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Prevalence of Apical Periodontitis and Conventional Nonsurgical Root Canal Treatment in 

General Adult Population: An Updated Systematic Review and Meta-analysis of Cross-sectional 

Studies Published between 2012 – 2020 

ABSTRACT  

Introduction: This study aimed to summarize data on apical periodontitis (AP) and nonsurgical 

root canal treatment (NSRCT) prevalence and risk factors related to age, gender, and quality of 

restorative and endodontic treatment in the general population from cross-sectional studies 

published between 2012 and 2020. 

Methods: An electronic search was performed in the following databases: Web of Science, 

Scopus, and PubMed. The conducted literature search covered studies published between 2012 

and 2020, without restrictions on language. The STROBE and NOS tools were used for quality 

assessment of the included studies. 

Results: Sixteen articles were included in the review. In total, 200.041 teeth were examined. On 

average, 6.3% of teeth had AP, and 7.4% had NSRCT. Forty-one percent of RCT teeth had AP, 

while 3.5% of untreated teeth had AP. Females are less prone to AP in endodontically treated 

teeth only, compared to males (P < .001). Variable stratification of age subgroups among 

included studies prevented us from conducting a meta-analysis. An increase in AP frequency was 

found in teeth with inadequate restorative and endodontic treatment (P < .001, and P < .001, 

respectively). Due to high heterogeneity, these results should be taken with caution.  

Conclusions: There is an increased AP prevalence in the adult general population compared to 

data from 2012 (6.3% versus 5.4 %), both in endodontically treated (41.3% versus 35.9%) and 

untreated teeth (3.5% versus 2.1 %). Additionally, AP developed more frequently in females 



with endodontically treated teeth and in teeth with inadequate compared to adequate restorative 

and endodontic treatment.  

KEY WORDS 

Periapical periodontitis, Conventional nonsurgical root canal treatment, Epidemiology, 

Prevalence, Population, Systematic review, Meta-analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



INTRODUCTION 

Oral diseases (ODs) represent a range of clinical conditions that affect hard and soft oral 

tissues and are usually chronic and progressive in nature (e.g. dental caries, periodontal disease, 

and oral cancers) (1). Although largely preventable, ODs are among the most prevalent diseases 

globally, with a significant impact on general health and socioeconomic status of affected 

individuals (2).  

As an inflammatory OD, apical periodontitis (AP) develops typically from the exposure 

of the vital pulp to different oral microbiota as a result of dental caries, accidental trauma or 

iatrogenic causes (3, 4). The colonization of microorganisms leads to necrosis of the dental pulp 

and development of infection in the periapical region of affected teeth. Consequent activation of 

the host’s immune response results in local acute and/or chronic inflammation, resorption and 

destruction of periapical tissues, and formation of periapical lesions (i.e. granuloma and/or cyst) 

(3-5).  

Epidemiological studies bring useful knowledge about trends in incidence and prevalence 

of diseases and their risk factors. These data are valuable for planning appropriate health care 

strategies to prevent or decrease the occurrence of considered disorders (6). In 2012, Pak et al. 

(7) systematically reviewed data of 33 cross-sectional studies published between 1987 and 2011, 

addressing the prevalence of AP and conventional nonsurgical root canal treatment (NSRCT) in 

the adult worldwide population. Based on epidemiological data on over 300,000 analyzed teeth, 

the authors reported a prevalence of approximately 5% of AP (broadly equivalent to one 

periapical lesion per patient) and 10% of NSRCT (broadly equivalent to two treatments per 

patient) in the adult population; the prevalence of AP in treated and untreated teeth was 36% and 

2%, respectively (7). In recent years, several systematic reviews investigating the epidemiology 



of AP were also published, but they were restricted only to elderly (8, 9), smokers (10), and 

patients with compromised general health (e.g. diabetes mellitus, cardiovascular diseases, etc.) 

(11, 12, 13), not to the general population. 

Eight years after the review of Pak et al. (7), the epidemiology of AP, including the 

evaluation of risk factors for disease development, is still an important topic, especially because 

of AP impact on general health (11). Moreover, the influence of person- (i.e. age and gender) and 

tooth-specific risk factors (i.e. quality of restorative and endodontic treatment) on the prevalence 

of AP and NSRCT is still under debate, and the obtained results from primary studies are 

inconclusive and inconsistent. Besides, a previous systematic review (7) did not evaluate the 

potential influence of specific risk factors on the prevalence of AP and NSRCT in the general 

adult population. Notwithstanding, in the meantime, a significant number of original scientific 

reports from different countries have been published, potentially modifying the conclusions 

drawn in the 2012 systematic review. Thus, to explore more valuable epidemiological data 

regarding the prevalence of AP and NSRCT, this updated systematic review and meta-analysis 

intended to summarize currently existing evidence on AP and NSRCT prevalence and risk 

factors related to age, gender, and quality of restorative and endodontic treatment in the general 

worldwide population from cross-sectional studies published between 2012 and 2020.  

 

MATERIALS AND METHODS 

 

 A detailed protocol of this systematic review and meta-analysis was defined and agreed 

by all authors, following the guidelines of the Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses Protocols statement (PRISMA-P) (14, 15) as well as the Cochrane handbook 



(16). The study was registered in the International prospective register of systematic reviews: 

PROSPERO database (CRD42020166285). The PRISMA checklist was added as a 

Supplementary Table 1. 

Focus Questions 

Specific focused questions were: 

1. What is the prevalence of AP and NSRCT in the general adult population? 

2. What is the prevalence of AP in endodontically treated and untreated teeth in the general adult 

population? 

3. Is there a difference in the prevalence of AP, NSRCT, AP in treated and untreated teeth 

between gender and age-specific subgroups in the general adult population? 

4. Is there a difference in the prevalence of AP regarding the quality of root canal filling and 

coronal restoration procedures in endodontically treated teeth? 

Eligibility criteria  

The following inclusion criteria were applied: 

- Cross-sectional studies with participants with a radiographic and/or tomographic evaluation of 

the prevalence of both AP and NSRCT, 

- Articles published from January 2012 to January 2020 with no limits applied for the language 

of publication, 

- Studies conducted only on adult individuals (older than 16 years) with permanent teeth,  

- Third molars not included in the evaluation of investigated parameters, and 

- Studies with 20 or more subjects. 

The exclusion criteria were: 

- Studies that failed to meet the abovementioned inclusion criteria, 



- Literature and systematic reviews, meta-analyses, case reports and case series, 

- Studies that dealt with smokers and individuals with reported systemic disease, 

- Studies in which analyses were presented only per patient and not per tooth, and 

- Studies that reported duplicated data. 

Literature Search Strategy   

 A comprehensive electronic search was performed in the following national and 

international databases: Clarivate Analytics Web of Science (including Web of Science Core 

Collection - WoS, Korean Journal Database - KJD, Russian Science Citation Index - RSCI, 

SciELO Citation Index - SCIELO), Scopus and PubMed. Key terms and strategy differed 

according to the database being searched, using the most common free keywords and relevant 

controlled vocabulary (Medical Subject Headings – MeSH, https://www.ncbi.nlm.nih.gov/mesh). 

The search algorithms are presented in detail in Table 1. 

 Furthermore, cross-validation was made with grey literature through Google Scholar and 

available repositories (e.g. Networked Digital Library of Theses and Dissertations, Open Access 

Theses and Dissertations). In addition, all this search was supplemented by checking 

bibliographies of the most relevant books and review articles. Finally, references of all primary 

studies were manually screened to ensure the reliability of data collected. For duplicates removal 

and further analysis, all records obtained were imported into EndNote Online (Clarivate 

Analytics 2020, https://www.myendnoteweb.com).  

Study Selection 

 The relevance of each article was assessed based on its title and abstract, followed by a 

full-text evaluation. Study selection was performed independently by 3 reviewers (A.J., N.N., 

and J.J) using the pre-specified eligibility criteria. Any disagreement was discussed and decided 



on with a fourth side (J.M). The articles that fulfilled all criteria after reading the full-text were 

selected for detailed data processing.  

Data extraction 

 General information about each article that met eligibility criteria and an acceptable 

quality rating (i.e. authors' names, publication year, the country where the study was conducted) 

was collected to create a table of evidence. To answer all focus questions, the following data 

were extracted: number of participants (males/females), average age, the total number of 

analyzed teeth, number of those with AP, number of teeth with NSRCT, number of treated 

versus untreated teeth with AP, type of radiographic (RTG) analysis, number of observers, inter 

and/or intra calibration rates, parameters for AP and RCT evaluation and the tooth most 

frequently affected with AP and the most frequently affected tooth with RCT.  

Quality Assessment of Individual Studies 

 Critical appraisal of potential studies was performed independently by two reviewers 

(J.J., O.P.) using the Newcastle-Ottawa Scale (NOS) adapted for cross‐sectional studies (17, 18) 

and The STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) 

statement (19). The methodological quality of a study was evaluated using the NOS star rating 

system, in which a study is judged on three broad aspects, including the sample selection, the 

comparability of the groups, and the outcome assessment. Studies awarded with 7–9 and 5–6 

stars are considered high-quality and moderate-quality, respectively, while studies with fewer 

than five stars are regarded to be at a high risk of bias (low-quality studies) (20). Quality of study 

reporting was evaluated using the STROBE statement checklist for cross-sectional studies. The 

STROBE checklist items were appraised with 32 questions, which could be answered as yes, no, 

or not applicable. The STROBE score was calculated for each study as the number of questions 



adequately reported in the study divided by the number of applicable questions. Based on the 

STROBE score expressed as a percentage, studies were categorized into high (>80% of the 

STROBE criteria achieved), moderate (50-80% of the STROBE criteria fulfilled), or low (<50% 

of the STROBE criteria met) reporting quality level (21). All disagreements between the two 

reviewers were resolved by consensus and discussion including a third reviewer (B.M.). 

Statistical analysis 

The relevant data from the studies included in the qualitative analysis were extracted and 

presented in tables. Descriptive analysis was used to identify similarities and variations between 

the studies. Only the studies that provided all necessary information were considered for meta-

analysis that was done using Review Manager (RevMan) software package, Version 5.3. 

Statistical heterogeneity was calculated using heterogeneity test, I2, and a value of >50% was 

considered substantial according to the Cochrane Handbook for Systematic Reviews of 

Interventions (16). A random-effects model was used when heterogeneity was present, and if 

heterogeneity was not present, a fixed-effect model was used. The level of significance was set at 

.05. Due to the small number of studies included in each meta-analysis (< 10), the assessment of 

the publication bias via funnel plot was not suggested (16). Geo-mapping of the AP prevalence 

data was done using R version 3.6.1 (R Core Team, Vienna, Austria) and the R package 

rworldmap version 1.3-6 (22).  

 

RESULTS 

Study Selection 

Database screening with removal of duplicates, identified 1208 studies (Fig. 1). After screening 

the titles, 379 studies were left. The number of studies was further reduced to 95 following 



abstracts examination. Full texts of these 95 studies were then assessed for eligibility and 79 

were excluded due to reasons listed in Supplementary Table 2. Finally, 16 articles were included 

in the present analysis (23-38). 

Characteristics of Included Studies and Description of Study Populations 

All included studies were cross sectional, written in English and published between 2012 and 

2020. The most important characteristics are listed in Tables 2, 3 and 4.  

General information regarding study populations are given in Table 2. The total number of 

subjects was 8872, while per study it ranged from 100 to 1160. Female to male ratio varied from 

0.83 to 3.26; this information was not provided in 4 studies (25, 26, 29, 34). Where specified, the 

mean age of the participants varied between 26 and 52 years. The common unit of reporting in 

the included literature was the tooth. In total, 200,041 teeth were examined, from 2,368 to 30,098 

per study (Table 2). On average, 6.3% of teeth had AP, 7.4% had RCT; also, 41.3% of RCT teeth 

had AP, while only 3.5% of untreated teeth had AP (Table 2).  

The locations of the survey sites with observed AP prevalence, are shown in Figure 2. The map 

in Figure 2A is based on the data published between 1987 and 2011 in the adult worldwide 

population (39-71), while Figure 2B offers insight into the results of the studies that are included 

in this review (23-38). The map depicted in Figure 2A shows that most surveys conducted until 

2012 have occurred in North America and Europe. By contrast, little information on AP 

prevalence was available from the Asian region, while no survey has covered South America, 

Africa, and Australia/Oceania.  The first data on the prevalence of AP in Africa and Australia 

were obtained after 2015 (Fig. 2B). No study from the South American region satisfied eligibility 

criteria to be included in this systematic review.   

 



Age related AP and NSRCT frequencies 

Regarding the age of the subjects, the studies included in the qualitative analysis have provided 

very variable subgroups, therefore preventing us from performing a meta-analysis. Six studies 

(25, 26, 29, 30, 34, 38) did not find a significant difference in prevalence of AP and/or RCT 

between different age subgroups. Out of those with a significant difference in age related 

prevalence, subjects older than 50 years were most affected in the majority of included studies 

(23, 25, 27, 28, 31, 32, 36). Only Alrahabi et al. (32) have found AP more frequently than RCT 

in the younger (36-45 years) versus older group (46-55 years), while other studies have reported 

the same age groups for both AP and RCT frequencies.  

Meta-analyses of AP and NSRCT frequencies: Female Versus Male Subjects 

Of the 12 studies presenting female to male ratio, the number of analyzed teeth in each subgroup 

was available in 8, while in 7 studies only (23, 27, 31, 32, 35-37) the number of teeth with AP 

was available for meta-analysis for the female versus male subgroup (Table 3). There was no 

significant difference in AP prevalence between female and male subjects (P = .32), with 

obvious great heterogeneity between the studies (I2 = 93%, Fig.3A).  Of the 7 studies presenting 

the number of teeth with RCT, data from 6 (23, 31, 32, 35-37) were available for meta-analysis 

(Table 3) and there was no difference between female and male subjects (P = .21), with a high 

heterogeneity between the studies (I2 = 85%, Fig. 3B). Significant decrease in AP frequency in 

treated teeth was found for female subjects, based on the available data from 5 studies (23, 32, 

35-37)  with 4822 analyzed teeth [Odds Ratio (OR) = .81; 95% Confidence Interval (CI) .72 - 

.91; P = .0006; I2 = 0%, Fig. 3C]. In contrast, no difference was found between female and male 

subjects for the occurrence of AP in untreated teeth (P = .64; I2 = 93%, Fig. 3D). 

 



Meta-analyses of AP frequency: Adequate Versus Inadequate Tooth Treatment 

The data from 8 studies regarding the quality of RCT and the occurrence of AP were available 

for meta-analysis (24-27, 29, 30, 36, 38). An evident predominance of AP frequency was 

observed in inadequately treated teeth [OR = 4.65; 95% CI (2.75 – 7.84); P < .00001]. However, 

there was a great heterogeneity between the studies (I2 = 97%, Fig.4A).  

Meta-analyses of AP frequency: Acceptable Versus Unacceptable Coronal Restoration 

A slight increase in AP frequency was found in teeth with unacceptable coronal restoration [OR 

= 1.54; 95% CI (1.16 – 2.05); P = .003], also with a high heterogeneity between the studies (I2 = 

85%, Fig.4B).  

Description of Radiographic Characteristics 

Radiographic (RTG) evaluation was performed using cone beam computed tomography (CBCT) 

in four studies (28, 31, 37, 38), two used combination of digital panoramic radiography (DPR) 

and periapical radiography (PR) (33, 35), while the others only used DPR (23-27, 29, 30, 32) 

(Table 4). On average, two observers per study have performed the RTG evaluation (range from 

1-5, standard deviation 1), all calibrated, with an inter- and/or intra-observer agreement >0.8. AP 

evaluation was mostly performed using the criteria described by Ørstavik et al. (72) and De 

Moor et al. (40), while RCT was mostly evaluated according to De Moor et al. (40) and 

European Society of Endodontology guidelines (73). AP was most frequently reported in 

mandible, and molars were the most affected teeth. RCT teeth were almost equally distributed 

through mandible and maxilla, molars being treated most frequently. 

 

 

 



Quality Assessment  

The detailed results of the evaluation of the methodological and reporting quality of the 16 cross-

sectional studies included in this review are presented in Supplementary Tables 3 and 4, 

respectively.  

Based on the NOS scale, the overall methodological quality was high, with only one study being 

classified as moderate (25) (Supplementary Table 3). Four of them reached the maximum score 

(33, 36, 37, 38), while the remaining studies scored 8 or 7 stars. Deficiencies identified in the 

studies were mainly related to unjustified sample size, or to the used statistical test that was not 

completely or appropriately described.  

Regarding the critical appraisal of the reporting quality, more than 80% of items in the STROBE 

cross-sectional checklist were reported in four studies included in this review (33, 34, 36, 37), 

classified as high level (Supplementary Table 4). According to the STROBE criteria, the 

reporting quality of other studies was assessed as moderate. Recorded reporting deficiencies 

were primarily related to providing the name and role of the funder (item 22), explaining how 

missing data were managed (item 12c), describing analytical methods in sampling strategy (item 

12d), reporting missing data (item 14b), or explaining how the study size was reached (item 10). 

 

DISCUSSION 

Recent meta-analyses have shown strong evidence of a link between AP, systemic low-

grade inflammation (80), and impairment of systemic health (11-13). However, the gravity of the 

problem does not seem to have attracted the attention needed by such a common disease. In most 

of the cases, AP is a direct consequence of dental caries which leads to pulp necrosis and 

continuous spreading of infection in the periapical region. Given the epidemic burden of dental 



caries worldwide (i.e. 2, 4 billion people affected, or 35% of the global population) (81), it is 

reasonable to investigate the epidemiology of AP, including the predisposing risk factors.  

This systematic review and meta-analysis updated the previous work of Pak et al. (7) 

published in 2012. In the final qualitative and quantitative review, based on very rigorous 

eligibility criteria, we included 16 cross-sectional studies published between 2012 and 2020. Our 

results indicate a slight increase in the worldwide prevalence of AP in the general adult 

population compared to previous research. Namely, 6.3 % (12,602) of 200,041 analyzed teeth 

were affected. In contrast to the previous review, we reported a decrease in the percentage of 

teeth with NSRCT (9.6 % vs. 7.4%). Notwithstanding, these results should be taken with caution 

because the authors of the primary studies did not report whether the NSRCT was completed or 

directly related to the infection or the restoration. Moreover, we observed a significant increase 

in AP among endodontically treated (41.3% vs. 35.9%) and untreated teeth (3.5% vs. 2.1%) 

compared to the previous review. A slight increase of AP prevalence in the general adult 

population (from 5.4% to 6.3%) between two analyzed periods was expected based on the 

continuous increase of age-standardized incidence of dental caries in the last 30 years (81). 

However, the worrying results are related to AP prevalence increase among endodontically 

treated teeth (from 35.9% to 41.3%). These findings suggest that the quality of restorative and 

endodontic treatment has to be significantly improved to minimize, or even reverse, future 

increase in this investigated category. To address this issue, endodontic treatment should be 

limited to specialists in this field or much more effort has to be invested in the improvement of 

the general dentists’ training skills. Otherwise, a continuous increase in AP prevalence among 

endodontically treated teeth could also be expected in the future.  



Although participants’ age and gender are not usually identified as independent variables 

in studies of endodontic outcomes, this study aimed to investigate whether significant differences 

exist between males and females, and between different age groups regarding the prevalence of 

AP in the general adult worldwide population. Our results indicate that females are less prone to 

AP development only in endodontically treated teeth compared to males [OR= .81; 95% CI (.72 - 

.91), P < .001]. Conversely, no significant differences were observed between males and females 

in other investigated categories. Although the results of primary studies regarding the gender of 

participants as a predisposing factor for AP development are conflicting, it has to be stressed that 

several studies reported significant differences in oral hygiene habits between males and females 

(82, 83) and greater interest of women in receiving dental care and attendance for check-ups 

(84).  

Regarding the relationship between age and prevalence of AP and CNRCT in the adult 

general population, variable stratification of age subgroups among included studies prevented us 

from conducting a meta-analysis. Similarly, Rutz da Silva et al. (9) concluded that meta-analysis 

of AP prevalence among elders was not possible due to the inability to select only data related to 

elderly subjects. Nevertheless, we have shown that 7 studies (23, 25, 27, 28, 31, 32, 36) reported 

a significantly higher prevalence of AP and CNRCT among subjects older than 50 years. These 

findings are expected due to the physiological aging of dental pulp in elders (85), making a 

positive outcome of NSRCT in this population even more challenging.  

In previous epidemiological studies, attempts have been made to identify potential tooth-

specific risk factors for the development of AP (85-92). Namely, Kirkevang et al. (85-92) have 

reported that in order to detect AP the most decisive risk indicator is a root-filled tooth that 

should be always exposed to radiographic examination if the patient is new to the dentist. They 



also concluded that patients with radiographically estimated inadequate root canal treatment and 

coronal restoration are more prone to develop AP (85-92). In this regard, we investigated 

whether these situations could be linked to the more frequent occurrence of AP in endodontically 

treated teeth. A meta-analysis of 8 studies (24-27, 29, 30, 36, 38) has shown a significantly 

higher prevalence of AP in treated teeth among those with inadequate root canal treatment [OR = 

4.65; 95% CI (2.75 – 7.84); P < .00001]. The same trend was observed for inadequate coronal 

restoration. Endodontically treated teeth with poor coronal restoration are more prone to develop 

AP compared to those with adequate restoration [OR = 1.54; 95% CI (1.16 – 2.05); P = .003]. 

These findings are in accordance with the results of a systematic review conducted by Gillen et 

al. (93), who concluded that the odds for the healing of AP increased with both adequate 

endodontic and restorative treatment. However, all these findings have to be interpreted with 

caution due to high heterogeneity. The sources of this heterogeneity are lined in the inadequacies 

of primary studies included in this systematic review (i.e. inconsistent results, small sample size, 

and the number of included studies). 

For a long time, conventional imaging techniques (i.e. digital panoramic and periapical 

radiography) have been used to diagnose periapical radiolucencies and to distinguish them from 

a healthy periapex. In this systematic review, nine studies used DPR, one study used PR, while 

two studies combined both techniques (Table 4). Although it has been suggested that PR is more 

accurate in the assessment of periapical radiolucencies (94), several advantages of the DPR 

method were listed (e.g. the relatively low exposure to ionizing radiation, visibility of all teeth, 

the convenience and speed of imaging, etc.) (95). Nevertheless, the conventional imaging 

techniques show some limits, including anatomic three-dimensional compression of structures, 

geometric alteration, and/or superimposition of anatomic structures (96). Therefore, the accurate 



estimation of periapical radiolucencies might be limited using the conventional imaging 

techniques, and results regarding the most affected teeth with AP and NSRCT given in the 

primary studies should be taken with caution. On the other hand, only four studies included in 

this systematic review employed CBCT analysis (28, 31, 37, 38). As a novel clinical tool, CBCT 

provides three-dimensional information of investigated pathology and has a higher sensitivity 

and specificity compared to conventional radiography without superimpositions of adjacent 

structures (97). Its superiority over conventional techniques in detecting periapical 

radiolucencies has been reported in several studies (98, 99). Recent guidelines have however 

advised the use of CBCT for strictly specific indications, and not for routine diagnostic imaging 

(100). Also, it is important to emphasize that beam hardening artefacts (e.g. radiopaque materials 

such as metal posts, metal restorations and root filling materials) may reduce imaging quality and 

represent a limitation of CBCT assessment (97). 

The following facets can be considered as a strength of this systematic review: (i) an a 

priori  protocol was developed and registered in the PROSPERO database, (ii) a comprehensive 

literature search with no language restriction was performed in three electronic databases, 

including the grey literature, in an attempt to avoid relevant studies being missed, (iii) the 

literature search and data extraction were carried out by two independent reviewers, and any 

doubts were resolved by a third reviewer, (iv) the use of strict eligibility criteria resulted in the 

inclusion of 16 studies with approximately 10 000 individuals and 200 000 analyzed teeth from 

different countries and continents as appropriate representativeness of the general world 

population, (v) the meta-analysis was performed to determine the association between gender, 

quality of restorative and endodontic treatment, and the development of AP and RCT, and (vi) 



the process followed standard recommendations to critically appraise the quality of cross-

sectional studies using the STROBE and NOS tools. 

Several inadequacies in the methodology of the included cross-sectional studies may lead 

to some limitations of this systematic review. Although the majority of studies reported a 

satisfying calibration agreement between observers, the appropriate selection of radiography 

technique (conventional radiography versus CBCT) used for AP assessment could influence the 

final results. Also, a standardized method for the AP assessment should be proposed, in order to 

obtain results that are comparable between different populations. The sample size calculation 

based on previous publications or pilot studies has been scarcely reported in primary studies. 

Moreover, variable stratification of age-related subgroups disabled a meta-analysis of pooled 

data from the primary studies. Therefore, a unique predefined stratification into specific 

subgroups is essential to evaluate and compare the available data between studies. All the 

included studies did not report the STROBE statement of quality reporting of cross-sectional 

studies. All these inadequacies may lead to high heterogeneity in quantitative analyses of the 

included studies. Thus, the leading endodontic societies in the world should proceed with the 

development of guidelines for conducting observational studies in Endodontics (101).  

The obtained epidemiological data indicate an evident increase of AP incidence in 

endodontically treated and untreated teeth compared to the last report. These findings are 

worrying, mainly because the estimated worldwide incidence of caries will continue to grow in 

the future (1, 2, 81). From the clinician’s perspective, an increased incidence of AP can be 

expected more in males than females with root-filled teeth, and in the older age subgroups 

compared to younger. Furthermore, inadequate restorative and endodontic procedures on 

affected teeth are significant predictors of possible AP development. Bearing in mind the 



association of AP with impaired systemic health (e.g. diabetes mellitus, cardiovascular disease, 

etc.) (11-13), it is relevant to persistently work in resolving this undeniable health condition in 

the general population.  

Finally, we have to emphasize that this systematic review was performed strictly 

according to guidelines made by Kattan et al. (102) and Nagendrababu et al. (103) on conducting 

these types of studies in Endodontics. In contrast, it should be stressed that no specific guidelines 

exist for conducting epidemiological cross-sectional studies. As a consequence, different sources 

of heterogeneity may occur (i.e. clinical, methodological, and statistical) (104). Thus, a 

comparison between conducted studies is difficult owing to the wide variability of evaluated 

parameters (e.g. specific radiographic parameters used for the evaluation of AP prevalence). 

Therefore, in the future experts in this field should provide reliable guidelines with clear 

directions and specific parameters for evaluation based on the current best available evidence.  

In conclusion, this updated systematic review and meta-analysis, based on available data 

from cross-sectional studies published between 2012 and 2020, demonstrate an increased 

prevalence of AP in the adult general population compared to data published in 2012 (7). This 

increase was observed both in endodontically treated and untreated teeth. Moreover, females are 

less prone to the development of AP in endodontically treated teeth compared to males, and AP 

developed more frequently in treated teeth with inadequate compared to adequate restorative and 

endodontic treatment. However, these results should be interpreted with caution due to high 

heterogeneity.  
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Figure Legends 

 

Figure 1 – A flow diagram of the study search and identification. n, number of hits, WoS - Web 

of Science Core Collection, KJD - Korean Journal Database, RSCI - Russian Science Citation 

Index, SCIELO - SciELO Citation Index 

* The list of studies and reasons for exclusions are presented in Supplementary Table 2.  



† Analysis of apical periodontitis (AP) prevalence in gender subgroups (23, 27, 31, 32, 35-37) 

‡ Analysis of conventional nonsurgical root canal treatment (NSRCT) prevalence in gender 

subgroups (23, 31, 32, 35-37) 

§ Analysis of AP prevalence of treated teeth in gender subgroups (23, 32, 35-37) 

ǁ Analysis of AP prevalence of untreated teeth in gender subgroups (23, 32, 35-37) 

¶ Impact of the NSRCT quality on the prevalence of AP in treated teeth (24-27, 29, 30, 36, 38) 

# Impact of the coronary restoration on the prevalence of AP in treated teeth (26, 29, 36, 38) 

 

Figure 2 – The global prevalence of AP among the general adult population: (A) AP prevalence 

rates between 1987 and 2011 (39-71), (B) AP prevalence rates between 2012 and 2020 (23-38). 

* Countries in grey color have no relevant AP prevalence data available. 

 

Figure 3 – A forest plot of comparison: male versus female. (A) frequency of apical 

periodontitis (AP), (B) conventional nonsurgical frequency of root canal treatment (NSRCT), (C) 

frequency of AP in NSRCT treated teeth, (D) frequency of AP in untreated teeth. 

 

Figure 4 – A forest plot of comparison: (A) adequate versus inadequate treatment in root canal 

treated (RCT) teeth with apical periodontitis (AP), 

 

 

 

 



Table 1. Electronic Databases and Search Strategy.  

 
Database (n) Search strategy #1 and #2 

WoS, KJD, RSCI, 

SCIELO* (n=870) 

#1 TOPIC:((Periapical AND (lesion$ OR tissue$ OR disease$ OR radiolucency OR abscess$ OR pathos?s)) OR (apical AND (periodontitis OR 

radiolucency))) 

#2 TOPIC: (epidemiology OR prevalence OR occurrence OR frequency OR population) 

Scopus (n=717) #1 TITLE-ABS-KEY ((periapical AND (lesion* OR tissue* OR disease* OR radiolucency OR abscess* OR pathosis OR pathoses)) OR (apical AND 

(periodontitis OR radiolucency))) 

#2 TITLE-ABS-KEY (epidemiology OR prevalence OR occurrence OR frequency OR population) 

PubMed (n=606) #1 (periapical[All Fields] AND lesion[All Fields]) OR ("periapical tissue"[MeSH** Terms] OR ("periapical"[All Fields] AND "tissue"[All Fields]) 

OR "periapical tissue"[All Fields]) OR ("periapical diseases"[MeSH Terms] OR ("periapical"[All Fields] AND "diseases"[All Fields]) OR 

"periapical diseases"[All Fields] OR ("periapical"[All Fields] AND "disease"[All Fields]) OR "periapical disease"[All Fields]) OR (periapical[All 

Fields] AND radiolucency[All Fields]) OR ("periapical abscess"[MeSH Terms] OR ("periapical"[All Fields] AND "abscess"[All Fields]) OR 

"periapical abscess"[All Fields]) OR (periapical[All Fields] AND pathosis[All Fields]) OR (periapical[All Fields] AND pathoses[All Fields]) OR 

("periapical periodontitis"[MeSH Terms] OR ("periapical"[All Fields] AND "periodontitis"[All Fields]) OR "periapical periodontitis"[All 

Fields] OR ("apical"[All Fields] AND "periodontitis"[All Fields]) OR "apical periodontitis"[All Fields]) OR (apical[All Fields] AND 

radiolucency[All Fields]) 

#2 ("epidemiology"[Subheading] OR "epidemiology"[All Fields] OR "epidemiology"[MeSH Terms]) OR ("epidemiology"[Subheading] OR 

"epidemiology"[All Fields] OR "prevalence"[All Fields] OR "prevalence"[MeSH Terms]) OR ("epidemiology"[Subheading] OR 

"epidemiology"[All Fields] OR "occurrence"[All Fields] OR "epidemiology"[MeSH Terms] OR "occurrence"[All Fields]) OR 

("epidemiology"[Subheading] OR "epidemiology"[All Fields] OR "frequency"[All Fields] OR "epidemiology"[MeSH Terms] OR 

"frequency"[All Fields]) OR ("population"[MeSH Terms] OR "population"[All Fields] OR "population groups"[MeSH Terms] OR 

("population"[All Fields] AND "groups"[All Fields]) OR "population groups"[All Fields]) 

* WoS - Web of Science Core Collection, KJD - Korean Journal Database, RSCI - Russian Science Citation Index, SCIELO - SciELO Citation Index 

** MESH - Medical Subject Headings 

 



Table 2. Summarized data of the Prevalence of Apical Periodontitis (AP), Conventional Nonsurgical Root Canal Treatment (NSRCT), and Treated and 

Untreated Teeth with AP of Cross- Sectional Studies Included in Final Review.  

 
Authors Year  Country (*) Number of 

participants 

(F/M) 

Age Number 

of 

analyzed 

teeth 

Average 

number 

of teeth 

per 

patient 

Total 

number of 

all teeth 

with AP (%) 

Total 

number of 

teeth with 

RCT (%) 

Number of 

treated 

teeth with 

AP (%) 

Number of 

untreated 

teeth with 

AP (%) 

Lopez-Lopez J et al. (23) 2012 Spain 397 (203/194) 52 9390 23.6 259 (2.8) 604 (6.4) 144 (23.8) 115 (1.3) 

Mukhaimer et al. (24) 2012 Palestine 258 (142/116) 39 6482 25.2 978 (15.1) 855 (13.2) 509 (59.5) 469 (8.3) 

Jersa & Kundzina (25) 2013 Latvia 312 (-/-) - 7065 24 502 (7.1) 1255 (17.8) 384 (30.6) 90 (1.6) 

Ureyen Kaya et al. (26) 2013 Turkey  1000 (-/-) - 23268 23.3 287 (1.2) 601 (2.6) 95 (15.8) 192 (0.89) 

Di Filippo et al. (27) 2014 UK (London) 136 (73/63) - 3396 25 138 (4.1) 115 (3.4) 44 (38.3) 94 (2.86) 

Dutta et al. (28) 2014 UK (Dundee) 245 (117/128) - 3595 14.7 209 (5.8) 171 (4.8) 81 (47.4) 128 (3.7) 

Archana et al. (29) 2015 India 1340 (-/-) - 30098 22.5 1759 (5.8) 1234 (4.1) 462 (37.4) 1297 (4.5) 

Oginni et al. (30) 2015 Nigeria 756 (342/414) 46.5 21468 27.4 3083 (9.4) 2625 (12.2) 1068 (40.7) 2015 (10.7) 

Lemagner et al. (31) 2015 France 100 (53/47) 47.1 2368 23.7 204 (8.6) 431 (18.2) 176 (40.8) 28 (1.5) 

Alrahabi et al. (32) 2016 Saudi Arabia (Al�Madinah 

Al�Munawwarah) 

630 (314/316) - 15686 24.9 667 (4.3) 997 (6.4) 346 (34.7) 321 (2.2) 

Hussein et al. (33) 2016 Malaysia 233 (147/86) 26 6409 27.5 112 (1.8) 43 (0.7) 16 (37.2) 96 (1.5) 

Timmerman et al. (34) 2017 Australia 605 (-/-) - 14174 23.9 300 (2.1) 267 (1.8) 106 (39) 194 (1.4) 

Ahmed et al. (35) 2017 Sudan 200 (153/47) 34 4976 24.9 163 (3.3) 80 (1.6) 26 (32.5) 137 (2.8) 

Kielbassa et al. (36) 2017 Austria 1000 (570/430) 49.9 22586 11.4 1454 (6.4) 2504 (11.1) 1066 (42.6) 388 (1.9) 

Bürklein et al. (37) 2019 Germany (Bochum) 500 (297/203) 50 8244 16.5 310 (3.8) 677 (8.2) 288 (42.5) 22 (0.3) 

Meirinhos et al. (38) 2019 Portugal 1160 (663/497) 48.4 20836 18 2177 (10.5) 2305 (11.1) 1280 (55.5) 897 (4.8) 

 

Total 

   

8872 

  

200041 

 

22.3
‡
 

 

12602 

(6.3)
 †

 

 

14764 

(7.4)
 †

 

 

6091 

(41.3) 
§ 

 

6483 

(3.5)
 ǁ
 

-, not presented in the original study; M, male; F, female; AP, apical periodontitis; RCT, root canal treatment; UK, United Kingdom;  

* Specific location of sampling was added for studies from the same country 
†
 Percentage calculated on total number of analyzed teeth 

§ Percentage calculated on total number of teeth with RCT 
‖
 Percentage calculated on total number of untreated teeth 

‡ 
An average number of teeth per patient for all analyzed

 
sample 

 



Table 3. Summarized data of the Prevalence of Apical Periodontitis (AP), Conventional Nonsurgical Root Canal Treatment (NSRCT), and Treated and 

Untreated Teeth with AP Related to Gender Subgroups of Cross-Sectional Studies Included in Final Review.  

 
Authors Year  Number of 

participants 

Number of 

analyzed 

teeth 

Total number of all 

teeth with AP (%) 

Total number of teeth 

with RCT (%) 

Number of treated teeth 

with AP (%) 

Number of untreated 

teeth with AP (%) 

  F M F M F M F M F M F M 

Lopez-Lopez J et al. (23) 2012 203 194 4970 4420 106 (2.1) 153 (3.5) 287 (5.8) 317 (7.2) 62 (21.6) 82 (25.9) 44 (0.9) 71 (1.7) 

Mukhaimer et al. (24) 2012 142 116 - - - - - - - - - - 

Jersa & Kundzina (25) 2013 - - - - - - - - - - - - 

Ureyen Kaya et al. (26) 2013 - - - - - - - - - - - - 

Di Filippo et al. (27) 2014 76 63 1875 1521 57 (3) 81 (5.3) - - - - - - 

Dutta et al. (28) 2014 117 128 - - 79 130 88 83 41 40   

Archana et al. (29) 2015 - - - - - - - - - - - - 

Oginni et al. (30) 2015 756 414 9712 11756 - - - - - - - - 

Lemagner et al. (31) 2015 53 47 1244 1124 108 (8.7) 96 (8.5) 235 (18.9) 196 (17.4) - - - - 

Alrahabi et al. (32) 2016 314 316 7841 7845 413 (5.3) 254 (3.2) 588 (7.5) 409 (5.2) 202 (34.4) 144 (35.2) 211 (2.9) 110 (1.5) 

Hussein et al. (33) 2016 147 86 - - - - - - - - - - 

Timmerman et al. (34) 2017 - - - - - - - - - - - - 

Ahmed et al. (35) 2017 153 47 3874 1102 105 (2.7) 58 (5.3) 62 (1.6) 18 (1.6) 18 (29) 8 (44.4) 87 (2.3) 50 (4.6) 

Kielbassa et al. (36) 2017 570 430 12707 9879 12707 (6.3) 9879 (6.6) 804 (11.7) 650 (10.3) 1484 (39.9) 1020 (46.5) 592 (1.9) 474 (2) 

Bürklein et al. (37) 2019 297 203 4812 3432 188 (3.9) 122 (3.6) 440 (9.1) 237 (6.9) 175 (39.8) 113 (47.7) 265 (6.1) 124 (3.9) 

Meirinhos et al. (38) 2019 663 497 11828 9008 - - - - - - - - 

-, not presented in the original study; M, male; F, female; AP, apical periodontitis; RCT, root canal treatment;  

. 



Table 4. Radiographic Characteristics of Cross-sectional Studies Included in Final Review.  

 
Authors Year  Type of 

RTG 

analysis 

Number 

of 

observers 

Calibration  

Y/N, inter and or intra, 

<0.8 or >0.8 

Parameters 

for AP 

evaluation 

Parameters 

for RCT 

evaluation 

The most affected 

tooth with AP 

The most affected 

tooth with RCT 

Lopez-Lopez J et al. (23) 2012 DPR 3 Y, inter and 

intraobserver 

agreement, >0.8 

(72) -  - -  

Mukhaimer et al. (24) 2012 DPR 2 Y, interobserver 

agreement, >0.8 

(40) (40) Mandibular 1
st

 

molars 

Maxillary 1
st

 

premolars 

Jersa & Kundzina (25) 2013 DPR 1 Y, intraobserver 

agreement, >0.8 

(72) (77) - - 

Ureyen Kaya et al. (26) 2013 DPR 3 Y, intraobserver 

agreement, >0.8 

(72) (79) Mandibular 1
st

 

molars 

Mandibular 1
st

 

molars 

Di Filippo et al. (27) 2014 DPR 2 

Y, interobserver 

agreement, >0.8 

(40)  (73) 

Mandibular molars - 

Dutta et al. (28) 2014 CBCT 2  Y, inter and 

intraobserver 

agreement, >0.8 

(40) (40) Maxillary anterior 

teeth 

Mandibular molars 

Archana et al. (29) 2015 DPR 3 Y, interobserver 

agreement, >0.8 

(72) (76) Mandibular and 

maxillary 1
st

 molars 

Mandibular and 

maxillary 1
st

 molars 

Oginni et al. (30) 2015 PR 1 

Y, intraobserver 

agreement, >0.8 (72) 

(40) Maxillary central 

incisors, mandibular 

1
st

 molars 

Maxillar central 

incisors, mandibular 

1
st

 molars 

Lemagner et al. (31) 2015 CBCT 2 Y, inter and 

intraobserver 

agreement, >0.8 (75) 

- Maxillary molars Mandibular 2
nd

 

molars 

Alrahabi et al. (32) 2016 DPR 2 N (40) (40) Mandibular and 

maxillar 1
st

 molars 

Mandibular and 

maxillary 1
st

 molars 

Hussein et al. (33) 2016 DPR, PR 2 Y, interobserver 

agreement, >0.8 

(72) -  Mandibular molars Mandibular molars 

Timmerman et al. (34) 2017 DPR 2 Y, inter and 

intraobserver 

agreement, >0.8 

(72) 

 

(78) - - 

Ahmed et al. (35) 2017 DPR, PR 1 Y, intraobserver 

agreement, >0.8 (72) (40) 

Mandibular 2
nd

 

molars Maxillary molars 

Kielbassa et al. (36) 2017 DPR 2 Y, interobserver 

agreement, >0.8 (74) (73) Premolars  Premolars 

Bürklein et al. (37) 2019 CBCT 2  Y, interobserver 

agreement, >0.8 

(40) (40) Mandibular molars 

teeth 

Mandibular molars 

Meirinhos et al. (38) 2020 CBCT 5 Y, inter and 

intraobserver 

agreement, >0.8 (75) 

(75) Maxillary molars Maxillary molars 



-, not presented in the original study; AP, apical periodontitis; RCT, root canal treatment, RTG, radiographic; DPR, digital panoramic radiography; PR, periapical 

radiography; CBCT, cone beam computed tomography; Y, yes; N, no; 

. 
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12 
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Supplementary Table 3 Methodological Quality Assessment of Cross-sectional Studies included in Final Review According to NOS Criteria (N = 16) 

Study 

NOS criteria 

Total awarded stars (max 
of 9 stars) Quality 

Selection Comparability Exposure 

Representativenes
s of the sample Sample size 

Ascertainment of 
exposure Non-respondents 

The subjects in different outcome 
groups are comparable, based on 

the study design or analysis 
Assessment of the 

outcome Statistical test 

Lopez-Lopez et al., 

(23) ★ - ★★ NA ★★ ★★ ★ 8 high 
Mukhaimer et al., 
(24) ★ - ★★ NA ★★ ★★ - 7 high 
Jersa & Kundzina 
(25) ★ - ★★ NA ★ ★★ - 6 moderate 
Ureyen Kaya et al. 
(26) ★ - ★★ NA ★★ ★★ - 7 high 

Di Filippo et al. (27) ★ - ★★ NA ★★ ★★ ★ 8 high 

Dutta et al. (28) ★ - ★★ NA ★★ ★★ ★ 8 high 

Archana et al. (29) ★ - ★★ NA ★ ★★ ★ 7 high 

Oginni et al. (30) ★ - ★★ NA ★★ ★★ ★ 8 high 

Lemagner et al. (31) ★ - ★★ NA ★★ ★★ ★ 8 high 

Alrahabi et al. (32) ★ - ★★ NA ★★ ★★ - 7 high 

Hussein et al. (33) ★ ★ ★★ NA ★★ ★★ ★ 9 high 
Timmerman et al. 
(34) ★ ★ ★★ NA ★ ★★ ★ 8 high 

Ahmed et al. (35) ★ - ★★ NA ★★ ★★ ★ 8 high 

Kielbassa et al. (36) ★ ★ ★★ NA ★★ ★★ ★ 9 high 

Bürklein et al. (37) ★ ★ ★★ NA ★★ ★★ ★ 9 high 

Meirinhos et al. (38) ★ ★ ★★ NA ★★ ★★ ★ 9 high 
NOS: NewCastle-Ottawa scale; N: Total number of included  studies; NA: Not Applicable 

 



Supplementary Table 4 Reporting  Quality Assessment of Cross-sectional Studies included in Final Review According to STROBE Statement (N = 16) 

Study 

STROBE Item No 

Score Maximum Percentage Quality 1a 1b 2 3 4 5 6 7 8 9 10 11 12a 12b 12c 12d 12e 13a 13b 13c 14a 14b 15 16a 16b 16c 17 18 19 20 21 22 

Lopez-Lopez et al., 
(23) Y Y Y Y Y Y Y Y Y Y N Y Y Y NA N N N N NA Y NA Y Y Y NA N N Y Y Y N 20 28 71.43% moderate 

Mukhaimer et al., (24) N Y Y Y Y Y Y Y Y Y N Y N Y NA N N Y Y NA Y NA Y N Y NA N Y Y Y Y N 20 28 71.43% moderate 

Jersa & Kundzina (25) N Y Y Y Y Y N Y Y Y N Y N Y NA Y N Y Y NA N NA Y N NA NA N Y Y Y Y N 18 27 66.67% moderate 

Ureyen Kaya et al. (26) Y Y Y Y Y Y Y Y Y Y N Y N Y NA N N N N NA N NA Y N NA NA N Y Y Y Y N 17 27 62.96% moderate 

Di Filippo et al. (27) N Y Y Y Y Y Y Y Y Y N Y N Y NA N N Y Y NA Y NA Y N Y NA N N Y Y Y N 19 28 67.86% moderate 

Dutta et al. (28) Y Y Y Y Y Y Y Y Y Y N Y Y Y NA N N N N NA Y NA Y Y Y NA N N Y Y Y N 20 28 71.43% moderate 

Archana et al. (29) Y Y Y Y Y Y Y Y Y Y N Y N Y NA N N N N NA N NA Y Y NA NA N N Y Y Y N 17 27 62.96% moderate 

Oginni et al. (3N) N Y Y Y Y Y Y Y Y N N Y N Y NA N N N N NA Y NA Y Y Y NA N Y Y Y Y N 18 28 64.29% moderate 

Lemagner et al. (3Y) N Y Y Y Y Y Y Y Y Y N Y Y Y NA N Y N N NA Y NA Y Y Y NA Y Y Y Y Y N 22 28 78.57% moderate 

Alrahabi et al. (32) Y Y Y Y Y Y Y Y Y N N Y Y Y NA NA N N N NA N NA Y N Y NA Y Y N Y Y N 18 27 66.67% moderate 

Hussein et al. (33) N Y Y Y Y Y Y Y Y Y Y Y Y Y Y NA Y Y Y Y Y Y Y Y Y NA Y N Y Y Y Y 28 30 93.33% high 

Timmerman et al. (34) Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y NA Y Y Y NA Y NA Y N Y NA N Y Y Y Y Y 26 28 92.86% high 

Ahmed et al. (35) N Y Y Y N N Y Y Y N N Y N Y NA N N N N NA Y NA Y Y Y NA Y N Y Y Y N 16 28 57.14% moderate 

Kielbassa et al. (36) Y Y Y Y Y Y Y Y Y Y N Y Y Y Y Y Y N N NA Y Y Y Y Y NA Y Y Y Y Y N 26 30 86.67% high 

Bürklein et al. (37) N Y Y Y Y Y Y Y Y Y Y Y Y Y NA NA N Y N NA Y NA Y Y Y NA Y N Y Y Y N 22 27 81.48% high 

Meirinhos et al. (38) Y Y Y Y Y Y Y Y Y Y Y Y Y Y NA Y N N N NA Y Y Y Y Y NA N N Y Y Y N 23 29 79.31% moderate 
N: Total number of included  studies; Y: Reported on the article; N: Not reported; NA: Not Applicable 
 
STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies  

 Item 
No 

Recommendation 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 
abstract 

(b) Provide in the abstract an informative and balanced summary of what was done 
and what was found 

Introduction 

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 



Objectives 3 State specific objectives, including any prespecified hypotheses 

Methods 

Study design 4 Present key elements of study design early in the paper 

Setting 5 Describe the setting, locations, and relevant dates, including periods of 
recruitment, exposure, follow-up, and data collection 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 
participants 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 
effect modifiers. Give diagnostic criteria, if applicable 

Data sources/ 
measurement 

8*  For each variable of interest, give sources of data and details of methods of 
assessment (measurement). Describe comparability of assessment methods if 
there is more than one group 

Bias 9 Describe any efforts to address potential sources of bias 

Study size 10 Explain how the study size was arrived at 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 
describe which groupings were chosen and why 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 

(b) Describe any methods used to examine subgroups and interactions 

(c) Explain how missing data were addressed 

(d) If applicable, describe analytical methods taking account of sampling strategy 

(e) Describe any sensitivity analyses 

Results 

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially 
eligible, examined for eligibility, confirmed eligible, included in the study, 
completing follow-up, and analysed 



(b) Give reasons for non-participation at each stage 

(c) Consider use of a flow diagram 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and 
information on exposures and potential confounders 

(b) Indicate number of participants with missing data for each variable of interest 

Outcome data 15* Report numbers of outcome events or summary measures 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates 
and their precision (eg, 95% confidence interval). Make clear which confounders 
were adjusted for and why they were included 

(b) Report category boundaries when continuous variables were categorized 

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 
sensitivity analyses 

Discussion 

Key results 18 Summarise key results with reference to study objectives 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 
imprecision. Discuss both direction and magnitude of any potential bias 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence 

Generalisability 21 Discuss the generalisability (external validity) of the study results 

Other information 

Funding 22 Give the source of funding and the role of the funders for the present study and, if 
applicable, for the original study on which the present article is based 

*Give information separately for exposed and unexposed groups. 
 



Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE checklist is best used in 
conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology at 
http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org. 
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