal and, interestingly, all of
these three studies were conducted on permanent dentition
and concluded a positive association. One study utilized a
case-control design with children in the primary dentition
and identified a positive association.

4. Discussion

)e studies included in this review identified varying as-
sociations between caries and obesity in children and young
people. )ese associations and potential explanations for
them are explored further below.

4.1. Primary versus PermanentDentitions. )is review found
no convincing evidence to demonstrate a specific association
between obesity and dental caries in the primary dentition
when compared to the permanent dentition. Despite the
limited evidence, it appears that more studies tend to show
that young children with dental caries in the primary
dentition are underweight compared to children without
caries, which is an inverse association [14, 18–20]. Obese
older children and adolescents are more likely to have dental
caries in their permanent teeth, which is a positive associ-
ation [33–35]. However, contradictory conclusions were
reported in other investigations (Table 1).

4.2. Positive Association. Multiple studies within this review
have demonstrated that both obesity and caries share
common risk factors, which would support a positive as-
sociation. Drawing from these studies and the wider liter-
ature, the possible explanations for this positive association
are considered below.

4.2.1. Role of Diet. )e role of diet is significant in the
development of obesity and dental caries. Both conditions
share some common diet-related risk, which influences the
incidence of both obesity and dental caries.)ese diet factors
include poor food choices, dietary habits, frequency and
high consumption of fermentable carbohydrates, con-
sumption of sweetened junk foods, and high-calorie and
cariogenic diets [13, 30].

Some studies emphasize that frequent and excessive
intake of fermentable sugars is the critical common pre-
disposing factor for obesity and dental caries [24, 34].

4.2.2. Biological Indicators. It has been suggested within the
literature that obesity may alter body homeostasis, which in
turn may result in an increase in dental caries [40].
)erefore, the association between different biological
indicators of obesity and dental caries has been
investigated.

Lower stimulated secretion rates of saliva, higher con-
centrations of secretory immunoglobulin A (sIgA), and
different oral microbial profiles were reported in obese in-
dividuals [41]. Some authors suggest that obesity may lead to
changes in concentrations of free sialic acid, total protein,
and phosphate as well as peroxidase activity in stimulated
saliva, which may promote dental caries [41]. However, it
was not possible to confirm whether the association is due to
systemic changes or other possible factors such as diet and
oral hygiene habits [40, 41].
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4.2.3. Role of Lifestyle. )e literature has also suggested that
positive associations between obesity and dental caries may
be the result of other shared contributing factors, such as
those relating to lifestyle.

Lifestyle characteristics that may play a role in the de-
velopment of both conditions include reduced physical
activity, increased consumption of snacks, and increased
time spent watching TV and using new multimedia tech-
nologies [24, 42].

Additionally, it has been suggested that both conditions
are more prevalent in some specific communities due to
unhealthy food, lower parental education levels, and
inability to obtain sufficient health care and services
[13, 26, 43].

4.3. Inverse Association. In contrast to the studies reporting
a positive association between obesity and dental caries, a
number of studies showed an inverse association where
increased prevalence of caries was associated with being
underweight (Table 1). Some theories may explain this in-
verse relationship.

4.3.1. Role of Diet. Although sugar is one accepted risk factor
for obesity and dental caries, the inverse relationship may
also be attributable to dietary patterns. Obese children and

adolescents might consume more fatty foods, fried foods,
and unrefined carbohydrates, but not necessarily more foods
high in sugar and refined carbohydrates. )is could increase
obesity, but not necessarily have a direct link to dental caries
[36, 44, 45].

Further to the diet itself, the process of mastication has
also been reported to be affected by dental caries, which in
turn could lead to reduced nutritional intake by children and
young people [46]. Gilchrist et al. [3] reported that some
children with caries may have restricted diets for lengthy
periods of time, relating to difficulty eating hard foods, and
getting food stuck in their teeth.

)e effects of these dietary limitations may extend
further than just weight. A number of earlier studies have
investigated the association between iron-deficiency anemia,
a common form of malnutrition, and dental caries [47].
Rodd and Blankenstein identified a statistically significant
increase in the number of teeth which required extraction
amongst UK children with anemia, compared to those
without, indicating that caries severity may be greater in
anemic children [48].

Further to this, dietary nutrients such as vitamins A andD,
calcium, and phosphate play important roles in tooth mor-
phology, chemical composition, and tooth eruption patterns.
Reduced consumption of these nutrients may in turn affect the
susceptibility of teeth to dental caries [19, 37, 49].

Table 1: Summary of the included studies.

Investigated
dentition

Association between obesity and dental caries. Author (country, sample size, age in years)

Positive Inverse No relationship Positive in two
directions

Primary Davidson et al. [17]
(Canada, 235, 2 to 6)∗

Soares et al. [14]
(Brazil, 285, 3 to 5)
Elkhodary et al. [18]
(KSA, 820, 3 to 6)
Bafti et al. [19]

(Iran, 1482, 3 to 6)
Liang et al. [20]

(China, 32461, 7 to 9)

de jong-lenters et al. [21]
(Netherlands, 230, 5 to 8)

Paisi et al. [22]
(UK, 347, 4 to 6)

Aluckal et al. [23]
(India, 433, 2 to 6)

Primary and
permanent

Qomsan et al. [24]
(KSA, 386, 6 to 12)

Quadri et al. [12] (KSA, 360, 6 to 15)
Farsi et al. [25] and Schwendicke
et al. [26, 27] (KSA, 915, 7 to 10)

Guo et al. [28] (China, 744, 8 to 8.5)

Mitrakul et al. [25]
()ailand, 100, 6 to 12)

da Silva et al. [30]
(Brazil, 237, 3 to 15)
Araujo et al. [31]

(Brazil, 313, 8 to 10)
Münevveroğlu et al. [16]
(Turkey, 856, 6 to 12)

Almerich-Torres et al. [32]
(Spain, 1326, 6/12/15)

—

Permanent

Li et al. [33]
(Hong Kong, 282, 12/15/18)∗∗

Qadri et al. [34]
(Germany, 694, 9 to 12)∗∗

Basha et al. [35]
(India, 785, 13 +3 years)∗∗

Bhayat et al. [36]
(KSA, 402, 12 to 14)
Chauhan et al. [37]
(India, 275, 6 to 15)

Alghamdi and
Almahdy et al. [38]
(KSA, 610, 14 to 16)
Fernández et al. [39]
(Brazil, 1210, 8 to 12)

Kottayi et al. [13]
(India, 2000, 12 to 15)

Kumar et al. [15]
(India, 1092, 11 to 14)

—

∗Case-control study. ∗∗Longitudinal study. )e rest are cross-sectional studies.
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4.3.2. Untreated Caries and Consequences. Another expla-
nation for the inverse associationmight be that children with
untreated caries could experience pain and infection, thus
preventing them from consuming adequate nutrition. In
addition, other factors that contribute to overall wellbeing
could be affected, including the ability to sleep, which in turn
may lead to malnutrition and growth impairment
[12, 18, 20, 25, 36]. )e wider literature suggests that un-
derweight children gained weight after receiving dental
treatment [19, 50].

However, this possible explanation is more apparent in
populations with a high proportion of severe and untreated
dental caries [28, 37].

4.3.3. Saliva Production. Another possible explanation for an
inverse relationship is that saliva production increases due to
increased food consumption in obese groups [36]. )e
protective effect of saliva as a mechanical cleanser and pH
buffer could thus reduce the incidence of dental caries
[36, 51].

4.3.4. Socioeconomic Status. Many authors have suggested
that both being underweight and having dental caries could
be due to poverty and low socioeconomic status
[15, 16, 18, 19, 25, 28, 37, 38]. Nonetheless, this association is not
present in all populations, and there is great variation globally
that can be partially attributed to cultural differences [52].

4.4. No Relationship. Some investigators found no correla-
tion between obesity and dental caries. One possible ex-
planation for this stems from the fact that both obesity and
dental caries are multifactorial in etiology, and various
genetic and environmental factors have an impact on them.
Consequently, the many confounding factors, including age,
gender, and lifestyle, might determine the development of
these conditions [31, 32]. Nonetheless, the literature suggests
that dietary factors, oral hygiene practices, and socioeco-
nomic status are more significant risk factors for dental
caries than for the development of obesity [16, 22].

Moreover, as stated previously, obesity can be due to an
increased intake of dietary fats, which has less influence on
the development of dental caries than a diet high in sugar
[36, 44, 45].

Interestingly, where proper oral hygiene is maintained
with adequate fluoride exposure, dental caries prevalence
has decreased despite increases in sugar consumption [21].

4.5.Methodological Considerations. )is section will discuss
the possible methodological explanations for the variation in
relationships observed in the literature.

4.5.1. Age of Participants. )e differences between the re-
ports might be related to diversity in the age of study
subjects. While some studies investigated the association
between obesity and dental caries in narrow or wide age
ranges, one study investigated caries in children in a single

age group (8 years old) [28]. )e widest age range among the
included studies was noted in da Silva et al. who included 3-
to 15-year-old participants [30].

It is possible that caries is an age-related, cumulative
condition, and thus, older groups are more likely to exhibit
higher prevalence of dental caries [19]. However, in younger
children, the prevalence of dental caries may decrease with
increasing age as a result of the exfoliation of primary teeth
[20].

One important consideration of studies incorporating a
wide range of age groups is that children of different ages
may have particularly varied dietary habits and lifestyles
[20]. Children and adolescents becomemore independent of
food choice with increasing age, which is a significant in-
fluence in regard to this association. Older children who are
overweight or obese often have dietary lifestyles involving
frequent eating and are therefore more likely to experience
dental caries as a result [49].

4.5.2. Gender of Participants. Gender differences may
contribute to differences in diet, eating patterns, and
physical activity, as well as in time of tooth eruption [49].
Moreover, gender-related differences in the amount of body
fat result from differences in growth milestones, body
structure, and hormonal effects [49]. )ese may influence
the prevalence of obesity and dental caries, and thus their
correlation [21].

)e majority of the included studies attempted to
maintain a consistent distribution of male and female
participants in their samples. However, Bhayat et al. [36],
and Alghamdi and Almahdy [38], studied the association
between obesity and dental caries in a sample comprised
only of boys.

While some studies reported more dental caries in boys
[19, 20], Quadri et al. [12] found more dental caries in girls.
By contrast, some studies concluded that there is no dif-
ference in dental caries between both genders [18, 25].

With regard to obesity, girls were more likely to be obese
[18, 25, 26].)us, similar gender distribution is an important
factor to consider avoiding misleading conclusions [35].

4.5.3. Sample Size. Sample sizes were clearly disparate be-
tween the included studies.)e sample sizes of the 26 studies
ranged from 100 to 32461, and the median sample size was
521. )e majority of studies included less than 1,000 par-
ticipants (n� 20).

Increasing the sample size was recommended by most of
the studies, particularly to overcome the effect of dividing
the body mass index (BMI) scores into subgroups.

4.5.4. Dental Caries Diagnoses. )e technique for diagnosis
of dental caries diagnosis used in all included studies was
direct visual oral examination with no radiograph. )is
detection technique typically results in an underestimation
of dental caries prevalence [24].

Another concern relates to the caries indices used in
these studies and the different diagnostic criteria employed.
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Most studies used decayed, missing due to caries, filled
teeth indices for primary and permanent dentitions (dmft/
DMFT) according to theWorld Health Organization (WHO)
criteria [12, 16, 19, 20]. According to the WHO criteria, only
the cavitation is inspected and recorded as a carious lesion,
and noncavitation carious lesions are not included.

One study used both DMFTand decayed, missing due to
caries, filled, surfaces (DMFS) [35]. By contrast, Qomsan
et al. [24] reported the DFTof the permanent dentition, and
Aluckal et al. measured the (dft) of the primary dentition
[23]. Both studies did not include the missing teeth due to
caries (mt/MT), which would alter their results.

)e American Academy of Pediatric Dentistry criteria
were used to record severe early childhood caries in children
that participated in a study by Davidson et al. [17]. )ese
criteria include noncavitation lesions in the definition of
dental caries in young children.

)e International Caries Detection and Assessment
System (ICDAS-II) is used to examine cavitation caries and
early enamel caries and was employed by some of the in-
cluded studies [14, 32].

)e National Institute of Dental Research (NIDR) cri-
teria employed by Farsi et al. [25] and Elkhodary et al. [18] is
an old caries scoring system, which was last updated in 1991
and is considered an intentionally conservative system, with
only clear cavitation being recorded as a carious lesion [53].

Studies using different diagnostic criteria could result in
different caries prevalence rates, which would affect the
results and potential relationship with obesity. )e impact
of this variation in reporting clinical outcomes amongst
researchers has not gone unnoticed, having been high-
lighted by authors of systematic reviews previously [54, 55].
)is has led to the development of the Outcomes in Trials
for Management of Caries Lesions (OuTMaC) study.
Whilst this study is ongoing, it aims to develop a core
outcome set for trials investigating clinical management of
caries lesions in primary or permanent teeth [27].

)e analyzed dentition varied between studies re-
gardless of the target age, especially in the mixed dentition
ages. )e inclusion of both primary and permanent den-
titions at different ages may have skewed the caries
prevalence and affected any association between obesity
and dental caries [36].

4.5.5. Anthropometric Measures. )e included studies used
a variety of methods for assessing obesity and anthropo-
metric measures. )e majority of studies assessed the
obesity based on BMI and did not report other anthro-
pometric outcomes. In addition, different BMI indices and
growth references were applied in these studies
[13, 19, 21, 24, 36, 38].

Some studies relied on the recommended age- and gender-
specific WHO growth references, which were expressed as z-
scores and categorized into four subgroups: underweight,
normal, overweight, and obese [22, 29, 36, 38, 39].

)e BMI for age and gender percentiles according to the
Centers for Disease Control and Prevention (CDC) was
employed by some of the studies [12, 16, 19, 23, 24, 28].

Percentiles are derived from corresponding age- and gender-
adjusted z-scores and categorized into four subgroups as
underweight, normal, risk of overweight, and overweight.

By contrast, other studies employed the international
BMI recommended by the World Obesity/Policy and Pre-
vention (formerly International Obesity Task Force; IOTF),
which uses only two categories, “not overweight” and
“overweight” [13, 21]. )e age- and gender-specific in-
ternational BMI criteria (iso-BMI) are based on IOTF
guidelines and have four categories similar to the WHO
criteria. )ese criteria were applied by Qadri et al. [34].

Davidson et al. [17] used both WHO and CDC criteria,
and Liang et al. [20] applied all the criteria from all three
(WHO, CDC, and IOTF).

)e different references that were applied in these studies
might have altered the findings and comparisons between
their results should be made with caution. Interestingly, a
systematic review showed a significant association between
obesity and dental caries when the BMI for age and gender
percentile (CDC) were reported and no significant associ-
ations when z-scores (WHO) were reported [2].

)e BMI thresholds in the included studies were based
on different growth and development charts between dif-
ferent countries. For instance, Liang et al. [20] used a
Chinese chart, Farsi et al. [25] used a Saudi chart, and Kumar
et al. [15] used an Indian growth chart. Consequently, the
different classification criteria produce different groups.
Furthermore, the methodology for BMI grouping and dis-
tribution in the studies was inconsistent. It is therefore
recommended to distribute samples into the full range of
BMI categories to maintain a normal distribution [9, 17].

In contrast, Americh-Torres et al. [32] grouped the
participants into three categories (normal weight, over-
weight, and obese), whilst Soares et al. [14] combined the
overweight and obese groups together, which resulted in
three groups: underweight, normal, and overweight/obese.

Although BMI is clearly an effective screening tool, there
is growing concern regarding the accuracy of using BMI to
precisely detect obesity. BMI is calculated using height and
weight, which vary widely during growth, especially for
children [53, 56]. Additionally, BMI has comparative lim-
itations due to inherent differences in body fat percentage
between males and females [17].

Due to the limitations of BMI, some studies have
evaluated obesity using other diagnostic techniques or in
combination with them.

Waist circumferences were reported in three of the
included studies as a supplement to the BMI measured
according to CDC percentiles [18, 22, 25]. In addition to
BMI, Li et al. [33] recorded waist circumference, waist-to-
hip ratio, waist-to-height ratio, and skinfold thickness.)ese
techniques are more precise, accurate, and reliable tools for
defining obesity levels; yet, they are not widely used within
the literature [24, 25, 57].

4.5.6. Statistical Analyses. )ere were different statistics
used in the included studies using correlation and regression
to investigate the association between obesity and dental
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caries. Some studies used Pearson’s correlation [23, 28],
while others used Spearman’s correlation [18, 24, 29].
Multiple linear regression was employed by some of the
studies [14, 17, 21, 36], while others used Poisson’s re-
gression [19, 22, 34, 39], or logistic regression models
[12, 20, 21, 30–33].

Careful consideration and selection of statistical tests are
necessary to reach reliable conclusions. Moreover, both
clinical significance and statistical significance should be
interpreted carefully. )e results of two studies [15, 16]
showed an inverse association between obesity and dental
caries, which was not statistically significant, thus reaching a
conclusion of no association. In contrast, Kottayi et al. [13]
reported a nonsignificant positive association between both
conditions, leading to a conclusion of no association.

4.5.7. Confounding Factors. )e studies included within this
review were conducted in a range of developed and de-
veloping countries. Different populations and communities
have varied political structures, and underlying cultural
influences have been shown to hold an important role in
caries prevalence [52]. Furthermore, the variation in dental
and health services and facilities, including proper health
education and dietary counselling, can affect oral and
general health outcomes [21, 30]. )e samples used in some
studies included children and adolescents from different
social and ethnic backgrounds; yet, these be representative of
the source populations.

Additionally, wide variation was noted between studies
regarding the assessment and control of potential con-
founding factors.)ese factors relate to age, gender, lifestyle,
dietary habits, oral hygiene, socioeconomic status, race/
ethnicity, physical activity levels, and even types of
schools. Each study controlled for a few of these con-
founding factors, but other potential confounding factors
were not assessed. All of these uncontrolled confounders
could have biased the results [20, 25, 36].

)e challenge in exploring the association lies in de-
termining the impact of potential confounding factors.
Careful consideration should be given to future studies in
this remit to ensure that the study design minimizes any
impact from these important confounding factors.

4.5.8. Study Design. )e inconsistent associations reported
between obesity and dental caries could be due to meth-
odological limitations and variations in study designs.

Clearly, for ethical reasons, any randomized controlled
trials in this field would be precluded. As a result, the
majority of the included studies were cross sectional. )e
main limitation of cross-sectional studies is that definitive
information about cause and effect relationships cannot be
determined. )ese types of study cannot identify risk factors
and often miss many of the confounding factors that in-
fluence a particular problem over time when studying
chronic diseases such as obesity and dental caries. De-
termining the weight and impact of a confounding factor in
an observational study can be difficult [19, 20].

Further longitudinal studies could provide greater un-
derstanding of the cause, mechanism, and consequences of
any possible association between these conditions [20, 39].

Longitudinal studies would benefit from adequate ad-
justment for confounding variables and from the use of
continuous outcomes. )is could be more effective for the
development of more realistic models for predicting such
chronic conditions.

)e studies identified in this narrative review confirm
the range in associations between caries and obesity in
children and young people that have been highlighted in
previous systematic reviews [2, 9–11]. Furthermore, this
review provides a detailed consideration of the potential
reasons behind these varied associations and highlights the
complexity of this relationship.

)is study focused on the more recent published liter-
ature in this field, in order to gain more contemporary
findings relating to the associations between the two con-
ditions, yet this could be considered a limitation of this
study. Furthermore the range of databases searched was not
extensive, though this is generally acceptable for a narrative
review of the subject.

Future research in this area should be directed to the
conduct of high-quality longitudinal studies, designed to
minimize the impacts of confounding variables. A closer
analysis of the associations between caries and obesity in
children and young people in relation to differing pop-
ulations and cultural values could also contribute greatly to
the evidence base in this field.

5. Conclusion

Both obesity and dental caries are multifactorial conditions,
and it is difficult to assess all of the associated risk factors
simultaneously. )e association is far more complex than
can be explained by a single common risk factor or dietary
habits alone.

)e presence of multiple confounding factors resulted in
an inability to draw a firm conclusion regarding the asso-
ciation. )is review provides additional evidence for the
complexity of this association.
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Background. Previous research has reported an association between tooth loss and patient mortality, while the cause of death has
not been elucidated. Objective. .e purpose was to describe and compare the cause of death in implant patients treated con-
secutively in the edentulous arch with a reference population.Methods. Altogether, 3902 patients were included between 1986 and
2014. Data on the causes of death for deceased patients were compared to the Swedish National Cause of Death Register for a
comparable time period. Standardised mortality ratios (SMRs) were calculated based on gender and age and tested for statistical
significance. Results. Most deceased patients (2,098) died from diseases in the circulatory system (CVD; 42%) and from cancers
(26%). SMR indicated a generally increased mortality (total group) compared to the reference population during inclusion
(P< 0.05; 1986–2014). Patients treated early (1986–1996) showed a lower SMR compared to patients treated later (P< 0.05;
1997–2014) especially related to CVDs. Younger patients (<60 years at surgery) showed an increased mortality due to CVDs when
treated late (1997–2014; SMR� 5.4, P< 0.05). Elderly patients (>79 years at surgery) showed a significantly lower mortality in
almost all observed causes of death (1986–2014; P< 0.05) with also a significantly lower mortality due to CVDs during the early
period (1986–1996; SMR� 0.3, P< 0.05). Conclusion. An overall increased mortality was observed for the edentulous implant
patient compared to the reference population. Elderly patients (>79 years) showed significantly lower mortality for all causes of
death independent of the time period of implant surgery. Younger patients (<60 years) present an increased risk for early mortality
related to CVD. SMR for all causes of death increased for patients treated late (1997–2014) as compared to patients treated
early (1986–1996).

1. Introduction

.e prevalence of tooth loss and edentulism has been de-
creasing in most European countries during the last decades
[1]. Oral rehabilitation with implant-supported prostheses is
a common treatment and known to improve oral function
and quality of life [2]. Furthermore, the time span between
when the patient become edentulous and time of implant
rehabilitation has shortened remarkably over the last decades

[3]. Nowadays, the rehabilitation often starts immediately
after tooth loss [3] while in the 1990’s the average time of
edentulousness was over 14 years before implant treatment
[4].

.e major reasons for tooth loss are caries and peri-
odontitis [5, 6]. .e latter is described as a chronic infection
in the supportive tissue around the teeth. .ere is some
hypothesis that chronic inflammation in the periodontium
contributes to the pathogenesis of diseases in the circulatory
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system which could proceed to mortality due to diseases in
the circulatory system [7], but a causality has not been
shown.

Furthermore, the number of remaining teeth has been
shown to be a predictor for all-cause and cardiovascular
mortality [8–10]. .e degree of tooth loss also seems to be
associated with an increased risk for peri-implant compli-
cations in both short- and long-term follow-up studies
[11, 12]. .us, risk for early severe peri-implant in-
flammation after the implant placement has been reported to
be associated with the middle-aged patient [13], and early
total tooth loss has been suggested to be a risk factor in
relation to mortality [14]. Similarly, early placement of ar-
tificial prostheses replacing the knee and hip joints have also
been reported to be associated with an increased risk for
early mortality in young (<55 years) patients [15, 16].
Edentulous patients, treated with dental implants before the
age of 60 years, presented a higher mortality rate compared
to a reference population, in contrast to elderly edentulous
implant patients who live longer than the reference pop-
ulation [14]. .e reasons for these observations are still
unclear.

.e aim of this study was to examine and report the
pattern of cause of death in a consecutive group of implant
patients treated in the edentulous arch at one referral clinic
and to compare the results to the mortality pattern in the
entire Swedish population in different age groups.

2. Materials and Methods

.e present study is a retrospective study including all
consecutive patients treated in the edentulous jaw between
January 1986 and December 2014 at one clinic (Brånemark
clinic, Public Dental Health Service, Gothenburg, Sweden).
.e patients were provided with dental implants (Bråne-
mark implant, Nobel Biocare AB, Sweden) either in the
upper or lower edentulous jaw or in both. .e study was
approved by the local Ethics Committee in Gothenburg
(#460–15).

2.1. Study Population. A total of 9037 patients were treated
with a total of 40937 implants during 11551 operations at the
clinic during the inclusion period. Patients who were not
residents in Sweden or who moved abroad during the
follow-up period were excluded before final inclusion. Al-
together, 3,902 patients (43.2%) remained for inclusion, who
all were edentulous in the upper and/or lower jaw and
provided with implant-supported prostheses. If the patient
was treated in both jaws, only the first event of surgery was
included.

.e total group of included edentulous patients
(N � 3902 patients) was divided into three subgroups
according to patients’ age at time of the first implant surgery.
.e first group includes 1,262 patients (54% females) who
were younger than 60 years, the second group comprised
2,350 patients (55% females) between an age of 60 and
79 years, and the third subgroup comprised 290 elderly
patients (62% females), aged 80 years or older. Altogether,

2142 and 1760 of the included patients were females and
males, respectively.

In addition to the age-specific subgroups, the entire
study population (N � 3902 patients) was also divided into
two time-specific groups where the first group includes all
patients treated between 1986 and 1996 and the second
group covers all edentulous patients treated with dental
implants between 1997 and 2014. .e distribution of the
three age-related subgroups in this two time periods of
inclusion is shown in Figure 1.

All included patients (N � 3902 patients) were available
for follow-up in the Swedish national population registers
from implant treatment to the termination of the study. Data
on the cause of death for all deceased patients were obtained
from the Swedish National Cause of Death Register of the
National Board of Health and Welfare in Sweden. In this
register, the date of death and underlying cause of death was
registered for all citizens in Sweden and cause of death was
coded using the International Classification of Diseases
(ICD), version 10 [17]. When ICD-8 or ICD-9 codes were
applied, they have been translated into ICD-10 codes using
the conversion table from the National Board of Health and
Welfare. .e observed number of deceased patients in the
study group was compared with an expected number based
on the official mortality register of the Swedish population.
Age, gender, and the calendar year-specific mortality rates
from the Swedish National Cause of Death Register was the
basis for the calculation of the expected number of deceased
patients. Until 1996, the expected number of deceased pa-
tients was calculated using the statistical database for causes
of death from the Statistics Sweden [18] and from 1997 using
a similar database from the National Board of Health and
Welfare [19]. Standardised mortality ratios (SMRs) for the
populations were calculated by using the ratio between
observed deaths in the study group and expected deaths in
the reference population.

2.2. Statistical Analyses. In the present report, descriptive
data are presented as numbers, frequencies, percentages,
medians, and 25th (P25) and 75th (P75) percentiles. In
general, numbers are corrected to one decimal in tables and
text. Patients were grouped according to age, different for
different types of analysis. Demographic data and number of
deaths were obtained from Statistics Sweden and the Na-
tional Board of Health and Welfare for the Swedish pop-
ulation (used as reference population). .is was used to
calculate mortality in the age-specific reference groups and
to calculate the standardised mortality rate (SMR, observed
number of deaths divided by the expected number of deaths,
standardised to the Swedish population) for the investigated
causes of death. For SMR, 95% confidence intervals were
calculated, and the SMR was considered to be statistically
significant if the 95% confidence interval did not contain one
(1.00). .e calculated P values were considered statistically
significant if P< 0.05 with 95% confidence intervals. .e
statistical calculation was performed using SAS/STAT®software using the procedure PROC STDRATE, ©SAS In-
stitute Inc., Cary, NC, USA.
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3. Results

Out of a total of 3,902 included edentulous patients, 2,098
(53.8%) patients were deceased during the inclusion period
(1986–2014). .e median age at death for the 1,000 men
(48%) and 1,098 women (52%) was 69 years (P25 � 62 years
and P75 � 75 years).

Among the 2,098 deceased patients, a total of 883 (42%)
patients died of diseases in the circulatory system, while 556
(26%) patients died due to cancers. In the total Swedish
reference population (>45 years), mortality related to dis-
eases in the circulatory system accounted for almost 50
percentage of cause of deaths, followed by various cancers
causing 25% of deaths. For the total study group, the
standardised mortality ratio (SMR) indicated a generally
increased mortality compared to the reference population
(Table 1). However, patients treated between 1986 and 1996
showed a lower SMR compared to those treated in the later
period between 1997 and 2014, especially in relation to
diseases in the circulatory system (Tables 2 and 3). As shown
in Table 3, the group of patients treated in the later time
period (1997–2014) has a significantly increased SMR in
almost all causes of death independent of gender.

3.1. Causes of Death in Patients Younger than 60Years at
Implant Operation. In contrast to the overall adult Swedish
population, cancers are the most common cause of death in
the present age group ranging from 45 to 59 years. .e
cause-specific mortality in the subgroup of 1,262 patients
who were <60 years of age at the time of implant surgery
shows a generally increased SMR (SMR� 1,6; P< 0.05).
Seventy-five patients (5.9%) were deceased during the in-
clusion period..emost frequently observed causes of death
were diseases of the circulatory system (N � 21) and cancer
(N � 26), including one-third of all deceased patients each.

Significant differences for the deceased patients were ob-
served between the early (1986–1996) and late (1997–2014)
time period, where the latter shows increased values for SMR
in all causes of death (SMR� 1.6 and 2.7, respectively). It can
be noticed that the number of deaths related to diseases of
the circulatory system in patients treated between 1997 and
2014 was over five times higher as compared to the general
population (P< 0.05; Table 4). An increased mortality from
diseases in the respiratory system as well as from mental
illness and endocrine andmetabolic diseases was apparent in
this subgroup of patients. However, significant differences
could not be obtained.

3.2. Causes of Death in Patients 60–79 Years of Age at Implant
Operation. In this subgroup that included 2,350 individuals,
1,497 patients (63.7%) died during the time of inclusion.
Most of the patients (42%) died because of diseases in the
circulatory system followed by tumours (27%) and diseases
in the respiratory system (8%). For all causes of death, the
observed number of deceased patients is lower than expected
(SMR� 0.9, P< 0.05). No clear difference was detected be-
tween patients treated between 1986 and 1996 and those
treated between 1997 and 2014 (P> 0.05). However, mor-
tality due to mental illness was two and half times higher in
the total study group (1986–2014) as compared to the ref-
erence population (P< 0.05). Also, a higher risk for mor-
tality due to diseases in the respiratory system was found in
this group (SMR� 1.4, P< 0.05).

3.3.Causes ofDeath inPatientsOlder than79 Years at Implant
Operation. Fifty percent of the elderly, aged 80 years or
more, are expected to die due to diseases in the circulatory
system in the Swedish population. Altogether, 236 patients
in the present elderly group (>79 years) died during

Total = 2,496 patients

Subgroup 1
N = 873
Subgroup 2
N = 1503
Subgroup 3
N = 120

(a)

Subgroup 1
N = 389
Subgroup 2
N = 847
Subgroup 3
N = 170

Total = 1,406 patients

(b)

Figure 1: .e total group of 3902 included patients was arranged into two subgroups with regard to time at surgery ((a) 1986 to 1996; (b)
1997 to 2014). Distribution of number of treated implant patients according to age is presented for the two subgroups (subgroup #1,
<60 years at implant surgery; subgroup #2, 60 to 79 years; subgroup #3, >79 years).
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Table 2: Mortality among 2496 (1384 females vs. 1112 males) treated edentulous patients undergoing treatment with dental implants
1986–1996 and deceased between 1986 and 1996.

Cause of death

Total number of
deceased patients (N � 245)

Number of deceased males
(N � 143)

Number of deceased
females (N � 102)

Observed Expected SMR∗ 95%
CI† Observed Expected SMR 95%

CI Observed Expected SMR 95%
CI

Infectious diseases 0 2 0.0 0 1 0.0 0 1 0.0
Tumours 87 62 1.4‡ 1.1–1.7 43 29 1.5 1.0–1.9 44 33 1.3 0.9–1.7
Endocrine/metabolic
diseases 7 6 1.2 0.3–2.0 6 2 2.5 0.5–4.6 1 3 0.3‡ 0.0–0.9

Mental illness 5 7 0.7 0.1–1.2 3 3 1.0 0.0–2.6 2 5 0.4‡ 0.0–0.9
Diseases in the
circulatory system 100 145 0.7‡ 0.6–0.8 63 66 0.9 0.7–1.2 37 79 0.4‡ 0.3–0.6

Diseases in the
respiratory system 22 22 1.0 0.6–1.4 11 10 1.1 0.4–1.7 11 12 0.9 0.4–1.5

Diseases in the
digestive system 7 9 0.8 0.2–1.4 5 4 1.2 0.2–2.4 2 5 0.4‡ 0.0–0.9

All causes 245 278 0.9‡ 0.8–0.9 143 127 1.1 0.9–1.3 102 150 0.7‡ 0.5–0.8
∗SMR: standardised mortality ratio; †95% CI, 95% confidence interval; ‡statistically significant.

Table 3: Mortality among 1406 (758 females vs. 648 males) treated edentulous patients undergoing treatment with dental implants
1997–2014 and deceased between 1997 and 2014.

Cause of death

Total number of
deaths (N � 459)

Number of male
deaths (N � 219)

Number of female
deaths (N � 240)

Observed Expected SMR∗ 95%
CI† Observed Expected SMR 95%

CI Observed Expected SMR 95%
CI

Infectious diseases 10 4 3.0‡ 1.1–5.0 4 1 3.1 0.1–6.3 6 2 3.0 0.6–5.4
Tumours 129 37 3.5‡ 2.9–4.1 68 17 4.0‡ 3.0–4.9 61 19 3.2‡ 2.4–4.1
Endocrine/metabolic
diseases 10 2 4.3‡ 1.6–6.9 6 2 3.4 0.6–6.1 4 3 1.4 0.1–2.9

Mental illness 21 6 3.7‡ 2.1–5.2 6 3 1.9 0.4–3.4 16 9 1.7 0.8–2.5
Diseases in the
circulatory system 185 44 4.2‡ 3.6–4.9 88 33 2.7‡ 2.1–3.2 97 55 1.8‡ 1.4–2.1

Diseases in the
respiratory system 36 7 5.4‡ 3.7–7.2 14 6 2.5‡ 1.2–3.8 22 8 2.9‡ 1.7–4.1

Diseases in the
digestive system 11 3 3.7‡ 1.5–5.9 6 2 2.8 0.6–5.0 5 3 1.5 0.2–2.7

All causes 459 187 2.4‡ 2.2–2.7 219 73 3.0‡ 2.6–3.4 240 113 2.1‡ 1.9–2.4
∗SMR: standardised mortality ratio; †95% CI, 95% confidence interval; ‡statistically significant.

Table 1: Mortality among 3902 (2142 females vs. 1760 males) treated edentulous patients undergoing treatment with dental implants
1986–2014 and deceased between 1986 and 2014.

Cause of death

Total number of
deceased patients (N � 2098)

Number of deceased males
(N � 1000)

Number of
deceased females (N � 1098)

Observed Expected SMR∗ 95%
CI† Observed Expected SMR 95%

CI Observed Expected SMR 95%
CI

Infectious diseases 32 19 1.6‡ 1.1–2.2 17 8 2.2‡ 1.1–3.2 15 12 1.2 0.6–1.9
Tumours 556 294 1.9‡ 1.7–2.0 279 134 2.1‡ 1.8–2.3 277 159 1.7‡ 1.5–1.9
Endocrine/metabolic
diseases 49 31 1.5‡ 1.1–1.9 30 13 2.4‡ 1.5–3.2 19 19 1.0 0.5–1.4

Mental illness 103 71 1.4‡ 1.2–1.7 32 19 1.6‡ 1.1–2.2 71 50 1.4‡ 1.1–1.7
Diseases in the
circulatory system 883 658 1.3‡ 1.2–1.4 418 265 1.6‡ 1.4–1.7 465 392 1.2‡ 1.1–1.3

Diseases in the
respiratory system 183 99 1.8‡ 1.6–2.1 77 42 1.8‡ 1.4–2.2 106 57 1.9‡ 1.5–2.2

Diseases in the
digestive system 50 43 1.2 0.8–1.5 27 18 1.5 0.9–2.1 23 25 0.9 0.5–1.3

All causes 2098 1377 1.5‡ 1.5–1.6 1000 563 1.8‡ 1.7–1.9 1098 813 1.35‡ 1.3–1.4
∗SMR: standardised mortality ratio; †95% CI, 95% confidence interval; ‡statistically significant.
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inclusion (81.4%) between 1986 and 2014. However, the
mortality was still significantly lower than expected
(SMR� 0.6, P< 0.05). As shown in Table 5, these elderly
patients showed a significantly lower mortality in almost all
observed causes of death compared to the reference normal
population during the total inclusion period.

Compared to the subgroups of younger patients (Fig-
ure 1), the >79 years age group comprised more patients in
the later (N � 170; 1997–2014) as compared to the early
inclusion period (N � 120; 1986–1996). Elderly patients
treated in the early time period (1986–1996) had significantly
decreased SMR in all causes of death compared to the
reference population (SMR� 0.4, P< 0.05). .ere was a
significant lower mortality due to diseases in the circulatory
system (SMR� 0.3, P< 0.05) in older patients treated be-
tween 1986 and 1996.

4. Discussion

In the present study, the number of patients treated in the
edentulous jaw is decreasing during the inclusion time
which is in line with results from a study reported by
Norderyd et al. where the frequency of middle-aged eden-
tulous individuals in Sweden decreased over the last decades
from 12% in 1983 to 0.3% in 2013 [20]. In the same time, the
age distribution of edentulous patients demonstrated in-
creasingly elderly patients (Figure 1), which was shown in
this study and confirmed by several studies [1,20–23].

.is large retrospective study shows a statistically sig-
nificant association between edentulism and risk for all-
cause mortality and for death due to the most common
diseases. .ese results are in line with previous studies that
has shown an association between missing teeth and mor-
tality due to diseases in the circulatory system [8, 24, 25]. In
this study, the time period for implant surgery was an
important factor for the risk for all-cause mortality in-
dependent of age and gender. In all three age-related

subgroups, patients treated in the earlier period (1986–1996)
show lower risk for all-cause mortality compared to the
patients treated in the later time period. .e reason for this
observation is unclear but could be that the edentulous
patient nowadays may belong to a more vulnerable group of
the population while the patients treated in the early period
of implantology comprised more generally healthy patients
who had lost teeth more due to lack of prophylactic care,
socioeconomic, or attitude reasons [4]. However, tooth loss
has been reported to be associated with increased risk for
patient mortality [9, 26, 27] which was also confirmed in the
present study, comparing the edentulous patient with the
general population independent of time period.

Unlike the general Swedish population, the number of
observed deaths due to diseases in the circulatory system was
higher as compared to the number of deaths due to cancers
in the group of patients treated in the later period of the
study (1997–2014). .e results show a statistically significant
increase in mortality due to diseases in the circulatory
system with later inclusion in younger patients (age range of
50–59 years). .e present findings suggesting younger
edentulous patients (aged <60 years) who have an increased
risk for cardiovascular mortality are supported by a study
from Brown [28] which conclude that complete edentulism
prior to the age of 65 years also is associated with an in-
creased risk of all-cause mortality.

.ese findings support the results of a previous study in
which patients with periodontitis were shown to have an
increased risk of cardiovascular and all-cause mortality [25].
In a recent published study from Nordendahl et al., [29]
females younger than 65 years of age with severe peri-
odontitis had an increased risk for myocardial infarction
even after adjusting for different confounding factors such
smoking, diabetes, education, and marital status. It is of
interest to note that increased mortality due to diseases in
the circulatory system has also been reported in patients with
osteoarthritis who are undergoing knee replacement [15]

Table 4: Mortality among 389 treated edentulous patients un-
dergoing treatment with dental implants who were 40–59 years of
age at surgery and deceased younger than 60 years and treated and
deceased during 1997–2014.

Causes of death
Total number of

deceased patients (N � 28)
Observed Expected SMR∗ 95% CI†

Infectious diseases 0 — — —
Tumours 8 4 2.1 0.7–3.6
Endocrine/metabolic
diseases 1 0.2 4.4 0–12.9

Mental illness 1 0.2 4.0 0.0–12.0
Diseases in the circulatory
system 11 2 5.4‡ 2.2–8.5

Diseases in the
respiratory system 2 0.3 7.3 0–17.4

Diseases in the digestive
system 1 0.4 2.3 0.0–6.9

All causes 28 10 2.7‡ 1.8–3.9
∗SMR: standardised mortality ratio; †95% CI, 95% confidence interval;
‡statistically significant.

Table 5: Mortality among 290 treated edentulous patients un-
dergoing treatment with dental implants who were >79 years at
surgery and treated and deceased during 1986–2014.

Causes of death

Total number of
deceased patients (N � 236)

Observed Expected SMR∗ 95%
CI†

Infectious diseases 3 6 0.5 0.0–1.1
Tumours 37 51 0.7‡ 0.5–0.9
Endocrine/metabolic
diseases 4 8 0.5‡ 0.0–0.9

Mental illness 14 24 0.6‡ 0.3–0.8
Diseases in the circulatory
system 129 189 0.7‡ 0.6–0.8

Diseases in the respiratory
system 17 29 0.6‡ 0.3–0.9

Diseases in the digestive
system 3 10 0.3‡ 0.0–0.6

All causes 236 362 0.6‡ 0.5–0.7
∗SMR: standardised mortality ratio; †95% CI, 95% confidence interval;
‡statistically significant.
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and after total hip arthroplasty [30]. Both periodontitis and
osteoarthritis are chronic inflammatory diseases [30–32],
and periodontitis is the most common reason for tooth
extraction in adults over 40 years of age [5, 33, 34]. In-
flammation with high circulating concentrations of in-
flammation biomarkers (C-reactive protein or fibrinogen) is
suggested to be associated with a subsequent risk for diseases
in the circulatory system [35, 36]. .e assumed increased
inflammatory activity in younger edentulous patients may
explain their higher rate of mortality due to diseases in the
circulatory system, as compared to the reference population.
.erefore, it could be suggested that edentulous middle-aged
patients should be investigated for increased risk of future
diseases in the circulatory system, in accordance to previous
suggestions for younger patients provided with knee joint
prostheses [15].

On the contrary, older edentulous patients (>79 years of
age) treated with dental implants have shown increased
longevity [14, 37] and the findings from this study with
significant lower SMR in all investigated causes of death for
these older patients could be associated with this
observation.

A major limitation of the present study is the lack of ad-
justment for confounders, such as smoking and obesity, both of
which increase the risk for diseases in the circulatory system.
Also, the reason for edentulousness in the study patients re-
mains unclear, and information about the socioeconomic status
and education is missing. However, previous studies [9, 10, 38]
suggested that the number of teeth was a predictor for mortality
independent on socioeconomic status and lifestyle factors.

All the patients in the present study are restored with
fixed implant-supported dental prostheses in the edentulous
jaw. As known, there are other options for prosthetic
treatment of the edentulous jaw-like removable dentures.
Fukai et al. [39] suggested an association between mortality
and complete dentures, where female subjects without
dentures and less than 10 functional teeth show a signifi-
cantly higher mortality rate. Another Japanese study [40]
concluded that the use of dentures was associated with a
decreased risk for mortality in persons aged 65 years or
older. In a recent published systematic review from Gupta
et al. [41], an association was found between prosthetic
rehabilitation with a complete denture and mortality. .is
review concluded that denture wearing was associated with
lower mortality compared to edentulous patients not using
dentures. However, whether this is due to the use of the
denture itself or due to the general capacity/motivation to
wear a denture is not clear, and a causal relationship remains
to be established.

5. Conclusions

Within the limitations of the present study, the following
conclusions could be made for the mortality pattern of
implant patients treated in the edentulous jaw between 1986
and 2014:

(i) For the total implant study group (N � 3902 pa-
tients), the standardised mortality ratio (SMR)

showed a generally increased mortality compared to
the national reference population

(ii) Patients treated early (between 1986 and 1997)
showed a significantly lower mortality compared to
the national reference population independent of
age

(iii) Younger patients (<60 years) treated with implants
in the edentulous jaw late (between 1997 and 2014)
showed an increased risk for mortality due to dis-
eases in the circulatory system (CVD) compared to
the national reference population of the same age

(iv) Elderly patients treated with implants in the
edentulous jaw (>79 years) showed significantly
lower mortality for all causes of death independent
of the time period of implant surgery compared to
the national reference population
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During pregnancy, the oral cavity is characterised by an acidic environment and an inflammatory response brought about by
vomiting and changes in hormonal levels, respectively, thereby increasing the mother’s risk of developing caries. Although
evidence exists to support an association between pregnancy-associated periodontal disease and adverse pregnancy outcomes,
there is a paucity of studies which focus on the caries prevalence and other oral manifestations of pregnant women..e aim of this
study was to assess the oral health status and treatment needs of pregnant women attending antenatal clinics in KwaZulu-Natal,
South Africa. Randomly selected mothers (n � 443) attending a maternal obstetrics unit participated in the study. A questionnaire
elicited demographic information about the participants, while the measurement of decayed, missing, and filled indices (DMFT)
determined their caries status. Oral lesions were noted if present. Descriptive statistics for independent variables described
frequencies in the various categories of race, location, pregnancy stage, etc., with the association between 2 independent variables
tested by chi-square. Dependent variables such as DMFTwere expressed as means and standard deviations, and ANOVAwas used
to examine whether independent variables significantly influenced the DMFT..e mean DMFTwas 7.18 (±4.22) with significant
correlations observed between DMFT, D,M, and age. F scores differed significantly between races, location, and educational levels
and showed a significant correlation with pregnancy stage. Pregnancy epulis was diagnosed in 38 (8.5%), oral lesions in 65 (14.7%),
and tooth mobility in 26 (5.9%) mothers. Early oral health screening during pregnancy can ensure the overall well-being of both
the mother and the foetus.

1. Introduction

.e World Health Organization in the preamble to its
constitution [1] defines health as not only an absence of
disease, but as a holistic state incorporating biological,
mental, and social well-being. What may be considered as
normal to some may not necessarily be so for others, par-
ticularly in regions where cultural practices dictate disease
experience [2].

.e impact of oral health on life quality is in relation to
sociodemographic factors, age group, and social class
background, all of which influence education and access to
health care [3]. In some cases, it is due to a general lack of
understanding of the importance of oral health care as well
as access to proper nutrition and medication [4].

Hormonal changes during pregnancy, along with gastric
acid exposure during recurrent morning sickness, result in
increased acidity in the oral cavity that can erode dental
enamel [5, 6]. Furthermore, progesterone decreases plasma
bicarbonate levels, thus contributing to the reduced pH [7].
.is, coupled with increased sugar consumption due to
dietary cravings, increases the risk for Candida colonisation
[8] and dental caries [9–12] which, if left untreated, can lead
to oral lesions, epulis, and tooth mobility [13]. It has been
suggested that children born of mothers who have high
caries levels are more likely to develop early caries [14, 15].

Although there is increasing evidence to support an
association between pregnancy-associated periodontal dis-
ease and negative pregnancy outcomes [16], fewer studies
have reported on the caries prevalence and other oral
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treatment needs of pregnant women. Maintaining oral
health during pregnancy may be achieved by early screening
and referring pregnant mothers to oral health care practi-
tioners for treatment to complement the overall well-being
of the mother and subsequently, the foetus.

2. Aim and Objectives

.e aim of this study was to assess the general oral health
status and treatment needs of pregnant women attending
antenatal clinics in the province of KwaZulu-Natal (KZN),
South Africa.

3. Materials and Methods

3.1. Recruitment of Participants and Ethical Considerations.
.e study population consisted of 443 pregnant women
attending maternal obstetric units (MOU) in KZN. MOUs
located at Community Health Centres (CHCs) and regional
hospitals in KZN were randomly selected. Nonprobability
sampling was employed to select the sites where participants
were enrolled using convenience sampling.

Ethical considerations were governed by the Declaration
of Helsinki [17]. .e study was ethically approved by the
research ethics committee of the University of the Western
Cape and the Provincial Department of Health, along with
the Municipal Health District managers who granted per-
mission for the research to be conducted at the various
hospitals and clinics selected.

Women attending the clinics were approached and of-
fered the opportunity to participate in the study with the
assurance that their information would remain confidential
and that they would receive feedback regarding any treat-
ment needs which may be indicated from the examination
[17]. Once the details of the study were explained to them (in
their mother tongue if needed), consent for participation
was provided by signing a consent form with the un-
derstanding that they could withdraw from the study if and
when they so desired. .ose who were unable to read or
write indicated their consent to participate by inserting an
“X” on the consent form.

.e study included patients with confirmed pregnancy
aged 18 years and older and excluded mothers with chronic
conditions such as diabetes mellitus [18], congenital heart
disease [19], pulmonary hypertension [20], and asthma [21]
and those on substance use including alcohol and illicit
drugs such as cannabis, cocaine, amphetamines, and opioids
[22], all of which have been associated with an increased risk
of adverse pregnancy outcomes and may have confounded
the outcomes of this study. Such risk groups are usually
referred to specialised centres where they receive appro-
priate assessment and treatment during pregnancy.

3.2. Sample Size. .e sampling of the participants from the
MOUs was by means of convenience sampling, and a sample
size of 400 participants was considered adequate, given a
95% confidence interval and a standard deviation of 10
(estimates of the variance (σ2 �±5), derived from similar
studies).

3.3. Data Collection. .is cross-sectional study collected
data using a standardized format which included a semi-
structured interview with the health professional and an
administered questionnaire to collect data. .e question-
naire elicited demographic information about the partici-
pants and included age at last birthday, stage of pregnancy,
race, educational level (important to assess knowledge
pertaining to oral hygiene status), medical history (to ex-
clude participants with conditions which may confound the
outcomes of the study), and urban or rural location (to assess
local environmental conditions and availability of services).

3.4. Clinical Examination. Maternal oral health status was
determined by recording of decayed, missing, and filled teeth
(DMFT) according to WHO criteria [23] and by noting any
oral lesions present.

As a part of assessing the overall health status, clinical
indices to assess periodontal health status (i.e., gingival
index, periodontal pocket depth, and clinical attachment
level) were also recorded as published in a previous paper
[24] and will not be repeated here.

3.5. Intraexaminer Reliability. All measurements were per-
formed by the same dentist, and intraexaminer reliability was
confirmed usingKappa statistic with 95% agreement on criteria.

3.6. Data Analysis. SPSS was used to perform the statistical
analyses. Analyses included simple descriptive statistics in
the form of frequency distributions and means. Descriptive
analyses for categorical (independent) variables were
expressed as percentages, mean, and standard deviation..e
response rate was very high, and inferential analysis was
used to generalize the results obtained from the random
(probability) sample back to the population from which the
sample was drawn. .e univariate, chi-square test was
conducted to investigate relationships between the ordinal
(dependent) variable and DMFT while a bivariate ANOVA
test was used to determine the correlation between DMFT
scores and race, pregnancy stage, location, and educational
levels. Statistical significance was defined as p< 0.05.

4. Results

Although 488 mothers were recruited to participate in the
study and completed the questionnaires, 45 were excluded
from the final analysis due to the exclusion criteria, in-
complete data, and incoherent data. .e final sample con-
sisted of 443 mothers.

.e mean age was 24.1 years (±5.3 years) with a median
of 23 and a range of 18–42 years.

Table 1 lists information regarding location, educational
level, and race gained from the questionnaire while Figure 1
demonstrates the pregnancy stage distribution of the study
population. Using the racial classification system to assess
national and regional inequities in South Africa, the par-
ticipants were classified as African (black ethnic origin),
Coloured (mixed race), Indian, and White. .e sample
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consisted predominantly of individuals of black ethnic or-
igin (81.26%) who constitute the majority of public health
facility users in South Africa, followed by Coloured (12.64%),
Indian (23%), and White (4%) (Table 1).

No significant correlations were observed between
pregnancy stage and regional distribution, between preg-
nancy stage and educational levels, and between pregnancy
stage and race of the participants (p> 0.05).

4.1. Oral Health Assessment. .e frequency distribution of
DMFT scores is shown in Figure 2. .e mean (SD) DMFT
was 7.18 (±4.22).

Correlation coefficients demonstrated significant cor-
relations between DMFT and patient age and pregnancy
stage as well as between D, M, and age and between
pregnancy stage and F (Table 2). No correlation was ob-
served between pregnancy stage and DMFT, D, andM, while
F showed a significant correlation (Table 2).

Using the parametric one way ANOVA, DMFT scores
differed significantly between races and educational levels
(Table 3), while F scores differed significantly between races,

location, and educational levels. No significant differences
were observed in DMFT scores when compared with preg-
nancy stage or when urban and rural areas were compared.

Pregnancy epulis was diagnosed in 38 (8.5%) subjects.
Oral lesions were found in 65 (14.7%) subjects of whom 46
(10.4%) presented with 1 oral mucosal lesion and 19 (4.3%)
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Figure 1: Gestational stage distribution of the study population.
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Figure 2: Frequency distribution of DMFT.

Table 1: Regional distribution, educational levels, and race of
participants.

Variable Frequency (%)
Regional distribution
Urban 403 (90.9%)
Rural 40 (9.03%)

Educational levels
Primary 30 (6.7%)
Secondary 314 (70.8%)
Tertiary 99 (22.3%)

Race
African 360 (81.3%)
Indian 23 (5.2%)
Coloured 56 (12.6%)
White 4 (<1%)

Table 2: Correlation of DMFTscores with age and pregnancy stage.

Age Pregnancy stage
r p r p

DMFT 0.220 <0.001 0.057 0.232
D 0.107 0.025 0.039 0.410
M 0.200 <0.001 0.012 0.800
F 0.091 0.058 0 0.0005

Table 3: ANOVA comparison of DMFT with race, location, and
education.

DMFT D M F
Race
African (n � 360) 6.889 2.938 2.825 1.155
Coloured (n � 56) 8.661 3.125 3.482 2.160
Indian (n � 23) 7.783 2.956 2.695 2.043
White (n � 4) 10.00 2.000 3.000 5.000
F 3.681 0.263 1.186 11.59
df 3,399 3,438 3,439 3,439
p 0.012 0.852 0.314 0.0001
Location
Urban (n � 403) 7.15 2.92 2.851 1.419
Rural (n � 40) 7.50 3.3 3.425 0.800
F 5.591 0.898 1.94 3.975
df 2,440 47,52 1,441 1,441
p 0.633 0.373 0.164 0.046
Education
Primary 6.933 3.200 2.733 1.033
Secondary 6.822 2.907 2.780 1.178
Tertiary 8.424 3.030 3.343 2.050
F 5.591 0.226 2.012 8.901
df 2.440 2,439 2,440 2,440
p 0.004 0.797 0.135 0.0002
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presented with 2 lesions each, diagnosed as candidiasis and/
or aphthous ulcers.

Tooth mobility was recorded in 26 (5.9%) mothers, of
whom 16 had severely mobile teeth in more than one
quadrant.

5. Discussion

It has been suggested that the oral microbiome may influence
the constitution of the intrauterine biome [25], thereby
influencing pregnancy outcomes. We assessed the caries
status and treatment needs of 433 pregnant women who
attended antenatal clinics in the KZN province in South
Africa, usingWHOdentition status and treatment needs [22].

.e mean age of the study population was representative
of a substantial portion of the most economically active
individuals [26, 27] and an age wherein mothers are more
open to changing their attitudes to ensure better health for
themselves and their babies [28, 29].

.e majority of these mothers were of African race,
largely disadvantaged, with many living under subeconomic
conditions and very few having acquired tertiary education.
Educational level is thought to determine the level of em-
powerment and employability of an individual, though other
market factors may also contribute to determining em-
ployment status and income [26, 27], all of which contribute
to access to health care [30] and disease development [3]. For
that reason, many do not receive adequate health care and
remain ignorant of the need to seek dental help during
pregnancy.

With amean DMFTscore of 7.18, the results of this study
were not unlike that reported in an Italian study [31], but
higher than the score of 4.08 reported from a rural teaching
hospital in India [32] and lower than the score of 12.57
reported from southeast Hungary [33] and the scores of 18
and 14 reported from Finland [34] and Brazil [35],
respectively.

No significant correlation was found between DMFTand
pregnancy stage, unlike earlier studies which showed that
DMFT increased significantly in the 3rd trimester of preg-
nancy compared to the first trimester [36, 37]. In this study,
D and M correlated with age as reported in previous studies
[33, 36, 37]. .e significant correlation between F and
pregnancy stage, race, location, and educational levels may
be attributed to socioeconomic status and therefore treat-
ment affordability [3, 38, 39].

Besides caries, pregnancy may also bring about other
changes in the oral cavity including gingival hyperplasia and
pregnancy epulis [40]. Pregnancy epulis (also known as
pregnancy oral tumour, epulis gravidarum, or pyogenic
granuloma), oral mucosal candidiasis, and aphthous ulcers
were also observed in this study population.

Similar reports state that pregnancy epulis presents most
commonly towards the end of the first trimester of preg-
nancy and typically recedes after delivery, occurring in
approximately 0.2% to 9.6% of pregnancies [41, 42]. It is
most often seen in the gingiva particularly as a result of poor
oral hygiene [43] and is associated with increased pro-
gesterone levels in combination with bacteria and other local

irritants [11, 44]. Such lesions are generally not treated
unless they bleed, interfere with mastication, or remain and
do not resolve after delivery.

Candidiasis during pregnancy may be favoured by the
oral acidic environment created by the biochemical and
hormonal changes which, in turn, bring about a change in
the normal microbiota of the mouth, allowing for the yeasts
to grow. Although caries activity has largely been attributed
to the presence of oral streptococci such as Streptococcus
mutans and S. sobrinus, recent studies have reported similar
virulence factors expressed by Candida albicans [45], with
oral levels of Candida recognised as indicators of caries
activity [46] and possible vertical transmission frommothers
to early caries-affected children [47]. However, the precise
mutualistic and synergistic mechanisms of the interaction
between Candida and the oral streptococci implicated in
caries are yet to be determined. A recent comparison of
pregnant and nonpregnant women showed that increased
yeast load did not necessarily indicate candidiasis and that
although yeasts were more prevalent in women who were
pregnant, continuing throughout pregnancy, nonpregnant
women carried a higher yeast load [8].

.e actual aetiology of aphthous ulceration is not
known, although it was found to be associated with vitamin
and mineral deficiencies [48] and has also been observed in
nonpregnant women with its occurrence seen to reduce
during pregnancy. With many of these women coming from
disadvantaged backgrounds, diet deficiencies would not be
uncommon, thus explaining the presence of these lesions.

.e tooth mobility observed in this study may be as-
sociated with the presence of relaxin, a hormone known to
assist with the preparation of the birth canal for delivery and
thought to relax the periodontal fibres which hold the tooth
in position [6].

It is imperative for women to be screened for oral health
early in pregnancy and advised on the importance of good
oral hygiene, the need for regular dental visits, and changes
which may be expected in the oral cavity during pregnancy
[49] in order to understand what these changes represent
and be reassured of the safety of treatment.

.e small sample size of White women compared with
other race groups may be viewed as a limitation. However,
this can be explained by the fact that the clinics were situated
in areas of lower socioeconomic standards and therefore a
distinct reflection of the specific race groups that would be
housed there, given the history of the country. Another
limitation was the differences observed between self-
declared medical history and that taken from the patient’s
records. .is could account for women originally being
recruited to the study and later excluded based on the
physician’s records which were regarded as being more
accurate.

In an attempt to develop a standard method for mea-
suring and comparing oral health data from different
countries, the World Dental Foundation, Fédération Den-
taire Internationale (FDI) developed the Oral Health Ob-
servatory (OHO) [50] to obtain information on oral health
from individual dental practices as well as from national oral
health care systems to determine how they relate to the
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quality of life of individuals. An OHO proof of concept study
project conducted in the Netherlands to collect data on oral
health and oral care in dental practices using both patient
and dentist questionnaires on tablet computers [51] con-
cluded that although collecting real-time electronic data by
means of an app has the advantages of being done relatively
quickly with the information sent directly to a central da-
tabase, this application does not come without challenges.
Such an application would be of limited value in many
countries in Africa, particularly in rural areas where re-
sources are limited.

An effective model for assessing and conceptualising
the management of dental needs of pregnant women
should be aimed at prevention rather than curative pro-
cedures which may sometimes impact on both the mother
and her unborn baby [37, 40]. Barriers which have been
identified in achieving this objective include lack of
knowledge of the need for adequate oral hygiene and
negative experiences with, and attitudes towards, oral
health professionals [52] along with negative attitudes of
dental staff towards pregnant women [53]. .at said, there
is no need to defer dental treatment during pregnancy
since treatment after foetal organogenesis (2nd-3rd tri-
mester) was shown to be relatively safe [54] and should
include better collaboration between patient, dental
practitioners, and medical personnel with improved re-
ferral strategies [55].

Such collaboration has proved to be highly beneficial in
some countries. .e maternal oral screening tool (MOS)
developed by George et al. [56] allows for midwives/sisters to
assess the oral health risk for pregnant women by simply
reporting dental health problems during pregnancy and the
frequency of dental visits in the preceding 12months. A
patient with a score of ≥1 would indicate risk and referral to
a dentist.

.e application of screening tests such as those proposed
by George et al. [56] and Africa et al. [57] along with the
multifactorial model for oral health-related quality of life
(OHRQoL) of Sischo and Broder [2] may contribute to
achieving this collaboration between health care workers
and thereby ensure the overall well-being of both mother
and foetus to reduce the risk for adverse pregnancy
outcomes.

6. Conclusion

Maintaining good oral hygiene before and during pregnancy
is crucial for ensuring oral health. .e study highlighted the
oral health status of pregnant women within the current
public health system in KZN, South Africa, and makes it
imperative for the local Department of Health to make every
attempt to facilitate an improvement in oral health and
quality of life through assessment, education, and proper
treatment planning.
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Recent studies have suggested a bidirectional relationship between chronic periodontitis (CP) and diabetes mellitus (DM).
Immunoregulatory factors such as cytokines play an important role in etiopathogenesis of both diseases./e aim of this study was
to analyze variability in interleukin-1 (IL-1) gene cluster and IL-1β plasma levels in patients with CP, DM, and a combination of
both diseases. A total of 1016 individuals participating in this case-control study—225 healthy controls, 264 patients with CP, 132
with type 1 diabetes (T1DM), and 395 patients with type 2 diabetes (T2DM)—were genotyped usingmethods based on polymerase
chain reaction for IL-1 gene polymorphisms (IL-1A (−889C/T, rs1800587), IL-1B (+3953C/T, rs1143634), and IL-1RN (gene for
IL-1 receptor antagonist, IL-1RA, 86 bp tandem repeats in intron 2)). Levels of IL-1β were measured by Luminex methods in
subgroups of controls, CP, T1DM+CP, and T2DM+CP subjects. Although no significant associations were found in the
genotype and allele frequencies of IL-1A (−889C/T), significant differences in the allele frequencies of IL-1B (+3953C/T) were
observed between controls and CP patients (P< 0.05). In T1DM patients, IL-1RN∗S “short” allele and IL-1RN 12 genotype were
significantly less frequent than those in controls (P< 0.01). In haplotype analysis, TTL haplotype decreased the risk of CP
development (P< 0.01), whereas CCS and CTL haplotypes (P< 0.01 and P< 0.05) were associated with T1DM. Although IL-1β
levels were measured significantly higher in mononuclear cells after stimulation by mitogens, HSP70, or selected periodontal
bacteria than in unstimulated cells, IL-1 genotypes did not correlate with circulating IL-1β levels. In the Czech population,
significant associations between the IL-1B polymorphism with CP and the IL-1RN variant with T1DM were found. Haplotype
analysis suggests that variability in IL-1 gene cluster may be one of the factors in the CP and T1DM pathogenesis, although single
variants of these polymorphisms are not substantial for protein production.

1. Introduction

Chronic periodontitis (CP), an inflammatory disease, which is
the result of a complex interplay of bacterial infection and
host responses, is characterized by the loss of connective
tissue attachment, slowly progressing alveolar bone de-
struction, and, ultimately, loss of teeth. Molecular patterns
(PAMPs) of anaerobic Gram-negative bacteria in the

subgingival biofilm, among others, such as Aggregatibacter
actinomycetemcomitans, Porphyromonas gingivalis, Prevotella
intermedia, and Tannerella forsythia [1], are recognized by
phagocytes. Macrophages produce proinflammatory cyto-
kines such as interleukin-1β (IL-1β) and tumor necrosis
factor-α (TNF-α), thus enhancing an immune response [2].
Elevation of these signal molecules in plasma/serummay lead
to alterations in lipid metabolism and cause hyperlipidemia
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[3]. In addition, in patients with diabetes mellitus (DM),
periodontitis also adversely affects glycemic control [4].

DM results from insufficient insulin action (either ab-
solute or relative). /is most common metabolic disease is
characterized by various degrees of chronic hyperglycemia,
which together with an increased availability of free fatty
acids is responsible for glucotoxicity and lipotoxicity in
diabetes [5]. Apart from the systemic effects of diabetes,
recent evidence suggests that local changes in the peri-
odontal tissues are characterized by enhanced interactions
between leukocytes and endothelial cells and altered leu-
kocyte functions [6]. Increased levels of reactive oxygen
species [7] and proinflammatory cytokines (IL-1β, IL-6, and
TNF-α) lead to chronic low-grade inflammation, change of
cytokine spectrum, and activation of innate immunity; al-
terations are present in both type 1 and type 2 diabetes
mellitus (T1DM and T2DM, respectively) [8]. A meta-
analysis by Chávarry et al. [9] identified T2DM as a mod-
erate risk factor for CP, the effect of T1DM being less clear. It
is probable that there is individual patient variability in the
degree to which glycemic control influences periodontal
status [10], and vice versa, periodontitis can contribute to the
development of other diabetic complications, such as ne-
phropathy (DN), retinopathy (DR), and neuropathy (DPN)
[4].

IL-1α and IL-1β are produced during inflammation and
induce production of many other cytokines, amplifying their
proinflammatory action. /ey must be tightly controlled by
endogenous inhibitors, such as IL-1 receptor antagonist (IL-
1RA) and soluble IL-1 receptors, to prevent an acute and
chronic overproduction of proinflammatory cytokines [11].
Polymorphisms in the IL-1 cluster genes are located on
chromosome 2q12 [12] and are composed of three ligands
(IL-1A, IL-1B, and IL-1RN). To this date, only a few studies
have focused on variability in the IL-1 genes in diabetic
patients with CP [13–17].

/e first aim of this study was to investigate two single-
nucleotide polymorphisms (SNPs) and one VNTR poly-
morphism in the IL-1 gene cluster (IL-1A (−889C/T,
rs1800587), IL-1B (+3953C/T, rs1143634), and IL-1RN
(gene for IL-1 receptor antagonist, IL-1RA, 86 bp tandem
repeats in intron 2)) in CP patients, diabetic patients of both
types (T1DM and T2DM), and healthy controls in the Czech
population. /e second objective was to compare the subset
of diabetic patients with CP and generally healthy patients
without/with CP or diabetic patients according to their IL-1
haplotype profile. Finally, assuming higher circulating IL-1β
levels in diabetic patients with CP than in nondiabetic pa-
tients with CP, we, as the third aim, analyzed plasma levels in
these groups of patients and their correlation to poly-
morphisms in the IL-1 gene cluster. In addition, we ex-
amined IL-1β levels in mononuclear cells of generally
healthy subjects after stimulation by oral pathogens, mito-
gens, or heat shock protein 70 (HSP70).

2. Materials and Methods

/e study was performed with the approval of the Com-
mittees for Ethics of the Faculty of Medicine, Masaryk

University, Brno (No. 13/2013), and St. Anne’s Faculty
Hospital. Written informed consent was obtained from all
participants in line with the Declaration of Helsinki before
inclusion in the study.

2.1. Subjects and Clinical Examinations. /e cross-sectional
study comprised a total of 1016 individuals, including 527
unrelated Caucasian subjects from the SouthMoravia region
of the Czech Republic, with DM duration of at least 3 years.
/e diagnosis of T1DM (132 patients) or T2DM (395 pa-
tients) was originally based on the presence of clinical
symptoms (such as polyuria, polydipsia, and weight loss)
and biochemical parameters (glycemia, ketoacidosis, and
autoantibody status in T1DM) in the outpatient unit of the
diabetology centers in Brno. All patients were receiving
antidiabetic drugs or insulin therapy and other medicaments
according to the presence of diabetic complications, such as
DN, DR, and DPN, and other comorbidities, as described in
our cohort previously [18]. Levels of glycemia, glycated
hemoglobin (HbA1c), total cholesterol, triglycerides, high-
density lipoprotein (HDL), low-density lipoprotein (LDL),
body mass index (BMI), and further parameters were
recorded.

/e periodontal status was evaluated in subgroups of the
diabetic patients (38 T1DM and 89 T2DM patients), 225
healthy controls and 264 CP subjects recruited from the
patient pool of the Clinic of Stomatology, St. Anne’s Faculty
Hospital, Brno, in the period of 2013–2017. /e diagnosis of
periodontitis/nonperiodontitis was based on the detailed
clinical examination, medical and dental history, tooth
mobility, and radiographic assessment [19]; the exclusion
criteria for the studied cohort were described in our previous
study [20].

2.2. Genetic Analysis. Genomic DNA was isolated from
peripheral blood by a standard protocol and archived in the
DNA bank at the Department of Pathophysiology, Faculty of
Medicine, Masaryk University, Brno, Czech Republic.
Polymorphisms IL-1A (−889C/T, rs1800587) and IL-1B
(+3953C/T, rs1143634) were genotyped by polymerase chain
reaction, with restriction analysis (PCR-RFLP) according to
protocols published previously [21, 22]. /e VNTR PCR
method was used for the detection of 86 bp tandem repeats
number in the second intron of the IL-1RN gene [23]. IL-
1RN alleles were coded as IL-1RN∗1 (4 repeats, 412 bp), IL-
1RN∗2 (2 repeats, 240 bp), IL-1RN∗3 (3 repeats, 326 bp), IL-
1RN∗4 (5 repeats, 498 bp), IL-1RN∗5 (6 repeats, 584 bp), and
IL-1RN∗6 allele (1 repeat, 154 bp). Details and modifications
of PCR conditions were published in our previous study by
Izakovicova Holla et al. [24].

2.3. Plasma Level Analysis. Levels of IL-1β in plasma were
measured in 60 randomly selected subjects (20 CP, 20
T1DM+CP, and 20 T2DM+CP patients) at the Department
of Biochemistry, Faculty of Medicine, Masaryk University,
Brno. Plasma samples were prepared from venous blood,
collected into a tube with EDTA (S-Monovette® 9mL K3E,
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Sarstedt, Germany) by centrifugation (465 g/10 minutes/
4°C), and stored at −70°C within 30 minutes after collection.
For the determination of cytokine concentrations, Cytokine
Human 10-Plex Panel for Luminex® Platform (Invitrogen™,
California, USA), Luminex 200™ analyzer with xPONENT
3.1 Software (Luminex Corporation, USA), and Milliplex™
Analyst v 3.4 Software (VigeneTech, USA) were used.

In addition, examination of IL-1β levels in unstimulated
and stimulated cells of 60 generally healthy subjects was
performed in the laboratory of the Institute of Clinical and
Experimental Dental Medicine, General University Hospital,
and First Faculty of Medicine, Charles University, Prague.
Isolation, cultivation, and stimulation of cells by selected
periodontal bacteria (A. actinomycetemcomitans, P. gingi-
valis, P. intermedia, and T. forsythia), mitogens, or HSP70
were described previously [25]. IL-1β levels were determined
in mononuclear cells isolated from 20ml of heparinized
blood using Fluorokine® MAP Human MultiAnalyte Pro-
filing Base Kit, Luminex® 100™ analyzer, and Luminex 100
IS™ Software (R&D Systems, USA).

2.4. Statistical Analysis. Statistical analysis was performed
using the statistical package Statistica v. 13 (StatSoft Inc.,
USA). Standard descriptive statistics were applied in the
analysis: absolute and relative frequencies for categorical
variables, and mean with standard deviation (SD) or median
with quartiles for quantitative variables. To compare in-
dependent groups, one-way analysis of variance (ANOVA)
and the Kruskal–Wallis ANOVA were performed to com-
pare continuous variables. For exclusion of outlier values
(IL-1β plasma levels), Grubb’s test was used (P< 0.05). /e
allele frequencies were calculated from the observed num-
bers of genotypes. /e differences in the allele frequencies
were tested by Fisher’s exact test; the Hardy–Weinberg
equilibrium (HWE) and genotype frequencies were calcu-
lated by the chi-square test (χ2). To examine the linkage
disequilibrium (LD) between polymorphisms, pairwise LD
coefficients (D´) and haplotype frequencies were calculated
using the SNP Analyzer 2 program (http://snp.istech.info/
istech/board/login_form.jsp). /e association was described
by odds ratios (OR) with 95% confidence intervals (95%CI).
Only the values of P less than 0.05 were considered as
statistically significant.

3. Results

3.1. Clinical Data Analysis. /e mean ages of the healthy
controls and patient with CP did not differ significantly
(P> 0.05); however, patients with T1DM were significantly
younger (P< 0.05), and in contrast, patients with T2DM
were significantly older than those in healthy controls
(P< 0.01). /ere were no significant differences between the
subjects with T1DM/T2DM and/or CP and the controls
relating to the male/female ratio. /e BMI values were the
highest in the groups of T2DM and T2DM+CP, which
differed statistically significantly from other groups
(P< 0.05). All T1DM (N � 38) and T2DM (N � 89) patients
who were examined at the Department of Periodontology

were affected by periodontitis. /e duration of DM in the
patients with T1DM was approximately double than that of
DM in T2DM patients. Slightly lower HbA1c levels in
groups of patients with T1DM+CP and T2DM+CP
compared with the group of all DM patients can be given by
a higher interest of these patients in their health condition
(only these patients accepted the offer to be examined by
periodontist). /e frequencies of diabetic complications
(DN, DR, and DPN) in the whole diabetic cohort vs. the
subgroup of T1DM or T2DM patients with CP are sum-
marized in Table 1.

3.2. SNPsAnalysis. /e frequencies of IL-1 genotypes were in
HWE in the control subjects (P> 0.05, see Table 2). IL-1RN∗5
allele (6 repeats, 584 bp) was not detected in our sample. For
calculation of allele frequencies and haplotype analysis, alleles
with more than two repeat units in the IL-1RN gene were
grouped together as IL-1RN∗L (“long” allele) and allele with 2
repeats was marked as IL-1RN∗S (“short” allele) [26]. As IL-
1RN∗6 allele (with 1 repeat, 154 bp) found in one CP subject
cannot be considered as typical “short” allele, this sample was
excluded from both these analyses.

None association between IL-1A (−889C/T) SNP or a so-
called “double genotype” (IL-1A (−889C/T)/IL-1B (+3953C/
T)) and CP and/or DM was found, but the IL-1B∗T al-
lele (+3953C/T) was less frequent in CP patients than in
healthy controls (21.4% vs. 28.0%, P< 0.05, OR� 0.70, 95%
CI� 0.52–0.94). Significant differences were found in the IL-
1RN∗S allele frequencies and also in IL-1RN∗12 (vs. IL-
1RN∗11) genotype frequencies between T1DM patients and
healthy controls (P< 0.01, OR� 0.64, 95%CI� 0.44–0.92
and P< 0.01, OR� 0.46, 95%CI� 0.28–0.76). Comparison of
the allele frequencies of IL-1RN in patients with T1DM vs.
T2DM showed a significant difference between these groups
(P< 0.05).

3.3.HaplotypeAnalysis. Combination of multiple SNPs sites
showed eight IL-1 haplotypes with frequency more than 1%
(see Table 3). Pairwise linkage disequilibrium (LD) for all
possible 2-way comparisons among 3 polymorphisms in the
IL-1 gene cluster in CP, T1DM, T2DM, and control groups
was measured by Lewontin standardized disequilibrium
coefficient (|D´|, data not presented).

/e distribution of these haplotype frequencies between
controls and patient groups showed significant differences.
Haplotype T[IL-1A(−889C/T)]/T[IL-1B (+3953C/T)]/L[IL-
1RN] was associated with lower risks for CP (P< 0.01,
OR�0.64, 95% CI� 0.47–0.88), similar to haplotype CCS
(P< 0.01, OR� 0.58, 95% CI� 0.39–0.87) with T1DM. On
the contrary, CTL haplotype (P< 0.05, OR� 1.98, 95%
CI� 1.01–3.87) was found in a higher frequency in T1DM
patients vs. healthy subjects.

3.4. IL-1β Plasma Level Analysis. No significant differences
in IL-1β plasma levels in diabetic patients and generally
healthy subjects with similar periodontal conditions were
found (see Figure 1). In twenty examined patients (nine CP,
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five T1DM+CP, and six T2DM+CP), IL-1β plasma levels
were under the detection limit (<2.58 pg/mL); for these
samples, a value of 2.57 pg/mL was assigned for the statistical
analyses. IL-1β plasma levels in the whole studied set
(N � 60) were independent of the IL-1B or IL-1RN geno-
types distribution (see Table 4); this result was also con-
firmed by the analysis of IL-1β levels in peripheral blood
mononuclear cells (PBMCs) in generally healthy population
(data not shown). However, high significant differences were
observed in IL-1β levels between unstimulated PBMCs and
cells after stimulation by Pokeweed mitogen (PWM), PWM
in costimulation by Concavalin A (Con A), selected peri-
odontal bacteria (A. actinomycetemcomitans, P. intermedia,
and T. forsythia) (all P< 0.001), or HSP70 (P< 0.02, see
Table 5).

4. Discussion

Diabetes and periodontitis are complex diseases with a bi-
directional relationship [27]. Despite long-established evi-
dence that hyperglycemia in diabetes is associated with
adverse periodontal outcomes, the mechanism between
these two states is not fully understood yet [10, 28]. Chronic
inflammation, a common feature in the pathogenesis of both
CP and DM, is related to the accumulation of activated
innate immune cells in tissues, which results in the release of
inflammatory mediators, such as IL-1 family cytokines. In
this case-control study, we analyzed variability in the IL-1
gene cluster and IL-1β plasma levels in patients with CP
with/without diabetes in comparison to healthy controls.
Minor allele frequency (MAF) of IL-1A (−889C/T) found in
our healthy controls was 31%, which is in line with the IL-
1A∗T allele frequency according to NCBI database (28%)
(http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs�
1800587), whereas in healthy European subjects, higher
MAF was reported (37% [29]; 56%) [30]. /e MAF of IL-1B
(+3953C/T, rs1143634) in the Czech population (28%) was
similar as IL-1B∗T allele frequency in healthy European
subjects (from 24% to 29%) [29–32], whereas the NCBI
database provides MAF of only 13% (http://www.ncbi.nlm.
nih.gov/projects/SNP/snp_ref.cgi?rs�1143634). IL-1RN∗S

allele in European population varies from 21% to 31%
[33–36], which is consistent with that in our observation
(27%).

4.1.Chronic Periodontitis. In the context of CP, variability in
the IL-1 gene cluster has been investigated many times with
conflicting results. To our knowledge, no study has exam-
ined the relationship between specific allele combinations of
these three IL-1 gene variants (IL-1A (−889C/T), IL-1B
(+3953C/T), and IL-1RN (VNTR)) and periodontal diseases.
In our population, haplotype TTL seems to be protective
against the development of CP and the IL-1B∗T allele is of
the same importance. /is observation supports our pre-
viously detected association between IL-1B∗C allele and a
higher risk for CP [37]. Nevertheless, da Silva et al. [38] came
to opposite conclusions in their meta-analysis including 54
studies in different populations, which associated T allele in
Caucasian carriers with a 1.25-time higher risk of developing
CP than C allele carriers. In addition, no association between
IL-1A (−889C/T) polymorphism and CP in the Czech
population was found; this is in contrast to a recent meta-
analysis by da Silva et al. [39]. In line with a meta-analysis by
Ding et al. [40], we found no differences in allele or genotype
frequencies in IL-1RN variants between CP patients and
healthy controls.

We suggest that these discrepancies can be caused not
only by population differences in allele frequencies but also
by an interaction effect of IL-1 genes variants. According to
Morris and Kaplan [41], haplotype-based analysis can be
more useful than an analysis based on individual poly-
morphisms in complex multifactorial diseases, as confirmed
by our results.

Screening of SNPs and genome-wide studies has yielded
new genetic information without a definitive solution for the
management of periodontal disease [42]. However, SNP
variations are no longer sufficient for establishing a re-
lationship with periodontal disease. From this reason, the
analyses of differential gene expression, performed using
high-throughput experimental methods, such as microarray
analysis, should be used in the future research [43]./us, the

Table 1: Demographic data of the studied subjects with CP, T1DM (and T1DM+CP subgroup), T2DM (and T2DM+CP subgroup), and
healthy controls.

Characteristics Controls
(N � 225)

CP
(N � 264)

T1DM
(N � 132)

T1DM+CP
(N � 38)

T2DM
(N � 395)

T2DM+CP
(N � 89)

Age (mean years± SD) 53.9± 11.0 56.1± 8.2 45.8± 14.2∗ 49.4± 10.9 67.5± 10.6∗ 67.3± 10.0∗
Gender (males/females) 114/111 122/142 68/64 16/22 200/195 45/44
Smoking (no/yes, %) 72.9/27.1 71.6/28.4 — 76.3/23.7 — 87.7/12.3
BMI (mean± SD) 23.2± 4.6 26.8± 4.0 24.5± 6.1 25.3± 3.1 28.6± 10.0∗ 30.3± 6.2∗
Duration of DM (mean
years± SD) n.a. n.a. 21.5± 9.8 24.0± 10.7 15.1± 8.8 11.0± 8.7

HbA1c (mmol/mol, mean± SD) n.a. n.a. 77.1± 17.3 69.8± 11.8 72.6± 23.9 58.0± 15.6
DN (no/yes, %) n.a. n.a. 43.6/56.4 71.0/29.0 7.6/92.4 80.2/19.8
DR (no/yes, %) n.a. n.a. 24.7/75.3 40.6/59.4 52.9/47.1 92.4/7.6
DPN (no/yes, %) n.a. n.a. 36.7/63.3 47.1/52.9 49.3/50.7 84.4/15.6
CP� chronic periodontitis; N �number of subjects; SD� standard deviation; T1DM� type 1 diabetes mellitus; T2DM� type 2 diabetes mellitus; BMI� body
mass index; DN� diabetic nephropathy; DPN� diabetic peripheral neuropathy; DR� diabetic retinopathy; HbA1c� glycated hemoglobin; —� unknown in
diabetic patients without CP; n.a.�nonapplicable. ∗P< 0.05 in comparison to healthy controls (evaluated by the Kruskal–Wallis ANOVA test).
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genetic basis of periodontal disease is moving from exper-
imental evidence to a more consistent translation effect on
diagnosis and development of new strategies tomodulate the
host [42].

4.2. T1DM. In our study, a significant association between
“short” variant in intron 2 of the IL-1RN gene and lower risk
of developing T1DM was observed (P< 0.01). Our findings
are in line with the study in Egyptian population, where this
minor allele and IL-1RN SS genotype were also less prevalent
in patients with T1DM than in healthy controls [44]. On the
other hand, in the recent study by Ali et al. [45], IL-1RN∗S
allele and IL-1RN 12 genotype were present more frequently
in the Saudi children with T1DM than healthy controls. IL-
1RN∗S allele was previously associated with increased

production of IL-1β [46] and IL-1RA, and also with reduced
production of IL-1α by normal monocytes [47]. /us, not
only environmental factors as reported by Cullup et al. [48]
but also variability in a number of 86 bp tandem repeats in
intron 2 of the IL-1RN gene may be related to an imbalance
between IL-1 anti- and proinflammatory protein levels.

In correlation to IL-1 gene polymorphism, Krikovszky
et al. [49] described the IL-1B∗T allele as risk in Hungarian
children with T1DM. Although no significant relationships
between IL-1A (−889C/T) or IL-1B (+3953C/T) variants and
T1DM in Czech patients were found, the IL-1B∗T allele in
combination with IL-1A∗C and IL-1RN∗L alleles was as-
sociated with an increased risk of T1DM.

Our results suggest that variability in the IL-1 gene cluster,
especially in the gene for IL-1RA, may be one of the factors in
the pathogenesis of T1DM in Czech patients. /is conclusion
is supported by results from the haplotype analysis as the
opposing haplotypes in IL-1 CCS vs. CTL were significantly
associated with lower vs. higher risk of T1DM.

As we supposed, variability in the IL-1 gene cluster may
play an important role in the pathogenesis of both diseases,
and frequencies of the three most represented haplotypes
(CCL, CCS, and TTL) in the T1DM+CP subjects seem to be
intermediate between frequencies of CP and T1DM patients.

Table 3: Estimated frequencies (%) of IL-1 haplotypes in patients with CP, T1DM (and T1DM+CP subgroup), T2DM (and T2DM+CP
subgroup), and healthy controls.

IL-1A
(−889C/T)

IL-1B
(+3953C/T)

IL-1RN
(VNTR)§

Controls
(N � 225)

CP
(N � 264)

T1DM
(N � 132)

T1DM+CP
(N � 38)

T2DM
(N � 395)

T2DM+CP
(N � 89)

C C L 43.14 48.66 47.47 46.60 46.14 49.37
C C S 21.64 21.50 14.03∗ 17.39 18.11 17.86
T T L 21.35 13.35∗ 15.62 18.03 17.42 19.06
T C L 4.99 5.83 9.40 3.31 6.77 3.65
C T L 3.19 3.65 8.20∗ 8.38 5.12 2.65
T T S 2.23 2.53 2.70 3.85 2.79 2.16
T C S 2.10 3.76 2.59 2.44 2.65 4.35
C T S 1.36 0.73 — — 1.02 0.91
CP� chronic periodontitis; T1DM� type 1 diabetes mellitus; T2DM� type 2 diabetes mellitus. §For haplotype analysis, alleles withmore than two repeat units
were grouped together as IL-1RN∗L (“long” allele) and 2 repeat units were marked as IL-1RN∗S (“short” allele). Haplotypes are ordered according to
decreasing haplotype frequency in the healthy control subjects. ∗P< 0.05 in comparison to healthy controls (without correction for multiple comparisons).
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Figure 1: Comparison of IL-1β plasma levels in patients with CP
(N � 20), T1DM+CP (N � 20), and T2DM+CP (N � 20).
CP� chronic periodontitis, T1DM� type 1 diabetes mellitus,
T2DM� type 2 diabetes mellitus. For samples with values of IL-1β
under detection limit (<2.58 pg/mL) were assigned a value of
2.57 pg/mL. For exclusion of outlier values, three CP and one
T1DM+CP samples were used in Grubb’s test (P< 0.05). /e
Mann–Whitney U test (two-tail) was used to calculate significant
differences.

Table 4: IL-1β plasma levels and polymorphisms in IL-1B and IL-
1RN genes.

Genotypes All groups
(N � 60)

IL-1β levels
(pg/mL), median

(IQR)
IL-1B (+3953C/T)
CC 31 (51.7) 3.26 (2.57–5.43)
CT 26 (43.3) 3.26 (2.57–10.59)
TT 3 (5.0) 2.69 (2.57–9.88)
IL-1RN (VNTR)§

LL 37 (61.7) 3.26 (2.57–10.24)
LS 17 (28.3) 3.85 (2.57–9.35)
SS 5 (8.3) 3.26 (2.63–6.79)
IQR� interquartile range. §Alleles with more than two repeat units were
grouped together as IL-1RN∗L (“long” allele) and 2 repeat units were
marked as IL-1RN∗S (“short” allele); genotypes are known only in 59
subjects. /e Kruskal–Wallis ANOVA test was used to calculate significant
differences.
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Although a similar prevalence of CTL haplotype was found
in the T1DM+CP subgroup and T1DM group, there was no
statistical significance due to a low number of the examined
type 1 diabetic patients with CP (N � 38).

4.3. T2DM. No significant differences in IL-1A, IL-1B, or IL-
1RN gene variability between healthy controls and T2DM
Czech patients with/without CP were found. Independently
of periodontal status, Luotola et al. [50] suggested gender-
specific associations between IL-1A (-899C/T) and IL-1B
(+3953C/T) gene variants and a higher risk of T2DM, es-
pecially in men. Previously, the same authors described a
relationship between IL-1B∗T allele (+3953C/T) and higher
blood glucose levels in Finnish patients with DM [51]. In
Malayalam-speaking Dravidian population, differences in
IL-1B∗T allele and IL-1B TT genotype distribution between
T2DM+CP (N � 51) and CP patients were found [16]. IL-
1RN∗S allele and IL-1RN SS genotype were also associated
with risk of developing T2DM in the Indian population
[52, 53].

Our results correspond to observations in Chilean
population focused on the same polymorphism in the IL-1
gene cluster in T2DM and/or CP patients [15]. Deppe et al.
[17] in their recent study assumed that CP in T2DM patients
was most strongly associated with inadequate oral hygiene,
whereas variability in the IL-1 genes and differences in oral
microbiota seemed to play a subordinate role. Furthermore,
Guzman et al. [13] found only a borderline association
between IL-1B (+3953C/T) SNP and the incidence of
periodontal disease in Caribbean diabetic population. Struch
et al. [14] reported that diabetic carriers of Tallele in “double
genotype” IL-1A/IL-1B had an enhanced risk for periodontal
disease in comparison with their IL-1 wild-type counter-
parts. Although the sample sizes in these three German
studies (N � 66 [13] or 69 [14] or 38 patients with
T2DM+CP [17]) are comparable with the size of our cohort
(N � 89), Czech T2DM patients were selected from ethni-
cally homogenous population, and in addition, other 306
T2DM patients with unknown periodontal status were
included.

Results of haplotype analysis showed an interesting
trend: the CCL, CCS, and TTL haplotype frequencies in the
diabetic patients with CP were the highest or the lowest
among CP, T2DM, and T2DM+CP patient groups. Al-
though the TTL haplotype was considered protective for the
development of CP in our population, frequency of this allele
combination in T2DM+CP patients was closer to the results
in healthy controls.

4.4. IL-1β Plasma Levels. IL-1β levels in gingival crevicular
fluid (GCF) of patients with CP are significantly higher than
those in patients with gingivitis and periodontally healthy
individuals [54–56]. /erefore, elevated IL-1β GCF levels,
but not plasma levels, were suggested as reliable in-
flammatory biomarkers in periodontal diseases [57]. In
T1DM patients, increased levels of IL-1β in GCF were also
found [58], and according to Aspriello et al. [59], IL-1β levels
in T1DM patients with periodontitis are affected by the
duration of DM. Meta-analysis by Atieh et al. [60] presented
significant differences in IL-1β GCF levels between T2DM
with CP patients and nondiabetic controls with the similar
periodontal conditions.

Only a few studies reported inconsistent results for IL-1β
concentrations in plasma/serum in relation to periodontal
diseases or DM. Levels of circulating IL-1β were elevated in
T1DM children than the control group [61, 62] and mRNA
levels of IL-1β in peripheral blood leukocytes were found
higher in T2DM patients than in healthy controls [63]. In
another study, Sapathy et al. [64] suggested that changes of
serum IL-1β levels were influenced by abdominal obesity
and periodontal status independently even in the absence of
DM and smoking.

In our study, the IL-1β plasma levels were under the
detection limit in nine of 20 patients with CP. However, low
values of this proinflammatory cytokine are not surprising
because these patients are in good general health. Previously,
Orozco et al. [54] also demonstrated zero concentration of
IL-1β in the serum samples of both periodontitis and gin-
givitis patients. Nevertheless, Gümüş et al. [65] calculated
median 11.7 pg/mL of serum IL-1β levels in their CP
population. /e higher circulating levels of IL-1β in 55% of
Czech CP subjects may be the consequence of their smoking
status since other risk factors linked with the increase in
proinflammatory cytokines were minimized by strict criteria
for inclusion in the study.

To our knowledge, this is the first study comparing IL-1β
plasma levels in T2DM patients with CP and nondiabetic
patients with CP. Although we assumed significant higher
concentrations of this cytokine in all diabetic patients than in
generally healthy patients with similar periodontal condi-
tions, only a slightly elevated IL-1β levels were found in
T1DM+CP or T2DM+CP patients compared with the CP
subjects (median 3.26 pg/mL or 3.87 pg/mL vs. 2.57 pg/mL).

Furthermore, Santtila et al. [46] published that mono-
nuclear cells from noncarriers of IL-1B∗T allele (+3953C/T)
had a slight, but nonsignificantly, elevated capacity to
produce IL-1β in vitro. Our results are in line with
this finding; the single variants of IL-1B or IL-1RN

Table 5: Differences in IL-1β levels between unstimulated and
stimulated PBMCs (N � 60).

PBMCs IL-1β levels (pg/mL),
median (IQR)

P

value
Stimulated by
PWM 481.97 (100.89–938.66) <0.001
PWM+ConA 533.30 (141.45–950.37) <0.001
HSP70 95.28 (23.36–371.60) 0.02
A. actinomycetemcomitans 483.93 (162.48–890.50) <0.001
P. gingivalis 27.88 (6.47–118.14) 0.34
P. intermedia 249.38 (57.83–441.80) <0.001
T. forsythia 201.08 (44.39–583.32) <0.001
Unstimulated 52.55 (14.90–153.54) —
CI� confidence interval; ConA�Concavalin A; HSP 70� heat shock
protein 70; OR� odds ratio; PBMCs� peripheral blood mononuclear cells;
PWM�Pokeweed mitogen. /e Wilcoxon matched pair test was used to
calculate the significant difference.
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polymorphisms are not crucial in the protein production as
apparent from both analyses of levels in plasma or in
PBMCs. In our study, IL-1β levels in mononuclear cells of 60
generally healthy subjects after stimulation by periodontal
bacteria (except P. gingivalis), mitogens, or HSP70 were
examined. /e obtained data confirmed our premise that
these stressors significantly affect the production of proin-
flammatory IL-1β.

/e main limitation of this study is the fact that only
subgroups of diabetic patients with T1DM or T2DM were
checked for their periodontal status as the number of pa-
tients willing to be examined at the Periodontology De-
partment was low. On the other hand, the number of
T2DM+CP patients is still higher than in previous studies in
other populations. Besides the size of the overall study
cohort (N � 1016), a further positive aspect of this study is a
haplotype approach applied which presents a more complex
view on the variation in the IL-1 gene cluster. We assume
that the discrepancy between our results and that from
recent meta-analyses focusing on the relation between IL-1
polymorphisms and CP can be partly caused by the fact that
these meta-analyses studied only single variants in the IL-1A
[38] or IL-1B genes [39] and by publication “bias” when
negative results are not published.

5. Conclusions

In conclusion, results of the IL-1 gene cluster analysis
suggest that variability especially in the IL-1B and IL-1RN
genes may be one of the factors in the susceptibility to T1DM
and CP, although the single variants of these polymorphisms
are not crucial for the protein production. In addition, no
differences in IL-1β plasma levels were found between Czech
diabetic patients with CP and generally healthy subjects with
similar periodontal conditions.
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Fixed orthodontic appliances hinder the maintenance of proper oral hygiene and result in dental plaque accumulation. Many
studies report that qualitative changes in the dental flora occur after initiating the orthodontic treatment, but there is a paucity of
literature on the same topic among Moroccan orthodontic patients. ,e aim of this study was to evaluate the changes of the oral
microbial flora during the orthodontic treatment period of a young Moroccan population.Materials and Methods. Dental plaque
samples of 18 patients, who were randomly selected before the placement of orthodontic appliances, were collected to isolate and
identify the bacterial species involved using classical bacteriological methods for species’ culture and identification. ,e reading
was recorded at T0 before placement of the device. New samples were taken again one month later and then three months
afterwards, where the readings were recorded as T1 and T2, respectively. ,e culture was made via Columbia Agar with 5% sheep
blood, Todd Hewitt Broth, and Schaedler medium containing vitamin K3. Bacterial species were identified using API-20 Strep for
Streptococci and API-20 A for anaerobic bacteria. ,e phoenix system was used for identification. Results. After three months of
orthodontic treatment, the increase in the frequency of Streptococcus sobrinus and Streptococcus mitis were significant (0.01 and
0.02, respectively) as well as for Lactobacillus (0.03). No significant difference was recorded for other bacterial species. Conclusion.
,ere is a significant qualitative change in oral microorganisms after three months of orthodontic treatment, especially for
bacteria that are incriminated in caries formation.

1. Introduction

Fixed orthodontic appliances are considered to jeopardize
dental health due to the accumulation of oral microor-
ganisms that may cause enamel demineralization, which is
clinically visible in the form of white spot lesions [1]. Biofilm
formation on fixed orthodontic appliances occurs due to

complex interactions between yeast, bacteria, nutrients, and
saliva or even serum proteins [2].

Oral Streptococcus is isolated in 50–80% of ortho-
dontic patients as a common cause of decalcification due
to the accumulation of cariogenic plaque around the
brackets and its progression into carious lesions in such
patients [3].
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Numerous studies have investigated the influence of
orthodontic therapy and appliances on the oral microbial
flora. ,e original aim of the present study was to assess the
qualitative changes of cariogenic bacteria in a representative
sample of Moroccan young adults.

,e placement of fixed orthodontic appliances on teeth
results in iatrogenic side effects [2]. During the treatment,
dental lesions become difficult to access, resting pH decreases,
the volume of dental plaque is higher, and bacterial flora
undergoes qualitative change. All of these factors increase
caries risk. Several investigations have shown that changes in
the dental flora appear after the initiation of orthodontic
treatment [3], such as a higher prevalence of oral streptococci
especially Streptococcus mutans and Strepcoccus mitis, which
are part of the normal bacterial flora of the oral cavity.

,e flora only becomes pathogenic when it is put under
circumstances that lead to a frequent and continuous
acidification of dental plaque [1] and higher counts of
Lactobacillus species, which are closely associated with
dental caries. However, there is a scarcity of literature on this
topic among Moroccan orthodontic patients.

,e aim of the current study was to compare the oral
microbial flora among Moroccan patients treated with or-
thodontic appliances by evaluating the status of this bacterial
environment before and after bracket placement.

2. Materials and Methods

2.1. Subjects. After a complete oral examination, thorough
oral hygiene instructions, and plaque control measures, a
total number of eighteen young patients scheduled for or-
thodontic treatment, age group 16–26, were selected ran-
domly from the Department of Orthodontics, Center of
Consultations and Dental Treatments, Rabat, Morocco,
during the period from October 2015 to June 2016.

Sampling was carried out via a questionnaire while
taking into account the following inclusion criteria: patients
with permanent dentition, no clinical signs of periodontitis,
no history of systemic diseases, and no administration of
antibiotics at least 3 months prior to the treatment. Ex-
clusion criteria included smoking, pregnancy, poor general
health, history of periodontal therapy, and antibiotic use.

Dental plaque samples were collected before placement
of orthodontic appliances to determine the oral carriage of
Streptococci and Lactobacillus in these patients, and the first
reading was recorded as T0. After that, the placement of
titanium nickel orthodontic wires (G&H Wire Co., 0.018″
(0.45mm) NiTi wire comprising 55% nickel and 45% tita-
nium) and brackets (Ormco Corporation, Glendora, CA,
USA) was done by only one operator to avoid interoperator
bias. After a period of one month and then three months
later, the plaque samples were collected again from the same
site, and the second and third readings were recorded as T1
and T2, respectively. ,e mentioned intervals were chosen
based on the assumption that a sufficient bacterial coloni-
zation would take place after the placement of orthodontic
appliances [1]. All patients had been taught and demon-
strated themodified Bass brushing technique using amanual
toothbrush (Oral B, Procter & Gamble, Cincinnati, OH,

USA) and weremotivated tometiculously follow throughout
the treatment period [4].

2.2. Salivary Microbial Procedures. Dental plaque was col-
lected according to the protocol from the dental surface with
a sterile curette followed by rapid transfer of the samples to
Amies transport media MAST (DM030) and to anaerobic
bacteria culture media (Schaedler broth with vitamin K) [5].

,e recipients were immediately sent to the microbi-
ology laboratory where they were centrifuged for 30 seconds
and diluted at 1/100 in physiological serum. 50 µl aliquots
were spread on Mitis Salivarius Agar (HiMedia des Labo-
ratoires Pvt. Ltd., Mumbai, India), Columbia agar with 5%
sheep blood, and Schaedler medium containing vitamin K3
(Schaedler K3 medium, broth, and agar). After 24–48 hours
of incubation at 37°C for aerobic bacteria and 2–7 days for
anaerobic bacteria, the developed colonies were morpho-
logically examined. Each type of colony was subcultured on
nonselective growth media to obtain pure cultures. Isolated
bacterial colonies were identified based on their morpho-
tinctorial characteristics (Gram-stained smears) and growth
characteristics on media, and they also underwent bio-
chemical tests. ,e species were identified using Rapid ID32
STREP galleries biochemical and enzymatic tests (Bio-
Merieux, SA) for Streptococci and API-20A (BioMerieux,
SA) for anaerobic bacteria. To ensure the bacterial identi-
fication, we used the automaton Phoenix (Becton Dickinson
Phoenix 100 Microbiology Automaton© Sogemed).

,e bacterial strains were preserved in cryotubes by
freezing. In each 1.5ml cryotube, 500 μl of bacteria and
500 μl of bacterial stock glycerol were mixed together and
stored in the freezer (20 to 80°C) to use in case further
research via molecular diagnostic-genotypic methods was
conducted in the future.

2.3. Statistical Analysis. ,e statistical analysis was per-
formed using the SPSS 13.0 software package. ,e data were
analyzed using descriptive statistics. Fisher’s exact test for
qualitative variables and the Friedman test for quantitative
variables were used to determine the significance of dif-
ferences between the three groups. ,e level of statistical
significance was set at P< 0.05.

3. Result

3.1. Descriptive Statistics of the Study Population. ,e study
included 18 patients, 11 women (61%) and 7 men (39%).,e
age was between 16 and 26 years. ,e average age of all
patients was 21.83 ± 3.48 years. ,ere was no significant
difference between men and women.

3.2. Macroscopic and Microscopic Appearance. ,e obser-
vation of the samples with the naked eye and the optical
microscope shows that they are neither hematological nor
purulent. After the isolation of the colonies, Gram-positive
cocci, Gram-negative bacilli, and Gram-positive bacilli were
obtained (Figure 1).
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Table 1 presents the frequencies of analyzed bacteria in
samples collected from the sample group in T0, T1, and T2.

No significant difference in frequencies was registered
for most of the analyzed bacteria, from T0 to T1 and T1 to
T2. However, the frequencies of Streptococcus sobrinus and
Streptococcus mitis have increased significantly, from T0 to
T2 (P � 0.016, P � 0.021).

As to Lactobacillus, the frequency has increased signif-
icantly from T0 to T2 (P � 0.031) and insignificantly from
T0 to T1 and T1 to T2. As for enterobacteria, we notice that
there is an appearance after 3 months of installation of the
fixed orthodontic apparatus of Enterobacter cloacae and
Klebsiella pneumoniae (Table 1).

4. Discussion

In this study, we found that the frequencies of isolation of
bacteria in the oral cavity in patients before orthodontic
appliance placement were greater than those measured after
1 month and 3 months of orthodontic appliance placement,
respectively.,e placement of orthodontic appliances makes
it difficult to remove dental plaque by the simple use of a
toothbrush and dental floss.

In T0 and T2, we noticed an increase in cariogenic oral
microorganisms, especially Streptococcus mitis, Streptococ-
cus sobrinus, and Lactobacillus. ,is finding was statistically
significant (P � 0.021, 0.016, 0.031).

According to Chang et al., the increase in oral
Streptococcus following placement of orthodontic appli-
ances can be explained by the irregular nature of their
surfaces, which promotes the growth of acidogenic bac-
teria that prefer to grow on hard surfaces [6]. Batoni et al.
showed that orthodontic treatment caused a modification
in the oral flora and was associated with elevated counts
of cariogenic bacteria in both the dental plaque and
saliva [2].

Our finding can be explained by the qualitative change in
oral ecology. In other words, it is due to a change in the
bacterial composition of dental plaque in patients wearing
orthodontic appliances. ,is result is in line with findings of

other studies (Kanaya in 2005 and in 2007 [5, 6]) which
confirmed that orthodontic treatment creates a favorable
environment for both quantitative (fast rise in the volume of
plaque) and qualitative changes [7]. Kitada et al. in 2009
found in 42 patients, 1 case of Klebsiella pneumoniae and 6
cases of Enterobacter cloacae. In our study, we also distin-
guished the appearance of these germs after 3 months of
fitting the orthodontic apparatus [8]. ,e literature results
show that Klebsiella pneumoniae and Enterobacter cloacae,
which are anaerobic and do not need air or dioxygen to
function, are among the major causes of halitosis [9].
Rosembloom and Tinanoff found that orthodontic treat-
ment would result in a change in oral flora with a remarkable
increase in cariogenic bacteria counts (including oral
streptococci) in dental plaque and saliva [10]. In our study,
we have seen a proliferation of Streptococcus mitis and
Streptococcus sanguinis which are cariogenic bacteria.

Some investigations have presented new data on the
duration of microbial salivary changes due to the placement
of fixed orthodontic appliances [11]. A significant increase in
the cariogenic microorganisms Streptococcus mutans and
Lactobacillus in saliva was found after starting fixed or-
thodontic therapy.

Indeed, these appliances serve as bacterial retention sites.
Biofilm formation on the materials used in conservative
dentistry and prosthetic dentistry has been investigated by
several studies. However, very few studies have examined the
interactions between the oral bacteria, particularly Strep-
tococcus mutans, which are the main cariogenic bacteria, and
the different materials used in orthodontics.

In vivo studies generally revealed an increase in dental
plaque [12] with a specific rise in oral Streptococcus and
Lactobacillus counts in plaque and saliva during the or-
thodontic treatment period [13]. According to these authors,
orthodontic appliances are retention sites that promote
colonization by certain cariogenic bacteria: oral streptococci
and lactobacilli [14]. ,e characteristics of dental plaque
retention on appliances are the cause of a severe develop-
ment of caries in unusual parts of the teeth, like the ves-
tibular surfaces [15].

(a) (b) (c)

Figure 1: (a) Gram-negative Bacillus (optical microscope obj. ×100). (b) Gram-positive cocci (optical microscope obj. ×100). (c) Gram-
positive Bacillus (optical microscope obj. ×100).
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5. Conclusion

Our study consisted of evaluating the quality of bacterial
dental plaque before and after the placement of fixed or-
thodontic appliances on a population of young Moroccan
adults. Fixed orthodontic appliances promote the coloni-
zation of oral bacteria such as the following cariogenic
bacteria: Streptococcus mitis, Streptococcus sobrinus, and
Lactobacillus, hence the need to regularly maintain good oral
hygiene.

Data Availability

,e data used to support the findings of this study are
available from the corresponding author upon request.
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the placement of fixed appliances (T1), and three months after the placement of fixed appliances (T2).

Bacteria T0 T1 T2 P-value
N (%) N (%) N (%) T0 vs T1 T1 vs T2 T0 vs T2

Streptococcus sobrinus 7 (38.9) 9 (50) 14 (77.8) 0.5 0.125 0.016∗
Streptococcus oralis 2 (11.1) 2 (11.1) 3 (16.7) 1 1 1
Streptococcus sanguinis 2 (11.1) 3 (16.7) 6 (33.3) 1 0.375 0.219
Streptococcus mitis 2 (11.1) 3 (16.7) 10 (55.6) 1 0.065 0.021∗
Streptococcus salivarius 3 (16.7) 3 (16.7) 3 (16.7) 1 1 1
Lactobacillus 2 (11.1) 6 (33.3) 8 (44.4) 1 0.63 0.031∗
Klebsiella pneumoniae 0 0 2 (11.1) — — —
Enterobacter cloacae 0 0 3 (16.7) — — —
∗P< 0.05 compared to T0.
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Chronic renal failure is a progressive disease characterized by a gradual destruction of nephrons and a consequent reduction of
kidney function. End-stage renal disease (ESRD) necessitates renal replacement therapy as peritoneal dialysis, hemodialysis, or
transplantation. Patients affected by ESRD or in hemodialysis are at risk for developing a number of comorbidities including
hypertension, anemia, risk of bleeding, susceptibility to infection, medication side effects, and oral manifestations associated with
the disease itself and with hemodialysis treatment. In this context, oral diseases represent a potential and preventable cause of poor
health outcomes in people with ESRD due to their relation to infection, inflammation, and malnutrition. (e aim of this article
was to review ESRD and hemodialysis-associated manifestations and to describe the dental operative protocols for patients
awaiting kidney transplantation in light of the most recent literature.

1. Introduction

Oral health represents a potential determinant of health
outcomes in patients with end-stage renal diseases (ESRD).
Adults with ESRD have more severe oral diseases than the
general population, and dental conditions such as caries,
periodontitis, and poor oral hygiene are associated with
increased mortality. Oral pathologies are associated with
inflammation and malnutrition, which may accelerate
cardiovascular events in ESRD [1]. Furthermore, in the
context of kidney transplantation, infection from a dental
source is a potential threat for both organ transplant
candidates and recipients since dental disease is a ubiqui-
tous condition and is also likely to be more severe and
untreated in the transplant population [2].

(e present work reviews the literature on general and
specific considerations regarding the dental treatment of
ESRD patients in the pretransplant phase, considering the

systemic problems and treatment that may interfere with
clinical practice.

2. Chronic Renal Disease:
General Considerations

Chronic renal failure is a progressive disease characterized by
a gradual destruction of nephrons and a consequent reduction
of kidney function occurring over a few months or years [3].
As this process develops, the glomerular filtration rate (GFR)
falls while serum levels of urea rise. GFR is the rate at which
an ultrafiltrate of plasma is produced by glomeruli per unit
of time and is the best estimate of the number of functioning
nephrons or functional renal mass [4]. Normal GFR
values are approximately 120–130mL/min/1.73m2 and vary
according to age, gender, and body size [5]. All individuals
with a GFR <60mL/min/1.73m2 for 3months are classified as
having chronic kidney disease, irrespective of the presence or
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absence of kidney damage. (e reduction of GFR is usually
measured by creatinine clearance (CC), which gives an ac-
ceptable approximation of the value of GFR5. In clinical
practice, the CC can be indirectly assessed through serum
creatinine (normal values 0.5–1.4mg/dl) using several for-
mulas such as Chronic Kidney Diseases Epidemiologic
Collaboration (CKD-EPI) equation or the Modification of
Diet in Renal Disease (MDRD) equation.

(e progressive loss of renal function can be staged
through clinical, instrumental, and laboratory findings in the
following.

Stage 1: slightly diminished function—kidney damage
with normal or relatively high GFR (≥90mL/min/1.73m2).
Kidney damage is defined as pathological abnormalities or
markers of damage, including abnormalities in blood or urine
tests, biopsy, or imaging studies. Stage 2: mild reduction in
GFR (60–89mL/min/1.73m2) with kidney damage. Stage 3:
moderate reduction in GFR (30–59mL/min/1.73m2). Stage 4:
severe reduction in GFR (15–29mL/min/1.73m2)—prepa-
ration for renal replacement therapy. Stage 5: established
kidney failure or end-stage renal disease (ESRD) (GFR
<15mL/min/1.73m2) requiring permanent renal replace-
ment therapy (RRT).

In 2004, KDIGO (Kidney Disease: Improving Global
Outcomes) added a specification regarding the concomitant
presence of a replacement therapy using the letter “T” for
transplanted patient and “D” for dialysis [6].

(e two main causes of ESRD are hypertension and
diabetes mellitus, both of which have a deleterious impact on
the cardiovascular system and renal apparatus of the patients
before and after transplantation. Particularly, cardiovascular
diseases (atherosclerosis) represent the main cause of death
in renal transplant recipients. Other causes of ESRD are
glomerulonephritis, chronic pyelonephritic urologic disor-
ders, and autoimmune diseases [7].(emost common cause
of death in ESRD patients is cardiac arrest, followed by
infection and malignancy [8].

Treatment of chronic renal insufficiency includes dietary
modifications and correction of systemic complications [8].
ESRD, also known as the uremic syndrome, necessitates
renal replacement therapy as dialysis or transplantation [4].

While stages 1 to 3 do not pose any contraindications for
routine dental treatment, patients with advanced kidney
disease (stages 4-5) require special considerations, most
importantly regarding hypertension, anemia, risk of bleeding,
infection and medication used, and oral manifestations as-
sociated with the disease itself and with hemodialysis treat-
ment [9].

3. ESRD and Dialysis

ESRD is characterized by diminished endocrine and met-
abolic functions of the kidney with subsequent retention and
accumulation of toxic metabolites. (e blood pressure is
increased due to fluid overload and production of vasoactive
hormones via the renin-angiotensin system, increasing the
risk of developing congestive heart failure. As chronic
kidney disease progresses, the ability to produce renal hy-
droxylated 1,25 vitamin D diminishes and 1,25 vitamin D

deficiency ensues [10]. Erythropoietin synthesis is also de-
creased, potentially leading to anemia. Furthermore, anemia
increases the hemorrhagic tendency in uremia due to
qualitative platelet dysfunction. Platelet dysfunction is due
to both decreased platelet aggregation and impaired platelet
adhesiveness and is one of the main determinants of uremic
bleeding. (is impairment is multifactorial and includes
defects intrinsic to the platelet as well as abnormal platelet-
endothelial interaction. Uremic toxins and anemia also play
a role. Correction of platelet dysfunction is desirable in
patients who are actively bleeding or who are about to
undergo a surgical procedure (e.g., renal biopsy). Platelet
dysfunction in the uremic patient can be controlled with the
administration of desmopressin, an analog of antidiuretic
hormone with little vasopressor activity, by the adminis-
tration of conjugated estrogens, or infusion of cry-
oprecipitate that can shorten the bleeding time in many
uremic patients [11–13].

(e ESRD patient also presents an immunodeficient
state caused by altered cellular immunity associated with
malnutrition, susceptibility to bacterial infection, and a di-
minished ability to produce antibodies [14].

A final consideration with respect to pharmacotherapy is
that most drugs are at least partially excreted via the kidney.
With renal dysfunction, the distribution, metabolism, bio-
availability, and rate of excretion of the drug are altered, and
an adjustment of the dosage by amount or by frequency is
required [5].

With advanced renal disease, aggressive measures such
as dialysis must be taken. Dialysis is a life-saving in-
tervention that has significantly prolonged life expectancy in
young patients. Hemodialysis is allowed by a machine
(dialyzer) that contains semipermeable membranes. (ese
membranes permit the passage of excessive fluid and wastes.
Arteriovenous shunts or fistulas achieve the access to the
bloodstream. (e continuous accumulation of toxic prod-
ucts in ESRD requires that the patient undergoing hemo-
dialysis receive the treatment for approximately three-four
hours a day, three times a week. It is important to point out
out that the efficiency of this process is much lower than
a functioning kidney, hence ESRD patients on hemodialysis
are in a constant state of kidney failure and hyperuremia.
(e constant presence of the uremic syndrome even in
hemodialyzed patients has been forwarded as a primary
contributor to the many systemic complications seen in
these patients.

Peritoneal dialysis (PD) offers greater independence;
access to the peritoneum is achieved by a catheter through
the abdominal wall into the peritoneum that serves as
a membrane able to filter the catabolic products from the
local vessels [9]. Although hemodialysis and PD correct
many of the hematologic dysfunctions associated with
uremia, several issues already present in ESRD are exacer-
bated during the treatment. Hemodialysis requires the use of
anticoagulant in the form of regional or systemic heparin to
maintain access patency and facilitate the filtration of toxic
blood compound such as urea through the dialysis mem-
brane [4]. Heparinization associated with mechanical
trauma to platelets can reduce the total platelet number and
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increase hemorrhagic risk. (is tendency is worsened by the
already present capillary fragility and anemia. Furthermore,
patients tend to have hypertension attributed to salt and
water retention and to activation of the rennin-angiotensin-
aldosterone [15, 16].

Sudden death is the most common cause of death in
dialyzed patients but also infection is a frequent cause of
morbidity and mortality in patients receiving hemodialysis
therapy. Due to the vascular access, patients are at increased
risk of endarteritis and endocarditis that occurs in about
2.7% of patients during hemodialysis and in 9% of those who
have an infection of the vascular access [17].

4. Oral Manifestations

It has been estimated that 90% of chronic renal failure
patients present oral symptoms. However, with the im-
provements of hemodialysis technology many of the oral
manifestations of renal failure and uremia described below
are less commonly seen [4].

Oral manifestations involve mucosal and glandular
tissues, the gingival and the periodontal apparatus, the
maxillary andmandibular bone, and finally the dental status.

Primarily, in regard with the mucosal and glandular
involvement, the most common oral finding in dialyzed
patient is pallor of the mucosa due mainly to anemia (re-
duced erythropoietin synthesis) [5, 15]. Bleeding tendency in
these patients is sustained by alterations in platelet aggre-
gation and renal anemia [15, 18]. Also, hemodialysis pre-
disposes to ecchymoses, petechiae, and hemorrhage in the
oral mucosa [5, 19, 20].

Xerostomia denotes the subjective sensation of dry mouth
and is related to the overall volume status of the patients who
are discouraged from drinking excess fluids and who are often
prone to retrograde parotitis [9, 15, 20, 21]. In association with
xerostomia, one third of hemodialyzed patients present
a characteristic halitosis called “uremic fetor” and a metallic
taste due to high urea content in saliva and its breakdown in
ammonia [5, 9]. Also, the patient can perceive altered sweet
and acid flavors due to high levels of urea in saliva and to the
presence of dimethyl and trimethyl amines. A burning sen-
sation of lips and tongue and an enlarged tongue sensation
may be additional symptoms noted by dialyzed patients [5].
An important problem is represented by uremic stomatitis,
which is a relatively uncommon oral complication of un-
known etiology [5, 18]. (e lesions consist of localized or
generalized erythematous areas covered by pseudomem-
branous exudates that can be removed, leaving an intact or
ulcerated mucosa. (e lesions are commonly painful and
most often appear on the ventral tongue and anterior mucosal
surfaces. (ey usually heal spontaneously with resolution of
the underlying uremia and after lowering of the blood urea
nitrogen (BUN) level [9]. However, in order to promote the
healing of the lesions, gargling with 10% hydrogen peroxide 4
times a day can be recommended [5, 19]. Angular cheilitis has
been reported in more than 4% of patients receiving he-
modialysis, and lichenoid disease may arise associated with
antihypertensive medication [5, 8]. Secondarily, pointing the
attention on the periodontal health, patients undergoing

hemodialysis generally have a poor objective periodontal
status verified by mean CPITN (Community Periodontal
Index of Treatment Needs), and deposit of calculus and
plaque may be increased [5, 8, 22, 23]. Studies have shown
that dental care in patients undergoing hemodialysis is
neglected, and that they brush and floss infrequently [15].
Results of a study by Naugle et al. suggested that 100% (n �

45) of the individuals undergoing renal dialysis presented
with some form of periodontal disease [24]. Moreover, di-
abetic nephropathic patients show deeper periodontal pockets
compared with ESRD nondiabetic patients [25]. Also, the
need for surgical treatment of periodontitis is significantly
higher in patients awaiting kidney transplant compared with
patients not undergoing organ transplantation [26]. Peri-
odontitis itself contributes to systemic inflammation and has
been associated with adverse hemodialysis outcomes in-
cluding mortality [27]. (e accelerated periodontal disease
with pocket formation, gingival recession, and bone and tooth
loss is due not only to inadequate oral hygiene and in-
flammatory disease burden but also to renal osteodystrophy
[5, 15].

Maxillary and mandibular bone tissue is interested by
renal osteodystrophy that results from disorders in calcium,
phosphorus, and vitamin D metabolism and from increased
parathyroid activity. Oral manifestations of renal osteo-
dystrophy include toothmobility, malocclusion, pulp stones,
enamel hypoplasia, bone demineralization, decreased tra-
beculation of cancellous bone, decreased thickness of cor-
tical bone, radiolucent giant cell lesions, jaw fracture
(spontaneous or after dental procedures), and abnormal
bone healing after extraction [5, 9, 20]. To avoid hypo-
vitaminosis D and its consequences, it is therefore necessary
to administer calcitriol or its analogs to compensate for the
compromised production of 1,25 vitamin D, which occurs in
the later stages of chronic kidney disease (beyond stage 3) so
that the classical functions of hormonal 1,25 vitamin D may
be addressed [10].

Finally, in regard with dental tissue involvement, a lower
rate of caries has been observed. (is finding can be
explained by the possible antibacterial effect of a higher urea
concentration in saliva that inhibits plaque and bacteria
development [9, 15]. (e antibacterial effect has been at-
tributed to the increase of pH due to urea hydrolization by
saliva, which suggests a protective function against caries
[5, 16]. Dental erosions due to frequent regurgitation
resulting from the nausea associated with hemodialysis
treatments and pulp narrowing and calcification are other
signs that the patient can present [4]. Enamel hypoplasia and
delayed eruption can occur in children with chronic renal
diseases [5, 28].

(e oral condition of patients with renal failure has been
described comprehensively in a recent meta-analysis by
Ruospo et al. [29]. Authors clearly separated the prevalence
of oral diseases in adults with ESRD, ESRD plus hemodi-
alysis, and transplantation and explored any association
between oral disease and mortality. (ey found that DMFT
indices were similarly high in adults with chronic kidney
disease (CKD) stages 1–5 (18.7 [C.I. 95% 10.5–27.0]) and
those with CKD stage 5D (14.5 [C.I. 95% 12.7–16.3]), and the
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mean DMFTindex increased with age but was not associated
with gender or dialysis duration. Periodontitis affected
31.6% of adults with CKD stages 1–5 and 58% of patients in
dialysis. (e prevalence of periodontitis in stage 5D was
unaffected by age, but increased with the proportion of
women and duration of dialysis. (e mean plaque index was
1.14 and 1.62 in two population with CKD stages 1–5 and
2.19 in kidney transplanted recipients. In stage 5D, the mean
plaque index was 1.9 and increased with age but was not
influenced by gender or time treated with dialysis. Regarding
mucosal diseases, ulcerations affected 8.6% of patients in
stage 5D and 1.3% of transplant recipients and candidiasis
affected 22.2% of patients in stage 1–5, 19% of adults with
CKD in stage 5D, and 13.3% of kidney-transplanted patients.
(e prevalence of oral candidiasis in stage 5 increased with
age but not gender, time of dialysis, or geographical region.
Xerostomia was reported by 48.4% of patients in stage 5D;
the mean stimulated predialysis salivary flow rate was
0.86ml/min for CKD stage 5D whereas the mean unsti-
mulated salivary flow rate was 0.22ml/min.

5. General Considerations for
Dental Management

Patients with renal disease in conservative medical treatment
or with PD do not generally require special measures re-
garding dental treatment, apart from avoiding nephrotoxic
drugs (such as tetracyclines or aminoglycosides) and
monitoring blood pressure during the procedures due to the
frequent hypertension [5].

However, for hemodialysis patients, communication
with the nephrologist is highly recommended in order to
know the stage of the pathology, the medications prescribed,
and comorbidities such as diabetes that negatively influence
the homeostasis of these patients [5].

In diabetic dialysis patients, hypoglycemic agents and
nutritional alterations can trigger hypoglycemia in the
background of diminished gluconeogenesis, reduced insulin
clearance by the kidney, and improved insulin sensitivity
following initiation of renal replacement therapy. Detailed
evaluation of antidiabetic regimen and nutritional patterns,
patient education on self-monitoring of blood glucose,
and/or referral to a diabetes specialist may reduce risk of
subsequent hypoglycemia [30].

Other important features to take into consideration are
drug intolerance and increased susceptibility to infection.

5.1. Risk of Bleeding. Dental treatment with risk of bleeding
should be postponed to nondialysis day since the antico-
agulant effect of heparin is absent, the bloodstream is free
from toxic metabolites, and the patient is not debilitated by
the treatment.

(e administration of a heparin antagonist (protamine
sulphate) can reduce the rate of bleeding in case of urgency.
However, a persistent bleeding tendency remains due to
anemia and alteration in platelet aggregation and adhe-
siveness. A hematologic study before planning any invasive
treatment can give information about coagulation times,

platelets count, hematocrit, and hemoglobin. In renal pa-
tients taking warfarin, International Normalized Ratio (INR)
should be measured. Evidence-based medicine states that
minor surgical procedure can be safely carried out without
adjustment for INR<4 although for INR>2.5, a consultation
with nephrologist is indicated [3, 31]. After the treatment,
local hemostatic measures (compression, cold applications,
tranexamic acid, cellulose sponges, and sutures) can be used
in case of local hemorrhage and are generally sufficient to
obtain hemostasis.

5.2. Medications. Local anesthetics can be safely used be-
cause they have a hepatic elimination. Paracetamol remains
the best choice for pain management, and also codeine can
be used without modification of the dosages. Other anti-
inflammatory drugs such as ketoprofen, ibuprofen, or
naproxen could cause hypertension and worsen the bleeding
tendency. Aspirin is contraindicated because it increases
platelet dysfunction, the risk of gastric hemorrhage, and
contributes to the deterioration of renal function. In case of
doubts, the nephrologist or the personal physician should be
consulted.

Patients who have been treated with high doses of
corticosteroids for a long time and or in stressful situations
may require steroid supplementation prior to dental treat-
ment to avoid an episode of adrenal crisis [5]. Moreover, it is
suggested that dental sessions should take place in the
morning, in a quiet environment and that abrupt and un-
expected movements be avoided during therapy [3].

5.3. Antibiotic Prophylaxis and ,erapy. Recent studies
pointed out the lack of scientific evidence to prescribe anti-
biotic prophylaxis for preventing infective endocarditis (IE) in
ESRD patients [15, 32]; ESRD or hemodialysis do not rep-
resent a criterion for IE prophylaxis. According to the
American Heart Association guidelines, antibiotic adminis-
tration remains indicated for patients suffering from con-
comitant cardiac comorbidities such as those with prosthetic
cardiac valve, previous IE, unrepaired cyanotic congenital
heart disease (CHD), completely repaired congenital heart
defect with prosthetic material or device during the first six
months after the procedure, repaired CHD with residual
defects at the site or adjacent to the site of a prosthetic patch or
prosthetic device, and cardiac transplantation recipients who
develop cardiac valvulopathy [33]. Nevertheless, patients
affected by ESRD have an increased susceptibility to IE es-
pecially if they do not have a good control of the disease [34].
Furthermore, patients in hemodialysis can develop infections
of the vascular access (endarteritis) that can become itself the
source of bacteraemia, and thus they may benefit from an-
tibiotic prophylaxis, especially in the 6 months after the
creation of the vascular access [35]. Due to these persisting
controversies, the best practice remains the discussion with
the patient’s nephrologist to evaluate, case by case, the in-
dication for an antibiotic prophylaxis.

In the presence of an acute or re-exacerbated dental
infection (periapical periodontitis, periapical, or periodontal
abscess), a complete cycle of antibiotic therapy should be
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administered using nonnephrotoxic antibiotics and taking
into consideration the CC because as renal function is re-
duced, the plasma levels of some drugs may be high or
prolonged [4]. (e CC test assesses glomerular function
comparing the amount of creatinine in the blood with that
eliminated in the urine over a day. (eoretically, a 50% drop
in CC represents a twofold increase in the half-life of a drug
eliminated solely via renal excretion [9]. For this reason,
according to the degree of renal elimination of the drug, the
interval between doses should be increased.

Penicillin and its derivatives, clindamycin and cepha-
losporins are safer antibiotics for these patients [5]. Ami-
noglycosides, tetracyclines, and polypeptide antibiotics
should be avoided because of their nephrotoxicity [4].

5.4. Psychological Aspect. Finally, it is extremely important to
remember the psychological aspect in treating ESRD or
hemodialyzed patients [4]. A poor quality of life and depression
have been associated with hemodialysis, and a reduction of
compliance should be expected in a higher percentage of
patients compared with general population [36, 37].

However, it is debatable whether systemic alterations
and general morbidity are casually associated with the worse
dental and periodontal status or if the hemodialysis per se
in combination with psychological factor may impact on
quality of life [38].

Recently, Pakpour et al. investigated the oral health-
related quality of life (OHRQoL) related to sociodemo-
graphic variables, clinical findings, cognitive variables, oral
health behaviours, and general health-related quality of life
(GHRQoL) in ESRD patients undergoing hemodialysis [39].
Patients were matched with a healthy control group. Results
showed that patients on hemodialysis had poor oral health
status, OHRQoL, and GHRQoL compared to healthy sub-
jects. Sociodemographic variables, oral health knowledge,
hygiene attitudes, and GHRQoL predicted OHRQoL.

Conversely, Schmalz et al. did not find neither clinical
nor statistical significant differences of Oral Health Impact
Profile (OHIP G14) between patients on hemodialysis and
control group although ESRD patients exhibited worse oral
health [38]. (is result highlights that the patient’s per-
ception does not reflect the oral deficiencies and that edu-
cation and motivation of these patients represent a focus in
oral health maintenance.

6. Operative Protocols

An increased perception of the importance of oral health in
ESRD patients and transplant candidates has been observed
in the scientific community in the last twenty years. Over
time, the dental protocols that have been proposed by
various authors showed a growing attention to the psycho-
logical aspect of the patient and to the importance of
maintaining good control of plaque and daily oral hygiene
[5, 6, 9, 16, 31, 40]. Due to the greatly increased incidence and
severity of periodontitis in the hemodialysis population, the
dentist should keep in mind that the lack of oral hygiene may
put the patient at higher risk of local or disseminated infection

because of the persisting daily episodes of bacteraemia from
the oral cavity. (e spread of oral bacteria can be minimized
by the elimination of oral foci and by reducing the grade of
mucosal and gingival inflammation. A good control of oral
hygiene and the absence of dental foci represent a funda-
mental step to receive a preemptive kidney transplant before
the patient needing dialysis, if medically suitable, thanks to
a living donor. Also, an efficient dental treatment with
maintenance of good oral hygiene is essential in the post-
transplant phase, especially by preventing the occurrence of
severe infections and consequently the survival of the
transplanted organ. Furthermore, adequate plaque removal
and the treatment of gingivitis and periodontitis can avoid or
minimize gingival hypertrophy due to assumption of im-
munosuppressive drugs such as cyclosporine [41].

Besides the knowledge of general health aspects dis-
cussed above, the dental practitioner has to know the correct
practical approach and the operative sequences to follow
when treating renal patients. From the first appointment, it
is fundamental to impress upon the patient the importance
of adequate oral health and explaining to them the possible
complications arising from untreated oral foci, both in the
pre- and posttransplantation phases, and the possible oral
side effects of taking future antirejection therapy [16, 42, 43].

As already mentioned, an accurate medical history should
be collected with particular reference to ESRD-related ill-
nesses, medications and their dosage, blood parameters,
timing, and type of dialysis performed. (ese aspects have to
be directly discussed with the nephrologists when necessary
[5, 44]. (e dental exam consists of a noninvasive complete
assessment of dental, periodontal, and mucosal tissues [9].
Special care should be taken when positioning the patient,
avoiding compression of the arm with the vascular access for
hemodialysis [5]. All possible foci (periodontal and end-
odontic lesions, residual roots, partially erupted and mal-
positioned third molars, and peri-implantitis) and oral
pathologies (caries and mucosal lesions) have to be inter-
cepted. Radiographs (orthopantomography and intraoral
x-rays) complete the diagnostic process both in dentate and
edentulous patients. Furthermore, a periodontal chart should
be performed if periodontitis is suspected.(e treatment plan
for periodontal disease must include the assessment of the
patient’s oral hygiene. (erapy of gingivitis and periodontitis
should consist primarily in accurate motivation and in-
struction for home oral hygiene, adapted and personalized to
the necessities of the patient. Mechanical removal of supra-
and subgingival calculus should be performed with ultra-
sound devices and curettes.

Carious lesions must be recognized and when necessary
pulp vitality should be tested. In the presence of pulp necrosis
and/or apical lesions, endodontic treatment, apicectomy, or
extraction can be programmed. Generally, extractions are
recommended when conservative, endodontic, and peri-
odontal treatments do not guarantee the complete resolution
of the pathology [3, 4, 20]. Extraction of partially erupted and
malpositioned third molars is recommended to avoid peri-
coronal infection especially in the early posttransplant period.
In cases of peri-implantitis, surgical removal of the implant
should be performed. (e surgery should be as atraumatic as
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possible to avoid maxillo-mandibular fractures due to renal
osteodystrophy. In the presence of suspected mucosal lesions
that do not resolve in 7–10 days, a biopsy must be performed.
Before any procedure that could lead to bleeding (periodontal
chart, calculus removal with ultrasound, subgingival scaling,
extraction, and periodontal surgery) a 15ml rinse of chlo-
rhexidine 0.12% for 60 seconds is recommended to reduce the

amount of oral bacteria that could reach the bloodstream.
Adaptation of removable prostheses should be assessed to
determine the necessity of adjustment or substitution, and the
patient should be instructed regarding the cleaning and
maintenance of the device [3].

Orthodontic appliances can be maintained if they do not
interfere with oral hygiene. (e removal of orthodontic

FIRST ASSESSMENT 
1.Explain extensively the aims of the dental treatment and discuss with the patient the importance of adequate oral health;
obtain a written informed consent.
2. Collect a complete medical history and, if necessary, contact the nephrologist to assess the grade of ESRD, ESRD-related 
illnesses, timing, and type of dialysis.
3. Perform a noninvasive examination of dental, periodontal, and mucosal tissues. Complete the examination with
radiographs both in dentate and edentulous patients.
4. Recognize all possible foci (periodontal and endodontic lesions, residual roots, partially erupted and malposed third molars, 
and peri-implantitis) and oral pathologies (caries and mucosal lesions).

Dental Foci
YES

Dental Foci
NO

DENTAL TREATMENT (General considerations)
1. Before any procedure that could lead to bleeding, a 15ml rinse of chlorhexidine 0.12% for 60 seconds is 
recommended.
2. Antibiotic prophylaxis should be considered before surgery.
3. Dosage of pharmacologic therapies must be adapted to the creatinine clearance. In general, avoid 
administration of aspirin and consider safe local anesthetic.
4. Organize the patient appointments on the day after hemodialysis.

Prosthetic and
orthodontic devices

1. Assess the adaptation
of removable prostheses
to determine the necessity
of adjustment or
substitution.
2. Check orthodontic
appliances and maintain
them if they do not
interfere with oral
hygiene (the removal of
orthodontic brackets is
suggested just before
transplantation).
3. Instruct the patient
regarding the correct
cleaning and maintenance
of the devices.

Oral surgery
1. Use an atraumatic
technique to avoid the risk
of bone fractures.
2. Extract residual roots,
teeth with high mobility,
and elements with
periodontal or endodontic
lesion that are not
maintainable.
3. Extract partially erupted
and malpositioned third
molars to avoid pericoronal
infection especially in the
early posttransplant period.
4. Treat peri-implantitis or
perform the surgical
removal of unmaintainable
implants.
5. Proceed with the biopsy
of suspected mucosal
lesions.

Periodontal therapy
1. Take into account the
assessment of the
patient’s oral hygiene.
2. In cases of 
periodontitis, perform a
complete periodontal
chart.
3. Proceed with the
mechanical removal of
supra-and subgingival
calculus with ultrasounds
devices and curettes.
4. Program surgical
periodontal therapy when
indicated and only if a
good prognosis is
expected. Otherwise,
proceed with extraction.
5. Motivate and instruct
home oral hygiene.

Conservative-
endodontic therapy

1. Recognize carious
lesions and proceed with
decayed tooth restoration.
2. Test pulp vitality on
teeth with extensive
caries. In presence of
pulp necrosis and/or
apical lesions (diagnosed
by radiographs), proceed
with the endodontic
treatment.
3. Extraction is
recommended when the
endodontic treatment
does not guarantee the
complete resolution of the
pathology.

RECALL PROGRAM
1. Insert all patients in a strict recall program (frequency range of 3–6 months)
2. Repeat a complete noninvasive examination of the oral cavity and radiographs if the presence of new foci is suspected.
check prostheses and orthodontic appliances.
3. Treat the patients for new pathologies.

Figure 1: Flowchart for dental treatment of ESRD and hemodialyzed patients.
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brackets is indicated just before transplantation because the
immunosuppressive therapy administered in the posttrans-
plant period can induce gingival overgrowth that seems to be
muchmore accentuated in the presence of fixed appliances [3].

After the first cycle of dental therapy, it is crucial that all
patients are included in a strict follow-up program to
maintain the results obtained and, above all, to maintain
a high level of compliance. (e frequency of follow-up
depends on the needs and motivation of the patient (3–
6months for effective plaque control) [45]. Since the patients
undergo hemodialysis with a frequency of about three times
a week for approximately 2–4 hours per session (plus their
other medical appointments), they could be psychologically
affected and poorly compliant with respect to dental ap-
pointments. For this reason, the education on the impor-
tance of oral health is crucial to maintain the best motivation
of the patient. At each appointment, a review of medical
history is indicated and a complete noninvasive examination
of the oral cavity should be repeated [15]. Radiographs must
be performed if the presence of new foci is suspected.

It is important that this protocol is followed until the
patient undergoes renal transplantation. In fact, the ad-
herence to periodic follow-up reduces the risk of oral in-
fection just before the transplant and avoids the possibility of
losing the compatible organ because of an acute infection
from a dental source [15].

Operative protocols from first access to follow-up visit
are summarized in Figure 1.

7. Conclusion

CKD has become a major public health problem worldwide,
and terminal stage of CKD, ESRD, requires renal re-
placement therapy or kidney transplant [46, 47].

(e number of patients needing a kidney transplant is
increasing, and as this group of patients grows, its dental
needs will also increase.

It is important to coordinate with the nephrologist the
dental intervention considering the possible deterioration of
general conditions of the patient during and after the dental
treatment.

Patients have to be treated considering all issues cor-
related to the kidney dysfunction and inserted in a strict
follow-up program until transplantation. Early detection of
oral pathologies and strong preventive measures can min-
imize the need for extensive dental care [48]. (e in-
volvement of the patient is central to increase the motivation
for oral health.
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and M. A. Bustamente Ramı̀rez, “Oral mucosa symptoms,
signs and lesions, in end stage renal disease and non–end stage
renal disease diabetic patients,” Medicina Oral Patologia Oral
y Cirugia Bucal, vol. 11, pp. E467–E473, 2006.

International Journal of Dentistry 7



[20] M. Dioguardi, G. A. Caloro, G. Troiano et al., “Oral mani-
festations in chronic uremia patients,” Renal Failure, vol. 38,
no. 1, pp. 1–6, 2015.

[21] P. C. Fox, P. F. van der Ven, B. C. Sonies, J. M. Weiffenbach,
and B. J. Baum, “Xerostomia: evaluation of a symptom with
increasing significance,” Journal of the American Dental As-
sociation, vol. 110, no. 4, pp. 519–525, 1985.

[22] J. S. Sobrado Marinho, I. Tomàs Carmona, A. Loureiro,
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)e biologically active form of vitamin D, 1,25 dihydroxyvitamin D (1,25(OH)2D) and its receptor, the vitamin D receptor (VDR),
play roles in maintaining oral immunity and the integrity of the periodontium. Results of observational cross-sectional clinical
studies investigating the association between vitamin D serum level and the incidence and severity of chronic periodontitis
indicate that, perhaps owing to the immunomodulatory, anti-inflammatory, and antibacterial properties of 1,25(OH)2 D/VDR
signalling, a sufficient serum level of vitamin D is necessary for the maintenance of periodontal health. In cases of established
chronic periodontitis, vitamin D supplementation is associated with reduction in the severity of periodontitis. As cross-sectional
studies provide only weak evidence for any causal association and therefore are of questionable value, either longitudinal cohort
studies, case controlled studies, or randomized control trials are needed to determine whether or not deficiency of vitamin D is
a risk factor for chronic periodontitis, and whether or not vitamin D supplementation adjunctive to standard periodontal
treatment is in any way beneficial. In this article, we discuss the relationship between vitamin D, oral immunity and periodontal
disease and review the rationale for using vitamin D supplementation to help maintain periodontal health and as an adjunct to
standard periodontal treatment.

1. Introduction

Chronic periodontitis is an inflammatory disease caused by
dentogingival bacterial plaques and if left untreated, it causes
progressive destruction of periodontal tissues, ultimately
leading to tooth loss. In a subset of subjects with chronic
periodontitis, there may be an increased risk of cardiovas-
cular disease, diabetes mellitus, and complications of
pregnancy [1–4]. Periodontitis affects up to 50% of the adult
population [5–7].

Vitamin D plays a role in maintaining the homeostasis of
various biological systems including the neuromuscular,
skeletal, cutaneous, cardiovascular, and immune systems.
In addition, vitamin D has tumour suppressing, anti-
inflammatory, and antibacterial properties [8–12] (Fig-
ure 1). While there is no doubt about the essential role of
vitamin D in maintaining bone and calcium homeostasis, its
role in other biological systems is less well-defined [13].

Cross-sectional observational studies show that vitamin
D deficiency may be associated with increased risk of
chronic periodontitis [1, 6, 14–17], and that supplementa-
tion with vitamin D alone, or with vitamin D together with
calcium may help to maintain periodontal health, may in-
crease mineral density of the jaws, and may inhibit in-
flammatory alveolar bone resorption [15, 18–21].
Furthermore, in subjects with adequate vitamin D, surgical
treatment for chronic periodontitis appears to be more
successful than in subjects with vitamin D deficiency [22].
However, results of some longitudinal studies show that
vitamin D deficiency is a poor predictor of progressive tissue
destruction in subjects with chronic periodontitis [7] and
conversely, vitamin D sufficiency does not protect against
progression of chronic periodontitis [23].)ese longitudinal
studies do not provide any information regarding the as-
sociation between vitamin D levels and chronic periodontitis
in the general population. )e two studies deal only with
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a selected population of men over the age of 65 recruited for
a study of “Osteoporotic Fractures in Men” [7], and with
a selected population of postmenopausal women enrolled in
the “Buffalo OsteoPerio Study” [23].

Cross-sectional observational studies also show that vi-
tamin D deficiency, independently of chronic periodontitis, is
associated with increased risk of cardiovascular disease
[9, 10, 24], but it is not known if concurrence of periodontal
disease and vitamin D deficiency poses a cumulative car-
diovascular risk. In any case, there are no strong evidence-
based data to show that supplementation with vitamin D
reduces the incidence or the severity of cardiovascular or of
any immunoinflammatory diseases [9, 24, 25]. Nevertheless,
vitamin D has been used in prevention or treatment of
a number of infections including respiratory infections [26],
gingivitis [27], and influenza [28] and in the management of
asthma [29]. Owing to climatic variations and variations in
skin pigmentation, according to generally accepted norms of
serum levels of vitamin D, deficiency of vitamin D is very
common. In fact, if vitamin D deficiency is defined as a serum
level of 25(OH)D below 50nmol/L, then up to 40% of Eu-
ropeans can be considered to be deficient [30].

Standard treatment of periodontal disease focuses on
reducing the dentogingival bacterial load through personal
and professional mechanical disruption of the biofilm, by the
use of local or systemic antibacterial agents, or by down-
regulating the immunoinflammatory response with drugs in

order to reduce the bacteria-induced inflammation and to
arrest the progression of periodontal tissue damage [31]. If
indeed vitamin D were to be found to be effective in the
prevention and treatment of periodontitis, then it should be
added to the arsenal of biologically active therapeutic agents.

In this narrative review, we describe the possible
mechanisms by which vitamin D deficiencymay play roles in
the pathogenesis of chronic periodontitis and inmaintaining
the homeostasis of the oral epithelium and the integrity of
oral immunity.

2. Vitamin D and Vitamin D Receptor (VDR)

About 80% of vitamin D in the body is derived from ul-
traviolet B (UVB)-induced photoconversion in the skin of 7-
dehydrocholesterol to vitamin D3 (cholecalciferol) and the
remainder from animal dietary sources in the form of vi-
tamin D3 or of vitamin D2 (ergocalciferol). In a modern diet,
food supplements substantially augment the natural sources.
)e term vitamin D refers either to vitamin D2 or to vitamin
D3 or to both, and either can be used for correcting vitamin
D deficiency [25, 32].

Exposure to sunlight is essential for achieving a sufficient
level of vitamin D [25, 29, 33], but as the available evidence
suggests that excessive exposure to sunlight raises the risk of
skin cancer, it is common practice to avoid exposure to
sunlight or to wear protective clothing and to use sunscreen
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with high protection factors when outdoors [34, 35]. Under
these circumstances, it is difficult without supplementation
to attain sufficient levels of vitamin D for vitamin D-related
physiological activities [25]. Because melanin reduces the
penetration of UVB into the skin, diminishing the photo-
production of vitamin D, black people are more frequently
vitamin D deficient than white people [5, 30]. )is may
contribute minimally to the greater severity of chronic
periodontitis in blacks than in whites [5].

Both vitamin D2 and D3 are biologically inactive and
are converted in the liver into 25(OH)D which then is
converted mainly by the proximal tubular cells of the renal
nephrons into 1,25(OH)2D. )is is the biologically active
vitamin D (Figure 2). However, other tissues can also to
a lesser extent convert vitamin D2 and D3 to the bi-
ologically active form [13, 25, 32, 36].

As the 1,25(OH)2D has a half-life of only about 4
hours, 25(OH)D with a half-life of 2-3 weeks is used to
determine serum levels of vitamin D. Metabolites of vi-
tamin D are transported in the circulation by the vitamin D
binding protein, and upon reaching their target cells, they
dissociate from the binding protein and enter the cells
[8, 19, 25, 32, 37, 38].)e biochemical properties of vitamin
binding protein which is the principle transporter of vi-
tamin D and its metabolites, determine the free levels of
free vitamin D available to the tissues [33].

Regulation of the concentration of circulating 25(OH)D
and 1,25(OH)2D is a complex process which is modulated by
multiple factors including age, sunlight exposure (duration
and intensity), diet (oily fish such as tuna, salmon, sardines;
cod liver oil; yeast and fungi), plasma calcium, parathyroid
hormone, direct feedback by 1,25(OH)2D, fibroblast growth
factor 23, diseases (i.e., malabsorption syndromes, sarcoidosis,
and impaired calcium metabolism), systemic inflammatory
reactions, and medications (i.e., glucocorticoids, anticon-
vulsants, and barbiturates) [13, 25, 36, 38, 39]. As older adults
are often less exposed to sunlight and have reduced capacity to
produce biologically active vitamin D metabolites and to
absorb vitamin D from the intestine and may be suffering
from chronic diseases requiring multiple-drug treatment,
they are at particular risk of vitamin D deficiency [12].

According to the Endocrine Society Clinical Practice
Guideline [25], Vitamin D deficiency is defined as levels of 25
(OH)D below 50 nmol/L and insufficiency as 25(OH)D levels
of 52.5–72.5 nmol/L. For people with vitamin D deficiency, in
order to attain blood levels of 25(OH)D above 75 nmol/L, they
should be treated daily with 6000 IU of either vitamin D2 or
vitamin D3, followed by a maintenance dose of 1500–
2000 IU/day [25, 29]. Although about 70 nmol/L of vitamin D
enhances both calcium and phosphorus absorption from the
intestine and enhances bone health and muscle function, the
adequate levels of 25(OH)D for nonskeletal tissue health are
unknown [25]. For the best clinical outcomes of vitamin D
supplementation, daily doses are better than higher weekly or
monthly doses [12] because daily doses result in a more stable
serum and tissue concentration [38].

1,25(OH)2D exerts most of its activities through the
widespread vitamin D nuclear receptor (VDR) which func-
tions as a transcription factor. VDR forms a heterodimer with

the retinoid X receptor (RXR), and this VDR/RXR binds to
vitamin D response elements in target genes, regulating gene
expression either by activation or by repression of gene
transcription [8, 10, 40].

1,25(OH)2D/VDR/RXR-induced transcription of target
genes is modulated by other transcriptional coactivators and
corepressors which are recruited to the vitamin D response
elements. However, VDR may mediate cellular functions in
a ligand-independent manner [13]. 1,25(OH)2D/VDR and
glucocorticoid receptor intracellular signalling pathways
cross-talk so that increased levels of vitamin D may upre-
gulate responsiveness of certain target cells to glucocorti-
coids; and as VDR and glucocorticoid receptor share some
transcriptional coactivators, VDR may promote transcrip-
tion of certain genes induced by glucocorticoids [13].

)e 1,25(OH)2D/VDR signalling pathway interacts with
other signalling pathways in the regulation of many bi-
ological processes, including calcium and bone homeostasis,
inflammation, cell mediated immunity, cell-cycle progres-
sion, and apoptosis [8]. )e 1,25(OH)2D/VDR signalling
pathway has the capacity to mediate antibacterial, antiviral,
and anti-inflammatory activity [29]. VDR polymorphism
has been associated with increased risk of several diseases,
with some of the genetic variants being less responsive than
others to 1,25(OH)2D in suppressing inflammatory pro-
cesses, thus favouring the development of cutaneous in-
flammatory conditions [41] and possibly of chronic
periodontitis [5, 42].

1,25(OH)2D/VDR signalling in osteoblasts may cross-
talk with the transforming growth factor β, insulin growth
factor 1, interferon, parathyroid hormone, and Wnt/β cat-
enin signalling pathways to mediate physiological activities
of osteoblasts [13]. 1,25(OH)2D/VDR pathways directly or
indirectly can mediate differentiation and maturation of
osteoblasts and osteoclasts, thus influencing bone remod-
elling. 1,25(OH)2D/VDR pathways in osteoblasts enhance
the expression of osteogenic genes such as those encoding
type I collagen, alkaline phosphatase, osteocalcin, and
osteopontin which drive bone formation and upregulate the
expression by osteoblasts of RANKL which subsequently
promotes differentiation and activity of osteoclasts [13].
Vitamin D deficiency has the potential to interfere with bone
homeostasis, but as long as calcium serum levels are normal,
bone metabolism appears not to be affected by vitamin D
deficiency [13].

3. Oral Mucosal Immunity

)e oral mucosal epithelium separates a microorganism-
ridden environment from the underlying connective tissue.
It acts as the physical barrier that protects the deeper tissues
from penetration of water and a wide range of water-soluble
molecules, from invasion by microorganisms with their
associated antigens and toxins, and from minor mechanical
damage [43]. 1,25(OH)2D is produced, and VDR is
expressed by keratinocytes of the basal and spinous layers of
the oral epithelium, and 1,25(OH)2D/VDR signalling in-
fluences proliferation, differentiation, and apoptosis of
keratinocytes, and local immune responses [8, 44]. In fact,
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1,25(OH)2D/VDR signalling in oral keratinocytes mediates
antiproliferative and prodifferentiation effects, and vitamin
D-deficient laboratory animals show increased proliferation
of oral epithelium without any morphological or histological
abnormalities [45].

)e epithelium and the underlying lamina propria of
the oral mucosa are populated by innate immune cells
including macrophages, natural killer (NK) cells, NKTcells,
polymorphonuclear leukocytes, and dedicated antigen-
presenting cells, with all their related cytokines and che-
mokines [43]. In response to antigenic stimulation, acti-
vated keratinocytes produce antimicrobial agents such
β-defensins and cathelicidins and can mediate immu-
noinflammatory reactions [46]. Salivary flow, salivary se-
cretory immunoglobulin A, and gingival crevicular fluid
are additional physical and biological elements of oral
mucosal immunity [43].

Oral mucosal immunity has many functions including
control of colonization of the oral mucosa by pathogenic
microorganisms, generation of protective immunoin-
flammatory responses against invading pathogens, media-
tion of immune tolerance to commensal microorganisms
and foreign antigens derived from exogenous sources, and
neutralization of harmful exogenous antigens [47].

Oral keratinocytes and innate immune cells in the
lamina propria of the oral mucosa express molecular
pattern-recognition receptors that can detect microorgan-
isms and harmful endogenous molecules derived from tissue
damage. )ere are several families of molecular pattern-
recognition receptors including the Toll-like receptor (TLR)

family, the c-type lectin receptor family, and the mannose
receptor family [46, 47]. Stimulation of TLR receptors by
periodontopathic bacteria breaching the crevicular epithe-
lium triggers the production of antibacterial and chemo-
tactic agents, inflammatory mediators, and cytokines. All of
these induce a nonspecific inflammatory reaction and
mobilize dedicated antigen-presenting cells to the infected
gingival site. In turn, these biological reactions initiate and
drive adaptive immunoinflammatory reactions [43, 46, 47].

Invasion of the gingival epithelium by periodontopathic
bacteria brings about activation of keratinocytes, myeloid
dendritic cells, and macrophages. After having recognized
molecular patterns of periodontopathic bacteria through
TLRs, local immature myeloid dendritic cells process the
pathogenic antigen and undergo maturation, with upregu-
lation of expression of major histocompatibility complex
(MHC) and costimulatory surface molecules. In the pres-
ence of MHC surface molecules, the mature dendritic cells
can effectively present antigens to the naı̈ve T cells in
draining lymph nodes, initiating cross-priming and medi-
ating the generation of T cell immune responses [43].

)e primed Tcells in the lymph nodes then differentiate
into antigen-specific memory effector CD4+ and CD8+
Tcells and into regulatory T (Treg) cells.)e subtype and the
magnitude of the antigen-specific T cell response in the
lymph nodes is determined by the nature of the infective
agent, by the cytokine profile in the microenvironment, by
the specific T cell receptor repertoire, and by the profile of
the cell surface molecules expressed by antigen-presenting
dendritic cells [43, 47]. Some of the effector T cells will
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remain in the lymph nodes, others will enter the circulation,
and those which reach the oral mucosa will engage in local
effector immune responses and in immune surveillance [43].

In the lymph nodes, IL-12 and IL-18 will generate a )1
immune response mediated by IL-2, INF-Υ, and TNF; IL-4
will generate a)2 immune response mediated by IL-4, IL-5,
IL-6, and IL-13; and TNF-β, IL-1β, and IL-6 will generate
a )17 immune response mediated by IL-17, IL-21, and IL-
22 [46]. In addition, Treg cells via IL-10 downregulate the
induction of T-cell-mediated immune responses in the
lymph nodes and suppress the activity of T-cells in the
peripheral tissue, thus mediating immune tolerance and
preventing upregulation of immunoinflammatory reactions
[43, 47]. Despite this process of T cell polarization, the
polarized T cells retain some functional versatility, having
the capacity to produce cytokines which are not considered
lineage-specific [43].

In the context of immune homeostasis, the 1,25(OH)2D/
VDR signalling pathway can modulate the production of the
proinflammatory cytokines IL-2, IL-17, and INF-α; suppress
the maturation of antigen-presenting dendritic cells with the
consequent decrease in antigen-specific T cell activation and
proliferation; and promote the activity of Treg cells. Together,
these fine-tuned physiological immune responses can
downregulate hyperactive T cell mediated immunoin-
flammatory reactions and moderate autoimmune T cell
responses [9, 11, 48–50].

However, despite all this, the evidence for a causal as-
sociation between vitamin D deficiency and the incidence
and severity of immunoinflammatory diseases is weak, and
augmenting standard treatment with vitamin D supple-
mentation or its biologically active analogues does not seem
to improve the efficacy of the treatment of any autoimmune
or immunoinflammatory diseases [9, 51].

In addition, it has been shown that VDR polymorphism,
in the presence of exogenous aetiological factors
(i.e., tobacco smoke and alcohol), is associated with in-
creased risk of chronic periodontitis and other inflammatory
conditions. Some genetic variants may be less responsive to
1,25(OH)2D in suppressing inflammation, thus favouring
bacteria-induced tissue damage, while other variants are
associated with low bone-mineral density, thus making al-
veolar bone vulnerable to bacterial plaque-induced in-
flammatory bone resorption [5, 41, 42, 52, 53].

4. Periodontitis

Periodontitis is a bacterial plaque-induced inflammatory
disease characterized by exudation of cervicular fluid, in-
creased periodontal probing depths, bleeding on probing,
and loss of alveolar crestal bone. )e pathogenesis is mul-
tifactorial with complex interaction between bacterial agents
and bacteria-induced immunoinflammatory responses, on
a background of inherent genetic predisposition. Risk fac-
tors such as smoking, uncontrolled diabetes, vitamin D
deficiency, and deep periodontal pockets that favour pro-
liferation of periodontopathic bacteria, all have the capacity
to aggravate the course of the disease (Figure 3) [52–54].

)e metabolic products of early, mainly aerobic bacterial
colonisers, together with environmental organic and in-
organic compounds form a biofilm in which the pioneer
bacteria multiply.)e chemical and physical properties of this
biofilm within the ecological niche favour proliferation of late
bacterial colonisers, including anaerobic periodontopathic
bacteria. )e biofilm is retained in-situ by its adhesive and
cohesive properties and provides some protection to the
bacterial flora against penetration of antibiotics [54].

In gingival health, the commensal bacteria including
Gram-positive facultative cocci and rods and some anaer-
obes and the gingival tissues are in biological equilibrium.
Alterations in the local microenvironment or in the host’s
immunity may favour multiplication of Gram-negative
anaerobic bacterial species, including the perio-
dontopathic bacteria Porphyromonas gingivalis, Aggregati-
bacter actinomycetemcomitans, Prevotella intermedia, and
Treponema denticolo, bringing about a disturbance in the
host-bacterial biological equilibrium [54].

P. gingivalis, the main periodontopathic bacterium,
possesses a number of virulence factors and micromor-
phological structures including gingipain, lipopolysaccha-
rides (LPS), fimbriae, and outer membrane vesicles which
individually or together can cause direct tissue damage [55].
After having become attached to a gingival sulcular epithelial
cell, P. gingivalis enters the cell inducing remodelling of the
actin and tubulin cytoskeleton, and after intracellular
multiplication, it spreads via actin bridges to neighbouring
cells, thus infecting a field of epithelial cells. Within the
infected cell, P. gingivalis can survive, ultimately inducing
apoptosis, lysis of the infected cell [31, 55, 56], and thence
invading connective tissue cells and osteoblasts of the al-
veolar bone. P. gingivalis can then inhibit differentiation and
ultimately induce apoptosis of infected osteoblasts, thus
inhibiting bone turnover [57, 58].

In subjects with chronic periodontitis, the expression of
TLR2 and TLR4 by cells of the periodontium is upregulated
in response to the preponderance of periodontopathic
bacteria [55]. Lipopolysaccharides of P. gingivalis, via TLR
2/4, trigger the activation of the transcription factors NF-κB,
AP-1 (activator protein 1), and the STAT-3 (nuclear signal
transducers and activators of transcription-3). )ese upre-
gulate the expression of genes encoding inflammatory
mediators including cytokines, chemokines, prostaglandins,
and proteinases [31, 55, 59], generating an initial in-
flammatory reaction. )is reaction will be amplified and
propagated by activated immunoinflammatory cells of the
adaptive arm of the immune system recruited to the infected
periodontal site [31], causing marginal alveolar bone loss
with increased periodontal pocket depths, raised pH, and
decreased local redox potential. All these together favour
proliferation of anaerobic bacteria, and unless interrupted by
treatment, a vicious cycle of bacterial multiplication, in-
flammation, and progressive alveolar bone destruction will
occur, ultimately resulting in tooth loss [54]. )us, while
bacteria do cause some direct tissue damage, most of the
damage of chronic periodontitis is mediated by immu-
noinflammatory reactions in response to the challenge of the
periodontopathic bacteria [59].
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)e interaction between molecular patterns of certain
periodontopathic bacteria and TLR1/2 of innate oral
immunocytes including monocytes/macrophages and ker-
atinocytes may also induce the expression of VDR and the
production of 1,25(OH)2D by these cells. In turn, the 1,25
(OH)2D/VDR signalling induces the expression of genes
encoding the antibacterial agents cathelicidin and β defencin
[1, 10, 51] which may provide some protection against the
development of bacterial plaque-induced chronic peri-
odontitis [13].

Alveolar bone loss in chronic periodontitis is brought
about by increased expression of receptor activator of nu-
clear factor kappa-Β ligand (RANKL), by )17-derived IL-
17 and by TNF-α all of which have the capacity directly or
indirectly to promote osteoclastogenesis. Lipopolysaccha-
rides of anaerobic bacteria, via stimulation of TLRs, upre-
gulate the expression of RANKL by fibroblasts, osteoblasts,
and/or by T and B lymphocytes, resulting in differentiation
and activation of osteoclasts; )17-derived IL-17 can also
upregulate the expression of RANKL by osteoblasts and
CD4+ T cells; and TNF-α produced by neutrophils, mac-
rophages, and )1 cells directly promotes osteoclastogenesis.
All these bring about the resorption of supporting alveolar
bone characteristic of chronic periodontitis [31].

In progressive chronic periodontitis, dissemination of
periodontopathic bacteria and of inflammatory mediators
from the inflamed periodontal tissues is not uncommon. As
a result, in a subset of genetically predisposed persons with
upregulated immunoinflammatory responses, active chronic
periodontitis can increase the risk of cardiovascular disease,

stroke, inadequate glycaemic control in diabetes mellitus,
and complications of pregnancy [1, 4]. Indeed, it has been
reported that after adjustment for confounding variables,
compared to those with minimal periodontal disease, sub-
jects with advanced periodontitis have a 25% increased risk
of coronary heart disease [4].

)e statistical association between vitamin D status
represented by 25(OH)D levels and resistance to periodontal
disease observed in cross-sectional studies might be
explained in terms of several biological mechanisms. Firstly,
1,25(OH)2D, the biologically active form of vitamin D,
through its positive role in maintaining calcium and bone
homeostasis can increase the mineral density of alveolar
bone, and thus may reduce alveolar bone resorption, with
a consequent decrease in the severity of chronic peri-
odontitis and may help to maintain periodontal health
[5, 11, 49, 60].

Secondly, 1,25(OH)2D/VDR signalling can down-
regulate transcription of genes encoding proinflammatory
cytokines, can suppress cyclo-oxygenase-2 (COX-2) and
prostaglandin pathways, and can inhibit production of
matrix metalloproteinases. Taken together, all these effects of
1,25 dihydroxyvitamin D/VDR signalling may reduce the
bacteria-induced inflammatory process of periodontal dis-
ease [49, 55, 60].

)irdly, 1,25(OH)2D/VDR signalling plays some sup-
portive role in wound healing. It mediates proliferation and
differentiation of keratinocytes and recruitment of
monocytes/macrophages during the inflammatory phase of
tissue repair, and VDR-deficient laboratory animals show
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impairment in the formation of granulation tissue charac-
terized by low vascularization and extracellular matrix
content [61]. )us, vitamin D deficiency may inhibit peri-
odontal tissue healing.

Lastly, in response to bacterial stimulation, 1,25
(OH)2D/VDR signalling in activated keratinocytes, mono-
cytes, and macrophages of the periodontium, may induce
the production of the antibacterial agents cathelicin and
β-defensin [5, 9, 11, 49], thus playing a role in reducing the
bacterial burden; and supplementation with vitamin D may
amplify the local antimicrobial effector response against
periodontopathic bacteria [5, 49].

5. Comments

It is difficult to interpret the information from observational
cross-sectional clinical studies of the association between the
incidence and severity of chronic periodontitis and vitamin
D serum levels [6, 14–17, 62]. Follow-up periods have been
short, study populations often heterogeneous, and risk
factors such as ethnicity, old age, and smoking are common
to both subjects with low-levels serum vitamin D and
subjects with chronic periodontitis [6, 13–15, 17, 62]. Fur-
thermore, the effects of supplementation of calcium together
with vitamin D was investigated in some of the studies, thus
ruling out any conclusion as to the effect of vitamin D alone
[63].

Epidemiologically, the extent, severity, and rate of
progression of chronic periodontitis are extremely variable
[63, 64], and as the tissue destruction in chronic peri-
odontitis is known to be episodic with short periods of
disease activity and longer periods of disease quiescence,
follow-up periods of several years would be necessary to
detect whether vitamin D supplementation could reduce the
risk and the severity of chronic periodontitis [63].

In general, observational cross-sectional studies, like
most of those investigating the link between vitamin D and
chronic periodontitis, provide only weak evidence of any
causal association, and as such are of questionable value in
determining whether or not vitamin D deficiency increases
the risk of chronic periodontitis [5, 65]. Either longitudinal
cohort studies, case controlled studies, or randomized
controlled trials would be needed to demonstrate any causal
associations or to determine the value of vitamin D in the
maintenance of periodontal health or in periodontal treat-
ment [65].

In any case, as medicine is not a precise science,
treatment modalities which according to evidence-based
research have not been found to be completely effective
for an observed group may still be beneficial for a subset of
the general population [66]. )erefore, the use of vitamin D
supplementation as an adjuvant to standard periodontal
treatment should be considered in subjects with vitamin D
deficiency.

6. Conclusion

Studies investigating the link between vitamin D and chronic
periodontitis do not provide direct experimental evidence of

any causal association between vitamin D deficiency and
chronic periodontitis, or that vitamin D supplementation
has any beneficial role in the treatment of chronic peri-
odontitis; these studies do provide coherent and consistent
evidence of the potential role of vitamin D in maintaining
oral health. However, there appears to be no justification for
vitamin D screening for persons with chronic periodontitis
who are not at risk of vitamin D deficiency.
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Periodontitis is an infectious and inflammatory disease of high prevalence worldwide and constitutes a significant oral health
problem. It can lead to tooth loss. In addition, the local inflammatory process can cause the release of inflammatory mediators in
the bloodstream and, consequently, contribute to the emergence of systemic effects as cardiovascular and diabetic complications.
+e purpose of this mini review is to alert health professionals about the risk that periodontitis represents for the onset or
exacerbation of complications in individuals with type 2 diabetes mellitus and to emphasize that the mechanical treatment
of periodontal disease and reestablishment of oral health are essential for the metabolic control of these patients. +e periodontal
therapymay help to reduce the risk of systemic complications in diabetes patients. Proper dental management should be suggested
by health professionals, mainly from physicians to their patients, in order to improve the health conditions in these individuals.

1. Introduction

Diabetes mellitus (DM) is a metabolic disease in which the
body does not produce insulin or cannot use it properly.
+ere is an estimative that there are about 422million people
with DM worldwide [1].

+e two main forms of the disease are type 1 (DM1) and
type 2 (DM2) diabetes. Besides, other forms are also de-
scribed in the literature, such as gestational diabetes, as well
as other specific types of DM such as those associated with
genetic disorders, among other factors. However, DM1 and
DM2 affect most of the population, where 90% of the dis-
ease’s cases are concentrated in type 2 [2].

In type 1 DM, beta-pancreatic cells are mistakenly
attacked by the human’s immune system. So, insuffi-
cient or no insulin is released. Consequently, glucose
stays in the blood instead of being used as energy by the
body [2].

Because most of the studies about the relation of DM and
periodontitis are related to DM2 and this is the most
prevalent type of diabetes, this review will approach the
aspects only involved in the treatment of periodontitis in
Diabetes mellitus type 2 patients.

DM2, a global public health problem, consists of a het-
erogeneous group of metabolic disorders that presents
chronic hyperglycemia as a result of defects in the action or
the insulin secretion. DM2 results from a combination of
insulin resistance and inadequate compensatory response to
insulin secretion, leading to a relative deficiency in the release
of this hormone [3]. Insulin is the only hormone responsible
for the reduction of blood glucose and is produced and re-
leased by the β-cells of the pancreatic islets of Langerhans [4].

+e major complications of diabetes are micro-
angiopathy, nephropathy, neuropathy, macrovascular dis-
ease, and delayed wound healing. Periodontitis is considered
the sixth complication of DM [2].

Periodontitis is a primarily infectious and inflammatory
disease caused by anaerobic bacteria (Porphyromonas gin-
givalis, Treponema denticola, Prevotella intermedia, Pre-
votella nigrescens, Eikenella corrodens, Aggregatibacter
actinomycetemcomitans, among others) in association or not
with other periodontopathogens, in dental biofilm. It affects
teeth’s protection and support tissues as gingiva and alveolar
bone and can lead to dental mutilation [1, 5].

Periodontitis has been recently very strongly associated
with the role of an overreactive immune system in the critical
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point of the periodontal disease development [6, 7]. Perio-
dontopathogens stimulate, among other inflammatory me-
diators, the production of cytokines as interleukin 1 beta (IL1-
β), interferon gamma (IFN-c), tumor necrosis factor-alpha
(TNF-α), and chemokines (CXCL-1, CXCL-8, CCL-5) by
gingival epithelium, adhesion molecules, increased perme-
ability of the gingival capillaries, and chemotaxis of neutrophils
from the junctional epithelium to the gingival sulcus. +is
initial response, with the production of specific cytokines and
chemokines, promotes the migration of an inflammatory
infiltrate composed of perivascular T cells and monocytes to
the connective tissue [6, 7]. If the cellular immune response
fails to control the infection, recruitment of B cells that
differentiate into plasma cells occurs. Plasma cells produce
immunoglobulins (antibodies) that may confer protection to
periodontal tissues, control the infectious process, or induce
deleterious effects, leading to the destruction of connective
tissue and promoting reabsorption of the alveolar bone. +e
effectiveness of this response varies between individuals and
demonstrates importance in determining disease suscepti-
bility [6].

Nowadays is well established the relationship between
the progression of periodontitis and several factors, such as
the presence of the periodontal pathogens, high levels of
proinflammatory cytokines (IFN-c and TNF-α), matrix
metalloproteinases (MMP) and prostaglandin E2 (PGE2),
and low levels of inflammation’s inhibitory cytokines (IL-
10), transforming growth factor beta (TGF-β), and tissue
inhibitors of MMP (TIMP) [6, 8].

+e susceptibility and extent of tissue destruction appear
to be determined by the complex cytokine balance produced
by the presence of numerous associations between peri-
odontal microorganisms. When the host’s response is ex-
acerbated, it can lead to tissue damage, causing loss of
periodontal support [6, 7].

Systemic diseases, such as diabetes, can also interfere
with the periodontal condition, turning the prognosis of the
associated diseases unfavorable [9]. Intravascular dissemi-
nation of microorganisms and their products throughout the
body may occur because of the inflammation in the peri-
odontal tissues. +e total surface area of this periodontal
inflammatory field is estimated to be the size of the palm of
the hand. Immediate medical intervention should be done if
one lesion of this size was on the skin. However, peri-
odontitis is frequently ignored by health professionals, even
though it may be associated with a range of systemic diseases
and conditions [10].

+e association of periodontitis with DM has been in-
vestigated and studies have shown that there is a definite
correlation between both [11]. It can be observed that in-
dividuals with diabetes and inadequate glycemic control are
more likely to develop severe periodontal disease and that
periodontitis may interfere in the glycemic control of these
individuals [12, 13].

2. Mechanisms of Action

Patients with uncontrolled diabetes can present with micro-
or macrovascular complications. +e prevalence of both

complications occurs according to the type and duration
of DM. Microvascular defects affect most intricately
vascularized organs, as the retina (retinopathy), kidney
(nephropathy), and peripheral nerves (neuropathy). +e
macrovascular defects affect large blood vessels, and con-
sequently, some noble organs as the heart (cardiovascular
disease), brain (cerebrovascular disease), and the peripheral
arteries (peripheral vascular disease) [14]. Vascular disorders
are usually progressive. +e main problem in uncontrolled
diabetes is the activation of the immune system that leads to
micro- and macroangiopathies and other immune reactions
contributing to all major organs failure. For example, ne-
phropathy, begins insidiously, but over time, may contribute
significantly to morbidity and mortality, resulting in severe
damage to the organs. Cardiovascular diseases (CVDs) also
account for increased morbidity and mortality in DM2
patients [15].

CVD usually occurs about two decades earlier among
DM2 patients than in those without the disease [16, 17].
About 70% of individuals with DM2 die of CVD [18]. +e
combination of the duration of diabetes (>15 years) and
prior CVD was associated with a 30-fold increased risk of
fatal CVD [19].

Several factors can explain the mechanisms of peri-
odontal destruction due to DM. Initially, the hyperglycemia
state can directly favor the growth of periodontal pathogens,
hinder or prejudice cellular functions and, consequently,
host defenses. One pathogenic consequence of hypergly-
cemia in diabetes is an insufficiency in detoxification of
reactive carbonyl compounds. Reactive carbonyl increases
due to oxidative and nonoxidative reactions where carbo-
hydrates and lipids lead proteins to chemical modification
and then, at a late stage, to oxidative stress and tissue
damage.+is chronic and accelerated chemical modification
of proteins is associated with the AGEs (advanced glycation
end products) hypothesis which proposes that by increasing
concentration of glucose in diabetes alters the structure and
function of tissue proteins, contributing and precipitating
the development of diabetic complications [20].

+e immunological mechanisms mediating the effect of
periodontitis on the control of diabetes have moderated level
of support in the current literature. Most studies demon-
strate that circulating proinflammatory mediators as TNF-α,
CRP, and mediators of oxidative stress are elevated in pa-
tients with both diseases and these subjects tend to dem-
onstrate higher dyslipidemia, reduced beta cell function, and
elevated oxidative stress (that may act synergistically in
worsening cardiovascular complications in diabetes) than
patients with diabetes alone. Probably these mediators affect
the control of DM, but there is no sufficient information
from animal studies to support this possibility [21].

+ere is also a substantial increase in mediators as
proinflammatory cytokines and secretion of collagen-
degrading enzymes. Diabetes, through the formation of
AGEs, can indirectly alter the union of the extracellular
matrix, as well as cellular activities, amplifying inflammatory
reactions, and decreasing cellular viability, which leads to
deterioration of the healing process and potential change in
periodontal tissues [22].
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On the other hand, the mechanisms by which peri-
odontitis promotes metabolic dysfunction are not yet fully
understood. It is believed that in response to endotoxins
such as lipopolysaccharide (LPS) produced by periodontal
microorganisms, there is an augment in the production of
proinflammatory cytokines, chemokines, reactive oxygen
species (ROS), and C-reactive protein (CRP) that can alter
lipid metabolism and insulin resistance, leading to hyper-
lipidemia and hyperglycemia [22]. Additionally, TNF-α has
been identified as a potent insulin receptor blocker [23].

In severe untreated periodontitis, the ulcerated epithe-
lium of the periodontal pockets has an estimated surface area
of 8 to 20 cm2 [24]. +is inflamed and ulcerated subgingival
epithelial area of periodontal pockets constitutes a vast
portal of entry for periodontopathogenic bacteria, their
products, endotoxins such as LPS, and stimulated in-
flammatory mediators to reach the systemic circulation
[25, 26].

Periodontal microorganisms as well as their antigens,
when systemically dispersed, can cause significant systemic
inflammation and contribute to DM complications. Leu-
kocytes, endothelial cells, and hepatocytes respond to vir-
ulence factors with the secretion of proinflammatory
mediators such as cytokines, chemokines, ROS, and CRP. If
excessive, ROS release by phagocytes can reach circulation
and cause systemic oxidative stress. CRP is a protein mainly
produced by the liver as result of increased levels of TNF-α
and IL-6 in the inflammatory process [27]. Cardiovascular
disease has CRP as an independent predictor of its occur-
rence [28].

Data from a systematic review [29] concluded that
human studies, animal experiments, and ex vivo cell culture
studies provide evidence for elevated levels of interleukin-6
and interleukin-1β in periodontal tissues and crevicular fluid
in patients with DM and periodontitis compared to sys-
temically healthy patients.

Animal models with type 2 diabetes mellitus suggest that
TNF-α plays an essential role in prolonging periodontal
inflammation [29] and in the development of insulin re-
sistance [23]. +is mediator reduces the expression of glu-
cose transporter type 4 (GLUT4) which is an insulin-
regulated glucose transporter. TNF-α also induces serine
phosphorylation of insulin receptor substrate-1 (IRS-1) that
acts as an inhibitor of insulin receptor and down streams the
signaling of phosphatidylinositol-3 kinase activation [23].

+e increased release of proinflammatory cytokines (IL-
1β, IL-6, and TNF-α), an altered RANKL/osteoprotegerin
ratio, interactions between advanced glycation end products
and their receptors, increased production of reactive oxygen
species, and increased interaction between endothelial cells
and leukocytes play a crucial role in the two-way relationship
between diabetes and periodontitis. +ese complex changes,
resulting from the presence of diabetes, modify the local
inflammatory reaction in the periodontium, leading to
a proinflammatory state in the gingival tissue and micro-
circulation [29]. With continued exposure, soluble antigens
react with specific circulating antibodies to form immune
complexes that amplify inflammation at the sites of de-
position. Likewise, proinflammatory mediators, produced

locally in the inflamed gingival tissues, can reach the sys-
temic circulation. Proinflammatory cytokines in the circu-
lation induce leukocytosis and acute phase proteins
(e.g., CRP). In this context, the increase in the number of
white blood cells is associated with an augmented risk of
coronary heart disease, cardiovascular disease (CVD), ath-
erosclerosis, thrombosis, and myocardial ischemia. +is
increase may be caused by the inflammatory nature of
chronic infections such as periodontitis [30, 31].

Periodontitis may cause bacteremia and enhance ath-
erosclerotic plaque formation because some microorgan-
isms related to periodontal diseases were detected in
atherosclerotic plaques [32, 33, 34]. However, other oral
pathogens as Streptococcus mutans also have been found in
atheromatous plaque samples [35]. +us, it seems that the
disruption of epithelial integrity from periodontal pockets
may also provide a point of entry for nonperiodontal
pathogens, as those usually found in caries-affected teeth.

Periodontal bacteria, as P. gingivalis, or their products
can also interact with platelets (direct or via the vascular
endothelium) and promote prothrombotic effects [36].

Proinflammatory cytokines, which have been reported to
be associated with periodontitis, are also involved in athe-
rothrombogenesis [37, 38]. Furthermore, periodontitis pa-
tients present many similar risk factors to those with CVD
including age, lower socioeconomic status, and smoking
[39]. +is suggests that periodontitis and CVD may share
common etiological pathways and that the association be-
tween both is plausible.

Periodontitis is a risk factor for atherosclerosis through
endothelial activation. Bacterial products (LPS, outer
membrane vesicles, or fimbriae), cytokines, and chemokines
resulted from the infectious and inflammatory periodontal
process fall into the bloodstream and may stimulate
a superregulation of endothelial cell surface receptors in
addition to the expression of adhesion on vascular endo-
thelium. +is promotes chemotaxis for circulating mono-
cytes. +ese cells adhere to the activated endothelium. Due
to molecular mimicry, immunoglobulins against specific
bacterial proteins act as autoantibodies and induce apoptosis
in the endothelium. +e monocytes then migrate into the
subendothelial space and differentiate into macrophages.
+ere, they pick up oxidized low-density lipoprotein (LDL)
and become foam cells. Apoptosis of LDL-loaded macro-
phages results in the accumulation of lipids in the sub-
endothelial space, contributing to the formation of
atheromatous plaques. In addition, invading periodontal
pathogens induce the proliferation of smooth muscle cells in
the formation of the intima and neointima. +e extracellular
matrix development and the extravasation of T lymphocytes
result in the formation of a fibrous envelope covering the
atheroma. +e fibrous cap and its prothrombotic compo-
nents are exposed after endothelial cell apoptosis. +e en-
zymatic degradation of the extracellular matrix results in
plaque rupture with consequent exposure of its pro-
thrombotic components and formation of thrombi, leading
to vessel occlusion. Clinically, this manifest as acute myo-
cardial infarction, in the case of an occluded coronary artery,
or a stroke in the case of an occluded cerebral vessel [40].
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On the other hand, complications of DM2 because of
periodontitis can be prevented or diminished if periodontal
disease is treated. Studies have demonstrated that me-
chanical periodontal therapy can promote the reduction of
inflammation’s markers in the bloodstream (CRP, IL-6,
among others) [41, 42, 43].

3. Importance of the Diagnosis of Periodontitis
and Periodontal Debridement

Periodontal diseases have been associated with a reduced
glycemic control in diabetes. Periodontitis increases the risk
for the diabetes incidence in nondiabetic patients [21] as well
as increases insulin resistance in patients with DM and
disease complications, including mortality [44, 45].

+e implications of periodontitis in the oral environ-
ment and maintenance of affected teeth, by themselves,
would justify the relevance of seeking the complete un-
derstanding of its etiopathogenesis and, from this, imple-
ment active forms of individualized therapy. However, in
addition to the implications of the disease in oral health, its
meaning reaches systemic proportions, whose mechanisms
are still not precise.

+e effect of periodontitis on the control of DM type 2
has been studied, and there is indirect evidence to support
biological mechanisms mediating this effect as reduced
pancreatic islets β-cell function, elevated oxidative stress,
and dyslipidemia. People with DM and periodontitis usually
have elevated circulating proinflammatory mediators, like
TNF-α, IL-6, CRP, and reactive oxygen species (ROS) that
can interfere with diabetes metabolic control [44] and may
act synergistically in worsening cardiovascular complica-
tions in diabetes [45].

Mechanical periodontal therapy involves the removal of
bacterial agents from periodontium, supra, and subgingival
calculus, by scaling and root planning with periodontal
curettes or ultrasonic devices. It is the conventional treat-
ment for periodontitis for resolution of inflammation from
periodontal tissues and consequently, control of periodontal
disease [46].

+ere is considerable evidence that nonsurgical peri-
odontal treatment reduces oxidative stress, C-reactive
protein level, and proinflammatory cytokines (i.e., tumor
necrosis factor-alpha, interleukin-1β, and interleukin-6)
[21, 42, 47, 48].

To monitor the success of the treatment of periodontal
disease and the resolution of inflammation before and after
therapy, besides radiographic examination, the oral clinical
examination must include some essential periodontal in-
dexes which are analyzed with the aid of a periodontal probe.
+e parameters usually analyzed are probing depth (PD),
clinical attachment level (CAL), visible plaque index (PI),
and gingival bleeding on probing (BOP) index [49].

In fact, if periodontitis truly has measurable effects on
general health, treatment of this infection may alter the se-
verity of the outcomes, with the resolution of inflammation.

+e importance of periodontal treatment is not only to
promote the reduction of local clinical inflammation, but it
has also been associated with a subsequent decrease in serum

levels of IL-6, TNF-α, CRP, and ROS [50–55]. +is evidence
supports the mechanistic link between periodontitis and
diabetes through inflammatory mediators.

It is important to emphasize that diabetes can interfere
with the homeostatic interaction between microorganisms
and host at periodontal sites, where host immune response
to diabetes can trigger a destructive inflammatory pathway
against previously well-tolerated microorganisms. Experi-
mental models demonstrate that the development of peri-
odontitis in diabetic rats involves a high expression of
proinflammatory cytokines (TNF-α, IL-1β, IL-6) and de-
structive tissue factors as advanced glycation end products
(AGEs) without significant changes in commensal oral
microbiota [56].

Patients with DM2 usually have glycated hemoglobin
HbA1C elevation in serum, so current studies have shown
that periodontal therapy can improve the control of HbA1C
levels in patients with both diseases. Periodontal treatment
can also successfully reduce circulating levels of TNF-α, CRP
in patients with DM associated with periodontitis [57, 58];
however, research about the impact of successful long-term
periodontal treatment does not exist and should be done.
+e magnitude of reported HbA1C reductions ranges from
0.27% to 0.48% at 3-4 months following periodontal therapy
[58], which means the same quantity of short-term HbA1C
reduction obtained to that often achieved by adding a second
medication to a pharmacological regimen [59]. If such
decreases can be sustained over the longer term after
periodontal therapy, it may contribute to reduced morbidity
and mortality associated with DM.

It is challenging to estimate the social cost of the
morbidities related to patients living with diabetes. Many
individuals are unable to continue their work activities
because of chronic complications of the disease or remain
with some limitations in their professional performance,
causing significant losses regarding productivity. +us, the
control of periodontal disease in patients with DM through
mechanical debridement (scaling and root planning) is
crucial and may lead to better metabolic control and,
consequently, to the improvement of the quality of life of
these people.

It is of extreme relevance that health-care professionals, as
physicians, to be aware of periodontitis and its implications
for glycemic control and complications in individuals with
diabetes. Diagnosis of periodontitis should be an integral part
of a diabetes care visit. A periodontal examination should be
done as part of their ongoingmanagement of DMby a dentist.
Even without diagnosed periodontitis initially, an annual
periodontal review is recommended. All patients with DM
should be provided with oral health education as part of their
overall educational program [21].

In the other hand, dentists should pay attention in
identifying both prediabetes and undiagnosed diabetes
mellitus because periodontitis could increase the risk of
many diabetes complications as retinopathy, nephropathy,
neuropathic foot ulceration, cardiovascular diseases and
mortality [60].

In conclusion, periodontitis and diabetes establish a two-
way pathway, and each one, if untreated, could promote or
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exacerbate complications of each other. Periodontal
screening must be part of the overall clinical examination of
patients with diabetes and, if diagnosed, periodontal disease
must be treated appropriately to avoid or exacerbate diabetes
complications besides improving glycemic control in these
individuals.

Additional Points

Clinical Significance. To alert health professionals about
the relation of diabetes mellitus and periodontitis and
encourage them to conduct a multidisciplinary treatment/
assistance.
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Objective. ,e aim of this study was to test the feasibility of a therapeutic educational program in oral health (TEPOH) for
persons with schizophrenia (PWS).Design. In a qualitative study, we explored the representation of oral health before and after
a TEPOH. Clinical Setting: PWS are at greater risk of decayed and missing teeth and periodontal diseases. In a previous
publication, we described the different steps in building a TEPOH by taking into account the experiences of PWS concerning
oral health quality of life. ,is TEPOH aimed at promoting a global health approach. Participants: Voluntary PWS and their
caregivers were recruited during face-to-face interviews at “Les Boisseaux” (a psychiatric outpatient centre) in Auxerre
(France) and were included in the study between November and December 2016. Intervention: We explored the experiences of
participants and their perceptions of oral health before and after the TEPOH with focus group meetings. Results. Four females
and three males participated in the study, and the mean age was 29.4 ± 5. Before the TEPOH, the PWS produced 28 ideas about
oral health perception and 37 after the TEPOH. After the TEPOH, elements relating to the determinants of oral health
(smoking and poor diet) emerged. Conclusions. ,ese results show an evolution in oral health representation, and after some
adjustments to the TEPOH, the second step will be to test this program in a large sample to generate a high level of evidence of
the impact of TEPOH in the long term.

1. Background

Analysis of the literature shows a gap in health between
persons with severe mental illnesses, such as schizophrenia,
and the general population. ,e life expectancy of people
with severemental illnesses is 15 to 20 years shorter than that
of the general population, and they are more prone to excess
morbidity [1]. In oral health, descriptive studies indicated
that this population is also at a greater risk of developing
tooth decay, missing teeth, and periodontal diseases [2]. Oral
health as part of the general health of persons with
schizophrenia (PWS) involves complex interactions between
their mental illness, the social and medical support systems

in which these people live, and the health care they receive
[3]. PWS frequently do not recognize their health need along
with the adverse effects of the different psychiatric treat-
ments, like hyposalivation induced by antipsychotics [4] or
hypersalivation with clozapine [5]. Other side effects do
occur. First-generation antipsychotics can induce neuro-
logical effects (e.g., dystonia and dyskinesia), especially
shaking, which prevents effective tooth brushing and im-
pairs chewing and swallowing [6]. Second-generation an-
tipsychotics tend to induce metabolic side effects, such as
obesity or diabetes, rather than neurological effects [7].
Periodontal disease is associated with metabolic side effects
[8], and it is now generally accepted that poor oral health is
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associated with chronic medical conditions such as myo-
cardial infarction and stroke.

Evidence suggested that mental health risk factors may
be associated with oral symptoms [9]. PWS are recognized as
a priority group in need of support to improve oral health.
However, Khokhar et al. noted that there are currently no
studies supporting the need for routine clinical practices in
this field [10].

A report by the Kings Fund (2016) in Australia “Bringing
together physical and mental health: A new frontier for
integrated care” argues that there needs to be a stronger
focus on the integration of physical and mental health and
that this aspect of integration should lead to the develop-
ment of new models of care for all nurses and other health
care professionals to address existing health inequalities [11].

In a previous publication, we described a study protocol
to assess the effectiveness of a therapeutic educational
programme in oral health (TEPOH) for PWS in France, with
a cluster randomized controlled trial. We also explained the
different steps necessary for building a TEPOH while ac-
counting for the experiences of PWS in oral health quality of
life and their active participation in the building process of
the TEPOH. ,is TEPOH was aimed at promoting a global
health approach and developing appropriate strategies to
encourage multidisciplinary treatment of dental disorders,
prospective support for PWS, and the development of
training in oral health or mental health caregivers [12]. ,e
TEPOH consisted of three workshops: an introductory
session and a debriefing session each lasting 90min and
2weeks apart. ,e different themes of the workshops were
mobilization of motivational approaches by improving self-
esteem and well-being, called “Yes we can”. ,e second was
demystifying dental surgery and was called “Even more
afraid”. ,e third theme was improvement of oral health by
a transverse approach to quality of life (cessation of smoking,
controlling diabetes, management of good diet, etc.) and was
called “Take care of myself” [12].

However, before assessing the effectiveness of this
programme in a large sample, it was necessary to test the
programme in real conditions with a cluster of PWS.

,erefore, the aim of this study was to test in a qualitative
study the feasibility of the TEPOH through the evaluation of
oral health in a sample of PWS.

2. Methods and Materials

2.1. Patients. Voluntary PWS (7) and their caregivers were
recruited following face-to-face interviews at “Les Bois-
seaux” (a psychiatric outpatient centre) in Auxerre (France)
and were included in the study between November and
December 2016. ,e inclusion criteria were patients over 18
years of age with a diagnosis of schizophrenia, according to
the Diagnostic and Statistical Manual of Mental Disorder-
Fifth edition: DSM-5 [13]. Informed consent was obtained
for participation in this study. ,e exclusion criteria were
diagnosis other than schizophrenia, persons not stabilized
from a psychiatric viewpoint, and patients with a decom-
pensated organic disease and mental retardation. ,is de-
cision was made by the psychiatrist of the patient. PWS who

could not understand or had a poor understanding of French
were excluded from the study.We confirm that participation
was voluntary, that the participants could not be identified
from the material presented, and that no plausible harm to
participating individuals could result from the study. After
providing participants with a complete description of the
study, a written informed consent was obtained from each
participant (or from their legal guardians for persons under
guardianship).

,e trial received ethical approval from the Committee
for the Protection of Persons Number II of Eastern France
(Approval reference: 2015-A00407-42).

2.2. Method

2.2.1. Design. We used a focus group (FG) meeting to ex-
plore the evolution of the markers of oral health before and
after the TEPOH.

First, we explained the TEPOH to the PWS and their
caregivers. Second, we explored the experiences of the
participants and the meaning of oral health for approxi-
mately 90min using the following questions:

(i) What do you think about your oral health?
(ii) Why you don’t take care of your oral health?
(iii) Are you afraid of the dentist?
(iv) Do you think there is a link between oral health and

dental health?

,ese open questions served to guide the interview and
were selected from the qualitative study we conducted to
build the TEPOH content with an expert group made up of
health professionals, PWS, and PWS caregivers [12].

,e post-it meeting technique was used to collect in-
formation and was classified into three categories on a paper
board: positives, negatives, or neutral experiences about oral
health (Figure 1(a)).

According to researchers, positive assertions were as-
sertions made by the PWS indicating ways to improve oral
health. Negative assertions were assertions made by the PWS
indicating a lack of proper oral hygiene. Neutral assertions
involved other topics that emerged during the FG meeting.
Group interactions encouraged respondents to provide in-
sights that would not have surfaced during individual in-
terviews. Participants were free to talk to other group
members. ,e FG meeting covered personal data and in-
sights that would have been less accessible without in-
teractions in a group setting.,e FGmeeting was conducted
by a specialist in therapeutic education.,e caregiver did not
participate in the FG meeting but was solely an observer. He
assisted in creating a favourable environment during the
study and participated in the debriefing process with the
researchers.

,ird, the same specialist in therapeutic education
conducted the TEPOH sessions for two weeks. Full details of
this specific TEPOH for PWS are published elsewhere [12].

Fourth, at the end of the TEPOH, the same methodology
as that used in the first step was used to access the evolution
of markers of oral health (Figure 1(b)).
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,e audio recordings of all the FGs were analysed by
a working group of researchers composed of a specialist in
therapeutic education, a dentist, and a nurse specializing in
mental health.

During this feasibility study, we tested the tools of the
TEPOH, especially the log book for helping patients in their
daily life to take care of their own oral health and the movie
used to demystify dental consultations.

2.2.2. Sample Size. In total, 7 PWS participated in the two
FG meetings. Generally, FGs are composed of groups of 4 to
12 people. In this case, the sample size of the FG meetings
was sufficient [14]. Guest et al. [15] suggested that a sample
size of two to three FGs will likely capture at least 80% of the
themes. ,us, 7 individuals were sufficient to assess the
feasibility of the TEPOH and to offer complimentary data for
some adjustments if necessary [16].

3. Results

Four females and three males participated in this study,
and the mean age was 29.4± 5. Before the TEPOH, the
PWS produced 28 ideas regarding oral health perception
(Figure 1(b)) and 37 after the TEPOH (Figure 1(d)).

One caregiver from “Les Boisseaux” (a psychiatric
outpatient centre) in Auxerre (France) was present during
the course of the study. ,is ensured proper organization of
the sessions (paper board, room meeting, etc.), and the
caregiver also contributed to the creation of a friendly at-
mosphere, thus allowing the good progress of the FG
meetings. ,e caregiver suggested the organization of two
sessions in the future in order to encourage more PWS to use
the log book.

Before the TEPOH, the most frequently cited positive
elements were related to the methods and tools used for
tooth brushing along with the risks of dental diseases (pain,

Before

(b) Results post’it meeting 1

Brushing methods and tools 13
Risk of dental diseases 6
Importance of smile in self-esteem 2
Risk of poor diet 2
Risk of poor dental hygiene 2
Risk of tobacco 0
Dentist representations 1
Side effects of treatments 1
Importance of rigorous oral health 1
Total 28

After

(c) Post’it meeting 2

(d) Results post’it meeting 2

Therapeutic
education program in

oral health
(a) Post’it meeting 1

First session:
Yes we can

Second session:
Even more afraid

Third session:
Take care of me

Brushing methods and tools 11
Risk of dental diseases 6
Importance of smile in self-esteem 3
Risk of poor diet 6
Risk of poor dental hygiene 5
Risk of tobacco 3
Dentist representations 2
Side effects of treatments 1
Importance of rigorous oral health 5
Total 37

(e) Log book

Figure 1: Evolution of the representations in oral health in a sample of PWS.
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infections, etc.). We have not identified any negative as-
sertions. All participants were motivated to improve their
oral health. At this step, the determinants of oral health were
not spontaneously addressed.

After the TEPOH, the elements related to the meth-
odology of tooth brushing were less cited (13 to 11) than at
the inaugural session. Conversely, the determinants of oral
health (tobacco and poor diet) emerged.

,ese results emphasize an evolution in oral health
representation, which translates, as indicated by the content
and the number of words produced, into an enlargement of
the general knowledge concerning the subject.

Other topics emerged (neutral) such as the cost of dental
treatment and the different payment methods, which was an
emergent problem for PWS.

,e log book was of little use in noting the patients’
efforts to improve their oral health (Figure 1(e)). Generally,
the patients declared “I forgot to make it”. On the contrary,
the movie was a good resource to help patients demystify the
process of the dental consultation.

4. Discussion

,is TEPOH aimed at supporting caregivers to help patients
in improving their oral health and promoting a global ap-
proach to health, not only with regard to dental care-centred
approach.

We found that PWS understand that oral health can be
improved by reducing tobacco consumption, with a good
diet, or a good dental hygiene and that oral health can
contribute to the improvement of self-esteem and oral
health-related quality of life.

In this study, we noticed the motivation of the PWS to
improve this health problem. ,e caregiver of the “Les
Boisseaux” psychiatric outpatient centre was implicated in
this study and helped to create a good environment to
promote the programme. A key component of this TEPOH
will be the long-term participation and involvement of the
different health teams in introducing TEPOH in their
practices to support the current practices in oral health for
PWS.

,is pilot study confirmed that PWS have significant
knowledge of oral health, as observed during the building
stage of the TEPOH [12].

It is important to take into account the cost of dental care
and to introduce in the TEPOH an explanation for the
different possible dental services and financial resources for
PWS. In France, medical and dental care costs are partly
covered in cases of conservative and surgical dental care
(70%) and prosthetics and orthodontics treatment (30 to
50%) by national health insurance and complementary
health insurance or by PUMa (Protection Universelle
Maladie) for people with low income levels (below 8723€ per
year in 2017). PUMa is free [17]. An additional module will
be introduced in the TEPOH.

Although the log book has been of little use in noting the
efforts to improve oral health, the chapter of the log book
with guidelines for accessing a dental office gave them the
confidence to engage themselves and consult a dentist more

frequently. ,e movie helped them to further demystify this
process. In a previous study conducted by our group, we
confirmed the importance of an integrative guide to improve
access to primary care for the management of chronic
diseases and health promotion among patients with severe
mental illnesses [18].

5. Limitation

Regardless of the procedure used to obtain seven patients in
this qualitative study, the cohorts were composed of vol-
unteers who differed from a representative population of
PWS. Indeed, their cognitive level and oral health status may
probably be higher than those observed in a representative
sample of PWS. Furthermore, taking into account the small
sample size of the PWS and the implementation of only two
FGs, we can assume that our results are probably not
exhaustive.

6. Conclusions

,e TEPOH showed the capacity to improve patient
knowledge and patient questioning about oral health. After
some adjustments, the second step will be to test this
programme in a larger sample and over a longer period of
time.
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