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Abstract
Introduction The question of whether diabetes mellitus can
influence the outcome of root canal treatment (RCT) remains
unclear. The aim of this systematic review and meta-analysis
was to analyze scientific available evidence on the association
between diabetes and the presence of radiolucent periapical
lesions (RPLs) in root-filled teeth (RFT).
Methods The review question was as follows: in adult patients
who had endodontically treated teeth, does the absence or
presence of diabetes result in an increase in the prevalence
of RPL associated to RFT? A systematic MEDLINE/
PubMed, Wiley Online Database, Web of Science, and
Scopus search was conducted using the following MeSH
and keywords: Diabetes Mellitus OR Diabetes OR Diabetic
OR Hyperglycemia, AND Endodontics, Periapical
Periodontitis, Periapical Diseases, Apical Periodontitis,
Periradicular Lesion, Periapical Radiolucency, Radiolucent
Periapical Lesion, Root Canal Treatment, Root Canal
Preparation, Root Canal Therapy, Root Filled Teeth,
Endodontically Treated Teeth. Seven studies reporting data

on the prevalence of RPL associated to RFT both in diabetic
and control subjects were included.
Results After the study selection, seven epidemiological stud-
ies fulfilled the inclusion criteria, representing data from 1593
root canal treatments, 1011 in non-diabetic control subjects,
and 582 in diabetic patients. The calculated pooled odds ratio
(OR = 1.42; 95 % CL = 1.11–1.80; p = 0.0058) indicates that
diabetic patients have higher prevalence of RFT with RPLs
than controls.
Conclusion Available scientific evidence indicates that diabe-
tes is significantly associated to higher prevalence of
periapical radiolucencies in endodontically treated teeth, be-
ing an important putative pre-operative prognostic factor in
RCT.
Clinical relevance Taking into account that diabetes is the
third most prevalent chronic medical condition among dental
patients, endodontic providers should be aware of the relation-
ship between the outcome of endodontic treatment and
diabetes.

Keywords Diabetesmellitus . Meta-analysis . Periapical
inflammation . Persistent apical periodontitis . Root canal
treatment outcome . Root-filled teeth

Introduction

Apical periodontitis (AP) is an inflammatory process around
the apex of a tooth root, following the bacterial infection of the
pulp space of the tooth [1]. The bone lesion associated with
apical periodontitis is characterized radiographically by the
presence of radiolucent periapical lesion (RPL), i.e., a radio-
lucent image surrounding the root apex of the affected tooth
[2]. AP is an extraordinarily prevalent problem [3]. In the
USA, radiographic signs of periapical disease are evident in
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4.1–5.1 % of all teeth [4, 5]. The incidence of new cases of
apical periodontitis over a 24-year period in the USA ranges
from 27 to 41 % depending on age [6]. In Europe, the preva-
lence of AP is as high as 34–61 % of individuals and 2.8–
4.2 % of the teeth [7, 8], increasing with patient’s age [9]. The
treatment for teeth with AP is root canal treatment (RCT) [10].
In the USA, 4.8–5.5 % of teeth have been endodontically
treated [4, 5] and 10 % of young military recruits were shown
to have existing RCT [11]. In Europe, the prevalence of end-
odontic treatment is estimated around 41–59 % of individuals
and 2–6.4 % of teeth [7, 8].

When RCT fails, resolution of the periapical lesion and
complete healing of periapical tissues do not occur, persisting
AP [12, 13]. Persistent apical periodontitis (PAP) is character-
ized radiographically by a RPL associated with the root-filled
tooth (RFT). The prevalence of radiographic evidence of per-
sistent AP is 31–36 % in the USA [4, 5] and 24–65 % in
European countries [7, 8, 14]. Periapical granulomas and cysts
are the most common periapical lesions of endodontic origin
associated with PAP. However, some of the RPL associated
with RFT may not represent PAP, but incomplete healed le-
sions after root canal treatment, periapical connective scars
[15], or non-endodontic pathosis [16].

Factors implicated in persistent AP are not only intra-oper-
atives, such as inadequate aseptic control, missed canals, in-
sufficient instrumentation, and leaking temporary or perma-
nent restorations [17], but also systemic factors, such as pro-
inflammatory status and impaired immune response associat-
ed with systemic diseases [14, 18].

One of the systemic diseases whose possible association
with AP has been investigated is diabetes mellitus (DM) [14,
19], a heterogeneous group of metabolic disorders, with hy-
perglycemia as the main feature [20]. DM is due to pancreatic
β-cell dysfunction, with deficiency in insulin secretion and/or
insulin resistance in liver and muscle [21]. Diabetic patients
have impaired immune cell function. Pro-inflammatory cyto-
kines from monocytes/polymorphonuclear leukocytes are up-
regulated, and growth factors frommacrophages are downreg-
ulated, predisposing to chronic inflammation, progressive tis-
sue breakdown, and diminished tissue repair capacity [22]. In
addition, diabetic patients have increased levels of advanced
glycation end-products (AGEs), which interact with cell sur-
face receptors for them to increase oxidative stress in tissues
and upregulate the inflammatory response [23]. In poor con-
trolled diabetics, the immune response is further diminished,
with decreased leukocyte function and delay of wound healing
[22–25]. Consequently, an increased number and/or size of
periapical lesions would be expected in root-filled teeth of
diabetic patients.

Since the pioneer study of Bender et al. [26] in 1963, sev-
eral epidemiological studies have investigated the impact of
diabetes on periapical health and RCToutcome. Mostly, these
studies were cross-sectional and employed only radiographic

examination [14, 19, 27]. However, the question of whether
diabetes mellitus can influence the outcome of RCT remains
unclear [14].

Aim of the study

The purpose of this study was to conduct a systematic review
and meta-analysis of the possible association between diabe-
tes and RCT failure, assessed as the prevalence of radiolucent
periapical lesions in root-filled teeth. The clinical PICO ques-
tion to be answered was as follows: in adult patients who had
endodontically treated teeth (problem and intervention), does
the absence or presence of diabetes mellitus (comparison) re-
sult in an increase in the prevalence of RPL associated to RFT
(outcome)?

Materials and methods

Literature search strategy

According to the conventional procedures to develop system-
atic review and meta-analysis [28, 29], firstly the PICO ques-
tion was formulated, for which the search strategy was con-
structed. Inclusion and exclusion criteria were defined, the
studies located and selected, their quality assessed, and the
data extracted and interpreted [30].

The literature search strategy was as follows. A
MEDLINE/PubMed, Wiley Online Database, Web of
Science, and Scopus search was performed using the follow-
ing combination of Mesh terms and keywords: (Diabetes
Mellitus OR Diabetes OR Diabetic OR Hyperglycemia)
AND (Endodontics OR Periapical Periodontitis OR
Periapical Diseases OR Apical Periodonti t is OR
Periradicular Lesion OR Periapical Radiolucency OR
Radiolucent Periapical Lesion OR Root Canal Treatment
OR Root Canal Preparation OR Root Canal Therapy OR
Root Filled Teeth OR Endodontically Treated Teeth)
(Table 1).

Several journals (Journal of Endodontics; International
Endodontic Journal; Clinical Oral Investigations; Oral
Diseases; Oral Surgery, Oral Medicine, Oral Pathology,
Oral Radiology and Endodontology; Endodontics and
Dental Traumatology; and Australian Endodontic Journal)
and the bibliography of all relevant papers and review papers
were hand-searched.

Study selection and inclusion and exclusion criteria

Three investigators (J.M-G., D.C-B., and J.J.S-E.) screened
the titles and abstracts of all articles identified in the electronic
and manual searches. Articles that did not meet the inclusion
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criteria were excluded. All remaining articles were obtained
and full-text reviewed independently by four reviewers (J.M-
G., D.C-B., E.V-O., and J.J.S-E) based on the following in-
clusion criteria: (1) the type of study: epidemiological studies
published from January 1980 toMarch 2016, (2) studies com-
paring adult diabetic patients and non-diabetic controls, (3)
studies involving RFT, and (4) studies establishing the
periapical condition of RFT and reporting data on the preva-
lence of RPL associated with RFT both in diabetic and control
subjects.

Exclusion criteria included the following: (1) the type of
study: cell culture laboratory studies or animal studies, (2)
studies that only examined diabetic patients, and (3) studies
without radiographic assessment of periapical radiolucency.

Cases of disagreement between reviewers were discussed
until a consensus was reached.

Quality assessment and data extraction

The texts of the potentially relevant studies were systematical-
ly evaluated. Data were extracted, synthesized, and analyzed,
and the quality of the methodology was assessed. For each
study, the following parameters recorded: authors’ names,
date of publication, study design, sample size and included
subjects and RCTs, diagnosis of RPLs, main results on asso-
ciation between diabetes and RFT with RPLs, and evidence
level, determined according to guidelines provided by The
Centre for Evidence-Based Medicine at Oxford [31].

Outcome variables and statistical analysis

The odds ratio (OR) for the prevalence of RPL in RFT of
control and diabetic subjects was established as primary out-
come variable and measure of the effect. The pooled OR was
calculated using the method of Mantel-Haenszel with fixed
effects, and 95 % confidence intervals for the OR were calcu-
lated using the Robins, Breslow, and Greenland variance for-
mula. To test for heterogeneity among the ORs calculated, the
Breslow-Day test (BDT) and the I2 test [32] were used.
L’Abbé plots [33] were used to illustrate the homogeneity. A
forest plot [34] was used to display the OR results, along with
the Mantel-Haenszel (MH) pooled estimate. Significance lev-
el of p < 0.05 was considered, and the meta-analysis was
carried out with the StatsDirect software [35].

Results

The search strategy is presented in Fig. 1. The combinations of
the initial electronic search terms and manual searches identi-
fied 545 titles. Duplicated references (349 items) and articles
published before 1980 (16 items) were discarded. A subse-
quent search at the title and abstract level among the 180
remaining titles, taking into account the inclusion and exclu-
sion criteria, revealed 16 articles for full-text reading. At this
level, nine studies were excluded for the following reasons:
one of them was referred to periodontal disease [36], six did
not provide data about the prevalence of RFT with RPLs in
diabetics and controls [37–41], and two others only provide
data regarding retention of RFT in diabetic and controls [42,
43].

Study characteristics

In the final analysis, the following seven studies were includ-
ed: (1) Falk et al. [44]) [44]; (2) Fouad and Burleson [45])
[45]; (3) Britto et al. [46]) [46]; (4) Segura-Egea et al. [47])
[47]; (5) López-López et al. [48]) [48]; (6) Marotta et al. [49])
[49]; and (7) Marques-Ferreira et al. [50]) [50]. Table 2 sum-
marizes the study design, subjects and sample size, diagnosis

Table 1 Lists MeSH and key words combinations used for the search
strategy

((Bdiabetes mellitus^[MeSH Terms] OR (Bdiabetes^[All Fields] AND
Bmellitus^[All Fields]) OR Bdiabetes mellitus^[All Fields]) OR
(Bdiabetes mellitus^[MeSH Terms] OR (Bdiabetes^[All Fields] AND
Bmellitus^[All Fields]) OR Bdiabetes mellitus^[All Fields] OR
Bdiabetes^[All Fields] OR Bdiabetes insipidus^[MeSH Terms] OR
(Bdiabetes^[All Fields] AND Binsipidus^[All Fields]) OR Bdiabetes
insipidus^[All Fields]) OR Diabetic[All Fields] OR
(Bhyperglycaemia^[All Fields] OR Bhyperglycemia^[MeSH Terms]
OR Bhyperglycemia^[All Fields])) AND ((Bendodontics^[MeSH
Terms] OR Bendodontics^[All Fields]) OR (Bperiapical
periodontitis^[MeSH Terms] OR (Bperiapical^[All Fields] AND
Bperiodontitis^[All Fields]) OR Bperiapical periodontitis^[All Fields])
OR (Bperiapical diseases^[MeSH Terms] OR (Bperiapical^[All Fields]
AND Bdiseases^[All Fields]) OR Bperiapical diseases^[All Fields]) OR
(Bperiapical periodontitis^[MeSH Terms] OR (Bperiapical^[All Fields]
AND Bperiodontitis^[All Fields]) OR Bperiapical periodontitis^[All
Fields] OR (Bapical^[All Fields] AND Bperiodontitis^[All Fields]) OR
Bapical periodontitis^[All Fields]) OR (Periradicular[All Fields] AND
Lesion[All Fields]) OR (Periapical[All Fields] AND Radiolucency[All
Fields]) OR (Radiolucent[All Fields] AND Periapical[All Fields] AND
Lesion[All Fields]) OR ((Bdental pulp cavity^[MeSH Terms] OR
(Bdental^[All Fields] AND Bpulp^[All Fields] AND Bcavity^[All
Fields]) OR Bdental pulp cavity^[All Fields] OR (Broot^[All Fields]
AND Bcanal^[All Fields]) OR Broot canal^[All Fields]) AND
(Btherapy^[Subheading] OR Btherapy^[All Fields] OR Btreatment^[All
Fields] OR Btherapeutics^[MeSH Terms] OR Btherapeutics^[All
Fields])) OR (Broot canal preparation^[MeSH Terms] OR (Broot^[All
Fields] AND Bcanal^[All Fields] AND Bpreparation^[All Fields]) OR
Broot canal preparation^[All Fields]) OR (Broot canal therapy^[MeSH
Terms] OR (Broot^[All Fields] AND Bcanal^[All Fields] AND
Btherapy^[All Fields]) OR Broot canal therapy^[All Fields]) OR
((Bplant roots^[MeSH Terms] OR (Bplant^[All Fields] AND
Broots^[All Fields]) OR Bplant roots^[All Fields] OR Broot^[All
Fields]) AND Filled[All Fields] AND (Btooth^[MeSH Terms] OR
Btooth^[All Fields] OR Bteeth^[All Fields])) OR (Btooth,
nonvital^[MeSH Terms] OR (Btooth^[All Fields] AND Bnonvital^[All
Fields]) OR Bnonvital tooth^[All Fields] OR (Bendodontically^[All
Fields] AND Btreated^[All Fields] AND Bteeth^[All Fields]) OR
Bendodontically treated teeth^[All Fields]))
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of RPLs, main results, and evidence level [31]. Radiographic
criteria for the diagnosis of apical periodontitis, when are pro-
vided, are shown; two studies [46, 49] used the Strindberg’s
criteria [51], one study had longitudinal data and used clinical
and radiographic analysis by supervising endodontists [45]
and three others [47, 48, 50] the PAI system score [52].

Meta-analysis

For each selected article, the results were extracted and com-
piled into a table of evidence, and descriptive statistics and
odds ratios calculated (Table 3). When the OR is greater than
1, it indicates that diabetic patients show higher prevalence of
RFT with RPLs than control subjects. The BDT was non-
significant (Breslow-Day = 4.63; df = 6; p = 0.59), indicating
homogeneity among the ORs of the included studies (Fig. 2,
L’Abbé plot). Moreover, the proportion of variation through
studies due to heterogeneity was very low (I2 = 0 %; 95 %

CI = 0 to 59 %). Mantel-Haenszel method and the Robins,
Breslow, and Greenland variance formula, with fixed effects,
provide a pooled OR = 1.42 (95 % CI = 1.11–1.80;
chi2 = 7.60; p = 0.0058), indicating that the calculated pooled
OR differs significantly from 1. Forest plot shows the ORs for
each study and the overall OR calculated from the meta-
analysis (Fig. 3). These results indicate that diabetic patients
have significantly higher prevalence of RFT with RPLs than
control subject.

Interpretation and assessment of the included studies

The time frame of publication of the seven studies was 1989
and 2014; however, six of them were published between 2003
and 2014 (Table 2). One was a longitudinal study with two or
more years of follow-up, in which successful versus uncertain/
failed treatments were compared [45], and the other six were
cross-sectional studies [44, 46–50]. The included studies rep-
resent data from 1368 subjects, 730 controls, and 319 diabetic
patients.

In the study of Falk et al. [44], long-duration diabetics
showed higher frequency of RFTwith RPLs (26 %) compared
to non-diabetic patients (21 %) (OR = 1.31; 95 % CL = 0.85–
2.01; p = 0.20). However, diabetic women had significantly
more RFT with RPLs than control women (p < 0.01). Fouad
and Burleson [45] investigated 531 RCT, 72 in diabetic pa-
tients, finding increased likelihood of RPLs diabetics, but
without statistical significance (OR = 1.24; 95 %
CL = 0.70–2.13; p = 0.20). Nevertheless, the frequency of
RPLs in RFT of diabetic patients with preoperative
periradicular lesions was significant compared to controls
(p = 0.007) and when controlling for a number of confounding
variables [45]. The study of Britto et al. [46] assessed the
periapical status of 99 subjects (56 diabetics) using periapical
and panoramic radiographs. Strindberg’s criteria [51] were
used to diagnose RPLs. The results did not find significant
difference in the percentage of RFT with RPLs between con-
trols [44 %] and diabetics [46] (OR = 1.09; 95 % CL = 0.46–
2.63; p = 0.82). However, type 2 diabetic men were more
likely to have residual RPLs in their RFT (p < 0.05). The study
sample in this investigation showed a striking prevalence of
RPLs, finding one or more teeth with RPLs in 97 and 87 % of
diabetic patients and control subjects, respectively. Segura-
Egea et al. [47] included in their study 38 control subjects
and 32 diabetic patients, using periapical radiographs and
PAI score system [52] to assess the periapical status. RPLs
were found in 83 % of RFT in the diabetic group, whereas
only 60 % of RFT in the control group had periapical lesions
(OR = 3.33; 95 % CL = 0.48–37.93; p = 0.17). The study of
López-López et al. [48] compared the prevalence of RFTwith
RPLs in well-controlled diabetic patients and control subjects.
In this study, patients and controls were age- and sex-matched,
and diabetic patients had glycated hemoglobin levels (HbA1c)

Fig. 1 Selection process of the studies included in the systematic review
and meta-analysis
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≤ 6.5 %. Periapical status of RFT was assessed using pano-
ramic digital radiographs and the PAI index [52]. The results
showed that the percentage of RFT with RPLs was almost
twice higher in diabetic patients (46 %) than in control sub-
jects (24 %), but the difference was not statically significant
(OR = 2.67; 95 % CL = 0.76–10.06; p = 0.09).

Marotta et al. [49], in another cross-sectional study, used
periapical and panoramic radiographs and Strindberg’s criteria
[51] for the diagnostic of RPLs in RFTof diabetic and control
subjects. They found that RPLs were significantly more

common in untreated teeth from diabetics (10 %) than in non-
diabetic controls (7 %) (p = 0.03). However, there was not
significant difference in the prevalence of RPLs associated
with RFT in diabetics (46 %) and control subjects (38 %)
(OR = 1.39; 95 % CL = 0.81–2.39; p = 0.21). Finally, the
study conducted by Marques-Ferreira et al. [50] compared
the success rate of RFT in two groups of 23 patients, healthy
control group and diabetic group. Periapical status was
assessed radiographically using the PAI score system [52].
The results demonstrated no significant differences between

Table 2 Studies included in the systematic review. Study design, subjects and sample size, diagnosis of radiolucent periapical lesions, andmain results
on association between diabetes and RFTwith RPL and evidence level

Authors Year Study design Subjects Diagnosis of radiolucent
periapical lesions

Association
diabetes—RFT*RPL

Evidence
level (31)

1. Falk et al. [44] Cross-sectional Controls: 77
Diabetics: 82

Periapical radiographs No; p = 0.20
Diabetic women
Yes; p < 0.01

C

2. Fouad and
Burleson

[45] Longitudinal
(≥ 2 years)

Controls: 459
Diabetics: 72

Periapical radiographs No; p = 0.42
Preoperative RPL
Yes; p = 0.0073

C

3. Britto et al. [46] Cross-sectional Controls: 23
Diabetics: 30
Type 1: 11
Type 2: 19

Periapical radiographs
Strindberg criteria (52)

No; p = 0.82
Men with type 2
Yes; p < 0.05

D

4. Segura-Egea
et al.

[47] Cross-sectional Controls: 38
Type 2 diabetics: 32

Periapical radiographs
PAI index (53)

No; p = 0.17 D

5. López-López
et al.

[48] Cross-sectional Controls: 50
Type 2 diabetics: 50
Well controlled
Age/sex-matched

Digital panoramic
radiographs

PAI index (53)

No; p = 0.09 D

6. Marotta et al. [49] Cross-sectional Controls: 60
Type 2 diabetics: 30
Age/sex-matched

Full-mouth periapical and
panoramic radiographs

Strindberg criteria (52)

No; p = 0.21 D

7. Marques-Ferreira
et at.

[50] Cross-sectional Controls: 23
Diabetics: 23
Type 1: 4
Type 2: 17

Periapical and panoramic
radiographs

PAI index (53)

No; p = 0.06 D

RCT: root canal treatment, RFT root-filled teeth, RFT*RPL root-filled teeth with radiolucent periapical lesion, RPL radiolucent periapical lesion

Table 3 Results extracted and compiled, descriptive statistics, and odds ratios calculated

Authors Year No. RFT Non-diabetic controls Diabetic patients Odds Ratio
(95 % CL

p value

RFT*RPL/total
RFT

RFT*RPL (%) RFT*RPL/total
RFT

RFT*RPL (%)

1. Falk et al. [44] 518 50/233 21 75/285 26 1.31 (0.85–2.01) 0.20

2. Fouad and Burleson [45] 531 144/459 31 26/72 36 1.24 (0.70–2.13) 0.42

3. Britto et al. [46] 99 19/43 44 26/56 46 1.09 (0.46–2.63) 0.82

4. Segura-Egea et al. [47] 32 12/20 60 10/12 83 3.33 (0.48–37.93) 0.17

5. López-López et al. [48] 60 6/25 24 16/35 46 2.67 (0.76–10.06) 0.09

6. Marotta et al. [49] 291 78/206 38 39/85 46 1.39 (0.81–2.39) 0.21

7. Marques-Ferreira
et at.

[50] 62 5/25 20 16/37 43 3.05 (0.84–12.48) 0.06

Overall 1593 314/1011 31 208/582 36 1.42 (1.11–1.80)* 0.006

RFT root-filled teeth, RFT*RPL root-filled teeth with radiolucent periapical lesions

*Mantel-Haenszel and Robins-Breslow-Greenland variance formula: chi2 = 7.60, p = 0.0058
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both groups in the prevalence of RFTwith RPLs (OR = 3.05;
95 % CL = 0.84–12.48; p = 0.06).

Discussion

Since the mid-twentieth century to today, numerous animal
[53–60] and human studies [2, 26, 27, 40, 45–50, 61] have
investigated the possible relationship between endodontic in-
fections and DM. The endodontic variables analyzed in hu-
man studies have been the prevalence of RPLs, the prevalence
of RCT, and the outcome of RCT, assessed as the percentage
of RFT with or without RPLs, or as the prevalence of tooth

extraction after nonsurgical RCT (NSRCT) [14]. Even though
the results of these studies are not conclusive, available scien-
tific evidence suggest an association between DM and a
higher prevalence of RPLs, greater size of RPLs, and frequen-
cy of odontogenic infections [14, 19]. On the contrary, the
existing data about the association of diabetes with the prev-
alence of RCT are sparse and inconclusive [14]. Finally, sev-
eral studies have investigated the potential relationship be-
tween diabetes mellitus and the survival of root canal-treated
teeth analyzing the prevalence of tooth extraction after
NSRCT [41–43]. Three of these studies [17, 42, 43] provide
a very significant OR (p < 0.01) for the contribution of diabe-
tes to decreased retention of RFT. Four studies have provided

Fig. 2 L’Abbé plot showing the
percentage of root-filled teeth
(RFT) with radiolucent periapical
lesions (RPLs) in the seven
studies for the comparison of
diabetic and controls. Size of
circle is proportional to size of
study. Study designations: (1)
Falk et al. [44]); (2) Fouad and
Burleson [45]); (3) Britto et al.
[46]); (4) Segura-Egea et al. [47]);
(5) López-López et al. [48]); (6)
Marotta et al. [49]); and (7)
Marques-Ferreira et al. [50])

Fig. 3 Forest plot of odds ratios and 95 % confidence limits (CL) based
on data from seven studies for the comparison of diabetic patients and
control subjects with regard to the prevalence of RFT (root-filled teeth)
with RPLs (radiolucent periapical lesions). The size of each rectangle is
proportional to the total sample size for the diabetic/control comparison in
that study. Overall estimate based on combined data from the seven

studies. The size of the diamond is proportional to the percent weight of
each study, i.e., the combined sample size for the diabetic/control
comparison. The solid line indicates an odds ratio of 1.0. The dashed
line indicates the overall odds ratio. OR odds ratio, LCL lower
confidence level, UCL upper confidence level
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longitudinal evaluation of the success of root canal treatment
longitudinally [17, 18, 41, 45]. The Marending et al. [18]
paper showed that diabetes was one of a number of medical
problems that significantly influenced the outcomes. The three
other studies [17, 41, 45] agreed that when the treatment of all
teeth is considered, diabetes did not affect the outcome. The
Fouad and Burleson study [45] showed that when only teeth
with preoperative lesions are considered, and when control-
ling for a number of important confounding variables, teeth
from diabetics were more significantly classified as uncertain
or failing, at two or longer years after treatment.

The objective of this systematic review and meta-analysis
has been to analyze the potential association between diabetes
mellitus and the percentage of RFTwith or without RPLs. The
observational epidemiological studies involved were Bout-
comes^ research, including one longitudinal study with two
or more years of follow-up [45], level of evidence 2, and six
cross-sectional studies [44, 46–50], level of evidence 3 [31].
The homogeneity of the seven studies (Breslow-Day = 4.63;
df = 6; p = 0.59; and I2 = 0 %; 95 % CI = 0 to 59 %) was high.
Thus, the variations across studies were casual rather than due
to heterogeneity.

The reasonable time frame of publication of the studies
included in this review (1989 to 2014) reinforces the possibil-
ity of comparison, discarding important changes in dental
concepts, materials, and/or treatments over time [62, 63].
The analysis of the study designs is also very important in a
systematic review like this. However, in the present review,
most of the included studies were cross-sectional studies.
Cross-sectional studies demonstrate differences in the preva-
lence of PAP, but longitudinal studies could show differences
between diabetic and control subjects regarding the healing
process of the periapical pathosis.

Individually, none of the studies provides significant OR
regarding the association of diabetes with the prevalence of
RFT with periapical lesions. However, pooled OR provided
by MH method, with fixed effects, was significant
(OR = 1.42; 95 % CI = 1.11–1.80; p = 0.006) indicating that
diabetes is associated to the prevalence of RFT with RPLs. It
can be concluded that available scientific evidence supports
the association between diabetes and persistent apical peri-
odontitis. This result is in agreement with the studies showing
that diabetic patients have delayed periapical repair and great-
er likelihood of RFT loss [17, 42, 43, 45].

The biological mechanisms linking periapical status of
RFTand diabetes mellitus could be the following: (1) diabetes
predisposes to chronic inflammation, (2) diabetes reduces tis-
sue repair capacity, (3) diabetes impaired the immune re-
sponse enhancing the susceptibility to infections, and (4) dia-
betes impaired bone turnover and delayed wound healing [14,
23, 64, 65]. In inflamed periapical tissues of endodontically
treated teeth, diabetes could compromise immune response,
upregulating periapical inflammation and altering bone

turnover and wound healing, increasing the prevalence of api-
cal periodontitis in RFT [14].

Considering that diabetes is the third most prevalent chron-
ic medical condition among dental patients [66], endodontic
providers should be aware of the relationship between the
outcome of endodontic treatment and diabetes, should keep
current data on the diabetic status of their patients, and should
inform diabetic patients of the risks involved in endodontic
therapy for them.

Conclusion

Available scientific evidence indicates that diabetes is signif-
icantly associated with higher prevalence of periapical radio-
lucencies in endodontically treated teeth. Well-designed pro-
spective studies are required to further investigate the associ-
ation between diabetes and RCT outcome and to definitively
determine the precise increased risk of treatment failure in
diabetic patients. However, at this time, diabetes should be
recognized as an important putative pre-operative prognostic
factor in endodontic treatment.
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