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Abstract 
 

Background: Occupational exposure to blood-borne pathogens remains a significant public health 

concern in dentistry because of frequent contact with sharp instruments and blood-contaminated 

materials. This study evaluated differences in blood-borne exposure risk between dental practitioners 

and students and assessed the influence of study year, Gross Domestic Product per capita adjusted for 

Purchasing Power Parity (GDP PPP), and gender. 

 

Methods: A systematic review and quantitative analysis were conducted using studies identified from 

multiple databases. Random effects meta-analysis and mixed effects meta-regression were performed 

to compare occupational exposure risk between practitioners and students and to assess the influence 

of study year and GDP (PPP) per capita on between-study heterogeneity. Quasibinomial proportional 

logistic regression analyses using the full dataset of fifty-seven studies and a gender-specific dataset 

of fifteen studies evaluated the association of practitioners and students, study year, GDP (PPP) per 

capita, and gender with occupational exposure risk. 

 

Results: Meta-analysis of five studies showed no significant difference in occupational exposure risk 

between practitioners and students (RR = 0.96, 95% CI: 0.70–1.36, p = 0.82), with moderate 

heterogeneity (I² = 54.45%). GDP and study year did not significantly explain between-study 

heterogeneity. In the quasibinomial logistic regression analysis of fifty-seven studies, students had 

lower odds than practitioners (OR = 0.48, 95% CI: 0.25–0.92, p = 0.03), higher GDP was associated 

with lower exposure risk (OR =0.999986, 955 CI: 0.999974–0.999998, p = 0.03) while study year was 

not statistically significant. In the gender-specific dataset of fifteen studies students again 

demonstrated lower exposure odds (OR = 0.23, 95% CI: 0.09–0.54, p = 0.003), whereas increasing 

study year (OR = 0.92, 95% = 0.87–0.98, p = 0.01 and GDP ( OR = 0.99996, 95%CI = 0.999951, 

0.999979, p <0.001) were associated with lower exposure risk; gender was not statistically significant. 

 

Conclusion: While meta-analysis showed no significant exposure difference between practitioners 

and students, broader proportional logistic regression analyses suggested higher cumulative exposure 

risk among practitioners and lower exposure risk in higher-GDP settings, highlighting the importance 

of infection prevention and occupational safety measures. 

  

Keywords: blood-borne pathogens, occupational exposure, dental practitioners, dental students. 
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Popular Science Summary 
 

Occupational Exposure to Blood-Borne Pathogens Among Dental Practitioners 

and Dental Students. 

 

          A Systematic Review, Meta-Analysis, and Regression Analysis of Determinants 

 

Dental healthcare workers and dental students are often exposed to sharp instruments such as needles, 

scalpels, burs, and other devices during dental procedures, which can come into contact with blood 

and other potentially infectious body fluids. These exposures increase the risk of blood-borne 

infections such as hepatitis B virus (HBV), hepatitis C virus (HCV) and human immunodeficiency 

virus (HIV). Although infection prevention practices have improved, occupational injuries and blood 

exposure incidents still occur in dental settings worldwide. This study examined occupational exposure 

risks among dental practitioners and dental students through a systematic review and quantitative 

analysis of published studies. Articles were collected from PubMed and Web of Science, along with 

additional studies identified through reference screening. The study compared exposure risk between 

practitioners and students and also assessed whether GDP (PPP) per capita, study year, and gender 

influenced exposure risk. 

Two statistical approaches were used. First, a meta-analysis of studies that directly compared 

practitioners and students within the same study found no statistically significant difference in 

exposure risk, although moderate heterogeneity suggested that local healthcare systems, reporting 

practices, and infection prevention measures may affect results. Second, quasibinomial proportional 

logistic regression was conducted using two datasets. In the full dataset of all eligible studies, dental 

practitioners had higher cumulative exposure risk than dental students, higher GDP (PPP) per capita 

was associated with lower exposure risk, and year was not significantly associated. In the gender-

specific subset, practitioners again had higher exposure risk than students, higher GDP (PPP) per capita 

was associated with lower risk, exposure risk decreased over time, and gender was not significantly 

associated with exposure risk. 

Overall, the study shows that occupational exposure to blood-borne pathogens remains an important 

issue in dentistry and highlights the need for stronger infection prevention training, safer handling of 

sharp instruments, effective reporting systems, and improved occupational safety measures 
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1.  Introduction 

1.1. Background 

 

Occupational exposure to blood-borne pathogens involves contact with blood or other potentially 

infectious body fluids that can result in transmission of infections such as hepatitis B virus (HBV), 

hepatitis C virus (HCV), and human immunodeficiency virus (HIV) (1–3). Globally, occupational 

exposure to blood-borne pathogens continues to pose an important occupational and public health 

challenge affecting healthcare workers across clinical settings (4). The World Health Organization 

(WHO) has noted that sharps injuries expose healthcare workers to a substantial burden of preventable 

infection, with contaminated sharps representing a major route of occupational exposure (1,5). Despite 

the implementation of preventive measures such as personal protective equipment, vaccination, and 

post-exposure protocols, occupational exposure to blood-borne pathogens remains a persistent concern 

in clinical practice (6).  

 

More than 20 pathogens are known to be transmitted through occupational exposure (7). In dental 

settings, occupational exposure to blood and other potentially infectious body fluids remains a well-

recognized hazard and an important source of transmission of blood-borne pathogens (1). Compared 

with many other healthcare settings, the dental environment presents an increased risk of sharps 

injuries because of the confined operating field, frequent patient movement, and routine use of sharp 

instruments (8). The Centers for Disease Control and Prevention (CDC) identifies occupational 

exposure to blood and other potentially infectious body fluids as an important infection-control 

concern in dental settings, as dental health care personnel remain at risk of exposure (1,9). In dental 

settings, sharps injuries constitute a major occupational hazard, as most percutaneous injuries arise 

from burs, needles, and other sharp devices contaminated with blood or saliva during routine 

procedures such as injections, instrument transfer, recapping, cleaning, and waste disposal, thereby 

exposing the dental healthcare personnel to blood-borne pathogens (10–12). Within this confined oral 

environment and under a high volume of repetitive procedures, the likelihood of accidental injury is 

increased, contributing to cumulative exposure risk over time (8,13). 

 

Previous research has extensively investigated occupational exposure among healthcare workers, 

demonstrating its contribution to the global burden of infectious diseases (14–16). In response, 

preventive strategies such as the use of personal protective equipment, safe handling and disposal of 

sharps, hepatitis B vaccination, and post-exposure management protocols have been widely 
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implemented. Although these measures have reduced risk, occupational exposure remains a persistent 

concern in clinical practice (15,16). The existing evidence on occupational exposure has largely been 

generated in general healthcare populations, whereas dental-specific studies remain comparatively 

limited and often focused on dentists, dental students, and dental staff separately, rather than all of 

these groups together (13–17). This creates an important limitation in understanding occupational 

exposure specifically within dentistry, as dentistry involves unique clinical characteristics that may 

increase exposure risk (13,14). Dental practice requires frequent handling of sharp instruments such 

as needles, scalers, and burs within a confined working field, where repetitive procedures and close 

patient contact increase the risk of accidental injuries and occupational exposure to blood-borne 

pathogens (8,10,11,13) . Despite this, the existing literature on occupational exposure in dentistry has 

often concentrated on specific populations, settings, or isolated determinants, with relatively few 

studies integrating multiple factors within a single analytical framework (13,18). 

Therefore, a comprehensive synthesis of occupational exposure risk to blood-borne pathogens among 

dental practitioners and students is needed to better understand patterns of exposure and the influence 

of broader determinants such as study year, GDP (PPP) per capita and gender. Improved understanding 

of these factors may help inform infection-prevention strategies and occupational safety measures in 

dental healthcare settings. 

1.2 Rationale of the Study  

 

Occupational exposure to blood-borne pathogens remains an important concern in dentistry. However, 

the existing evidence has not fully examined differences in exposure risk between dental practitioners 

and students, nor has it consistently explored the influence of study year, gender, and GDP (PPP) per 

capita. In addition, many available studies have focused on individual groups of dental personnel, such 

as dentists, dental students, or dental staff, or have examined single determinants of exposure in 

isolation rather than integrating multiple occupational and contextual factors within a single analytical 

framework. This limits broader comparisons across occupational and contextual factors. Therefore, a 

more integrated assessment is needed to better understand exposure patterns in dental healthcare 

settings and to support infection-prevention strategies, occupational safety measures, and policy 

development in dental education and practice (13,18,19). 

1.3 Aim of the Study 

The aim of this study is to evaluate occupational exposure to blood-borne pathogens among dental 

practitioners and students through a systematic review, meta-analysis, meta-regression, and 
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quasibinomial proportional logistic regression analysis. The study further aims to compare 

occupational exposure risk between practitioners and students and examine the association of, study 

year, GDP (PPP) per capita and gender with occupational exposure risk. 

 

1.4 Research Questions 

 

1. What is the pooled overall proportion of occupational exposure to blood-borne pathogens 

among dental practitioners and dental students? 

2. Is there a significant difference in occupational exposure risk between dental practitioners and 

dental students? 

3. Are there temporal trends in occupational exposure over time? 

4. Does socioeconomic variation, measured by GDP (PPP) per capita, influence occupational 

exposure risk? 

5. Does occupational exposure to blood-borne pathogens risk differ by gender among dental 

practitioners and dental students? 

 

2. Previous Research  

Occupational exposure to blood-borne pathogens is a well-established hazard among healthcare 

workers, primarily due to accidental contact with blood and other potentially infectious body fluids. 

Percutaneous injuries, including needlestick and sharps injuries, are considered major routes of 

transmission for pathogens such as hepatitis B virus (HBV), hepatitis C virus (HCV), and human 

immunodeficiency virus (HIV) (1,3). Globally, sharps injuries are estimated to cause approximately 

66,000 hepatitis B, 16,000 hepatitis C, and up to 5,000 HIV infections annually among healthcare 

workers, highlighting the substantial burden of occupational exposure (3). In particular, dental settings 

are highly vulnerable because of the frequent use of sharp instruments in a confined operating field, 

where patient movement and instrument handling can increase injury risk (8). Routine dental 

procedures therefore contribute substantially to occupational exposure occurrence (20). However, the 

reported frequency and severity of occupational exposure vary considerably across healthcare settings 

and study populations, suggesting that clinical practice, infection-control systems, and reporting 

behavior influence risk (16). 

A recent narrative review reported that occupational exposure to biological fluids is highly prevalent 

in dental settings (2). The incidence at least one exposure event has been reported as 26% professionals 

within 6 months and 29.2% within 12 months. Lifetime exposure rates vary across regions, with reports 
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of 29.8% among dental assistants, increasing to 54.5% in Iran and 57.8% needlestick injuries among 

dentists in Croatia. In Poland, 60.4% of dentists reported superficial injuries, while 16.7% reported 

deep injuries and 54.7% reported conjunctival exposure. Differences in exposure frequency have also 

been reported across professional roles, with 75% of percutaneous injuries occurring among dental 

assistants, compared to 18% among hygienists and 7% among dentists. Importantly, exposure begins 

early in training, with 60% of dental students reporting needlestick injuries and students accounting 

for 82.1% of exposure incidents in teaching environments. Procedural factors play a key role, with 

exposures frequently occurring during needle disposal (37.2%), suturing (22.3%), and anesthetic 

administration (17.9%), as well as during instrument cleaning (54.5%) (2). 

Despite this established risk, evidence comparing occupational exposure between dental practitioners 

and students remains inconsistent. Some studies report higher exposure among practitioners, 

particularly during needle recapping, local anesthesia, and cleaning of instruments (21). These studies 

also identify contributing factors such as carelessness, overburden, and fatigue, suggesting that 

repeated clinical activity may increase exposure risk (21). In contrast, other studies show that dental 

students are exposed to occupational hazards during clinical training, particularly during hands-on 

procedures involving sharp instruments within a confined clinical environment (8). Notably, studies 

conducted within the same institutional environment have reported no significant difference between 

practitioners and students, suggesting that exposure risk may depend as much on contextual factors 

such as supervision, workload, reporting practices, and infection-control measures as on professional 

role itself (22).  

Temporal patterns in occupational exposure remain heterogeneous across studies (23). Some 

longitudinal evidence suggests a gradual decline in exposure rates, likely reflecting improvements in 

infection-control training, safer clinical procedures, and more consistent preventive practices, whereas 

other studies have found no clear temporal change This variation suggests that temporal trends are 

shaped not only by time itself, but also by differences in institutional context, study design, reporting 

periods, and the extent to which prevention strategies are implemented (23).   

Gender-based differences in occupational exposure have been explored in dental settings, but the 

findings are mixed. One Croatian study found similar injury incidence in men and women, although 

women were more likely to seek medical attention after injury (24). A Dutch study recorded sex as a 

relevant factor in blood exposure accidents and reporting behavior with women demonstrating higher 

odds of experiencing blood exposure accidents than men (25). The inconsistency in gender-related 
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findings across studies may reflect differences in study populations, reporting practices, and clinical 

environments (24–26). 

At the procedural level, occupational exposures in dentistry are associated with clinical activities 

involving sharp instruments. especially needle recapping, local anesthesia, and instrument cleaning 

(8,21). Behavioral and organizational factors such as workload, fatigue, and carelessness may further 

contribute to occupational exposure, which may reflect demanding clinical conditions 

(21).  Underreporting remains an important issue because of limited awareness and the perception that 

injuries are minor (22,27–31). These findings suggest that behavioral and knowledge-related factors 

play an important role in reporting practices (32). The reliance of many studies on self-reported data 

may introduce recall bias and underreporting, thereby affecting the accuracy of reported exposure 

rates (33). In addition, variability in reporting systems and institutional practices may further 

contribute to the underestimation of exposure events (34). 

At the global level, occupational exposure varies across regions, with higher risks in settings that have 

limited access to vaccination, post-exposure prophylaxis, and infection-control resources (3). Global 

evidence also shows that healthcare-associated infections are more common in low- and middle-

income countries than in high-income settings, reflecting differences in infection-control capacity and 

healthcare infrastructure (35). Together, these findings suggest that healthcare-system and 

socioeconomic factors are important determinants of occupational exposure risk, although GDP per 

capita has rarely been included in dental exposure models  (36). 

Methodological differences across studies, including variation in exposure definitions, outcome 

measures, and reporting practices, contribute to heterogeneity and limit comparability (37). Moreover, 

most studies examine isolated variables without integrating multiple determinants such as professional 

role, temporal trends, and socioeconomic context. Multi-variable analytical approaches, including 

meta-regression, are recommended to better explore heterogeneity and underlying patterns (38). 

Additionally, the use of aggregated variables such as GDP may introduce ecological bias, because they 

do not capture individual-level risk, even though they remain important contextual determinants (39). 

Overall, the literature demonstrates that occupational exposure in dentistry is multifactorial, context-

dependent, and inconsistently reported across studies. However, previous research has rarely 

integrated professional role, temporal variation, gender, and socioeconomic context within a unified 

analytical framework. This gap highlights the need for a systematic review combined with meta-
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analysis and regression modeling to provide a more integrated understanding of occupational exposure 

patterns and their associated determinants in dental healthcare settings. 

3. Methods 

3.1 Study Design and Reporting Framework 

 

This study was conducted as a systematic review combined with meta-analysis and regression 

modelling to evaluate occupational exposure to blood-borne pathogens among dental healthcare 

workers and students. A structured methodological framework was applied throughout the study 

consistent with systematic review and meta-analysis methodology, incorporating multiple analytical 

techniques to assess differences by professional role, year of study, gender, and socioeconomic factors. 

The study was conducted and reported in accordance with the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines, to ensure methodological transparency and 

reproducibility (Figure 1). 

3.2 Search Strategy 

 

A systematic literature search was conducted using two electronic databases: PubMed and Web of 

Science because of their broad coverage of biomedical and public health literature. The search was 

performed in April 2026 and covered publications from 1992 to 2025. The search strategy employed 

Boolean operators combining keywords related to: “dental” OR “dentist” OR "dental student" OR 

"dental assistant" OR "dental hygienist" OR "dental healthcare worker" AND  "needle stick 

injury" OR "percutaneous injury" OR "sharps injury" OR "blood exposure" OR "blood-borne 

pathogen exposure" OR cuts OR " occupational exposure " OR "bloody fluid"  AND  prevalence 

OR incidence. To improve retrieval of relevant studies, both prevalence and incidence were included 

in the search terms; however, due to variability in reporting across studies, these measures were not 

analyzed independently. Instead, outcomes were standardized by extracting the number or proportion 

of exposed and non-exposed individuals for consistent analysis. In addition to database searches, 

reference screening was performed by reviewing the reference lists of included studies to identify 

additional relevant publications not captured in the initial search. 

3.3 Eligibility Criteria 

 

The titles and abstracts of all the studies retrieved were screened and only studies 

fulfilling the eligibility criteria were selected for analysis. The inclusion criteria for all 
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original reports used included the following characteristics: 

 

a) Population: Reported data on dental practitioners, including general dentists, specialists, post-

graduate trainees, dental assistants, dental hygienists and dental students across all clinical 

training years including internship/final year. For quantitative analyses, the professional groups 

were collectively categorized as “practitioners” to distinguish them from dental students. 

b) Outcome: Reported occupational exposure to blood-borne pathogens (needlestick injuries, 

sharps injuries, percutaneous injuries, blood/body fluid exposure) as a quantifiable proportion 

or number; studies reporting exposure using prevalence or incidence measures were included 

and subsequently standardized into exposed and non-exposed to blood-borne pathogens for 

consistent analysis. 

c) Study design: Observational studies (cross-sectional, cohort, or surveillance data) 

d) Sample size: Clearly reported and extractable sample size for the study population; studies 

with unreported, undefined, or unclear sample sizes were excluded 

e) Data clarity: Provided sufficient extractable data to calculate exposure proportions (numerator 

and denominator clearly reported) 

f) Language: Published in English 

3.4 Data Handling and Collection 

 

The references and citations of studies that met the eligibility criteria were downloaded in Zotero (40). 

The selected articles were retrieved as full text and further assessment of their eligibility for inclusion 

and verification that they contained relevant information was performed. The reference sections of the 

selected articles were searched manually to single out other potentially eligible articles. 

 

Data from the included studies were extracted using Microsoft Excel 2021 (41). Because the study 

aimed to investigate occupational exposure to blood-borne pathogens among dental professionals and 

students, aggregate-level data reporting the proportion or number of exposed individuals per study 

were collected for analysis. For studies reporting data on both practitioners and students within the 

same study population, data from both groups were extracted separately to enable stratified analysis.  

After the first search using the strategy described in the flow chart in Figure 1, 1,103 potentially 

relevant records were initially identified. 1,006 articles remained after duplicate removal. Seventy-

nine articles remained after title/abstract screening and were reviewed in full text, and 22 were 

excluded based on our detailed assessment.  
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From each article, the first author’s name, publication date, and study location were extracted. The 

sample size and participant characteristics including age and gender were recorded when these were 

reported. The types of occupational exposure to blood-borne pathogens reported, including needlestick 

injuries, sharps injuries, and exposure to blood and other potentially infectious body fluids were 

recorded. The number of exposed and unexposed individuals for the total sample, as well as the number 

of exposed and unexposed males and females for gender-specific data were recorded when these were 

available. The time period of exposure was also recorded when this information was available in the 

articles (Appendix 1). Data extraction was performed systematically to improve consistency and 

minimize extraction-related bias.  

 

All extracted data were entered into Microsoft Excel 2021 (41) and organized into three analytical 

datasets. A first dataset was constructed for meta-analysis and included a subset of  studies from the 

full dataset that reported both dental practitioners and students within the same study population and 

contained information on first author, number of exposed and non-exposed, population type and 

country-level GDP (PPP)  per capita (Table 2). The second dataset included the full dataset of all 

eligible studies and contained information on first author, number of exposed and unexposed 

individuals, population type (practitioner or student), and country-level GDP (PPP) per capita 

(Appendix 3). A third dataset was also a subset of studies from the full dataset reporting gender-

specific data, including the number of exposed and non-exposed males and females and country-level 

GDP (PPP) per capita (Appendix 4). 



Södertörn University Master Thesis Kaveya Nandakumar 

 14 

 

Figure 1. PRISMA flow diagram of study selection showing identification, screening, eligibility 

and inclusion of studies for meta-analysis and quasibinomial proportional logistic regression 

analysis. 
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Gross domestic product per capita adjusted for Purchasing Power Parity  (GDP PPP) data was obtained 

from the World Bank database and matched to each study based on the country and year of study (42). 

The time period of exposure was recorded where reported; however, it was not consistently defined 

across studies, with variations including lifetime exposure and shorter recall periods. Due to this 

heterogeneity and lack of comparability, it was not included in the final analysis. Instead, the year of 

study was used as a standardized temporal variable (Appendix 1). 

3.5 Methodological Quality Appraisal 

 

Methodological quality assessment was conducted using the Joanna Briggs Institute (JBI) Critical 

Appraisal Checklist for Analytical Cross-Sectional Studies, which includes eight domains evaluating 

study design, exposure measurement, confounding factors, outcome assessment, and statistical 

analysis (43). As most included studies were analytical cross-sectional studies, this checklist was 

considered appropriate for methodological quality assessment. Three surveillance-based and 

retrospective observational studies reporting incidence-related exposure data were also assessed using 

this framework due to similarities in observational design and exposure assessment characteristics 

across the included literature (22,44,45). Given the predominance of cross-sectional studies, common 

methodological limitations included recall bias, self-reported exposure data, and limited adjustment 

for confounding variables. 

        

3.6 Data Synthesis and Statistical Methods 

3.6.1 Variables of Interest  

 

The primary outcome of this analysis was the overall pooled exposure proportion of occupational 

exposure to blood-borne pathogens among dental professionals and students. Secondary outcomes 

included differences in exposure between practitioners and students, differences by year of study, 

gender, and by country economic status [GDP (PPP) per capita] where the study was conducted. Data 

from the included studies were synthesized using both qualitative and quantitative approaches. For 

qualitative synthesis, I organized the characteristics of included studies by exposure type, professional 

role, and country economic status to identify patterns in reporting. 

For quantitative synthesis, the following variables were used in the analysis: 

Study: First author name representing each included study. 

Year: The year the study was conducted. 
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ExpY (Exposed Yes): The number of individuals who experienced occupational exposure to blood-

borne pathogens in each study population. 

ExpN (Exposed No): The number of individuals who did not experience occupational exposure to 

blood-borne pathogens in each study population. 

Type: Professional role categorized as "p" for dental practitioners and "s" for dental students. 

Gender: Gender of participants categorized as "M" for males and "F" for females, used only in the 

gender-based analysis dataset. 

GDP (PPP)  per capita : Gross Domestic Product per capita (Purchasing Power Parity) of the country 

where each study was conducted, used as an indicator of country economic development in logistic 

regression models (42). 

3.6.2 Statistical Analysis 

 

The statistical analyses were conducted using RStudio version 4.6.0 and R Commander version 2.6-1 

(46,47). The metafor and meta packages were used for meta-analysis (48). A meta-analysis was 

performed on studies reporting exposure data for both dental practitioners and dental students within 

the same study, using a random effects model with restricted maximum likelihood (REML) (49). 

Heterogeneity across studies was assessed using the I² statistic and corresponding 95% confidence 

intervals, with values above 50% indicating substantial heterogeneity (50). Forest plots were used to 

present meta-analysis results, and funnel plots were examined to assess potential publication bias. 

 

To further investigate potential sources of heterogeneity, a mixed effects meta-regression model was 

applied, incorporating study-level variables such as year of study and GDP (PPP) per capita as 

moderators. In addition, quasibinomial proportional logistic regression analysis was performed using 

a generalized linear model framework. The response variable was modeled as a binomial outcome 

representing exposure status (exposed vs. non-exposed), with the number of exposed and non-exposed 

individuals specified for each study. The model was expressed as: 

 

Y ~ Type + Year + GDP, family = quasibinomial 

 

where Y represents the exposure outcome, Type indicates population group (dental practitioners vs. 

dental students), Year represents the study year, and GDP represents GDP (PPP) per capita   reflecting 

the economic context of the study setting. A quasibinomial approach was applied to address 

overdispersion within the aggregated exposure data. Effect estimates were reported as odds ratio (OR) 
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with corresponding confidence intervals. Separate logistic regression analyses were conducted using 

the full dataset and a gender-based dataset where gender-specific exposure data were available. Meta-

analysis was used to compare practitioners and students within comparable study settings, whereas 

quasibinomial proportional logistic regression analyses was used to evaluate broader study-level 

determinants across heterogeneous datasets.  

4. Results 

4.1. Study Selection  

 

A total of fifty-seven studies were eligible and included for quantitative analysis, representing a 

combined study population of 37,483 participants, including 20,002 dental practitioners and 17,481 

dental students. Considerable variability was observed in study population, geographical setting, 

reporting period, and exposure measurement across the included studies. The PRISMA flow diagram 

describes the systematic process used for identification, screening, eligibility assessment, and final 

inclusion of studies (Figure 1). Of the included studies, five were eligible for inclusion in the meta-

analysis (22,51–54). All fifty-seven studies were incorporated into the quasibinomial proportional 

logistic regression dataset (19,22,24–28,30–32,44,45,51–95) . In addition, a separate gender-specific 

dataset consisting of fifteen studies from all the included studies were analyzed using quasibinomial 

proportional logistic regression (19,22,24–26,31,56,63,73,87,89,91,93–95)  

The included studies investigated occupational exposure to blood-borne pathogens among dental 

practitioners and dental students across diverse geographical regions, clinical settings and 

socioeconomic contexts. The studies were conducted between 1992 and 2025 and represented diverse 

clinical, academic, and healthcare environments. Due to the large number of included studies, the 

complete study characteristics table is presented in Appendix 1.  

Occupational exposure outcomes primarily included needlestick injuries, sharps injuries, percutaneous 

injuries, cuts from contaminated dental instruments, and exposure to blood or blood-contaminated 

fluids during clinical procedures. Some studies reported occupational exposure outcomes exclusively 

among dental practitioners (n = 30) or exclusively among dental students (n = 22), whereas others 

reported exposure outcomes for both practitioners and students within the same study setting (n = 5). 

The meta-analysis dataset included only studies reporting occupational exposure outcomes for both 

dental practitioners and dental students within the same study environment. One included study 
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reported exposure data separately across multiple years between 2019 and 2023, and these yearly 

observations were treated as independent data points in the meta-analysis. Consequently, the final 

meta-analysis and mixed effects meta-regression analysis consisted of nine study comparisons. 

In contrast, the quasibinomial proportional logistic regression dataset incorporated a broader and more 

heterogeneous group of studies, including studies conducted exclusively among practitioners, 

exclusively among students, and studies involving both groups. The gender-specific dataset included 

studies reporting occupational exposure outcomes separately for male and female dental practitioners 

and dental students. 

Considerable variation was observed across studies in terms of sample size, study duration, exposure 

prevalence, and healthcare settings. To account for contextual variation, GDP per capita adjusted for 

purchasing power parity (PPP) was assigned according to the country and corresponding study year 

for each included study. Study year was incorporated as a temporal indicator to evaluate changes in 

exposure patterns over time, while gender was included in gender-specific dataset where sex-stratified 

exposure data were available. These variables were subsequently incorporated into the analyses as 

study-level moderators 

For each study, exposed and non-exposed participant counts were extracted and categorized according 

to study population group, gender where available, study year, and country-specific GDP (PPP) per 

capita. Separate analytical datasets were subsequently constructed according to the objectives of the 

different quantitative analyses performed in this study. 

4.3. Methodological quality of included studies 

Methodological quality assessment was performed using the JBI checklist (43). Each study was 

independently assessed and classified based on total appraisal scores as high quality (7-8), moderate 

quality (5-6), or low quality (0-4) (Table 1, Appendix 2). The classification thresholds were selected 

to provide a standardized and pragmatic interpretation of overall methodological quality across studies 

with similar observational designs. Of the included studies, 29 were classified as high methodological 

quality, 22 as moderate quality, and 6 as low quality based on the predefined JBI appraisal criteria. 

The predominance of moderate and high methodological quality suggests that most studies 

demonstrated acceptable methodological rigor, although common limitations included self-reported 

exposure data, recall bias, and limited adjustment for confounding variables. 
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Table 1. JBI methodological quality assessment criteria for included studies   

 

 

 

 

 

 

 

 

 

1. Were the criteria for inclusion in the sample clearly defined?  

Assessed whether the study clearly defined participant selection criteria, including inclusion and 

exclusion criteria. 

2. Were the study subjects and the setting described in detail?  

Assessed whether the population, location and study context were adequately described. 

3. Was the exposure measured in a valid and reliable way?  

Assessed whether occupational exposure was measured using clearly defined and consistent methods. 

4. Were objective, standard criteria used for measurement of the condition?  

Assessed whether exposure outcomes were based on predefined and standardized definitions. 

5. Were confounding factors identified?  

Assessed whether potential factors influencing exposure risk were recognized by the study. 

6. Were strategies to deal with confounding factors stated? 

Assessed whether methods such as stratification or multivariate analysis were used to address 

confounding. 

7. Were the outcomes measured in a valid and reliable way?  

Assessed whether outcome measurements were collected consistently using appropriate methods. 

8. Was appropriate statistical analysis used? 

Assessed whether the statistical methods were suitable for the study design and data. 

Rating:  

High - yes to 7-8 criteria 

Moderate - yes to 5-6 criteria 

Low - yes to 0-4 criteria 
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Table 2. Characteristics of all studies included in Meta-analysis  

 

Detailed characteristic of the full dataset of all eligible studies and gender-specific datasets used for 

quasibinomial proportional logistic regression are provided in  Appendix 3 and Appendix 4 

respectively. 

4.4 Meta-analysis Results 

4.4.1 Random effects model results 

 

A total of 9 study comparisons derived from 5 studies were included in the meta-analysis (Table 2). 

A random effects model using restricted maximum likelihood (REML) was applied to pool the risk 

ratios (RRs) comparing occupational exposure risk between dental practitioners and dental students. 

Outcome measure was risk ratio (RR) comparing exposure among practitioners and students. RR <1 

indicates lower exposure risk among students compared to practitioners. Heterogeneity was assessed 

using I² and Cochran’s Q test. τ² represents the between-study variance and τ represents the standard 

deviation of true effect sizes 

Study  
 

Year ExpPY ExpPN ExpSY ExpSN GDP (current 

international $) 

Kulik and Bornstein et.al 2019 5 226 5 73 73732.23533 

Kulik and Bornstein et.al 2020 15 219 3 73 72997.82395 

Kulik and Bornstein et.al 2021 12 228 4 82 81001.41112 

Kulik and Bornstein et.al 2022 7 236 4 89 94421.45766 

Kulik and Bornstein et.al 2023 14 234 2 82 95141.59609 

Azab and Afifi et.al 2023 13 41 44 84 71564.80003 

Wicker et.al  2008 80 40 64 89 38443.53863 

Smith et.al 2004 11 19 38 47 20673.74584 

Pavithran et.al  2012 11 36 44 109 4819.642882 

ExpPY- number of practitioners exposed  

ExpPN- number of practitioners non-exposed 

ExpSY- number of students exposed  

ExpSN- number of students non-exposed 
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Table 3. Random effects meta-analysis results of occupational exposure risk to blood-borne 

pathogens among dental practitioners and dental students. 

 

   Statistic Value 

Number of comparisons (k) 9 

Risk Ratio 0.97 

95% CI  0.70 -1.36 

p-value 0.82 

I² (%) 54.45 

H² 2.08 

Q-test p-value 0.01 

τ² (tau²) 0.11 

τ (tau) 0.33 

Note. RR = Risk Ratio; τ = standard deviation of true effect sizes; τ² = between study variance of true 

effect sizes; I² (%) = proportion of between-study heterogeneity; Q test = test for heterogeneity. 

 

The pooled risk ratio was 0.96 (95% CI: 0.70-1.36, p = 0.82), indicating no statistically significant 

difference in occupational exposure risk between dental practitioners and dental students (Table 3). 

Moderate heterogeneity was observed across studies (I² = 54.45%; τ² = 0.11; H² = 2.08) (Table 3). 

The estimated between-study variance (τ²) was 0.11, with a corresponding τ value of 0.33. The I² 

value was 54.45%, while the H² value was 2.08 (Table 3). The Cochran’s Q-test demonstrated 

statistically significant heterogeneity between studies (Q-test p = 0.01) (Table 3), indicating 

variability in effect estimates across the included study comparisons. 
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Figure 2. Forest plot of the random effects meta-analysis comparing occupational exposure risk to 

blood-borne pathogens among dental practitioners and dental students (5 studies). 

 

Variation in risk ratio estimates was observed across the included study comparisons, with effect 

estimates distributed on both sides of the null value. The pooled random effects estimate was 0.96 

(95% CI: 0.70–1.36). Confidence interval widths varied across studies, indicating variability in 

estimate precision. 

4.4.2 Mixed effects model results 

 

Mixed effects meta-regression analysis was performed using restricted maximum likelihood (REML) 

estimation to evaluate the effects of GDP (PPP) per capita and study year on occupational exposure 

risk among dental practitioners and dental students. In this model, τ² represented the residual between-

study variance, while I² represented residual heterogeneity across included study comparisons. QE was 

used to assess residual heterogeneity, whereas QM tested the overall effect of the included moderators. 

 

Table 4. Mixed effects meta-regression model evaluating GDP (PPP) per capita and study year as 

study-level moderators of occupational exposure risk to blood-borne pathogens between dental 

practitioners and dental students. 
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Note. RR = risk ratio; τ² = between-study variance; I² (%) = proportion of between-study heterogeneity; 

H² = inflation of total variability relative to sampling variability; R² (%) = proportion of heterogeneity 

explained by moderators. 

Residual heterogeneity remained moderate following inclusion of moderators, with a τ² value of 0.12, 

I² value of 47.13%, and H² value of 1.89 (Table 4). The residual heterogeneity test was not statistically 

significant (QE (6) = 12.2196, p = 0.0572) (Table 4). The proportion of heterogeneity explained by 

the moderators was 0% (R² = 0). The overall test of moderators was not statistically significant (QM 

(2) = 0.9155, p = 0.6327) (Table 4). 

 

Component Value 

Model 
Mixed effects meta regression 

(REML) 

Number of comparisons 9 

Moderators GDP per capita (PPP), Year 

Tau-squared (τ²) 0.12 

I² (%) 47.13 

H² 1.89 

R² (%) 0 

Residual heterogeneity test QE (6) = 12.22 

Residual heterogeneity p-value 0.06 

Test of moderators QM (2) = 0.92 

Moderator test p-value 0.63 
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Note. Log-transformed risk ratio estimates were used in the mixed-effects meta-regression model. 

GDP and Year were tested as study-level moderators. Mixed effects meta-regression used REML 

estimation 

GDP (PPP) per capita was not significantly associated with occupational exposure risk (Estimate = 

0.00, SE = 0.00, z = 0.76, p = 0.445) (Table 5). Similarly, study year was also not significantly 

associated with occupational exposure risk (Estimate = −0.04, SE = 0.04, z = −0.96, p = 0.339) (Table 

5). 

 

Figure 3. Funnel Plot Assessing Potential Publication Bias in the random effects meta-analysis of 

occupational exposure risk between dental practitioners and dental students. 

 

Funnel plot distribution appeared relatively symmetrical around the pooled effect estimate, with no 

clear visual evidence of substantial publication bias. 

Table 5. Meta-regression results of GDP (PPP) per capita and study year as predictors of occupational 

exposure risk to blood-borne pathogens between dental practitioners and dental Students. 

Predictor Estimate SE z p 95% CI 

GDP 0.00 0.00 0.76 0.45 [-0.00, 0.00] 

Year -0.04 0.04 -0.96 0.34 [-0.12, 0.04] 
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4.5. Quasibinomial proportional logistic regression results for the full dataset 

of all eligible studies 

 

To further examine broader determinants of occupational exposure risk across all eligible studies, the 

analyses using a quasibinomial distribution to account for overdispersion in the aggregated exposure 

data were conducted. 

Table 6. Predicted occupational exposure risk from the quasibinomial proportional logistic regression 

model. 

Note. B = unstandardized log odds coefficient; OR = odds ratio; CI = confidence interval. Reference 

group for Type = dental practitioners. Model adjusted for Type, Year, and GDP per capita (PPP).  

* p < 0.05, ** p < 0.01, ***p < 0.001 

 

The overall model-predicted occupational exposure risk is 36.81% (Table 6), with higher predicted 

exposure risk observed among dental practitioners (44.22%) (Table 6) compared with dental students 

(26.93%) (Table 6). 

 

Table 7.  Quasibinomial proportional logistic regression analysis of occupational exposure risk to 

blood-borne pathogens by study population type, year and GDP (PPP) per capita using the full dataset 

of all eligible studies. 

 

          Group                                   Predicted exposure risk (%) 

            Overall                                     36.81 

            Dental practitioners                                     44.22 

            Dental students                                     26.93 

Predictor B*  SE t p OR 95% CI 

Type [T.s] -0.73  0.34 -2.17 0.03* 0.48 [0.25, 0.92] 

Year -0.02  0.01 -1.19 0.24 0.98 [0.95, 1.01] 

GDP -0.0000137  0.000006037 -2.27 0.03* 0.999986 [0.999974, 0.999998] 



Södertörn University Master Thesis Kaveya Nandakumar 

 26 

Note. B = unstandardized log odds coefficient; OR = odds ratio; CI = confidence interval.  Reference 

groups: Type = dental practitioners; Gender = female.  Model adjusted for Type, Gender, Year, and 

GDP per capita (PPP). * p < 0.05, ** p < 0.01, *** p < 0.001 

 

Dental students had significantly lower odds (52%) of occupational exposure compared with dental 

practitioners (OR = 0.48, 95% CI: 0.25–0.92, p = 0.033) (Table 7). GDP (PPP) per capita was 

significantly associated with occupational exposure risk (OR = 0.999985, 95% CI: 0.999974– 

0.999998, p = 0.027) (Table 7), where higher GDP (PPP) per capita was associated with lower 

exposure risk. Study year was not significantly associated with occupational exposure risk (OR = 0.98, 

95% CI: 0.95–1.01, p = 0.239) (Table 7). 

 

Table 8. Type II analysis of deviance (ANOVA II) for quasibinomial proportional logistic regression 

of occupational exposure risk to blood-borne pathogens by study population type, year and GDP (PPP) 

per capita using all included studies. 

 

Note. Type II tests assessed the independent contribution of each predictor. Model included Type, 

Year, and GDP per capita (PPP). 

 

Type II analysis of deviance indicated that GDP (PPP) per capita contributed most strongly to model 

fit (LR χ² = 5.46, p = 0.02)  (Table 8), followed by study population type (LR χ² = 4.84, p = 0.03) 

(Table 8). Study year did not significantly contribute to model fit (LR χ² = 1.41, p = 0.23) (Table 8), 

suggesting limited explanatory value after adjustment for the other predictors (Table 8). 

Predictor LR Chi-square (LRχ²) df p 

Type 4.84 1 0.03* 

Year 1.41 1 0.23 

GDP 5.46 1 0.02* 
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Figure 4. Effect plot showing predicted occupational exposure risk to blood-borne pathogens among 

dental practitioners and dental students across GDP (PPP) per capita levels and study years based on 

the quasibinomial proportional logistic regression analysis of the full dataset (57 studies). 

 

Predicted occupational exposure probabilities were higher among dental practitioners compared with 

dental students across the observed range of GDP (PPP) per capita values and study years. Exposure 

probabilities decreased across increasing GDP (PPP) per capita in both groups. Similar exposure 

patterns were observed across study years in both groups. 
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4.6. Quasibinomial proportional logistic regression results for the gender-

specific dataset. 

 

Table 9. Quasibinomial proportional logistic regression analysis of occupational exposure risk to 

blood-borne pathogens risk by study population type, year, gender and GDP (PPP) per capita using 

the gender- specific dataset. 

 

Note. B = unstandardized log odds coefficient; OR = odds ratio; CI = confidence interval.  Reference 

groups: Type = dental practitioners; Gender = female.  Model adjusted for Type, Gender, Year, and 

GDP per capita (PPP). * p < .05, ** p < .01, *** p < .001. 

 

Gender itself was not significantly associated with occupational exposure risk (0R = 0.88, 95% CI: 

0.45–1.69, p = 0.70) (Table 9). Compared with dental practitioners, dental students were associated 

with reduced odds (77%) of occupational exposure (OR = 0.23, 95% CI: 0.09–0.54, p = 0.003) (Table 

9). Increasing study year was associated with lower occupational exposure risk (OR = 0.92, 95% CI: 

0.87–0.98, p = 0.01) (Table 9). GDP (PPP) per capita was significantly associated with occupational 

exposure risk (OR = 0.99996, 95% CI: 0.999951–0.999979, p < 0.001).  

 

 

 

Predictor B* SE t p OR 95% CI 

Type [T.s] -1.48 0.46 -3.21 0.003** 0.23 [0.09, 0.54] 

Gender [T.M] -0.13 0.33 -0.39 0.70 0.88 [0.45, 1.69] 

Year -0.08 0.03 -2.64 0.01* 0.92 [0.87, 0.98] 

GDP -0.000034 0.0000073 -4.67 < 0.001*** 0.99996 [0.999951, 0.999979] 
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Table 10. Type II analysis of deviance (ANOVA II) for quasibinomial proportional Logistic 

regression analysis of occupational exposure risk to blood-borne pathogens by study population type, 

gender, year and GDP (PPP) per capita using gender- specific dataset. 

 

Note. Type II tests assessed the independent contribution of each predictor. Model included Type, 

Gender, Year, and GDP per capita (PPP). * p < .05, ** p < .01, *** p < .001 

 

Type II analysis of deviance indicated that GDP (PPP) per capita was the strongest contributor to 

model fit (LR χ² = 31.28, p < 0.001) (Table 10), followed by study population type (LR χ² = 11.89, p 

= 0.001) (Table 10) and study year (LR χ² = 7.74, p = 0.005)  (Table 10). Gender did not significantly 

contribute to model fit (LR χ² = 0.15, p = 0.699), suggesting limited explanatory value after adjustment 

for the other predictors (Table 10). 

 

 

 

 

 

 

 

 

 

Predictor LR Chi-square (LRχ²) df p 

Type 11.89 1 0.001*** 

Gender 0.15 1 0.70 

Year 7.74 1 0.005** 

GDP 31.28 1 < 0.001*** 
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Figure 5. Effect plot showing predicted occupational exposure to blood-borne pathogens among dental 

practitioners and students across GDP (PPP) per capita levels and study years based on the 

quasibinomial proportional logistic regression analysis of the gender-specific dataset (15 studies). 

Predicted exposure probabilities decreased across increasing GDP (PPP) per capita for both dental 

practitioners and students. Occupational exposure to blood-borne pathogens demonstrated a 

decreasing trend over time in both groups, with a more pronounced decline observed among students. 

Practitioners consistently showed higher predicted exposure probabilities than students throughout the 

study period 
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Figure 6.  Effect plot showing predicted occupational exposure risk to blood-borne pathogens among 

dental practitioners and students across GDP (PPP) per capita levels and study years stratified by 

gender based on the quasibinomial proportional logistic regression analysis of the gender-specific 

dataset (15 studies). 

 

Similar exposure patterns were observed across both male and female groups, with no apparent 

differences in the overall trends between genders. In both gender categories, dental practitioners 

consistently demonstrated higher predicted occupational exposure probabilities compared with dental 

students, while exposure probabilities decreased with increasing GDP (PPP) per capita. 
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5. Discussion 

 5.1. Interpretation of meta-analysis findings 

The meta-analysis conducted in this study did not demonstrate a statistically significant difference in 

occupational exposure risk to blood-borne pathogens between dental practitioners and students (RR = 

0.97, 95% CI: 0.70–1.36, p = 0.82), although moderate heterogeneity was observed across studies (I² 

= 54.45%). Because the meta-analysis was limited to studies that directly compared both practitioners 

and students within the same institutional setting, between-group variability may have been reduced. 

A recent retrospective study reported a similar finding with no statistically significant difference in 

needlestick injury incidence between dental personnel and students within a dental school setting (22).  

The lack of a significant difference between practitioners and students may partly reflect the nature of 

dental practice, where routine handling of sharp instruments increases exposure risk across both 

groups. Across the included studies, occupational exposures risk was strongly linked to procedures 

involving sharps instruments and contaminated equipment (22,51–54).  

Differences in exposure-related factors between practitioners and students may also contribute to the 

pooled estimate observed. Students may be more vulnerable because of limited clinical experience and 

developing manual skills, although they generally perform fewer procedures under supervision 

(51,53). Practitioners, on the other hand, face higher procedural volumes, longer working hours, and 

greater time pressure, all of which contribute to fatigue and cumulative exposure risk. Repeated 

invasive procedures therefore increases the likelihood of accidental injury over time (22,52,54). 

Together, these opposing factors may explain why the pooled estimate was close to unity.  

The discrepancy between the meta-analysis and logistic regression findings may partly reflect 

differences in analytical approach. The meta-analysis included only studies reporting practitioners and 

students within the same institutional setting, reducing contextual variation in protocols, training, and 

protective measures, whereas the logistic regression used a broader and more heterogeneous dataset 

from different countries and healthcare systems, where cumulative exposure among practitioners may 

be more apparent  (51–54). Moderate heterogeneity may also reflect differences in occupational safety 

practices, including unsafe needle recapping, as well as variation in PPE, safety-engineered devices, 

hepatitis B vaccination coverage, post-exposure management, and reporting systems (51,53,54,96).  

In addition, underreporting remains common because of limited awareness, the perception that injuries 

are minor, fear of blame, lack of reporting systems, workload pressures (11,13,14). Underreporting 
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may also reflect normalization of sharps injuries and institutional barriers to reporting (97,98). 

Underreporting may vary across professional groups and institutions, leading to underestimation of 

exposure risk and obscuring true differences between practitioners and students. Together, these 

factors may explain the non-significant pooled effect and the observed heterogeneity (51–54). 

However, the meta-analysis should not be interpreted as evidence of no occupational risk; rather, it 

indicates that no consistent difference was observed between practitioners and students under similar 

conditions (22,51,52). 

The findings should also be interpreted in light of methodological considerations related to study-level 

data. Aggregated data may mask important within-study variation and introduce ecological bias 

(38,39).  In addition, multiple datasets from the same study across different time periods may introduce 

dependency and reduce effective variability (11,18). Furthermore, the relatively small number of 

datasets and limited variability across studies may have reduced  the statistical power to detect effects 

such as GDP or temporal trends, particularly in the presence of between-study heterogeneity (18,19). 

The effects of GDP and temporal trends were not clearly detected in the meta-analysis. This may 

reflect limited variability within individual studies and broader between-study heterogeneity. It may 

also be influenced by the predominance of studies from higher-income settings, which reduced GDP 

variability and limited detection of socioeconomic gradients in exposure risk. 

5.2. Interpretation of quasibinomial proportional logistic regression 

findings from the full study dataset 

In addition to the meta-analysis, quasibinomial proportional logistic regression was conducted using 

the full dataset of fifty-seven studies. The model estimated an overall occupational exposure risk to 

blood-borne pathogens of 37.1% across dental practitioners and students combined. This finding 

reinforces that exposure to blood and other potentially infectious body fluids is a common and inherent 

hazard in dental practice (3,84,99,100).  

Within the full dataset, students demonstrated significantly lower odds of occupational exposure than 

practitioners (OR = 0.48, p = 0.03), corresponding to approximately 52% lower odds of experiencing 

at least one exposure event. This finding may reflect differences in clinical workload and cumulative 

exposure history (13,57). Practitioners typically perform a substantially larger number of procedures 

over longer professional careers, handle  higher patient volumes, and frequently work under greater 

time pressure and productivity demands, all of which may increase the probability of  exposure over 
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time (101). A higher risk of repeated occupational exposures among hospital dentists with teaching 

responsibilities compared with students has also been reported (13). Students, by contrast, usually 

perform fewer procedures and work under closer supervision, which may reduce both opportunity and 

risk (102). 

The apparent difference between the meta-analysis findings and the regression results may partly 

reflect differences in analytical approach. The meta-analysis included only studies in which 

practitioners and students were assessed within similar institutional environments, thereby reducing 

contextual variation related to institutional protocols, training conditions, and availability of protective 

measures (22,51–54).  In contrast, the broader regression analyses included more heterogeneous study 

populations and healthcare settings, where cumulative exposure among practitioners may be more 

evident, especially in settings with limited occupational safety resources (18,83,93). Together, the 

findings suggest that exposure risk may appear similar within controlled institutional comparisons, 

while broader real-world datasets reveal greater cumulative exposure among practitioners. 

Higher GDP (PPP) per capita was significantly associated with lower odds of occupational exposure 

(OR =0.999986,  p = 0.03), suggesting that healthcare-system capacity and resource availability may 

play an important role in occupational safety (36,103,104). Although the odds ratio appeared 

numerically close to 1.0 due to the scale of GDP measurement, interpretation across meaningful scale 

of 1,000 international dollar increases suggests an approximate 1.4% reduction in the odds of 

occupational exposure. This inverse association may reflect stronger infection-control infrastructure, 

better access to protective equipment, and more effective occupational safety systems in higher-GDP 

settings (9,105). In contrast, lower-resource settings may face limitations in infection-control 

infrastructure and safety implementation, which can increase exposure risk and underreporting  (106). 

Unlike the meta-analysis, the broader country and healthcare-system variation in the logistic regression 

dataset may have made GDP-related differences more apparent, but GDP (PPP) should be interpreted 

as a study-level contextual variable rather than a direct individual-level determinant of occupational 

exposure risk. 

The absence of a significant temporal association in the full dataset suggests that occupational 

exposure risk has remained relatively stable across study years. This may reflect regional differences 

in infection-control progress, where improvements in some settings may be counterbalanced by 

persistently elevated exposure risk in other environments (107,108). In addition, the inclusion of 

studies spanning a broad time period beginning from 1992 in the full dataset may have further reduced 

the ability to detect clear trend.  
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5.3. Interpretation of quasibinomial proportional logistic regression 

findings from the gender-specific dataset 

The quasibinomial proportional logistic regression analysis using the gender-specific dataset provided 

a more detailed assessment of occupational exposure risk in studies reporting gender-disaggregated 

data. Within this subset, students again had significantly lower odds of exposure than practitioners 

(OR= 0.23, p= 0.003), corresponding to approximately 77% lower odds of experiencing at least one 

reported exposure event. This stronger association may reflect that institutions with more 

comprehensive reporting systems and structured clinical supervision, such as academic dental schools 

and larger healthcare institutions, provide students a closer supervision, clearly defined clinical 

responsibilities, and gradual progression in procedural complexity (102,109,110).  

Consistent with  the full dataset, higher GDP (PPP) per capita remained significantly associated with 

lower exposure risk (OR = 0.99996, p < 0.001), reinforcing the role of healthcare-system capacity, 

infection-control infrastructure, and occupational safety resources  (9,36). 

Unlike the full dataset logistic regression, the gender-specific dataset showed a statistically significant 

decline in occupation exposure over time (OR = 0.92, p = 0.01), corresponding to an approximate 8% 

reduction in exposure odds per year. This finding may reflect improvements in occupational safety 

practices including greater awareness of blood-borne pathogen risks, implementation of infection-

control guidelines, use of safety-engineered devices, and stronger infection-control education and 

training over time (9,111). Compared with the broader full dataset spanning studies from 1992 

onwards, the gender-specific dataset included a more limited study period beginning from 2004. This 

reduced temporal heterogeneity and greater comparable of reporting contexts may have made year-

related changes in occupational exposure risk detectable. However, this trend should be interpreted 

with caution, as occupational exposure and infection-control practices can vary substantially across 

healthcare and institutional settings (36). 

Gender itself was not significantly associated with occupational exposure risk after adjustment for 

study population type, study year, and GDP (PPP) per capita (OR = 0.88, p = 0.70). This finding 

suggests that, after accounting for broader institutional and contextual factors, male and female dental 

personnel face similar occupational exposure risk, indicating that such risk is shaped more by 

workplace conditions, procedural demands, supervision, and infection-control infrastructure than by 

biological sex differences (17). 
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5.4. Epidemiological perspective on occupational exposure to blood-borne 

pathogens in dentistry 

 

The observed exposure patterns may also be understood using the epidemiological triad framework 

involving agent, host, and environmental interactions (112). In this context, the agent includes 

contaminated sharp instruments and blood or body fluids exposure, the host includes practitioners and 

students with varying levels of experience and behavior, and the environment includes GDP, clinical 

settings, workload conditions, infection-control infrastructure, and institutional protocols.  Together, 

these interacting factors influence the likehood of occupational exposure to blood-borne pathogens, 

demonstrating that exposure risk is shaped by both individual and contextual determinants rather than 

a single factor alone. 

 5.5. Strengths and Limitations  

This study has several strengths, including the combined use of a systematic review, meta-analysis and 

quasibinomial proportional logistic regression to assess occupational exposure risk to blood-borne 

pathogens among dental practitioners and students across diverse settings. The inclusion of both full 

and gender-specific datasets enabled evaluation of study population, temporal trends, and gender-

related patterns, while the incorporation of GDP (PPP) per capita added important socioeconomic and 

contextual insight. However, the findings should be interpreted in light of several limitations. The 

analyses were based on study-level data, which limited control for individual-level factors and 

introduced the possibility of ecological bias. Moderate to high heterogeneity, self-reported exposure 

data, and the predominance of cross-sectional observational studies further limit comparability, 

increase the risk of recall bias and underreporting, and prevent causal inference. Although a 

comprehensive search strategy was used, some relevant studies may still have been missed. 

Recommendations for Future Research 

Future research should focus on prospective and longitudinal studies to better understand temporal 

patterns and causal pathways of occupational exposure in dental settings. The use of standardized 

exposure definitions, consistent reporting systems, and multicenter study designs would improve 

causal interpretation and comparability across healthcare settings. More evidence from low- and 

middle-income countries is also needed to better examine the role of healthcare-system resources and 

socioeconomic conditions in shaping exposure risk. 
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Conclusion 

Occupational exposure to blood-borne pathogens remains an important concern in dentistry. The meta-

analysis found no statistically significant difference in exposure risk between dental practitioners and 

students within comparable institutional environments, whereas the quasibinomial proportional 

logistic regression analyses higher risk among practitioners across broader healthcare settings. Higher 

GDP (PPP) per capita was consistently associated with lower occupational exposure risk, highlighting 

the importance of healthcare-system resources, infection-control infrastructure, and occupational 

safety measures. Year showed no effect but a declining trend in gender-specific dataset, likely because 

of its more comparable study period. No significant gender difference was observed after adjustment, 

indicating that exposure risk is driven more by organizational and contextual factors than by gender 

alone. Collectively, the findings indicate that occupational exposure to blood-borne pathogens in 

dentistry arises through the interaction of individual, procedural, organizational, and healthcare-system 

factors rather than through any single factor alone. This highlights the need to strengthen infection-

control practices, improve occupational safety infrastructure, reduce workload-related risks, and 

promote standardized reporting systems, particularly in lower-resource settings. 
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Appendix 1: Characteristics of all the included studies  

Author ExpPY ExpPN ExpSY ExpSN Exposure type Year Time period of exposure P(N values)S (N values) ExpPM ExpSM ExpPF ExpSF Location GDP (PPP) per capita

Sharmila .et.al 56 44 _ _ Needle stick injury 2019 life time exposure 100 _ _ _ _ _ Chennai, India 7150.924235

Savić Pavičin et.al 256 150 _ _ Occupational injuries 2020 ( published year)life time exposure 406 _ 98 _ 158 _ Croatia 31594.01119

Trayner et.al 166 630 _ _ sharps injuries 2017 1yr 796 _ _ _ _ _ UK 46113.02117

AlDakhil et.al 134 316 _ _ needle stick and sharps injury 2017 life time exposure 450 _ _ _ _ _ Saudi Arabia 53120.45725

Kulik and Bornstein et.al 5 226 5 73 occupational accidents - sharps, needle stick , scalpel blades, cuts 2019 1yr 231 78 0 2 5 3 Switzerland 73732.23533

Kulik and Bornstein et.al 15 219 3 73 occupational accidents - sharps, needle stick , scalpel blades, cuts 2020 1yr 234 76 0 1 15 2 Switzerland 72997.82395

Kulik and Bornstein et.al 12 228 4 82 occupational accidents - sharps, needle stick , scalpel blades, cuts 2021 1yr 240 86 2 0 10 4 Switzerland 81001.41112

Kulik and Bornstein et.al 7 236 4 89 occupational accidents - sharps, needle stick , scalpel blades, cuts 2022 1yr 243 93 3 0 4 4 Switzerland 94421.45766

Kulik and Bornstein et.al 14 234 2 82 occupational accidents - sharps, needle stick , scalpel blades, cuts 2023 1yr 248 84 5 1 9 1 Switzerland 95141.59609

Leavy et.al 17 107 _ _ occupational exposure to blood and bloody fluids ( sharp injury , blood splash, saliva exposure )2011 1yr 124 _ _ _ _ _ Scotland,UK 59911.34677

Musekene et.al _ _ 101 147 needle stick and sharps injury 2018 life time exposure _ 248 _ 46 _ 55 South Africa 13347.36348

Muskene et.al _ _ 101 147 needle stick and sharps injury 2018 life time exposure _ 248 _ 46 _ 55 South Africa 13347.36348

Azab and Afifi et.al 13 41 44 84 needle stick and sharps injury 2023 life time exposure 54 128 _ _ _ _ Saudi Arabia 71564.80003

Azab and Afifi et.al 13 41 44 84 needle stick and sharps injury 2023 life time exposure 54 128 _ _ _ _ Saudi Arabia 71564.80003

Azab and Afifi et.al 13 41 44 84 needle stick and sharps injury 2023 life time exposure 54 128 _ _ _ _ Saudi Arabia 71564.80003

Park et.al 190 61 _ _ Needle stick injury 2023 1yr 251 _ _ _ _ _ Korea 57429.80311

Marji and Syed at.al 90 24 _ _ sharps injury 2021 1yr 114 _ _ _ _ _ Qatar 116832.6569

Marji and Syed at.al 90 24 _ _ sharps injury 2021 1yr 114 _ _ _ _ _ Qatar 116832.6569

Marji and Syed at.al 90 24 _ _ sharps injury 2021 1yr 114 _ _ _ _ _ Qatar 116832.6569

Marji and Syed at.al 90 24 _ _ sharps injury 2021 1yr 114 _ _ _ _ _ Qatar 116832.6569

Marji and Syed at.al 90 24 _ _ sharps injury 2021 1yr 114 _ _ _ _ Qatar 116832.6569

Askarian et.al _ _ 101 36 Needle stick injury 2012 1yr _ 137 _ _ _ _ Iran 17021.37168

Maria Antoniadou et.al_ _ 37 1363 occupational injuries -percutaneous  injuries 2023 48 months  ( 2021- 2024) _ 1400 _ 11 _ 26 Athens , Greece 42710.5058

Myers et.al _ _ 41 174 Blood borne pathogen exposure 2008 life time exposure (> 6months to < 3yrs)_ 215 _ 21 _ 20 New York , USA 48570.05943

Hameed et.al _ _ 207 123 Needle stick injury 2019 1yr _ 330 _ _ _ _ Mirpur Khas, Pakistan 5037.534016

Sanjay Varshan et.al _ _ 79 24 Needle stick injury 2022 life time exposure _ 103 _ _ _ _ Chennai, India 9207.12743

Al-khudhair et.al _ _ 60 166 Needle stick injury 2018 1yr _ 226 _ _ _ _ Saudi Arabia 59377.80254

Wu et.al _ _ 56 107 Occupational exposure - BBE 2013 life time exposure _ 163 _ _ _ _ China 12228.37361

Mohamed et.al _ _ 54 60 Needle stick injury 2018 life time exposure _ 114 _ 27 _ 27 Iraq 12034.40112

Eltahir et.al _ _ 27 71 Needle stick injury 2015 life time exposure _ 98 _ _ _ _ Saudi Arabia 53930.82739

Osazuwa-Peter et.al 10 15 _ _ oocupational injuries- needle stick and sharp injury 2010 1yr 25 _ _ _ _ _ Nigeria 6301.183725

Hussain et.al _ _ 231 75 sharp instruments injuries 2012 1yr _ 306 _ _ _ _ Mumbai, India 4819.642882

Wicker et.al 80 32 64 89 Needle stick injury 2008 life time exposure 112 153 _ _ _ _ Germany 38443.53863

McCarthey et.al 2766 1341 _ _ Occupational injuries 1995 1yr 4107 _ _ _ _ _ Canada 23474.20038

Walley et. Al 17 107 _ _ Occupational exposure ( sharps , blood or saliva exposure ) 2011 1yr 124 _ _ _ _ _ Scotland ,UK 37224.37876

Persoon et .al 445 71 _ _ BBE 2010 and 2016 - prospective , 2017 - retrospectiveprofessional life 516 _ 84 _ 361 _ Netherlands 47004.13707

Prabhu et.al 34 68 _ _ NSI 2014 6 months 102 _ 16 _ 13 _ India 5191.591499

Bagramian et.al 35 414 _ _ Percutaneous injuries 1998 20 days 449 _ _ _ _ _ USA and Canada 29588.6504

Duffy et.al 40 6 _ _ Percutaneous injuries 1998 1yr 46 _ _ _ _ _ Romania 5544.665819

Duffy et.al 40 6 _ _ Percutaneous injuries 1998 1yr 46 _ _ _ _ _ Romania 5544.665819

Pinelli et.al _ _ 71 102 Occupatinal exposure (needles , sharps, cuts , abrasion aerosol or splattering )2011 since beginning of course _ 173 _ _ _ _ Brazil 15211.79204

Pinelli et.al _ _ 40 133 Occupatinal exposure (needles , sharps, cuts , abrasion aerosol or splattering )2011 6 months _ 173 _ _ _ _ Brazil 15211.79204

Huang et.al _ _ 97 171 NSI 2020 during their study period _ 268 _ 32 _ 65 China 12228.37361

Hbibi et.al _ _ 35 48 Occupational blood exposure accidents 2015 during their study period 83 _ 4 _ 31 Morocco 7799.092285

Cheng et. al 100 343 _ _ Occupational exposure - NSI , sharp injuries 2011 2 weeks 434 _ _ _ _ _ Taiwan,China 12228.37361

Cheng et. al 100 343 _ _ Occupational exposure - NSI , sharp injuries 2011 3 weeks 434 _ _ _ _ _ Taiwan,China 12228.37361

Cheng et. al 100 343 _ _ Occupational exposure - NSI , sharp injuries 2011 4 weeks 434 _ _ _ _ _ Taiwan,China 12228.37361

Cheng et. al 100 343 _ _ Occupational exposure - NSI , sharp injuries 2011 5 weeks 434 _ _ _ _ _ Taiwan,China 12228.37361

Qudeimat et. Al 18 42 _ _ NSI 2002 1yr 60 _ _ _ _ _ Jordan 6256.496439

Gilavand et. Al _ _ 55 68 NSI, splash ,both 2016 6 months _ 123 _ 21 _ 34 Iran 15194.78558

Gilavand et. Al _ _ 55 68 NSI, splash ,both 2016 6 months _ 123 _ 21 _ 34 Iran 15194.78558

Gilavand et. Al _ _ 55 68 NSI, splash ,both 2016 6 months _ 123 _ 21 _ 34 Iran 15194.78558

Gooch et. Al 215 80 _ _ Percutaneous injuries 1992 1 year 295 _ _ _ _ _ USA  25418.99078

Bellissimo et.al 42 93 _ _ percutaenous accidents 2001 1yr 135 _ _ _ _ _ Brazil 9303.645292

Chowanadisai et. Al 82 82 _ _ Percutaneous injuries 1997 1yr 164 _ 31 _ 51 _ Thailand 7147.612899

Thomas et.al 130 518 _ _ Percutaneous injuries 1992 1 month 648 _ _ _ _ _ USA  25418.99078

Zarra et.al 117 3 _ _ Percutaneous injuries 2011 5 yrs 120 _ _ _ _ _ Greece 25692.57409

Smith et.al 11 19 38 47 sharp injuries 2004 since beginning of work or studies 30 85 _ _ _ _ Trinidad & Tobago 20673.74584

Leggat et.al 79 204 _ _ sharps injury 2004 1 yr 283 _ 64 _ 15 _ Australia 31814.50498

Leggat et.al 79 204 _ _ sharps injury 2004 1 yr 283 _ 64 _ 15 _ Australia 31814.50498

Leggat et.al 79 204 _ _ sharps injury 2004 1 yr 283 _ 64 _ 15 _ Australia 31814.50498

Leggat et.al 79 204 _ _ sharps injury 2004 1 yr 283 _ 64 _ 15 _ Australia 31814.50498

Leggat et.al 79 204 _ _ sharps injury 2004 1 yr 283 _ 64 _ 15 _ Australia 31814.50498

Leggat et.al 79 204 _ _ sharps injury 2004 1 yr 283 _ 64 _ 15 _ Australia 31814.50498

Vargas-Ferreira et.al 110 77 _ _ Percutaneous injuries 2009 professional life 187 _ 54 _ 56 _ Brazil 13390.68313

Arheiam et.al 120 120 _ _ Percutaneous injuries 2013 1 yr 340 _ _ _ _ _ Libyan 21151.00519

Van Wijik et.al 124 265 _ _ blood exposure injuries 2008 1yr 389 _ _ _ _ _ Netherlands 46714.34543

Thekkiniyakath et.al _ _ 80 151 Needle stick injury 2023 1yr _ 231 _ _ _ _ Saudi Arabia 71564.80003

Freitas et.al _ _ 48 260 Sharps accidents 2018 life time exposure _ 308 _ _ _ _ Brazil 15463.74264

Khader et.al 113 57 _ _ Needle stick injury 2004 1yr 170 _ 81 _ 32 _ Jordan 7073.845816

Khader et.al 113 57 _ _ Needle stick injury 2004 1yr 170 _ 81 _ 32 _ Jordan 7073.845816

Khader et.al 113 57 _ _ Needle stick injury 2004 1yr 170 _ 81 _ 32 _ Jordan 7073.845816

Azodo et.al 34 49 _ _ needle stick and sharps injury 2010 1yr 83 _ _ _ _ Nigeria 6301.183725

Al-Ali and Hashim et.al 306 427 _ _ Percutaneous injuries 2005 1yr 733 _ 179 _ 124 _ UAE(Abu dhabi, Dubai, Sharjah)101301.4123

Stewardson et.al 11 68 _ _ Bloody fluids 2003 6months 79 _ _ _ _ _ UK 30313.69067

Shaghaghian et.al _ _ 154 37 sharp injuries and mucocutaneous exposure (blood and bloody fluid) 2011 during clinical experience 191 _ _ 67 _ 87 Iran 19275.43769

Pavithran et.al 20 65 35 80 Needle stick injury 2012 1yr 85 115 _ _ _ _ India 4819.642882

Yuan et.al 155 100 _ _ sharps injuries 2019 life  time 257 _ _ _ _ _ China 17600.89076

Amminou et.al _ _ 105 131 Blood exposure accidents 2025 life time _ 236 _ 17 _ 88 Morocco 10415.12402

Mungure et.al _ _ 18 44 Needle stick injury 2010 didnt mention _ 62 _ _ _ _ Kenya 2634.892713

Keubou et.al 33 27 _ _ accidental blood exposure 2020 3 months 60 _ 15 _ 18 _ Cameroon 4365.447041

Keubou et.al 33 27 _ _ accidental blood exposure 2020 3 months 60 _ 15 _ 18 _ Cameroon 4365.447041

Jinwei Huang et.al _ _ 97 310 Needle stick injury 2017 2011-2017 _ 407 _ 32 _ 65 China 15022.43719 
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ExpY- number of exposed  

ExpN- number non-exposed 

p- practitioners  

s- students 

P(N values) - practitioners sample size 

S(N values)- students sample size 

ExPM- exposed male practitioners 

ExPF- exposed female practitioners 

ExSM – exposed male students 

ExSF- exposed female students  
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Appendix 2: Methodological quality appraisal 

 

Author Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Rating Score 

Sharmila .et.al Yes Yes Unclear Yes No No Unclear Yes Low 4 

Savić Pavičin et.al Yes Yes Unclear Unclear No No Unclear Yes Low 3 

Trayner et.al Yes Yes Yes Yes Unclear No Yes Yes Moderate 6 

AlDakhil et.al Yes Yes Yes Yes Yes Yes Unclear Yes High 7 

Kulik and Bornstein et.al Yes Yes Yes Yes No No Yes Yes Moderate 6 

Leavy et.al Yes Yes Yes Yes No No Yes Yes Moderate 6 

Musekene et.al Yes Yes Yes Yes Yes Yes Yes Yes High 8 

Azab and Afifi et.al Yes Yes Yes Yes Yes No Yes Yes High 7 

Park et.al Yes Yes Yes Yes Yes Yes Yes Yes High 8 

Marji and Syed at.al Yes Yes Yes No Yes No Yes Yes Moderate 6 

Askarian et.al Yes Yes Yes Yes Yes No Yes Yes High 7 

Maria Antoniadou et.al Yes Yes Yes Yes Yes No Yes Yes High 7 

Myers et.al Yes Yes Yes Yes Yes No Yes Yes High 7 

Hameed et.al No Yes Yes No Yes No Yes No Low 4 

Sanjay Varshan et.al No Yes Yes Yes Yes No Yes Yes Moderate 6 

Al-khudhair et.al Yes Yes Unclear  No Yes No Unclear Yes Low 4 

Wu et.al Yes Yes Yes Yes Yes Yes Yes Yes High 8 

Mohamed et.al Yes Yes Unclear Yes Yes No Unclear No Low 4 

Eltahir et.al  Yes Yes Unclear Yes Yes No Unclear Yes Moderate 5 

Osazuwa-Peter et.al Yes Yes Yes Yes Yes Yes Yes Yes High 8 

Hussain et.al  Yes Yes Yes Yes Yes No Yes Yes High 7 

Wicker et.al  Yes Yes Unclear Yes Yes No Unclear Yes Moderate 5 

McCarthey et.al Yes Yes Yes Yes Yes Yes Yes Yes High 8 

Walley et. Al Yes Yes Unclear Yes Unclear No Unclear Yes Low 4 

Persoon et .al  Yes Yes Yes Yes Yes Yes Yes Yes High 8 

Prabhu et.al  Yes Yes Yes Yes Yes No Yes Yes High 7 

Bagramian et.al  Yes Yes Unclear Yes Yes No Unclear Yes Moderate 5 

Duffy et.al  Yes Yes Yes Yes Yes No Yes Yes High 7 

Pinelli et.al Yes Yes Yes Yes Yes No Yes Yes High 7 

Huang et.al  Yes Yes Yes Yes Yes No Yes Yes High 7 

Hbibi et.al  Yes Yes Unclear Yes No Unclear Yes Yes Moderate 5 
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Cheng et. al Yes Yes Unclear Yes Yes Unclear Yes Yes Moderate 6 

Qudeimat et. Al Yes Yes Unclear Yes Yes No Unclear Yes Moderate 5 

Gilavand et. Al  Yes Yes Yes Yes Yes No Yes Yes High 7 

Gooch et. Al Yes Yes Unclear Yes Yes No Unclear Yes Moderate 5 

Bellissimo et.al  Yes Yes Yes Yes Yes No Yes Yes High 7 

Chowanadisai et. Al Yes Yes Unclear Yes Yes Yes Unclear Yes Moderate 6 

Thomas et.al Yes Yes Unclear Yes Yes No Unclear Yes Moderate 5 

Zarra et.al  Yes Yes Yes Yes Yes No Yes Yes High 7 

Smith et.al Yes Yes Unclear Yes Yes No Unclear Yes Moderate 5 

Leggat et.al  Yes Yes Unclear Yes Yes No Unclear Yes Moderate 5 

Vargas-Ferreira et.al  Yes Yes Yes Yes Yes No Yes Yes High 7 

Arheiam et.al  Yes Yes Yes Yes Yes Yes Yes Yes High 8 

Van Wijik et.al Yes Yes Yes Yes Yes Yes Yes Yes High 8 

Thekkiniyakath et.al Yes Yes Yes Yes Yes No Yes Yes High 7 

Freitas et.al  Yes Yes Yes Yes Yes No Yes Yes High 7 

Khader et.al Yes Yes Unclear  Yes Yes No Unclear Yes Moderate 5 

Azodo et.al Yes Yes Unclear  Yes Yes No Unclear Yes Moderate 5 

Al-Ali and Hashim et.al Yes Yes Unclear Yes Yes No Unclear Yes Moderate 5 

Stewardson et.al  Yes Yes Yes Yes Yes No Yes Yes High 7 

Shaghaghian et.al Yes Yes Yes Yes Yes No Yes Yes High 7 

Pavithran et.al Yes Yes Yes Yes Yes No Yes Yes High 7 

Yuan et.al Yes Yes Yes Yes Yes Yes Yes Yes High 8 

Amminou et.al Yes Yes Unclear  Yes Yes Yes Unclear Yes Moderate 6 

Mungure et.al Yes Yes Unclear Yes Yes No Unclear Yes Moderate 5 

Keubou et.al Yes Yes Unclear Yes Yes Yes Unclear Yes Moderate 6 

Jinwei Huang et.al Yes Yes Yes Yes Yes Yes Yes Yes High 8 

1. Were the criteria for inclusion in the sample clearly defined?  

2. Were the study subjects and the setting described in detail?  

3. Was the exposure measured in a valid and reliable way?  

4. Were objective, standard criteria used for measurement of the condition?  

5. Were confounding factors identified?  

6. Were strategies to deal with confounding factors stated? 

7. Were the outcomes measured in a valid and reliable way?  

8. Was appropriate statistical analysis used? 
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Appendix 3. Characteristic of the full dataset of all eligible studies 

included in quasibinomial proportional logistic regression analysis 
 

Study Year 

GDP (current 

international $) ExpY ExpN Type 

Sharmila et.al 2019 7150.924235 56 44 p 

Savić Pavičin et.al 2020 31594.01119 256 150 p 

Trayner et.al  2017 46113.02117 166 630 p 

AlDakhil et.al  2017 53120.45725 134 316 p 

Kulik and Bornstein et.al  2019 73732.23533 5 226 p 

Kulik and Bornstein et.al  2020 72997.82395 15 219 p 

Kulik and Bornstein et.al  2021 81001.41112 12 228 p 

Kulik and Bornstein et.al  2022 94421.45766 7 236 p 

Kulik and Bornstein et.al  2023 95141.59609 14 234 p 

Kulik and Bornstein et.al  2019 73732.23533 5 73 s 

Kulik and Bornstein et.al  2020 72997.82395 3 73 s 

Kulik and Bornstein et.al  2021 81001.41112 4 82 s 

Kulik and Bornstein et.al  2022 94421.45766 4 89 s 

Kulik and Bornstein et.al  2023 95141.59609 2 82 s 

Leavy et.al  2011 59911.34677 17 107 p 

Musekene et.al  2018 13347.36348 101 147 s 

Azab and Afifi et.al  2023 71564.80003 13 41 p 

Azab and Afifi et.al  2023 71564.80003 44 84 s 

Park et.al  2023 57429.80311 190 61 p 

Marji and Syed at.al  2021 116832.6569 90 24 p 

Askarian et.al  2012 17021.37168 101 36 s 

Maria Antoniadou et.al  2023 42710.5058 37 1360 s 

Myers et.al  2008 48570.05943 41 174 s 

Hameed et.al  2019 5037.534016 207 123 s 

Sanjay Varshan et.al  2022 9207.12743 79 24 s 
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Al-khudhair et.al  2018 59377.80254 60 166 s 

Wu et.al  2013 12228.37361 56 107 s 

Mohamed et.al  2018 12034.40112 54 60 s 

Eltahir et.al   2015 53930.82739 27 71 s 

Osazuwa-Peter et.al  2010 6301.183725 10 15 p 

Hussain et.al   2012 4819.642882 231 75 s 

Wicker et.al   2008 38443.53863 80 40 p 

Wicker et.al   2008 38443.53863 64 89 s 

McCarthey et.al  1995 23474.20038 2766 1341 p 

Walley et. Al  2011 37224.37876 17 107 p 

Persoon et .al   2016 56037.56799 445 69 p 

Prabhu et.al   2014 5191.591499 34 68 p 

Bagramian et.al   1998 29588.6504 35 414 p 

Duffy et.al   1998 5544.665819 40 6 p 

Pinelli et.al  2011 15211.79204 40 133 s 

Huang et.al   2020 12228.37361 97 171 s 

Hbibi et.al   2015 7799.092285 35 48 s 

Cheng et. Al  2011 12228.37361 100 343 p 

Qudeimat et. Al  2002 6256.496439 18 42 p 

Gilavand et. Al   2016 15194.78558 55 68 s 

Gooch et. Al  1992 25418.99078 215 80 p 

Bellissimo et.al   2001 9303.645292 42 93 p 

Chowanadisai et. Al  1997 7147.612899 82 82 p 

Thomas et.al  1992 25418.99078 130 518 p 

Zarra et.al   2011 25692.57409 117 3 p 

Smith et.al  2004 20673.74584 11 749 s 

Smith et.al  2004 20673.74584 6 24 p 

Leggat et.al   2004 31814.50498 79 204 p 

Vargas-Ferreira et.al   2009 13390.68313 110 77 p 

Arheiam et.al   2013 21151.00519 120 120 p 
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Van Wijik et.al  2008 46714.34543 124 265 p 

Thekkiniyakath et.al  2023 71564.80003 80 151 s 

Freitas et.al   2018 15463.74264 48 260 p 

Khader et.al  2004 7073.845816 113 57 p 

Azodo et.al  2010 6301.183725 34 49 p 

Al-Ali and Hashim et.al  2005 101301.4123 306 427 p 

Stewardson et.al   2003 30313.69067 11 68 s 

Shaghaghian et.al  2011 19275.43769 154 37 s 

Pavithran et.al  2012 4819.642882 20 65 p 

Pavithran et.al  2012 4819.642882 35 80 s 

Yuan et.al  2019 17600.89076 155 100 p 

Amminou et.al  2025 10415.12402 105 131 s 

Mungure et.al  2010 2634.892713 18 44 s 

Keubou et.al  2020 4365.447041 33 27 p 

Jinwei Huang et.al  2017 15022.4372 97 310 s 

Jinwei Huang et.al 

    

2017   15022.4372 7447 10034 s 

ExpY- number of exposed  

ExpN- number non-exposed 

p- practitioners  

s- students 
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Appendix 4. Characteristic of gender-specific data set included in 

the quasibinomial proportional logistic regression analysis 
 

 

Study 
 

Year 

GDP (current 

international 

$) ExpY ExpN Type Gender 

Savić Pavičin et.al 
 

2020 31594.0112 98 61 p M 

Kulik and Bornstein et.al 
 

2019 73732.2353 0 43 p M 

Kulik and Bornstein et.al 
 

2020 72997.824 0 41 p M 

Kulik and Bornstein et.al 
 

2021 81001.4111 2 44 p M 

Kulik and Bornstein et.al 
 

2022 94421.4577 3 48 p M 

Kulik and Bornstein et.al 
 

2023 95141.5961 5 48 p M 

Kulik and Bornstein et.al 
 

2019 73732.2353 5 183 p F 

Kulik and Bornstein et.al 
 

2020 72997.824 15 178 p F 

Kulik and Bornstein et.al 
 

2021 81001.4111 10 184 p F 

Kulik and Bornstein et.al 
 

2022 94421.4577 4 188 p F 

Kulik and Bornstein et.al 
 

2023 95141.5961 9 186 p F 

Kulik and Bornstein et.al 
 

2019 73732.2353 2 26 s M 

Kulik and Bornstein et.al 
 

2020 72997.824 1 27 s M 

Kulik and Bornstein et.al 
 

2021 81001.4111 0 28 s M 

Kulik and Bornstein et.al 
 

2022 94421.4577 0 32 s M 

Kulik and Bornstein et.al 
 

2023 95141.5961 1 27 s M 

Kulik and Bornstein et.al 
 

2019 73732.2353 3 47 s F 

Kulik and Bornstein et.al 
 

2020 72997.824 2 46 s F 

Kulik and Bornstein et.al 
 

2021 81001.4111 4 54 s F 

Kulik and Bornstein et.al 
 

2022 94421.4577 4 57 s F 

Kulik and Bornstein et.al 
 

2023 95141.5961 1 55 s F 

Musekene et.al 
 

2018 13347.3635 46 61 s M 

Musekene et.al 
 

2018 13347.3635 55 86 s F 

Myers et.al 
 

2008 48570.0594 21 93 s M 
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Myers et.al 
 

2008 48570.0594 20 81 s F 

Mohamed et.al 
 

2018 12034.4011 27 27 s M 

Mohamed et.al 
 

2018 12034.4011 27 33 s F 

Persoon et .al  
 

2016 53162.2792 84 31 p M 

Persoon et .al  
 

2016 53162.2792 361 39 p F 

Huang et.al  
 

2020 12228.3736 32 72 s M 

Huang et.al  
 

2020 12228.3736 65 99 s F 

Hbibi et.al  
 

2015 7799.09229 4 10 s M 

Hbibi et.al  
 

2015 7799.09229 31 38 s F 

Gilavand et. Al  
 

2016 15194.7856 34 49 s F 

Khader et.al 
 

2004 7073.84582 81 28 p M 

Khader et.al 
 

2004 7073.84582 32 51 p F 

Al-Ali and Hashim et.al 
 

2005 101301.412 179 445 p M 

Al-Ali and Hashim et.al 
 

2005 101301.412 124 288 p F 

Shaghaghian et.al 
 

2011 19275.4377 67 18 s M 

Shaghaghian et.al 
 

2011 19275.4377 87 19 s F 

Amminou et.al 
 

2025 10415.124 17 36 s M 

Amminou et.al 
 

2025 10415.124 88 95 s F 

Keubou et.al 
 

2020 4365.44704 15 22 p M 

Keubou et.al 
 

2020 4365.44704 18 38 p F 

Jinwei Huang et.al 
 

2017 15022.4372 32 153 s M 

Jinwei Huang et.al 
 

2017 15022.4372 65 254 s F 

ExpY- number of exposed  

ExpN- number non-exposed 

p- practitioners  

s- students 

M-Male 

F-Female 
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