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Oral candidiasis and denture stomatitis
in diabetic patients: Systematic review
and meta-analysis

Abstract: Here, the prevalence of oral candidiasis and denture
stomatitis among diabetic patients compared to healthy ones was
summarized through a systematic review with meta-analysis. Medline,
Scopus, Web of Science, Lilacs, Cochrane Library, Embase, and the
grey literature were searched without restriction, until May 2020.
Eligibility criteria were established, data were extracted, and quality
assessment was conducted by two trained examiners. Qualitative
synthesis was based on the recommendations of Fowkes and Fulton.
Two meta-analyses were performed on studies investigating patients
with: a) oral candidiasis and b) denture stomatitis. Out of 6034 screened
studies, seven were eligible for qualitative and quantitative synthesis;
of these, three evaluated oral candidiasis and four evaluated denture
stomatitis. Qualitative synthesis showed that the main methodological
problems of the studies included sample size, source of controls,
matching, and randomization. Diabetic patients had a similar chance of
developing oral candidiasis to non-diabetic patients (OR1.40 [0.96; 2.04],
p = 0.08, I* = 94%). However, diabetic patients had a higher chance to
present denture stomatitis compared to non-diabetic patients (OR 1.92
[1.42,2.59] p < 0.0001, I*= 0%). Therefore, diabetic patients have a higher
chance of developing denture stomatitis compared to non-diabetic
patients. However, for all analyses, the certainty of the evidence was
considered to be very low.

Keywords: Diabetes Mellitus; Candidiasis, Oral; Stomatitis, Denture;
Oral Health.

Introduction

Diabetes mellitus (DM) is a metabolic chronic disorder caused by the
dysfunction of pancreatic islet 3 cells,' in which glucose plasma levels
remain high for a prolonged period. This disease affects more than 425
million people worldwide, with equal rates in both genders.? Out of the
two types of diabetes, type 2 (non insulin-dependent diabetes mellitus)
affects 90% of people with DM, and is mainly caused by lifestyle, including
high-calorie diets, low physical activity, and smoking.?

DM has multifactorial characteristics, and is usually associated with
systemic complications,* such as hypertension,® kidney disease,® eye
disease,” recurrent fungal skin infection,® and oral diseases, including
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gingivitis, periodontitis,” and oral lesions caused
by biofilm." Biofilm infections result in diabetic
individuals having a prevalence around 30% and
58% of oral candidiasis and denture stomatitis,
respectively.'? Patients with DM commonly use
systemic medication, such as antihypertensive and
diuretic drugs,” which might decrease salivary flow
and, thus, facilitate the accumulation of biofilm.
Under these conditions and in association with
poor oral hygiene, biofilm matures, facilitating the
establishment of various diseases.”

Candida albicans is the most prevalent microorganism
in the biofilm of oral candidiasis and denture
stomatitis.* Candida albicans is a polymorphic fungus
that can penetrate the oral mucosa barrier and invade
the bloodstream in its hyphal form."* One in vitro
study showed that glucose levels in the blood of
physiologically normal humans (0.1%) is sufficient
to enhance the expression level of hypha-associated
genes.” Consequently, higher glucose levels, as found
in patients with DM, might induce the hyphae form of
C. albicans, facilitating the development of the disease.

Denture stomatitis is one of the clinical forms
of the oral candidiasis. Although the predisposing
factors are multifactorial and distinct, both conditions
have a C. albicans biofilm as an etiologic factor.®
To investigate the predisposing factors, several
studies'”®1? have evaluated the relationship between
these conditions in diabetic individuals. These studies
demonstrated a higher prevalence of oral candidiasis
and denture stomatitis in diabetic patients compared
to healthy patients.””'®1%2° However, the quality of
the evidence might be inconsistent. For instance,
these studies had participants with confounding
factors, such as alcohol consumption,'” smoking!#*’
and other cormobities;*® consequently, the prevalence
of oral candidiasis and denture stomatitis might
have been higher. Therefore, the methodological
flaws of these studies meant it was not possible to
determine whether the prevalence of oral candidiasis
and denture stomatitis are associated in diabetic
patients. Yet, such evidence could help guide multi-
professional teams, especially dentists, in preventing
oral candidiasis and denture stomatitis in patients
with DM. Therefore, this study aimed to summarize
scientific evidence, through a systematic review and
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meta-analysis, on the prevalence of oral candidiasis
and denture stomatitis in patients with diabetes
mellitus compared to non-diabetic patients.

Methodology

This systematic review was performed according
to the recommendations of the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines.?** The protocol was registered
in the PROSPERO database under the number
CRD42018106504.

Literature search strategy

To identify the primary studies, a search was
conducted independently by two examiners in the
following electronic databases: PubMed (MEDLINE),
Scopus, Web of Science, Lilacs, Cochrane Library,
System for Information on Gray Literature in Europe
(SiGLE), and Embase. Articles published up to May
2020 were searched comprehensively, without any
restrictions on the year or language of publication. The
search strategy was suited to each database. The MeSH
terms used for the search were “Diabetes Mellitus”,
“Diabetes Mellitus, Type1”, “Diabetes Mellitus, Type
I1”, “Candidiasis, Oral,” and “Stomatitis, Denture”.
In addition, free terms related to the topic were
included, using the Boolean operators “AND” and
“OR” to combine search terms (Table 1). To explore
the literature as widely as possible, hand-searches
were also performed of the list of references in the
included articles.

Selection of studies and eligibility criteria
Based on the eligibility criteria of the Population,
Exposure, Comparison, and Outcomes (PECO)
acronym,* this systematic review included studies
that evaluate the prevalence of oral candidiasis and
denture stomatitis in patients with diabetes mellitus
compared to non-diabetic patients. After searching
the databases, the retrieved studies were imported
to Mendeley Desktop software (Elsevier, 1.19/2018
version), where all duplicates were removed. Titles
and abstracts retrieved from the databases were
screened, and full texts were read after applying
the eligibility criteria. In cases where the title and
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Table 1. Search strategy based on the databases assessed in the present study.
Database Strategy

A1 (et M M bigbetes MellitusMesH Terms]) ©R Didbetes MellitusTitle/Abstract]) OR Diet, Diabetic[Title/
Abstract]) OR Prediabetic State[Title/Abstract]) OR Glucose Infolerance([Title/Abstract]) OR Diabetes Mellitus, Type 2[MeSH Terms]) OR type
Il diabetic[Title/Abstract] OR Diabetes Mellitus, Type 2[Title/Abstract]) OR Type 2 Diabetes Mellitus[Title/Abstract]) OR Diabetes Mellitus,
Noninsulin-Dependent(Title/Abstract]) OR Diabetes Mellitus, Ketosis-Resistant[Title/Abstract]) OR Ketosis-Resistant Diabetes Mellitus[Title/
Abstract]) OR Diabetes Mellitus, Non Insulin Dependent]Title/Abstract]) OR Non-Insulin-Dependent Diabetes Mellitus[Title/Abstract])
OR Diabetes Mellitus, Stable[Title/Abstract]) OR Stable Diabetes Mellitus[Title/Abstract]) OR Diabetes Mellitus, Type II[Title/Abstract]) OR
NIDDM[Title/Abstract]) OR Diabetes Mellitus, Noninsulin Dependent[Title/Abstract]) OR Diabetes Mellitus, Maturity-Onset[Title/Abstract])
OR Diabetes Mellitus, Maturity Onset[Title/Abstract]) OR ((Diabetes Mellitus, Maturity-Onset[Title/Abstract]) OR Diabetes Mellitus,
Maturity Onset[Title/Abstract])) OR Maturity-Onset Diabetes Mellitus[Title/Abstract]) OR MODY Title/Abstract]) OR Diabetes Mellitus,
Slow-Onset[Title/Abstract]) OR Slow-Onset Diabetes Mellitus[Title/Abstract]) OR Noninsulin-Dependent Diabetes Mellitus(Title/Abstract])
OR Maturity-Onset Diabetes[Title/Abstract]) OR Type 2 Diabetes|[Title/Abstract]) OR Adult-Onset Diabetes Mellitus[Title/Abstract]) OR
Diabetes Mellitus, Adult Onset[Title/Abstract]) OR Diabetes Mellitus, Type 1{MeSH Terms]) OR Diabetes Mellitus, Type 1[Title/Abstract]) OR
Diabetes Mellitus, Brittle[Title/Abstract]) OR Brittle Diabetes Mellitus[Title/Abstract]) OR Diabetes Mellitus, Insulin-Dependent(Title/Abstract])
OR Insulin-Dependent Diabetes Mellitus[Title/Abstract]) OR Diabetes Mellitus, Juvenile-Onset(Title/Abstract]) OR Juvenile-Onset Diabetes
Mellitus[Title/Abstract]) OR Diabetes Mellitus, Ketosis-Prone[Title/Abstract]) OR Ketosis-Prone Diabetes Mellitus[Title/Abstract]) OR Juvenile-
Onset Diabetes|Title/Abstract]) OR Diabetes Mellitus, Type I[Title/Abstract]) OR Type 1 Diabetes Mellitus(Title/Abstract]) OR Diabetes
Mellitus, Sudden-Onset[Title/Abstract]) OR Mellitus, Sudden-Onset Diabetes|Title/Abstract]) OR Sudden-Onset Diabetes Mellitus[Title/
Abstract]) OR ((Mellitus, Sudden-Onset Diabetes[Title/Abstract]) OR Sudden-Onset Diabetes Mellitus(Title/Abstract])) OR Diabetes Mellitus,
Insulin-Dependent, 1(Title/Abstract]) OR Insulin-Dependent Diabetes Mellitus 1[Title/Abstract]) OR Type 1 Diabetes[Title/Abstract]) OR

PubMed Diabetes, Type 1[Title/Abstract]) OR IDDM[Title/Abstract]) OR Autoimmune Diabetes(Title/Abstract]))

F2 (e Candidiasis, OraliMeSH Terms]) OR Candidiasis, Oral[Title/Abstract]) OR Oral Candidiases|Title/
Abstract]) OR Oral Candidiasis[Title/Abstract]) OR Thrush(Title/Abstract]) OR Moniliasis, Oral[Title/Abstract]) OR Moniliases, Oral[Title/
Abstract]) OR Oral Moniliases[Title/Abstract]) OR Oral Moniliasis[Title/Abstract]) OR Candida albicans[MeSH Terms]) OR Candida
albicans[Title/Abstract]) OR Candida albican(Title/Abstract]) OR ((Candida albicans[Title/Abstract]) OR Candida albican(Title/Abstract]))
OR albicans, Candida(Title/Abstract]) OR Candida glabrata(Title/Abstract]) OR Candida glabrata[MeSH Terms]) OR Candida
glabratas(Title/Abstract]) OR ((Candida glabratas[Title/Abstract]) OR glabratas, Candida[Title/Abstract])) OR Torulopsis glabrata(Title/
Abstract]) OR Torulopsis glabratas[Title/Abstract]) OR ((Torulopsis glabrata[Title/Abstract]) OR Torulopsis glabratas(Title/Abstract]))
OR glabrata, Torulopsis[Title/Abstract]) OR Candida tropicalis]MeSH Terms]) OR Candida tropicalis[Title/Abstract]) OR Candida
tropicali[Title/Abstract]) OR tropicalis, Candida[Title/Abstract]) OR Candida parapsilosisiMeSH Terms]) OR Candida parapsilosis[Title/
Abstract]) OR C. parapsilosis[Title/Abstract]) OR Candida parapsilosis Complex[Title/Abstract]) OR Candida parapsilosis Group(Title/
Abstract]) OR C. parapsilosis Complex[Title]) OR Candida orthopsilosis(Title/Abstract]) OR C. orthopsilosis[Title/Abstract]) OR Candida
metapsilosis[Title/Abstract]) OR C. metapsilosis([Title/Abstract]) OR Candida[MeSH Terms]) OR Candida(Title]) OR Candidas(Title/
Abstract]) OR ((Candida(Title]) OR Candidas(Title/Abstract])) OR Stomatitis, Denture[MeSH Terms]) OR Stomatitis, Denture[Title/
Abstract]) OR Denture Stomatitis[Title/Abstract]) OR ((Stomatitis, Denture([Title/Abstract]) OR Denture Stomatitis[Title/Abstract]))

OR Denture Stomatitides|Title/Abstract]) OR Stomatitides, Denture[Title/Abstract]) OR ((Denture Stomatitides[Title/Abstract]) OR
Stomatitides, Denture[Title/Abstract])) OR Candida species(Title/Abstract]) OR Candida spp|[Title/Abstract])))

#1 AND #2

#1 TITLE-ABS-KEY ( diabetes AND mellitus) OR TITLE-ABS-KEY ( diet, AND diabetic) OR TITLE-ABS-KEY ( prediabetic AND
state ) OR TITLE-ABS-KEY ( glucose AND intolerance ) OR TITLE-ABS-KEY ( diabetes AND mellitus, AND type 2) OR TITLE-
ABS-KEY (type AND ii AND diabetic) OR TITLE-ABS-KEY (type 2 diabetes AND mellitus) OR TITLE-ABS-KEY ( diabetes AND
mellitus, AND noninsulin-dependent) OR TITLE-ABS-KEY ( diabetes AND mellitus, AND ketosis-resistant) OR TITLE-ABS-KEY
( ketosis-resistant AND diabetes AND mellitus) OR TITLE-ABS-KEY ( diabetes AND mellitus, AND non AND insulin AND
dependent) OR TITLE-ABS-KEY ( non-insulin-dependent AND diabetes AND mellitus) OR TITLE-ABS-KEY ( diabetes AND
mellitus, AND stable ) OR TITLE-ABS-KEY ( stable AND diabetes AND mellitus) OR TITLE-ABS-KEY ( diabetes AND mellitus,
AND type AND ii) OR TITLE-ABS-KEY ( niddm) OR TITLE-ABS-KEY ( diabetes AND mellitus, AND noninsulin AND dependent
) OR TITLE-ABS-KEY ( diabetes AND mellitus, AND maturity-onset ) OR TITLE-ABS-KEY ( diabetes AND mellitus, AND maturity
AND onset) OR TITLE-ABS-KEY (mody ) OR TITLE-ABS-KEY ( diabetes AND mellitus, AND slow-onset) OR TITLE-ABS-KEY (
slow-onset AND diabetes AND mellitus) OR TITLE-ABS-KEY ( noninsulin-dependent AND diabetes AND mellitus) OR TITLE-

Scopus ABS-KEY ( maturity-onset AND diabetes) OR TITLE-ABS-KEY (type 2 diabetes) OR TITLE-ABS-KEY ( adult-onset AND diabetes
AND mellitus) OR TITLE-ABS-KEY ( diabetes AND mellitus, AND adult AND onset) OR TITLE-ABS-KEY ( diabetes AND
mellitus, AND type 1) OR TITLE-ABS-KEY ( diabetes AND mellitus, AND brittlle ) OR TITLE-ABS-KEY ( brittle AND diabetes
AND mellitus) OR TITLE-ABS-KEY ( diabetes AND mellitus, AND insulin-dependent) OR TITLE-ABS-KEY ( insulin-dependent
AND diabetes AND mellitus) OR TITLE-ABS-KEY ( diabetes AND mellitus, AND juvenile-onset) OR TITLE-ABS-KEY ( juvenile-
onset AND diabetes AND mellitus) OR TITLE-ABS-KEY ( diabetes AND mellitus, AND ketosis-prone ) OR TITLE-ABS-KEY (
ketosis-prone AND diabetes AND mellitus) OR TITLE-ABS-KEY ( juvenile-onset AND diabetes) OR TITLE-ABS-KEY ( diabetes
AND mellitus, AND type AND i) OR TITLE-ABS-KEY (type 1 diabetes AND mellitus) OR TITLE-ABS-KEY ( diabetes AND
mellitus, AND sudden-onset) OR TITLE-ABS-KEY ( mellitus, AND sudden-onset AND diabetes) OR TITLE-ABS-KEY ( sudden-
onset AND diabetes AND mellitus) OR TITLE-ABS-KEY ( diabetes AND mellitus, AND insulin-dependent, 1) OR TITLE-ABS-
KEY (insulin-dependent AND diabetes AND mellitus 1) OR TITLE-ABS-KEY (type 1 diabetes) OR TITLE-ABS-KEY ( diabetes,
AND type 1) OR TITLE-ABS-KEY (iddm) OR TITLE-ABS-KEY ( autoimmune AND diabetes )

continue...
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...continuation

Scopus

Web of
Science

Open Grey

continue...

#2 TITLE-ABS-KEY ( candidiasis, AND oral) OR TITLE-ABS-KEY ( oral AND candidiases) OR TITLE-ABS-KEY ( oral AND
candidiasis ) OR TITLE-ABS-KEY ( thrush ) OR TITLE-ABS-KEY ( moniliasis, AND oral ) OR TITLE-ABS-KEY ( moniliases, AND
oral) OR TITLE-ABS-KEY ( oral AND moniliases) OR TITLE-ABS-KEY ( oral AND moniliasis) OR TITLE-ABS-KEY ( candida
AND albicans) OR TITLE-ABS-KEY ( candida AND albican) OR TITLE-ABS-KEY ( albicans, AND candida) OR TITLE-ABS-
KEY ( candida AND glabrata) OR TITLE-ABS-KEY ( candida AND glabratas) OR TITLE-ABS-KEY ( glabratas, AND candida)
OR TITLE-ABS-KEY (torulopsis AND glabrata) OR TITLE-ABS-KEY (torulopsis AND glabratas) OR TITLE-ABS-KEY ( glabrata,
AND torulopsis ) OR TITLE-ABS-KEY ( candida AND tropicalis) OR TITLE-ABS-KEY ( candida AND tropicali) OR TITLE-ABS-
KEY ( tropicalis, AND candida) OR TITLE-ABS-KEY ( candida AND parapsilosis) OR TITLE-ABS-KEY (c. AND parapsilosis )
OR TITLE-ABS-KEY ( candida AND parapsilosis AND complex) OR TITLE-ABS-KEY ( candida AND parapsilosis AND group
) OR TITLE-ABS-KEY (c. AND parapsilosis AND complex) OR TITLE-ABS-KEY ( candida AND orthopsilosis) OR TITLE-ABS-
KEY (c. AND orthopsilosis) OR TITLE-ABS-KEY ( candida AND metapsilosis) OR TITLE-ABS-KEY (c. AND metapsilosis) OR
TITLE-ABS-KEY ( candida) OR TITLE-ABS-KEY ( candidas) OR TITLE-ABS-KEY ( stomatitis, AND denture ) OR TITLE-ABS-KEY
(denture AND stomatitis) OR TITLE-ABS-KEY ( denture AND stomatitides) OR TITLE-ABS-KEY ( stomatitides, AND denture )
OR TITLE-ABS-KEY ( candida AND species) OR TITLE-ABS-KEY ( candida AND spp) AND (LIMIT-TO ( DOCTYPE, “ar”))

#1 AND #2

#1 TS=("Diabetes Mellitus” OR “Diet, Diabetic” OR “Prediabetic State” OR “Glucose Intolerance” OR “Diabetes Mellitus, Type 2"
OR “type Il diabetic” OR “Diabetes Mellitus, Type 2” OR “Type 2 Diabetes Mellitus” OR “Diabetes Mellitus, Noninsulin-Dependent”
OR “Diabetes Mellitus, Ketosis-Resistant” OR “Ketosis-Resistant Diabetes Mellitus” OR “Diabetes Mellitus, Non Insulin Dependent” OR
“Non-Insulin-Dependent Diabetes Mellitus” OR “Diabetes Mellitus, Stable” OR “Stable Diabetes Mellitus” OR “Diabetes Mellitus, Type
[I” OR NIDDM OR “Diabetes Mellitus, Noninsulin Dependent” OR “Diabetes Mellitus, Maturity-Onset” OR “Diabetes Mellitus, Maturity
Onset” OR “Maturity-Onset Diabetes Mellitus” OR “MODY” OR “Diabetes Mellitus, Slow-Onset” OR “Slow-Onset Diabetes Mellitus”
OR “Noninsulin-Dependent Diabetes Mellitus” OR “Maturity-Onset Diabetes” OR “Type 2 Diabetes” OR “Adult-Onset Diabetes
Mellitus” OR “Diabetes Mellitus, Adult Onset” OR “Diabetes Mellitus, Type 1” OR “Diabetes Mellitus, Brittle” OR “Briftle Diabetes
Mellitus” OR “Diabetes Mellitus, Insulin-Dependent” OR “Insulin-Dependent Diabetes Mellitus” OR “Diabetes Mellitus, Juvenile-Onset”
OR “Juvenile-Onset Diabetes Mellitus” OR “Diabetes Mellitus, Ketosis-Prone” OR “Ketosis-Prone Diabetes Mellitus” OR “Juvenile-
Onset Diabetes” OR “Diabetes Mellitus, Type I” OR “Type 1 Diabetes Mellitus” OR “Diabetes Mellitus, Sudden-Onset” OR “Mellitus,
Sudden-Onset Diabetes” OR “Sudden-Onset Diabetes Mellitus” OR “Diabetes Mellitus, Insulin-Dependent, 1” OR “Insulin-Dependent
Diabetes Mellitus 17 OR “Type 1 Diabetes” OR “Diabetes, Type 1”7 OR “IDDM” OR “Autoimmune Diabetes”)

#2 TS=("Candidiasis, Oral” OR “Oral Candidiasis” OR “Oral Candidiases” OR Thrush OR “Moniliasis, Oral” OR “Moniliases,
Oral” OR “Oral Moniliases” OR “Oral Moniliasis” OR “Candida albicans” OR “Candida albican” OR “albicans, Candida” OR
“Candida glabrata” OR “Candida glabrata” OR “Candida glabratas” OR “Torulopsis glabrata” OR “Torulopsis glabratas” OR
“glabrata, Torulopsis” OR “Candida tropicalis” OR “Candida tropicali” OR “tropicalis, Candida” OR “Candida parapsilosis” OR
“C. parapsilosis” OR “Candida parapsilosis Complex” OR “Candida parapsilosis Group” OR “C. parapsilosis Complex” OR
“Candida orthopsilosis” OR “C. orthopsilosis” OR Candida OR Candidas OR “Stomatitis, Denture” OR “Denture Stomatitis” OR
“Denture Stomatitides” OR “Stomatitides, Denture” OR “Candida species” OR “Candida spp”)

#1 AND #2

#1 (“Diabetes Mellitus” OR “Diet, Diabetic” OR “Prediabetic State” OR “Glucose Intolerance” OR “Diabetes Mellitus, Type
2" OR “type Il diabetic” OR “Diabetes Mellitus, Type 2” OR “Type 2 Diabetes Mellitus” OR “Diabetes Mellitus, Noninsulin-
Dependent” OR “Diabetes Mellitus, Ketosis-Resistant” OR “Ketosis-Resistant Diabetes Mellitus” OR “Diabetes Mellitus, Non
Insulin Dependent” OR “Non-Insulin-Dependent Diabetes Mellitus” OR “Diabetes Mellitus, Stable” OR “Stable Diabetes
Mellitus” OR “Diabetes Mellitus, Type II” OR “NIDDM” OR “Diabetes Mellitus, Noninsulin Dependent” OR “Diabetes Mellitus,
Maturity-Onset” OR “Diabetes Mellitus, Maturity Onset” OR “Maturity-Onset Diabetes Mellitus” OR “MODY” OR “Diabetes
Mellitus, Slow-Onset” OR “Slow-Onset Diabetes Mellitus” OR “Noninsulin-Dependent Diabetes Mellitus” OR “Maturity-Onset
Diabetes” OR “Type 2 Diabetes” OR “Adult-Onset Diabetes Mellitus” OR “Diabetes Mellitus, Adult Onset” OR “Diabetes
Mellitus, Type 1” OR “Diabetes Mellitus, Brittle” OR “Brittle Diabetes Mellitus” OR “Diabetes Mellitus, Insulin-Dependent” OR
“Insulin-Dependent Diabetes Mellitus” OR “Diabetes Mellitus, Juvenile-Onset” OR “Juvenile-Onset Diabetes Mellitus” OR
“Diabetes Mellitus, Ketosis-Prone” OR “Ketosis-Prone Diabetes Mellitus” OR “Juvenile-Onset Diabetes” OR “Diabetes Mellitus,
Type I” OR “Type 1 Diabetes Mellitus” OR “Diabetes Mellitus, Sudden-Onset” OR “Mellitus, Sudden-Onset Diabetes” OR
“Sudden-Onset Diabetes Mellitus” OR “Diabetes Mellitus, Insulin-Dependent, 17 OR “Insulin-Dependent Diabetes Mellitus 1”
OR “Type 1 Diabetes” OR “Diabetes, Type 1” OR “IDDM” OR “Autoimmune Diabetes”)

#2 (“Candidiasis, Oral” OR “Oral Candidiasis” OR “Oral Candidiases” OR Thrush OR “Moniliasis, Oral” OR “Moniliases,
Oral” OR “Oral Moniliases” OR “Oral Moniliasis” OR “Candida albicans” OR “Candida albican” OR “albicans, Candida” OR
“Candida glabrata” OR “Candida glabrata” OR “Candida glabratas” OR “Torulopsis glabrata” OR “Torulopsis glabratas” OR

“glabrata, Torulopsis” OR “Candida tropicalis” OR “Candida tropicali” OR “tropicalis, Candida” OR “Candida parapsilosis” OR

“C. parapsilosis” OR “Candida parapsilosis Complex” OR “Candida parapsilosis Group” OR “C. parapsilosis Complex” OR

“Candida orthopsilosis” OR “C. orthopsilosis” OR Candida OR Candidas OR “Stomatitis, Denture” OR “Denture Stomatitis” OR
“Denture Stomatitides” OR “Stomatitides, Denture” OR “Candida species” OR “Candida spp”)

#1 AND #2
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...continuation

#1 MeSH descriptor: [Diabetes Mellitus] explode all trees
#2 Diabetes Mellitus OR Diet, Diabetic OR Prediabetic State OR Glucose Intolerance
#3 MeSH descriptor: [Diabetes Mellitus, Type 2] explode all trees

#4 Diabetes Mellitus, Type 2 OR type Il diabetic OR Diabetes Mellitus, Type 2 OR Type 2 Diabetes Mellitus OR Diabetes
Mellitus, Noninsulin-Dependent OR Diabetes Mellitus, Ketosis-Resistant OR Ketosis-Resistant Diabetes Mellitus OR Diabetes
Mellitus, Non Insulin Dependent OR Non-Insulin-Dependent Diabetes Mellitus OR Diabetes Mellitus, Stable OR Stable Diabetes
Mellitus OR Diabetes Mellitus, Type Il OR NIDDM OR Diabetes Mellitus, Noninsulin Dependent OR Diabetes Mellitus, Maturity-
Onset OR Diabetes Mellitus, Maturity Onset OR Maturity-Onset Diabetes Mellitus OR MODY OR Diabetes Mellitus, Slow-Onset
OR Slow-Onset Diabetes Mellitus OR Noninsulin-Dependent Diabetes Mellitus OR Maturity-Onset Diabetes OR Type 2 Diabetes
OR Adult-Onset Diabetes Mellitus OR Diabetes Mellitus, Adult Onset

#5 MeSH descriptor: [Diabetes Mellitus, Type 1] explode all trees

#6 Diabetes Mellitus, Type 1 OR Diabetes Mellitus, Brittle OR Brittle Diabetes Mellitus OR Diabetes Mellitus, Insulin-Dependent
OR Insulin-Dependent Diabetes Mellitus OR Diabetes Mellitus, Juvenile-Onset OR Juvenile-Onset Diabetes Mellitus OR
Diabetes Mellitus, Ketosis-Prone OR Ketosis-Prone Diabetes Mellitus OR Juvenile-Onset Diabetes OR Diabetes Mellitus, Type
| OR Type 1 Diabetes Mellitus OR Diabetes Mellitus, Sudden-Onset OR Mellitus, Sudden-Onset Diabetes OR Sudden-Onset
Diabetes Mellitus OR Diabetes Mellitus, Insulin-Dependent, 1 OR Insulin-Dependent Diabetes Mellitus 1 OR Type 1 Diabetes OR
Diabetes, Type T OR IDDM OR Autoimmune Diabetes

#7 #1 or #2 or #3 or #4 or #5 or #6
#8 MeSH descriptor: [Candidiasis, oral] explode all trees

(;ochrone #9 Candidiasis, Oral OR Oral Candidiases OR Oral Candidiasis OR Thrush OR Moniliasis, Oral OR Moniliases, Oral OR
Library Oral Moniliases OR Oral Moniliasis
#10 MeSH descriptor: [Candida albicans] explode all trees
#11 Candida albicans OR Candida albican OR albicans, Candida
#12 MeSH descriptor: [Candida glabrata] explode all trees
#13 Candida glabrata OR Candida glabratas OR Torulopsis glabrata OR Torulopsis glabratas OR glabrata, Torulopsis
#14 MeSH descriptor: [Candida tropicalis] explode all trees
#15 Candida tropicalis OR Candida tropicali OR tropicalis, Candida
#16 MeSH descriptor: [Candida parapsilosis] explode all trees
#17 Candida parapsilosis OR C. parapsilosis OR Candida parapsilosis Complex OR Candida parapsilosis Group OR C.
parapsilosis Complex OR Candida orthopsilosis OR C. orthopsilosis OR Candida metapsilosis OR C. metapsilosis
#18 MeSH descriptor: [Candida] explode all trees
#19 Candida OR Candidas
#20 MeSH descriptor: [Stomatitis, denture] explode all trees
#21 Stomatitis, Denture OR Denture Stomatitis OR Denture Stomatitides OR Stomatitides, Denture OR Candida species OR Candida spp
#22 #8 or #Q or #10or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21
#23 #7 and #22
#1 (tw:((tw:(Diabetes Mellitus)) OR (tw:(Diet, Diabetic)) OR (tw:(Prediabetic State)) OR (tw:(Glucose Intolerance)) OR (tw:(Diabetes
Mellitus, Type 2)) OR (tw:(type Il diabetic)) OR (tw:(Diabetes Mellitus, Type 2)) OR (tw:(Type 2 Diabetes Mellitus)) OR (tw:(Diabetes
Mellitus, Noninsulin-Dependent)) OR (tw:(Diabetes Mellitus, Ketosis-Resistant)) OR (tw:(Ketosis-Resistant Diabetes Mellitus)) OR
(tw:(Diabetes Mellitus, Non Insulin Dependent)) OR (tw:(Non-Insulin-Dependent Diabetes Mellitus)) OR (tw:(Diabetes Mellitus,
Stable)) OR (tw:(Stable Diabetes Mellitus)) OR (tw:(Diabetes Mellitus, Type 1)) OR (tw:(NIDDM)) OR (tw:(Diabetes Mellitus,
Noninsulin Dependent)) OR (tw:(Diabetes Mellitus, Maturity-Onset)) OR (tw:(Diabetes Mellitus, Maturity Onset)) OR (tw:(Maturity-
Onset Diabetes Mellitus)) OR (tw:(MODY)) OR (tw:(Diabetes Mellitus, Slow-Onset)) OR (tw:(Slow-Onset Diabetes Mellitus)) OR
Lilacs

(tw:(Noninsulin-Dependent Diabetes Mellitus)) OR (tw:(Maturity-Onset Diabetes)) OR (tw:(Type 2 Diabetes)) OR (tw:(Adult-Onset
Diabetes Mellitus)) OR (tw:(Diabetes Mellitus, Adult Onset)) OR (tw:(Diabetes Mellitus, Type 1)) OR (tw:(Diabetes Mellitus, Brittle))
OR (tw:(Brittle Diabetes Mellitus)) OR (tw:(Diabetes Mellitus, Insulin-Dependent)) OR (tw:(Insulin-Dependent Diabetes Mellitus))
OR (tw:(Diabetes Mellitus, Juvenile-Onset)) OR (tw:(Juvenile-Onset Diabetes Mellitus)) OR (tw:(Diabetes Mellitus, Ketosis-Prone))
OR (tw:(Ketosis-Prone Diabetes Mellitus)) OR (tw:(Juvenile-Onset Diabetes)) OR (tw:(Diabetes Mellitus, Type 1)) OR (tw:(Type 1
Diabetes Mellitus)) OR (tw:(Diabetes Mellitus, Sudden-Onset)) OR (tw:(Mellitus, Sudden-Onset Diabetes)) OR (tw:(Sudden-Onset
Diabetes Mellitus)) OR (tw:(Diabetes Mellitus, Insulin-Dependent, 1)) OR (tw:(Insulin-Dependent Diabetes Mellitus 1)) OR (tw:(Type 1
Diabetes)) OR (tw:(Diabetes, Type 1)) OR (tw:(IDDM)) OR (tw: (Autoimmune Diabetes))))
continue...

Braz. Oral Res. 2020;34:e113 5
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...continuation

#2 (tw:((tw:(Candidiasis, Oral)) OR (tw:(Oral Candidiases)) OR (tw:(Oral Candidiasis)) OR (tw:(Thrush)) OR (tw:(Moniliasis,
Oral)) OR (tw:(Moniliases, Oral)) OR (tw:(Oral Moniliases)) OR (tw:(Oral Moniliasis)) OR (tw:(Candida albicans)) OR
(tw:(Candida albican)) OR (tw:(albicans, Candida)) OR (tw:(Candida glabrata)) OR (tw:(Candida glabrata)) OR (tw:(Candida
glabratas)) OR (tw:(Torulopsis glabrata)) OR (tw:(Torulopsis glabratas)) OR (tw:(glabrata, Torulopsis)) OR (tw:(Candida
tropicalis)) OR (tw:(Candida tropicali)) OR (tw:(tropicalis, Candida)) OR (tw:(Candida parapsilosis)) OR (tw:(C. parapsilosis)) OR
Lilacs (tw:(Candida parapsilosis Complex)) OR (tw:(Candida parapsilosis Group)) OR (tw:(C. parapsilosis Complex)) OR (tw:(Candida
orthopsilosis)) OR (tw:(C. orthopsilosis)) OR (tw:(Candida metapsilosis)) OR (tw:(C. metapsilosis)) OR (tw:(Candida)) OR
(tw:(Candidas)) OR (tw:(Stomatitis, Denture)) OR (tw:(Denture Stomatitis)) OR (tw:(Denture Stomatitides)) OR (tw:(Stomatitides,
Denture)) OR (tw:(Candida species)) OR (tw:(Candida spp))))

#1 AND #2

#1 diabetes:ti,ab,kw AND mellitus:ti,ab,kw OR (diet,:ti,ab,kw AND diabetic:ti,ab,kw) OR (prediabetic:ti,ab,kw AND
state:ti,ab,kw) OR (glucose:ti,ab,kw AND intolerance:ti,ab,kw) OR (diabetes:ti,ab,kw AND mellitus,:ti,ab,kw AND
‘type 2':ti,ab,kw) OR (type:ti,ab,kw AND ii:ti,ab,kw AND diabetic:ti,ab,kw) OR (type 2 diabetes’:ti,ab,kw AND
mellitus:ti,ab,kw) OR (diabetes:ti,ab,kw AND mellitus,:ti,ab,kw AND ‘noninsulin dependent’:ti,ab,kw) OR (diabetes:ti,ab,kw
AND mellitus,:ti,ab,kw AND ‘ketosis resistant’:ti,ab,kw) OR (‘ketosis resistant’:ti,ab,kw AND diabetes:ti,ab,kw
AND mellitus:ti,ab,kw) OR (diabetes:ti,ab,kw AND mellitus,:ti,ab,kw AND non:ti,ab,kw AND insulin:ti,ab,kw AND
dependent:ti,ab,kw) OR (‘non insulin dependent’:ti,ab,kw AND diabetes:ti,ab,kw AND mellitus:ti,ab,kw) OR (diabetes:ti,ab,kw
AND mellitus,:ti,ab,kw AND stable:ti,ab,kw) OR (stable:ti,ab,kw AND diabetes:ti,ab,kw AND mellitus:ti,ab,kw) OR
(diabetes:ti,ab,kw AND mellitus,:ti,ab,kw AND type:ti,ab,kw AND ii:ti,ab,kw) OR niddm:ti,ab,kw OR (diabetes:ti,ab, kw
AND mellitus,:ti,ab,kw AND noninsulin:ti,ab,kw AND dependent:ti,ab,kw) OR (diabetes:ti,ab,kw AND mellitus,:ti,ab,kw
AND ‘maturity onset’:ti,ab,kw) OR (diabetes:ti,ab,kw AND mellitus,:ti,ab,kw AND maturity:ti,ab,kw AND onset:ti,ab,kw)
OR mody:ti,ab,kw OR (diabetes:ti,ab,kw AND mellitus,:ti,ab,kw AND ‘slow onset’:ti,ab,kw) OR (‘slow onset’:ti,ab,kw AND
diabetes:ti,ab,kw AND mellitus:ti,ab,kw) OR (‘noninsulin dependent’:ti,ab,kw AND diabetes:ti,ab,kw AND mellitus:ti,ab,kw)
OR (‘maturity onset’:ti,ab,kw AND diabetes:ti,ab,kw) OR ‘type 2 diabetes’:ti,ab,kw OR (‘adult onset’:ti,ab,kw AND
diabetes:ti,ab,kw AND mellitus:ti,ab,kw) OR (diabetes:ti,ab,kw AND mellitus,:ti,ab,kw AND adult:ti,ab,kw AND onset:ti,ab,kw)
OR (diabetes:ti,ab,kw AND mellitus,:ti,ab,kw AND ‘type 1':ti,ab,kw) OR (diabetes:ti,ab,kw AND mellitus,:ti,ab,kw
AND brittle:ti,ab,kw) OR (brittle:ti,ab,kw AND diabetes:ti,ab,kw AND mellitus:ti,ab,kw) OR (diabetes:ti,ab,kw AND
mellitus,:ti,ab,kw AND ‘insulin dependent’:ti,ab,kw) OR (‘insulin dependent’:ti,ab,kw AND diabetes:ti,ab,kw AND
mellitus:ti,ab,kw) OR (diabetes:ti,ab,kw AND mellitus,:ti,ab,kw AND ‘juvenile onset’:ti,ab,kw) OR (‘juvenile onset’:ti,ab,kw
AND diabetes:ti,ab,kw AND mellitus:ti,ab,kw) OR (diabetes:ti,ab,kw AND mellitus,:ti,ab,kw AND ‘ketosis prone’:ti,ab,kw) OR
(‘ketosis prone’:ti,ab,kw AND diabetes:ti,ab,kw AND mellitus:ti,ab,kw) OR (‘juvenile onset’:ti,ab,kw AND diabetes:ti,ab,kw)
Embase OR (diabetes:ti,ab,kw AND mellitus,:ti,ab,kw AND type:ti,ab,kw AND i:ti,ab,kw) OR (type 1 diabetes’:ti,ab,kw AND
mellitus:ti,ab,kw) OR (diabetes:ti,ab,kw AND mellitus,:ti,ab,kw AND ‘sudden onset’:ti,ab,kw) OR (mellitus,:ti,ab,kw AND
‘sudden onset’:ti,ab,kw AND diabetes:ti,ab,kw) OR (‘sudden onset’:ti,ab,kw AND diabetes:ti,ab,kw AND mellitus:ti,ab,kw)
OR (diabetes:ti,ab,kw AND mellitus,:ti,ab,kw AND ‘insulin-dependent, 1':ti,ab,kw) OR (‘insulin dependent’:ti,ab,kw AND
diabetes:ti,ab,kw AND ‘mellitus 1':ti,ab,kw) OR ‘type 1 diabetes’:ti,ab,kw OR (diabetes,:ti,ab,kw AND ‘type 1':ti,ab,kw)
OR iddm:ti,ab,kw OR (autoimmune:ti,ab,kw AND diabetes:ti,ab,kw)

#2 candidiasis,:ti,ab,kw AND oral:ti,ab,kw OR (oral:ti,ab,kw AND candidiases:ti,ab,kw) OR (oral:ti,ab,kw AND
candidiasis:ti,ab,kw) OR thrush:ti,ab,kw OR (moniliasis,:ti,ab,kw AND oral:ti,ab,kw) OR (moniliases, :ti,ab,kw AND
oral:ti,ab,kw) OR (oral:ti,ab,kw AND moniliases:ti,ab,kw) OR (oral:ti,ab,kw AND moniliasis:ti,ab,kw) OR (candida:ti,ab,kw
AND albicans:ti,ab,kw) OR (candida:ti,ab,kw AND albican:ti,ab,kw) OR (albicans,:ti,ab,kw AND candida:ti,ab,kw) OR
(candida:ti,ab,kw AND glabrata:ti,ab,kw) OR (candida:ti,ab,kw AND glabratas:ti,ab,kw) OR (glabratas,:ti,ab,kw AND
candida:ti,ab,kw) OR (torulopsis:ti,ab,kw AND glabrata:ti,ab,kw) OR (torulopsis:ti,ab,kw AND glabratas:ti,ab,kw) OR
(glabrata,:ti,ab,kw AND torulopsis:ti,ab,kw) OR (candida:ti,ab,kw AND tropicalis:ti,ab,kw) OR (candida:ti,ab,kw AND
tropicali:ti,ab,kw) OR (tropicalis,:ti,ab,kw AND candida:ti,ab,kw) OR (candida:ti,ab,kw AND parapsilosis:ti,ab,kw)
OR (c.:ti,ab,kw AND parapsilosis:ti,ab,kw) OR (candida:ti,ab,kw AND parapsilosis:ti,ab,kw AND complex:ti,ab,kw)
OR (candida:ti,ab,kw AND parapsilosis:ti,ab,kw AND group:ti,ab,kw) OR (c.:ti,ab,kw AND parapsilosis:ti,ab,kw AND
complex:ti,ab,kw) OR (candida:ti,ab,kw AND orthopsilosis:ti,ab,kw) OR (c.:ti,ab,kw AND orthopsilosis:ti,ab,kw) OR
(candida:ti,ab,kw AND metapsilosis:ti,ab,kw) OR (c.:ti,ab,kw AND metapsilosis:ti,ab,kw) OR candida:ti,ab,kw OR
candidas:ti,ab,kw OR (stomatitis,:ti,ab,kw AND denture:ti,ab,kw) OR (denture:ti,ab,kw AND stomatitis:ti,ab,kw) OR
(denture:ti,ab,kw AND stomatitides:ti,ab,kw) OR (stomatitides,:ti,ab,kw AND denture:ti,ab,kw) OR (candida:ti,ab,kw AND
species:ti,ab,kw) OR (candida:ti,ab,kw AND spp:ti,ab,kw)

abstract did not allow for proper exclusion, the Data extraction and quality assessment

full-text publication was also read to mitigate any Before the analysis, the two examiners were
doubts. A third examiner solved any disagreement trained on data extraction and quality assessment.
between the two reviewers. Data were extracted to a single spreadsheet,
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which included information on the study design,
population, gender, sample size, method used
to verify the absence or presence of diabetes
mellitus, and the number of cases and rate of oral
candidiasis or denture stomatitis in diabetic and
non-diabetic patients.

After data extraction, a qualitative synthesis
was performed following the recommendations of
Fowkes and Fulton.” This tool is a guideline used
in the field of dentistry®* for the critical analysis
of articles, in which certain items are investigated,
such as study design, sample representativity,
validity, reproducibility, losses, and bias. Two
examiners proceeded with classifying articles and
making a checklist (Table 2). For each item, two
examiners attributed scores that represented a
major problem (++), minor problem (+), no problem
(0), or not applicable (NA). Sample size, sample
selection, blindness, and research instruments
were considered essential criteria for the quality
assessment of included studies. Summary question
classification on the risk of bias, confounding factors,
and the chance of results occurring by chance was
implemented to generate categories of no, low, and
high risk of bias in studies.

When examiners disagreed, a third researcher
conducted the assessment and proposed a consensus.
In cases where articles did not contain the required
information or were incomplete, at least three emails
were sent to the authors within a 5-week period in
an attempt to obtain the required information.

Quantitative synthesis (Meta-analysis)

The extracted data were analyzed using RevMan
software (Review Manager, version 5.3, The Cochrane
Collaboration; Copenhagen, Denmark) to assess the
relationship between the disease (oral candidiasis
or denture stomatitis) and diabetes mellitus. The
prevalence of candida infection (events) and the total
number of individuals in the case (with diabetes
mellitus) and control (without diabetes mellitus)
groups were included to calculate the Odds Ratio
(OR), with a 95% confidence interval (CI). Two
meta-analyses were performed on studies evaluating
patients with: a) oral candidiasis and b) denture
stomatitis. A fixed-effect model was used.”

Assessment of certainty of the evidence
The quality of the evidence (certainty in the
estimates of effect) was determined for the outcome
using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE)¥ approach,
in which observational studies start as low evidence.
The quality of, or certainty in, evidence decreases
to very low if serious or very serious issues are
described related to the risk of bias. Such issues
include inconsistency, indirectness, imprecision,
and publication bias. In addition, the quality of the
evidence could be upgraded if the magnitude of
the effect is large or very large, or if the effect of all
plausible confounding factors reduces the effect,
or suggests a spurious effect. Thus, the quality of
evidence could vary from very low to high.

Resulis

A total of 6034 articles were identified. After
removing duplicates, 2794 papers remained in
the analysis. Subsequently, the titles and abstracts
were read, and 49 articles were selected for full-
text reading. After full-text reading, 14 studies
were excluded because the selected patients
had confounding factors (e.g., smoking, alcohol
consumption, immunosuppression, and other
comorbidities). A further 28 studies were also
excluded, because they had different outcomes.
Finally, seven articles were selected for qualitative
and quantitative synthesis (meta-analysis). Although
hand-searching was performed, no articles were
retrieved through this process. Figure 1 presents
the flowchart of the study selection process.

Data extraction and quality assessment
The methodological analysis of the included articles
is presented in Table 3. Six articles were classified
as cross-sectional studies'>?#2%%03132 and one was
classified as a cohort study." This study" was included
because the results on oral candidiasis were shown
as cross-sectional data. The articles were published
between 1996 and 2017, with the population being
composed of adults of both genders. The group of
exposed patients was diagnosed with diabetes, while
the control group was composed of healthy patients.

Braz. Oral Res. 2020;34:e113 7
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Table 2. Classification of the articles using a checklist based on Fowkes and Fulton (1991).

Guideline Checklist

Source of sample

Sampling method

Study sample
representative?
Sample size

Entry criteria/

exclusions

Definition of controls

Control group accetable? Source of controls

Matching /
randomisation

Validity

Reproducibility

Blindness

Quality of measurements Quality control

and outcomes?

Missing data

Confounding factors

Distortion reduced by
analysis

8 Braz. Oral Res. 2020;34:e113

Established criteria
0: Participants of the same center and homogeneity of the sample
+ Participants from different centers
++ Participants from different centers and imbalance in the sample
0: Samples paired by gender, age and sample size
+: It stopped the sample only in some aspects
++: Did not match or did not make it clear the pairing of samples
0: The study performed a sample calculation
+: No sample calculation was performed, but the sample is representative
++: Did not do sample calculation and sample is not representative

0: Clearly defined inclusion and exclusion criteria, excluding smokers, alcoholics,
immunocompromised and other comorbidities

++: The authors stated that the patients were exclusively diabetic, but it was not
mentioned if there were excluded smokers, alcoholics, immunocompromised, and
other comorbidities

0: Adequate criteria for inclusion of controls (pairing with the exposed group)
+: Partial matching of criteria for controls
++: Not matching or not defined
0: Participants of the same center and homogeneity of the sample
+ Participants from different centers
++ Participants from different centers and imbalance in the sample

0: If the control group is paired with experimental (exposed) in gender, age, sample
size and if there was randomization

+: There was pairing in some aspects; There was no matching by sample size
++: Not matched or not clear.
0: The study uses validated diagnostic method
++: Does not use previously validated method
0: Calibrated calibrator (with kappa value)
+: Expert opinion or evaluator calibrated without kappa
++: Did not use expert opinion or calibrated evaluator
0: Examiner is blind
+: There is only blinding of the statistician
++: There is no type of blinding
0: More than one valued calibrator with Kappa value
+: Two calibrated raters (no Kappa value) or one calibrated rater (Kappa value)
++: An uncalibrated evaluator
0: no data loss
+: data loss less than 20%
++: data loss greater than 20%
0: there is no confounding factor
+: is there any confounding factor
++: there are serious confounding factors
0: no distortion or analysis was adjusted for distortions
+: partially adjusted analysis to reduce confounding

++: unadjusted analysis
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Identification

Eligibility

-
o
-]
E)
-]
s

Figure 1. Flow diagram of the literature search based on the PRISMA statement.

Regarding sampling, four studies'??30% recruited
participants from different centers (sample sources),
which was considered a minor problem (+). Concerning
the sample matching, three studies™'>* did not match
the samples with sample size, which we considered
as a minor problem (+). Moreover, two studies®* did

not match the samples with respect to the gender
and age of the participants, which was considered a
major problem (++).

In most studies,12283032 sample calculations
were not performed. Thus, to verify whether
the sample used was sufficient, we performed

Braz. Oral Res. 2020;34:e113 9
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Table 3. Quality assessment based on Fowkes and Fulton (1991).

Ak . Al-Maweri et al., DorockaBobkowska Radovi¢ et al., Saini et al., Bissong et al., Trentin et al., Obradovi¢ et al.,
Guideline Checklist

2013% etal., 1996.12 2014¢2° 2010% 2015% 2017 20111
Cross-sectional X X X X X X
Study design Cohort X
appropriate to
objectives? Controlled trial
Cause control
Source of sample 0 + + + +
Sampling method 0 ++ 0 ++ +
Study sample Sample size 0 + + 0 +
representative? Entry criteria/
0 0 ++ 0 ++ ++ o+
exclusions
Non-respondents NA NA NA NA NA NA NA
Definition of 0 n 0 0 N N iy
controls
Source of 0 N 0 0 0 0 0
Control group controls
table? i
geeeiabe MO*Chfng/ + ++ ++ 0 ++ ++ +
randomisation
Comparable 0 + + 0 ++ ++ +
characteristics
Validity 0 0 0 0 ++ ++ ++
Quality of Reproducibility + ++ + + ++ 0 ++
measurements
odl eultasries? Blindness ek Ak Ak ek ek ++ ++
Quality control ++ ++ I St bk 0 bk
Compliance NA NA NA NA NA NA NA
Drop outs NA NA NA NA NA NA NA
Completeness?
Deaths NA NA NA NA NA NA NA
Missing data 0 0 + 0 0 0 0
Extraneous NA NA NA NA NA NA NA
treatments
Contamination NA NA NA NA NA NA NA
Distorting Ch"”t_ges over NA NA NA NA NA NA NA
influences? ime
Co?écc’fonr(:mg 0 0 . 0 i T o
Distortion redyced 0 o iy 0 T T+t +4
by analysis
Bias — Are the
results
erroneously No Yes No No Yes Yes Yes
biased in a
certain direction?
Confounding
Summary — Are there
questions any serous No No Yes No Yes Yes Yes
confounding or
other distortin
influences?
Chance — Is it
likely that the No No No No Yes Yes Yes
results occurred
by chance?

0: no problem; +minor problem; ++major problem; NA: not applicable.
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sample calculations based on the results of a
previous studies.??* A calculated sample size
of 39 participants was sufficient to detect a 20%
difference in prevalence between groups, with a
power of 80% (a = 0.05%). Thus, although sample
calculations were not performed in these studies,
sample size was considered sufficient.

Inclusion and exclusion criteria were not followed
by four of the studies'****! (major problem). Finally, the
articles that could include confounding factors and the
analysis of the results were not stratified or adjusted,
which was classified as a major problem (++). This risk
of bias was found in six studies,">%303132 showing
that the biggest problem is a lack of comparable
characteristics between groups.

Other criteria included the method used to
evaluate the outcomes. All studies used a clinical
examination of the oral cavity, and verified the
presence or absence of oral candidiasis or denture
stomatitis. Two studies®** used the parameters
established by the World Health Organization,
while two others'>* used the Newton classification.
The other studies did not report any parameter for
clinical evaluation, which was classified as a major
problem because the study is not reproducible. Six
studies' 1228393132 did not use calibrated examiners or
specialists. Another key point was that the evaluators
were not blinded in all studies, representing a major
problem (++).

Table 4 presents the characteristics of the studies
data collected from them. Three articles showed as
oral candidiasis as the outcome'?%3?, while four'>-331
showed denture stomatitis as the outcome. The
prevalence of oral candidiasis ranged from 6.8%% to
31%"in patients with diabetes mellitus, and ranged
from 2%" to 14.1%* for controls. The prevalence of
denture stomatitis among diabetic individuals ranged
from 10.7%* to 61.1%*, and ranged from 6.2%° to
38.1%* for controls.

Meta-analysis and certainty of the evidence

All seven studies were included in the quantitative
synthesis!!122829303132 n the first analysis, three
studies"?**2 were included evaluating oral candidiasis
as the outcome. This analysis showed that diabetics
patients (n = 365) had a similar chance of developing

oral candidiasis compared to non-diabetic patients
(n = 286) (OR1.40 [0.96; 2.04], p = 0.08, I> = 94%)
(Figure 2). However, these results had very low
certainty of evidence, due to serious problems in the
risk of bias, and very serious problems with respect
to inconsistency and imprecision (Table 5).

In the second meta-analysis, four articles!>?303!
showed denture stomatitis outcome. This analysis
showed that diabetic patients (n = 923) had a higher
chance of denture stomatitis compared to healthy
patients (n = 911) (OR 1.92 [1.42, 2.59] p < 0.0001,
I? = 0%) (Figure 3). However, these results had very
low certainty of evidence, due to serious and very
serious problems in indirectness and imprecision,
respectively (Table 5).

Discussion

Previous studies demonstrated a higher prevalence
of oral candidiasis and denture stomatitis in
diabetic patients."”!31°2° However, these studies had
confounding factors, including tobacco smoking, daily
alcohol consumption, and the intake of medication,
which are also risk factors of oral candidiasis and
denture stomatitis. Thus, to generate a summary of
reliable evidence, this systematic review and meta-
analysis included studies with no confounding factors.
Thus, when compared to non-diabetic individuals,
diabetic patients had similar chances of developing
oral candidiasis, and a greater chance of developing
denture stomatitis.

In our systematic review, the prevalence of oral
candidiasis ranged from 6.8% to 31%" in patients with
diabetes mellitus, whereas the prevalence of denture
stomatitis ranged from 10.7% to 61.1%* in these
same patients. Previous studies''>** that obtained
a higher prevalence of both diseases (i.c., > 30% in
diabetic individuals) might have been subject to bias
in participant selection, whereby participants were not
paired and had heterogeneous characteristics. Thus,
the data might have been overestimated, resulting in
a higher prevalence of recorded oral lesions. Hence,
future studies should include individuals paired by
gender, age, similar systemic and oral conditions, and
sample size. The paired samples process provides
reliable and reproducible results.

Braz. Oral Res. 2020;34:e113 11
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Study of Diabetis  Melitus  Non-Diabetis  Melitus . Odds Ratio Odds Ratio

Subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI

Bissong, 2015 32 149 30 102 61.5% 0.66[0.37, 1.17] —+

Obradovic, 2011 59 100 2 50 2.4% 34.54 [7.94,150.14]

Trentin, 2017 8 116 19 134 36.1% 0.45[0.19, 1.07] ——

Total (95% Cl) 365 286  100.0%  1.40 [0.96, 2.04] 7S

Total events 99 51 X ) ) )
Heterogeneity: Chi? = 31.45, df = 2 (P < 0.00001); I? = 94% O.OIOS OT] 1 1IO 260
Test for overall effect: Z = 1.72 (P = 0.08) Favours Control Favours Diabetis Melitus

Figure 2. Forest plot of association between oral candidiasis and diabetes mellitus.

Diabetis Melitus Non-Diabetis Melitus Odds Ratio Odds Ratio
Study of Subgroup Weight

Events Total Events Total M-H, Fixed, 95% ClI M-H, Fixed, 95% CI
Al Maweri, 2013 45 391 26 391 36.3% 1.83[1.10, 3.02] ——
?;;‘ZC'“’BOkaWSkG' 41 70 21 58 15.0% 2.491.22, 5.10] _
Rodovic, 2014 22 42 16 42 12.0% 1.79 [0.75, 4.26] S S
Saini, 2010 45 420 26 420 36.6% 1.82[1.10, 3.01] — 5
Total (95% CI) 923 911  100.0%  1.92[1.42, 2.59] <o
Total events 153 89
Heterogeneity: Chi? = 0.62, df = 3 (P = 0.89); I? = 0% 0.1 0.2 0.5 1 2 5 10
Test for overall effect: Z = 4.26 (P < 0.0001) Favours Control Favours Diabetis Melitus

Figure 3. Forest plot of the association between denture stomatitis and diabetes mellitus.

Table 5. Quality of evidence: Association of diabetes mellitus with oral candidiasis and denture stomatitis.

Participants Certainty assessment Summary of findings
(studies) Study event rates (%) Anticipated absolute effects
Risk of Other Overall Relative ik
. bias Inconsistency  Indirectness  Imprecision considerations” certainty of it witth effect el otk dfmnae
ofiow up evidence  non diabetics diabetics  (?5% Cl)  non-diabetics with
diabetics
Oral candidiasis
55 more
©000
651 ) ) . not very 51286 99/365 OR140 7 o per1.000
(3 observational  serious®  very serious ) T none o o (0.96 to (from 6
dies) serious serious® (17.8%) (27.1%) 2.04) 1.000 fewer fo
studies VERY LOW .
129 more)
Denture stomatitis
74 more
1834 000 OR1.92 per 1.000
. not ) . very 89/911 153/923
(4 observational ) not serious  serious® T none o o (1.42t0 98 per 1.000  (from 36
dies) serious serious® (9.8%) (16.6%) 2.59) more 1
studies VERY LOW : pre o
121 more)

Cl: Confidence interval; OR: Odds ratio; *Other considerations include publication bias, magnitude of effect, plausible confounding factors,
and analysis of spurious effects. Explanations: a. All included studies presented some type of risk of bias; b. There was wide variation in the
effect estimates across studies, a little overlap of confidence intervals associated with the effect estimates, and high and significant heterogeneity;
c. Upper and lower confidence interval limits were greater than 25% of OR; d. Total number of events was less than 300; e. All studies assessed
particular versions of the exposition (Diabetes type 1I).
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Besides the requirement to pair participants, the
inclusion and exclusion of certain criteria should
be carefully established. There was a lack of clarity
in some studies in this systematic review'%33! on
these parameters. For instance, the authors stated
that patients were exclusively diabetic with no other
diseases; however, they did not state whether smokers
and alcoholics were excluded. Because these conditions
are not characterized as systemic diseases, patients
with these conditions might have been included,
generating a serious risk of bias.

This systematic review also evaluated the quality
control of the studies, with respect to validity,
reproducibility, and blindness. Unexpectedly all
studies had problems with respect to these components.
Regarding validity, which is using a validated
diagnostic method for evaluating the presence of
oral candidiasis and denture stomatitis, two studies®3!
followed the recommendations described by the
World Health Organization (WHO) guideline, while
two others'>* followed the Newton Classification
of Oral Candidiasis. However, three studies!'!?%32
did not follow any guideline; consequently, these
data might be underestimated or overestimated. To
provide reliable data and ensure the reproducibility,
epidemiological studies must follow validated data
collection parameters.

Besides following a validated protocol, reproducibility
is also related to examiner calibration for the method
to be used. Only one study® had two independent
calibrated examiners, and provided the Kappa values.
Some studies®*** had specialists as examiners, while
three'2? did not use calibrated examiners or specialist
opinions. Diagnosis by a calibrated examiner ensures
that oral candidiasis and denture stomatitis are assessed
properly, confirming reliability.

The blindness of the studies might represent
another major risk of bias. No study blinded the
examiners to evaluate the groups (diabetics or healthy)
or to perform the statistical analysis. Blindness is
essential to guarantee that the examiner did not
influence or induce the results. Consequently, all
studies were classified as having major problems. Thus,
future studies should consider blinding evaluators.

After evaluating the methodological quality of
the articles, two meta-analyses were performed.

The first meta-analysis showed that diabetic
patients have a similar chance of developing oral
candidiasis compared to non-diabetic patients.
Thus diabetes mellitus could not be directly related
to oral candidiasis. However, this result should
be analyzed cautiously, due to methodological
problems found in studies. Oral candidiasis has
known predisposing factors in individuals who
are compromised by systemic conditions (e.g.,
immunosuppression) or who have had tissue or
organ transplants, developing malignancies, or
immune diseases, such as HIV patients.*> On the
other hand, denture stomatitis is related to poor
denture fit, greater age of the denture user, greater
age of dentures, and poor denture hygiene.* Thus,
we hypothesized that the use of dentures could
influence the presence of the disease.

In the second meta-analysis evaluating denture
stomatitis as an outcome, diabetic patients had a
higher chance of having denture stomatitis compared
to healthy patients. Thus, removable prostheses are
arisk factor for the colonization and development of
denture stomatitis. Removable prostheses promote a
favorable microenvironment for the growth of Candida
albicans. The oral mucosal-prosthesis interface has
low levels of oxygen and pH,*” which are associated
with poor hygiene® and reduced salivary flow.
These factors likely favor the colonization of C.
albicans, and subsequent development of denture
stomatitis. However, the results of this second meta-
analysis must be analyzed carefully, because the
studies had methodological problems that might
have compromised the results. Thus, future studies
should consider evaluating prosthetic conditions
and timing of use, since the degradation of the
dentures over time could be a factor that favors
Candida colonization.

Of importance, several components might
contribute to the high heterogeneity among studies.
Examples include the age of denture wearers, female
individuals, smoking habits, and compromised
immune system. Appropriate assessment is essential
for diagnosing denture stomatitis, and should be
based on methods detecting or grading Candidain a
scoring system. Out of the scoring systems, Newton
Classification of Oral Candidiasis and the World
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Health Organization (WHO) guideline were the most
frequently cited methods in the retrieved papers.
However, most publications did not mention any
method for evaluating this phenomenon, other than
visually, which might have influenced the results of
these studies.®

Despite this systematic review covering a large
number of articles in the search process, publication
bias might also exist. It is easier to find studies with
positive results indexed within search databases,
but which might not include all studies about this
topic. To minimize publication bias, this systematic
review also included searching the gray literature and
hand-searching. Another limitation of this systematic
review was the power to generate strong evidence, due
to the methodological problems found in the studies.
Therefore, the certainty of the evidence (GRADE) was
considered very low. Thus, more primary studies
should be designed to generate sufficient evidence
on the prevalence of oral candidiasis and denture
stomatitis among diabetic individuals.

Although the quality of the evidence was very
low, the results of this systematic review and
meta-analysis showed that there was a higher
prevalence of denture stomatitis when patients
with diabetes mellitus were compared with healthy
patients. Of importance, undiagnosed and untreated
diabetic individuals might have a higher risk of
developing Candida infection.* Thus, our study also
highlights dentists should investigate the cause of
candidiasis among their patients and verify if they
are diabetics patients. Such information could help
with the early diagnosis of diabetes, leading to better
treatment strategies.
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