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Abstract 

Background and Aims: Oral health significantly impacts overall well-being but 

remains one of the most neglected aspects of health, especially among 

marginalized populations. This PhD thesis had three primary aims: first, to 

assess the global prevalence of oral diseases among immigrants and refugees 

(Publications 1 and 2); second, to explore the potential applications of Nudge 

theory in oral health promotion (Publication 3); and third, to evaluate the 

effectiveness of Nudge theory-based interventions in improving oral self-care 

among schoolchildren with refugee and immigrant backgrounds through a field 

trial (Publication 4). 

Methods: The first two studies (Study 1 and 2) were scoping reviews 

conducted following PRISMA guidelines to evaluate the global prevalence of 

dental caries and periodontal diseases among immigrants and refugees. Study 

3 was a critical review utilizing Daly and Carnwell’s framework. The reviews 

used, data from specific online databases (i.e., Scopus, Embase, and PubMed).  

Study 4 was a quasi-experimental field trial involving 309 schoolchildren, 

approximately 9 years old. Interventions using motivational video clips were 

randomly assigned across three schools: one received messages based on 

Social Norms (MSN), another on messages of Fear of Negative Outcomes 

(MFNO), and a control group (C). Baseline plaque index (PI) and caries 

experience in primary and permanent dentition (dmft/DMFT) were recorded. 

PI was reassessed at two weeks, two months, and six months post-

intervention. 

Results: This thesis comprises four published studies with the main findings 

summarized as follows: 
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 Publications 1 and 2: High prevalence of dental caries and gingivitis was

consistently observed among immigrants and refugees, with caries rates

varying from 4.6% to 98.7% and gingivitis from 5.7% to 100% across all

demographic groups showing high heterogeneity in their oral health,

moreover, the data showed a low level of access to dental health services

for these population groups.

 Publication 3: There is a dearth of studies on behavioral economics,

particularly those involving reward and reminder techniques. Despite this,

several successful nudge interventions in sectors such as nutrition, tobacco

and alcohol cessation, and medication compliance suggest the potential for

oral health to benefit from the same cognitive mechanisms as these

interventions. These nudges vary significantly in effectiveness depending on

the delivery method and the characteristics of the population.

 Publication 4: There was a significant reduction in the mean PI across all

groups at the two-week follow-up (p < 0.01). However, these improvements

diminished over six months, with significant long-term benefits observed

only in the MSN and MFNO groups (p < 0.01). The average decayed, missing,

and filled teeth (dmft/DMFT) scores were 4.24 ± 2.11 and 1.70 ± 1.24,

respectively, with Afghan children showing significantly higher dmft scores

compared to Iranian children (p = 0.01). Using the Nudge theory via visual

aids was more effective in promoting oral self-care than traditional Oral

Health Instruction (OHI), with MSN showing better immediate effects and

MFNO demonstrating more long-lasting impacts.

Conclusions: This thesis underscores the urgent need for targeted

interventions to address significant oral health disparities among refugees and 

immigrants, highlighting the necessity for comprehensive studies in diverse 
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socioeconomic contexts. Nudge theory emerges as a promising strategy to 

improve oral health behaviors, yet its long-term effectiveness requires further 

exploration and testing across different populations. To enhance access and 

outcomes in oral health care for marginalized groups, it is crucial to develop 

adaptive policies and strategies, to improve oral health of marginalized 

populations. 

 

Publication 1: Banihashem Rad SA, Esteves Oliveira M, Maklennan A, Castiglia P, Campus 

G (2023). “Higher prevalence of dental caries and periodontal problems 

among refugees: A scoping review”. Journal of Global Health, 13:04111. 

DOI: 10.7189/jogh.13.04111. PMID: 37712847; PMCID: PMC10503462. 

Publication 2: Banihashem Rad SA, Esteves-Oliveira M, Maklennan A, Douglas GV, 

Castiglia P, Campus G (2024). “Oral health inequalities in immigrant 

populations worldwide: a scoping review of dental caries and periodontal 

disease prevalence”. BMC public health, 24(1):1968. DOI: 10.1186/s12889-

024-19354-4. 

Publication 3: Kazemian A, Hoseinzadeh M, Banihashem Rad SA, Jouya A, Tahani B 

(2023). “Nudging oral habits; application of behavioral economics in oral 

health promotion: a critical review”. Frontiers in Public Health, 

11:1243246. DOI: 10.3389/fpubh.2023.1243246. PMID: 38145077; 

PMCID: PMC10739307. 

Publication 4: Banihashem Rad SA, Esteves-Oliveira M, Kazemian A, Azami N, Khorshid 

M, Sohrabi A, Attaran Khorasani A, Campus G (2024). “Evaluating the 

Effectiveness of the Nudge Theory in Improving the Oral Self-Care of 

Schoolchildren with Refugee and Immigrant Backgrounds in Mashhad, 

Iran”. Dentistry Journal, 12(7):228. DOI: 10.3390/dj12070228. PMID: 

39057015; PMCID: PMC11276547. 
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Abbreviations  

 C Control 

 DMFT Caries Experience in the Permanent Dentition 

 dmft Caries Experience in the Primary Dentition 

 DT Decayed Teeth in the Permanent Dentition 

 dt Decayed Teeth in the Primary Dentition 

 FDI World Dental Federation 

 FT Filled Teeth in the Permanent Dentition 

 ft Filled Teeth in the Primary Dentition 

 JBI SUMARI Joanna Briggs Institute System for the Unified 

Management of the Assessment and Review of 

Information 

 MFNO Messages based on Fear of Negative Outcome 

 MSN Messages based on Social Norms 

 MT Missing Teeth in the Permanent Dentition 

 mt Missing Teeth in the Primary Dentition 

 NR Not Reported 

 OSF Open Science Framework 

 OHI Oral Hygiene Instruction 

 PI Plaque Index 

 PRISMA Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses 

 SD Standard Deviation 

 SPIDER Sample, Phenomenon of interest, Design, 

Evaluation, and Research type 

 WHO World Health Organization 
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1. Introduction 

1.1 Oral Health: A Critical Component of Global Public Health 

Oral health is a fundamental aspect of overall well-being, as it is not only 

essential for basic functions like eating, speaking, and socializing, but also vital 

for systemic health. Despite the aforementioned importance, oral health is 

often neglected in public health policies, particularly among marginalized 

communities such as immigrants and refugees. It has been documented that 

poor oral health is associated with systemic diseases such as diabetes, 

cardiovascular disease, and respiratory infection. (Sabbah et al., 2019). 

Furthermore, oral conditions often cause pain and disability leading to reduced 

dietary intake with detrimental consequences on mental status (Skolov et al., 

2023), thereby it has a strong bearing on an individual’s quality of life. In 

addition, poor oral health can negatively affect self-confidence and social 

interaction, further isolating the affected individuals (General, Dental, & 

Research, 2000). 

1.2 Disparities in Global Oral Health 

Oral diseases, namely dental caries, periodontal diseases and oral cancer, are 

the most common non-communicable diseases worldwide. The World Health 

Organization (WHO) reports that nearly 3.5 billion people—approximately half 

of the global population—suffer from oral diseases, with a disproportionate 

75% of affected individuals living in middle-income countries (WHO, 2023). It 

has been reported that socioeconomic disparities significantly affect 

accessibility to oral health services, with low-income countries experiencing 

accessibility rates of 35%, lower-middle-income countries reaching 60%, 
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upper-middle-income countries reaching 75%, and high-income countries 

reaching 82% (Hosseinpoor et al., 2012). Higher prevalence rates particularly 

among low-and middle-income countries have been reported for dental caries 

and periodontal diseases (Cherian et al., 2023). Notably, regional disparities 

are evident, as Asia reports a higher prevalence of untreated dental caries 

compared to Europe (WHO, 2023). 

1.3 Impact and Challenges of Global Migration 

According to the International Organization for Migration (IOM), a refugee is 

an individual outside the country of his/her nationality and unable to benefit 

from its protection (Perruchoud et al. 2004). All refugees were once asylum 

seekers; although the two terms were often used interchangeably, they are 

not synonymous. Asylum-seekers are people seeking international protection 

but have not yet been legally recognized as refugees. On the other hand, an 

immigrant is someone who voluntarily moves to a new country, whereas a 

refugee is an individual who is compelled to leave the country of origin. There 

is a profound impact of migration on societies, economies, and cultures across 

the globe, and it is emerging as a key factor in global dynamics (Wouters et al., 

2022). In recent years, international migration has been increasing 

significantly; according to the World Migration Report, the global population of 

international migrants reached 281 million in 2020 which indicates an increase 

of 60 million since 2010 (McAuliffe et al., 2021). Additionally, the UNHCR states 

that the number of refugees has risen from 70.8 million in 2018 to 100 million 

by 2022 (Sampson et al., 2013). 

There are numerous intricate challenges that face both migrants and host 

societies during the migration process. Newcomers usually face language 
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barriers, unfamiliar laws, and other customary practices that affect their 

integration hence limiting them rightfully (Grant et al., 2005). Based on a 

systematic review conducted in 2020 (Blackmore R et al., 2020), approximately 

one-third of refugees suffer from depression, demonstrating the profound 

health impacts of migration and emphasizing the necessity of comprehensive 

social and health support systems in host countries. 

1.4 Oral health in marginalized populations

In healthcare policies affecting marginalized populations such as migrants and 

refugees, oral health continues to be an important, but often overlooked 

component (Fisher-Owens et al., 2008). 

Oral diseases are among the most prevalent health issues among refugees who 

often face significant barriers to receiving dental care (WHO, 2018). There are 

a number of barriers to oral health, including language difficulties, institutional 

discrimination, and limited access to dental services (Asfari et al., 2024; Keboa 

et al., 2016). As refugees may prioritize immediate survival needs upon arriving 

in host countries before considering oral health, financial constraints further 

compound these challenges (Davidson et al., 2007). 

Recent reviews have demonstrated that migrants experience a higher 

prevalence of dental caries and poorer periodontal health compared to non-

migrant populations, with disparities primarily affecting ethnicity, economic 

status, and social grade (Publications 1 and 2), (Lauritano et al., 2021). 

Additionally, cultural differences, a lack of health insurance, and insufficient 

financial resources limit the accessibility of dental care to these individuals. 

Moreover, unfamiliarity with the healthcare systems in new host countries 

often leaves many refugees with untreated dental issues, leading to pain and 
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further health complications (Asfari et al., 2024). As a result, these groups are 

less likely to benefit from advancements in prevention and treatment, 

resulting in a disproportionate burden of oral diseases (Fisher-Owens et al., 

2008). 

1.5 Efforts to Enhance Oral Health in Immigrant and Refugee Populations 

Different initiatives have been developed to improve oral health of migrants 

(Glick et al., 2016). Most of these programs have a dual approach: improving 

oral health through oral health education and increasing access to dental care 

(Keboa et al., 2016). 

Educational Programs: Raising awareness about oral health among these 

populations requires culturally appropriate oral health education (Adekunle et 

al., 2023). A significant contribution to oral health literacy is evident in 

programs aimed at improving oral hygiene practices, such as brushing and 

flossing techniques (Muller et al., 2024; Ponce-Gonzalez et al., 2020, 2019; 

Gibbs et al., 2015; Geltman et al., 2014). Similarly, it has been suggested that 

oral health education can be integrated into primary care for young migrant 

mothers through a model (e.g., drawings and images to describe the dangers 

of poor oral hygiene during pregnancy related to the health of mothers and 

babies, low-cariogenic diet practice and home oral hygiene care) to deliver 

preventive oral health services (Esimekara et al. 2022). 

Service Provision: Several successful service models, including free dental 

treatments, basic oral health care packages, and mobile dental units, have 

been highlighted by the World Dental Federation. A wide range of dental 

procedures are performed using these mobile dental units, from routine 

cleanings to more complex procedures such as extractions and restorative 
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work (Bala et al., 2023; FDI, 2020). Furthermore, essential dental services are 

frequently provided by vans in these communities, sometimes accompanied by 

emergency services and support such as telephone interpretation, with the 

assistance of local organizations, such as government and university dental 

clinics and hospitals, which helps reduce costs and improve accessibility (Paisi 

et al., 2020; Keboa et al., 2019, 2016; Sypek et al., 2008; Zinah et al., 2021). 

Policy Recommendations: The integration of oral health services into primary

healthcare systems has been recommended at the policy level in order to 

facilitate easier access to oral health care for immigrants and refugees. This 

integration helps remove possible barriers to providing comprehensive care 

that includes oral health as a component of overall health strategies (Karnaki 

et al., 2022). 

1.6 Nudge theory in Health and Oral health 

Behavioral economics is a new field of social study that seeks to incorporate 

insights from psychology into economics. The awarding of Nobel Prizes in 

Economics to Daniel Kahneman in 2002 and Richard Thaler in 2017 significantly 

elevated behavioral economics to particular academic attention in different 

disciplines. Thaler’s theory, known as Nudge Theory, addresses cheap and easy 

interventions that effectively alter individuals’ behavior. Nudge theory focuses 

on Easy, Attractive, Social, and Timely interventions (EAST) to promote healthy 

behaviors. 

It may appear logical to assume that people would make the best health 

decisions; however, many continue to prioritize short-term pleasures despite 

being aware of the long-term consequences for their health (Hofmann et al., 

2008). Nudge theory recognizes behavioral complexity and rejects the idea 
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that humans would make optimum decisions when given the appropriate 

information (Hansen et al., 2013). Instead, nudges are used as interventions 

that do not limit choices, but are like gentle pushes that help people make 

better choices without forcing them or taking away their freedom of choice. 

Evidence indicates that nudges can effectively affect various health policy 

areas, particularly in preventive healthcare. The World Health Organization 

(WHO) suggested that concentrating on more affordable and practical 

methods of preventing and managing noncommunicable diseases in low-and-

middle income countries has the potential to save around 7 billion lives by 

2030 (WHO, 2021). Noncontagious diseases, including type 2 diabetes, have 

been examined as potential targets for nudge interventions (kullgren et al., 

2017). Research has also indicated that nudges can positively influence 

patients’ lifestyle choices, such as diet, medication adherence, physical activity, 

and the consumption of tobacco and alcohol (Angellotti et al., 2019; Ruggeri et 

al., 2020; Reddy et al., 2017). Prior systematic reviews revealed that the most 

of the existing nudge studies were conducted in nutritional sciences, which are 

essential for other health topics, such as oral health (Gondivkar et al., 2019; 

Arno et al., 2016; Hollands et al., 2013). 

In healthcare, Nudge Theory has been mainly applied to promote healthier 

dietary and nutritional choices. According to a recent systematic review 

(Almeida et al., 2024), 81% of interventions that aimed to increase fruit and 

vegetable consumption were effective due primarily to strategies that 

modified salience and accessibility of these food items, coupled with 

informative health claims and reinforcing social norms. Further, changes in the 

choice architecture, such as altering the physical or social environment, 

emotional priming, adjusting food availability, or providing clear labels, have 
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resulted in a 15.3% increase in healthier dietary choices (Arno et al., 2016). 

Nudging has also proven effective in reducing unhealthy behaviors. It has been 

shown that strategies such as highlighting health risks and providing feedback 

have significantly reduced alcohol and tobacco consumption, and warning 

labels on alcoholic beverages have enhanced awareness of the associated risks 

through negative emotional stimuli (Nurchis et al., 2023). On the topic of 

patient safety, six nudge interventions were effective in improving the 

acceptability of strategies aimed at reducing medication errors in healthcare 

settings (Chew et al. 2023). 

Technology has further broadened the impact of Nudge Theory. Text 

reminders and interactive chatbots have improved medication adherence and 

physician visits (Glasgow et al., 2021; Fukuma et al., 2021). 

Similarly, notification systems on devices like the Apple Watch have 

substantially increased user physical activity, demonstrating the power of 

timely nudges in encouraging physical activity (Nazaret et al., 2023; Forberger 

et al., 2019). 

Despite the limited research in this area, Nudge Theory has been effectively 

utilized to foster positive oral health behaviors. Various strategies have been 

employed, each tailored to encourage adherence to good practices. 

A review of the potential applications of Nudge theory in oral health 

promotion is outlined in Publication 3. The application of Nudge Theory in 

promoting better oral self-care among children was rigorously evaluated and 

implemented as a field trial in Publication 4. 
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2. Aims 

This PhD thesis is structured around three primary objectives: 

1. Evaluate the Global Prevalence of Oral Health Diseases among Immigrants 

and Refugees: 

This objective focuses on assessing the prevalence of dental caries and 

periodontal diseases within immigrant and refugee populations. The findings 

from this investigation are detailed in Publications 1 and 2. 

2. Explore the Application of Nudge Theory in Oral Health Promotion: 

The second aim examines how Nudge Theory can be utilized to enhance oral 

health practices. The methodologies and outcomes of this exploration are 

discussed in Publication 3. 

3. Assess the Effectiveness of Nudge Theory in Promoting Better Oral Self-

Care among Schoolchildren: 

The final objective evaluates the impact of Nudge Theory interventions on 

improving oral self-care among schoolchildren from refugee and immigrant 

backgrounds in Mashhad, Iran. The results of this field trial are described in 

Publication 4. 

Collectively, these aims advance our understanding of oral health challenges 

and intervention strategies within vulnerable populations, with a particular 

emphasis on behavioral economics as a health promotion tool. 
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3. Methods 

 Publications 1 and 2 - Global Prevalence of Oral Health Diseases: 

Conducted as scoping reviews, these studies utilized PRISMA guidelines to 

systematically collect and analyze data from Scopus, Embase, and PubMed 

on dental caries and periodontal diseases among immigrants and refugees. 

 Publication 3 - Application of Nudge Theory in Oral Health Promotion: 

This study was a critical review that utilized Daly and Carnwell’s framework 

to evaluate existing applications of Nudge Theory in health behavior 

changes, focusing on oral health initiatives. 

 Publication 4 - Effectiveness of Nudge Theory in Schoolchildren: 

A quasi-experimental field trial was conducted involving 309 schoolchildren 

to test the efficacy of Nudge-based interventions in enhancing oral self-care, 

with interventions being randomly assigned to different groups within 

schools in Mashhad, Iran. 
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4. Results 

The results of this PhD Thesis are derived from the following four Publications. 
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4.1 Results: Journal Article #1 
 
 
 
 
 
 
 

 
Higher prevalence of dental caries and periodontal problems among refugees: 

A scoping review 

 

 
Published in: 

Journal of Global Health - 2023 
 
 
 
 
 

Banihashem Rad SA*, Esteves-Oliveira M*, Maklennan A, Castiglia P, 

Campus G. 

 

* Joint first-authorship 

 

 

 

Own contribution: 

Study design, data acquisition, analysis and interpretation, manuscript 

drafting and revising. 
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Higher prevalence of dental caries and 

periodontal problems among refugees:  

A scoping review

Electronic supplementary material: 

The online version of this article contains supplementary material.

Cite as: Banihashem Rad SA, Esteves Oliveira M, Maklennan A, Castiglia 

P, Campus G. Higher prevalence of dental caries and periodontal problems 

among refugees: A scoping review. J Glob Health 2023;13:04111.

Seyed Ahmad 
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Background We assessed the prevalence data on oral health diseases, namely dental 

caries and periodontitis, among refugees and asylum seekers worldwide.

Methods A systematic search of Scopus, Embase, and PubMed retrieved 1225 re-

cords; following title and abstract screening, 58 studies remained for full-text eligi-

bility screening based on pre-defined inclusion criteria. Twenty-six studies were in-

cluded in the review.

Results Dental caries and tooth loss due to caries were high in refugee populations, re-

gardless of their age, gender, or nationality. The adult population had a mean decayed, 

missing, and filled teeth (DMFT) index score of 9.2 (standard deviation (SD) = 2.3); 

children had a score of 3.1 (SD = 1.1) for deciduous teeth and 2.5 (SD = 1.1) for perma-

nents. Caries prevalence among refugees ranged from 4.6% to 98.7%, and gingivitis 

from 5.7% to 100%, indicating a high heterogeneity in their oral health. Regarding 

oral health accessibility, 17% to 72% of refugees had never been to a dentist, showing 

a very low level of accessibility to dental health services.

Conclusions Interventions and policies need to be designed to reduce oral health in-

equalities among refugee populations and asylum seekers, and host countries must 

implement strategies to increase their access to oral health care. Existing data should 

be used to set priorities for improving the oral health of refugees.

Registration: Open Science Framework: https://doi.org/10.17605/OSF.IO/SU59K.

© 2023 The Author(s)

According to the International Organization for Migration (IOM), a refugee is an individ-

ual outside the country of his/her nationality and unable to benefit from its protection [1]. 

All refugees were once asylum seekers; although used interchangeably, these terms are 

not synonymous. Asylum-seekers seek international protection but have not yet been le-

gally recognized as refugees.

According to the United Nations High Commissioner for Refugees (UNHCR), the num-

ber of displaced people worldwide has risen from 70.8 million in 2018 to a 100 million 

by 2022 [2,3], likely due to the situation in Afghanistan following withdrawal of the USA 

and new conflicts in Ukraine, Ethiopia, and Myanmar [4].

Refugee populations are at increased risk of developing a range of physical, psychological, 

and social health problems due to traumatic experiences and settlement pressures [5,6], as 

well as specific health problems [7], as many refugees come from countries where health 

systems have been damaged by conflict or civil unrest. Consequently, the prevalence of 

oral health problems is expected to be high among refugees [8], yet there is limited data 

and research to inform policymakers about their oral health needs and those of asylum 

seekers [9,10].



 

 24 

  

Banihashem Rad et al. 

Oral diseases (i.e. dental caries and periodontitis) are a major contributor to the global burden of chronic 
disease [11,12]. Poor oral health negatively impacts quality of life and can increase the risk of developing 
chronic diseases [13]. For example, prolonged discomfort from an infected tooth can affect food intake and 
therefore nutrition. Additionally, bacteria associated with chronic periodontitis have been linked to diabe­
tes and cardiovascular disease [14,15]. 

Refugee children are more likely to have poor oral health, impacting their overall health and well-being 
[16,17] and possibly causing malnutrition due to dietary changes and phonation difficulties, not only in 
children [18], but also in the elderly population [19]. Additionally, poor oral health might lead to an increase 
in body dissatisfaction [20] and negatively influence simple actions such as smiling, speaking, and eating 
[21]. Thus, oral health influences both overall health and mental health. 

In summary, oral health diseases are among the most neglected aspects of health, regardless of location, 
culture, education, or economic standing, particularly in low- and middle-income countries. Thus, gain­
ing a holistic overview of the prevalence of oral health problems among refugees and asylum seekers might 
assist policymakers in defining treatment needs and treatment strategies, as well as the best ways to adapt 
them to the host countries' health systems, which are frequently overloaded when many refugees suddenly 
entering the country. 

We aimed to conduct the first review on dental caries and periodontal problems in the refugee population 
on a global scale. Our main goals were to synthesize the evidence of the prevalence of dental caries among 
refugees and asylum seekers by evaluating the Decayed, Missing, and Filled Teeth in permanent and pri­
mary dentition (DMFT/dmft) index and to evaluate the prevalence of periodontal problems. We also aimed 
to appraise the dental care services provided to refugees and their needs and deficiencies. 

METHODS 
We registered the scoping review at the Open Science Framework (OSF) registries (https://doi.org/10.17605/ 
OSF.IO/SU59K). We conducted and reported the review following the Preferred Reporting Items for Sys­
tematic Reviews and Meta-Analyses (PRISMA) 2020 statement [22]. 

Search strategy and selection criteria 

Research question 

Our research question was "What is the prevalence of dental caries and periodontal diseases among refugees 
and asylum seekers worldwide, and do they have an increased prevalence of these diseases than the gener­
al population of the host country?", outlined based on the sample, phenomenon of interest, design, evalua­
tion, and research type (SPIDER) [23] tool. We searched Scopus, Embase, and PubMed using a pre-designed 
search strategy; a representative search string for PubMed is presented here, while the remaining ones can 
be found in the Online Supplementary Document). 

Sample (S): (("Emigrants AND lmmigrants"[MeSH Terms] OR "Undocumented lmmigrants"[MeSH Terms] 
OR ("Refugees"[MeSH Terms] OR "Refugee Camps"[MeSH Terms]) OR "Ethnicity"[MeSH Terms] OR "Eth­
nic and Racial Minorities"[MeSH Terms] OR "asylum seeker*"[Title/Abstract] OR "displaced person*"[Title/ 
Abstract] OR "refugee*"[Title/Abstract]) 

Phenomenon (P) of Interest (I): All the articles that related to either dental caries or periodontal problems. 

Design (D): not restricted. 

Evaluation (E): (("Dental Caries"[MeSH Terms] OR "Root Caries"[MeSH Terms] OR "Dental Caries Suscep­
tibility"[MeSH Terms] OR "Periodontal Pocket"[MeSH Terms] OR "Periodontal lndex"[MeSH Terms] OR 
"Gingivitis"[MeSH Terms] OR "DMF lndex"[MeSH Terms] OR "dmf index*"[Title/Abstract] OR "dental de­
cay*"[Title/Abstract] OR "carious lesion*"[Title/Abstract] OR "Carious white spot*"[Title/Abstract] OR "peri­
odontal pocket*"[Title/Abstract] OR "dmft s*"[Title/Abstract] OR "gingival index*"[Title/Abstract[ OR "dm­
ft*"[Title/Abstract] OR "dmft index*"[Title/Abstract] OR "bleeding on probing*"[Title/Abstract] OR "probing 
pocket depth*"[Title/Abstract] OR "clinical attachment loss*"[Title/Abstract]) 

Research type (R): not restricted. 

2023 • VOL. 13 • 04111 2 www.jogh.org • dol: 10.7189/jogh.13,04111 
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Oral health problems among refugees 

Eligibility criteria 

We included all quantitative and qualitative studies on dental caries or periodontal problems of refugees 
and asylum seeker populations published from 2011 to December 2022. We excluded non-peer-reviewed 
papers and unpublished research (e.g. theses, abstracts, and preprints). 

Anicles identified through search 
str;ltegy ___,. 

{n• l 225) 

Articles screened 
(noc884) 

1 
Full•Text reviews assessed for 

Ellgibl1ity 
ln•58) 

Studles Included after Data 
Extraction 

(n:21) 

Duplicates removed 

(n•341) 

Exciuded by Title Screening 
(n•212) 

Excluded by Abstract Screening 
(n•117) 

~ 

Papers. relating to the dental caries or perkxlontal 
problems In refugees or asylum seekers 

Publicatlons from 2011 to 2022 

English, French, Italian, German Language 

No data on dental caries or periodontal health 

Studies relating to Immigrants, ethnic minorities and 
Indigenous people 

Studies published before 201l 

------1 Reports retrieved by hand search I 
(n•S) ~--------~ 

Studies Included In review 

(n•26) 

Figure 1. PRISMA Oow diagram of papers selection. 

Search strategy 

Authors extracted text words and index key­
words from relevant papers' titles and ab­
stracts to identify relevant articles, developing 
search strings the selected keywords and syn­
onyms in conjunction with the Boolean op­
erators "AND" and "OR". We only considered 
papers published in English, Italian, German, 
Spanish, and French. All age groups were in­
cluded. The inclusion and exclusion criteria 
are displayed in Figure 1. 

Study selection 

Following deduplication, two independent 
reviewers (SABR and AM) screened the re­
trieved titles and abstracts (n=884) to deter­
mine their relevance against pre-defined eligi­
bility criteria, after which they examined the 
full texts of the selected studies (n = 58) for 
inclusion. If discrepancies between the two 
reviewers could not be resolved through dis­
cussion, a third reviewer (GC) was consulted. 

Risk of bias 

After excluding ineligible papers, two review­
ers (SABR and AM) independently critically 
rated all eligible full texts using a critical ap­
praisal instruments for prevalence studies in 
the Joanna Briggs Institute UBI) System for 

the Unified Management of the Assessment and Review of Information (SUMARI) software Uoanna Briggs 
Institute, Adelaide, Australia) (Online Supplementary Document). Disagreements were resolved through 
discussion or the assistance of a third reviewer (GC). The appraisal instrument comprised nine questions 
to which the answers were "yes", "no", and "unclear." 

Data extraction and data synthesis 

One author (SABR) extracted the following information using a pre-designed data collection form in Excel 
(Microsoft Corporation, Washington, USA): study characteristics - first author's last name, year of publica­
tion, country of study, study design, sampling procedures, calculation of sample size, and methods of data 
collection, participant characteristics and outcome measure - number of participants, sex, age, prevalence 
of dental caries and periodontal problems, oral health accessibility, and other findings from the original pa­
pers. The data was checked by a co-author (GC). 

Parameters measured in the review 

We excluded immigrants and ethnic minorities, as we focused on summarising data on oral health diseases 
(ie, dental caries and periodontitis) among refugee and asylum seeker populations. 

In line with the World Health Organization (WHO) methodology [24,25], we applied the DMFT index 
score to evaluate dental caries [25], calculating the mean and standard deviation (SD) of the prevalence and 
range of dental caries scores where relevant. We considered both studies with prevalence(% of DMFT>0) 
and severity (mean DMFT) data on either permanent or deciduous dentition or periodontal problems (e.g. 
gingivitis, periodontitis). 
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RESULTS 
Study selection 

We retrieved 850 studies from Scopus, 98 from Embase, and 277 from PubMed. Following deduplication 
(n = 341), two reviewers (SABR, AM) screened the study titles, followed by their abstract (n = 212), after which 
58 studies remained for full-text review (Figure 1 and Online Supplementary Document). We then ex­
tracted data from 21 articles on refugees' and asylum seekers' oral health. We further retrieved five studies 
[26-30] through additional manual searches. Finally, we included 26 studies in the analysis [26-52] (Table 
1 and Online Supplementary Document). 

Quality assessment 

We did not exclude any study based on methodological quality assessment. The frame and adequacy of 
the sample size of the included studies received the lowest scores: five in two studies [44,50] and six in 
four studies [33,41 ,42,49] because there was no description of the sampling frame, participant selection 
procedures, and sample size calculation. Only 11 studies reported procedures for calculating sample size 
or its acceptability for the target group. Twenty studies provided a detailed description of the study set­
ting and participants. Seven studies [38,41 ,42,44,48-50] failed to indicate the confidence interval (Cl) for 
the mean value. 

Table 1. List of studies included in review, ordered alphabetically by country where the study was conducted 

Number Age 
v;~~ of Study type ~f~1: 1.7 Country of origin of study participants o~ parti- range in 

Y Y crpants years 

Nicol et al. [31] 2012 Cross-sectional Australia Afghanistan, Burma, Iran, Iraq, and Sri Lanka 105 0.7-6.7 

Marwaha et al. [32] 2017 Cross-sectional Australia Afghanistan, Burma, Iran, Pakistan, and Sri Lanka. 201 18-74 

van Berlaer et al. [26] 2015 Cross-sectional: Belgium Afghanistan, Iraq, Morocco 3907 0-75+ 

Hoover et al. [33] 2012 Pilot Study Canada 
The Indian subcontinent, other parts of Asia, and the rest 

89 3-15 
of the world 

Moreau et al. [34] 2013 
Retrospective 

Canada 
Africa, Europe, Middle East, North America, and South 

120 1-14 
study America, 

Azrak et al. [35] 2017 Cross-sectional Canada Africa, Eastern Mediterranean, and South East Asia 211 1-5.9 

Goetz et al. [361 2016 Cross-sectional: Germany 
Afghanistan, Armenia, Chechnya, Eritrea, Iran, Iraq, 

102 16-64 
Somalia, Syria, and Yemen 

Solyman et al [37] 2016 Cross-sectional Germany Iraq and Syria 386 18-60 

Takriti et al. [38] 2016 Cross-sectional Germany Afghanistan, Iraq, and Syria 288 18-75 

Mainly from Syria, Afghanistan, Iraq, Eastern Europe, and 

Al-Ani et al. [39] 2016 Cross-sectional Germany 
from Asia (Iran, Pakistan, Thailand, Azerbaijan, Tajikistan, 

544 3-75+ 
Russia,) as well as from African countries (Eritrea, Ghana, 
Nigeria, Ethiopia, and Somalia) 

Freiberg et al. [27] 2019 
Retrospective 

Germany Afghanistan, Iran , Somalia, and Syria 568 20-34 
Study 

Pavlopoulou 
2010 Cross-sectional: Greece 

Afghanistan, Bangladesh, DR Congo, Eritrea, Iran, Kenya, 
300 0-14 

et al. [28] Lebanon, Pakistan, Somalia, and Sudan 

Kakalou et al. [29] 2015 Cross-sectional: Greece 
Afghanistan, Iraq, and Syria; other regions: Africa, Asia , 

6688 0-75+ 
and the Middle East 

Bhatt et al. [40] 2017 Cross-sectional India Tibet 254 6-18 

Noaman et al. [41] 2017 Cross-sectional Iraq Syria 79 4-5 

Hamid et al. [42] 2020 Cross-sectional Iraq Syria 200 25-65 

Biscaglia et al. [43] 2016 Cross-sectional Palestine 
Palestine (UNRWA Schools) Jordan, Lebanon, Syria, Gaza 

1550 6-18 
Stri , and West Bank 

Makan et al. [44] 2017 Cross-sectional Jordan Syria 125 6-12 

Salim et al. [45] 2019 Cross-sectional Jordan Syria 606 7-19 

Salim et al. [46] 2019 Cross-sectional Jordan Syria 547 18-50 ' 

Joury et al. [47] 2017 Cross-sectional Lebanon Syria 823 4-23 

H0yvik et al. [48] 2013 Cross-sectional Norway 
Middle East and Africa (Syria, Iran, Iraq, Afghanistan, 

132 ]8• 
Eritrea, Somalia, Sudan, Nigeria) 

Riatto et al. [49] 2015 Cross-sectional Spain Syria 156 5-13 

Hjern et al. [30 I 2015 Cross-sectional Sweden Afghanistan and Syr ia 639 6-1 5 

Kazwini et al. (50) 2019 Cross-sectional Syria Syria 118 4-60 

Flynn et al. [51] 2020 Cross-sectional USA Somalia 366 0.5-60 
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Characteristics of included studies 

Seven studies had a control group [28,30,33,34,38,39,50], primarily the host country's local population, 
except for two studies (28,33] which had the immigrant population as a control group. Four included stud­
ies (33,38,44,48] assessed the treatment need of refugees, seven [33-35,38,40,41 ,46] reported on the utilisa­
tion of oral health services, two (41 ,43] investigated dietary factors, and two (41 ,51] investigated the moth­
er-child caries rates, with one (51] showing a positive correlation between mother-child caries experience. 
Five studies (26,27,30,32,38] also included asylum seekers as participants. Three of these studies used the 
terms "refugee" and "asylum seeker" interchangeably (17,32,38]. None of the included studies had access to 
the oral health status of the sample group prior to their arrival. 

Children were the study populations in 11 studies [28,30,31,33-35,40,41 ,43,44,49], children and adults in 
eight [26,29,36,39,45,47,50,51], and only adults in seven [27,32,37,38,42,46,48]. All study samples consist­
ed of more men than women, except for three studies (29,46,50]. Only three studies (38,39,43] had a mul­
ticenter clinical design. The main host countries were Germany, Canada, Australia, Jordan, and Iraq, while 
refugees originated from a wide range of countries, with most coming from Syria, Afghanistan, and Iraq 
(Table 1, Figure 2). 

■ Germany 

■ JOfdan 

■ Canada 
■ Auwalia 

■ 11,l(I 

Lebinon 
■ Sna 

■ Bek11um 

■ GazaStnpand 1 
WHt8ank 

■ Ind.a 

■ USA • 
Figure 2. World map showing the countries, where studies regarding the oral health of refugees have been performed. 
A table at the left side shows additionally the number of studies per country, with the countries sorted by number of 
studies (from the highest Lo the lowest), where it is clearly observable the highest number of studies on refugees have 
been conducted in Germany. Some studies were conducted in more than one Country. Countries in which no stud­
ies could be found are marked in gray. 

Age was directly correlated with caries prevalence (31,34,37]. In another study, the same trend was observed 
just for permanent dentition and an opposite relationship was shown for deciduous teeth. Meaning caries 
was inversely related to the age of the deciduous dentition (49] (Online Supplementary Document). Three 
studies (37,46,50] indicated that men had a lower oral health status (decayed and missing tooth) compared 
to women. This difference was significant in two studies (37,46] and not significant in one (50]. No substan­
tial significant gender differences in dental status were found in five studies (31,41 ,48-50]. 

Country of origin was described a significant determinant for caries (33]. Refugees from the Middle East 
had more decayed teeth (OT) and a higher DMFT sum compared to refugees from Africa (48]. Refugees that 
had been displaced for more than five years were significantly more susceptible to caries than those who 
had been displaced for less than five years (47]. 
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Dental caries in refugees 

Regarding caries in adults, four of the seven studies [38,39,42,46] indicated a very high DMFT severity 
(mean DMFT>lO), while also showing an expanded version of the DMFT index with individual compo­
nents (Table 2). 

Table 2. Caries distribution in refugees in included studies* 

Sa~ple DMFT OT MT FT dmft dt mt ft OMFT/ DT/dt 
s,ze dmft 

Adults 
Solyman et al [371 386 6.3 (5.0) 4 (3.3) 1.4(3.3) 0.9 (1.6) NA NA NA NA NA NA 
Goetz et al. [36[ 102 6.89 (5.5) 2.9 (2.0) 3.8 (2.9) 3.7 (2.9) NA NA NA NA NA NA 
H0yvik et al. [48[ 132 7.4(5.8) 4.3 (3.5) 1.4 (2.4) L7 (3.4) NA NA NA NA NA NA 
Hamid et al. [42[ 200 l0.7 (3.3) NA NA NA NA NA NA NA NA NA 
Takriti et al. [381 288 10.9 (3.7) 3.4(0.3) 4.1 (3.1) 3.3 (1.0) NA NA NA NA NA NA 
Al-Ani et al. [39[ 544 10.9(3.7) 3.4 (0.3) 4.1 (3.1) 3.3 (1.0) NA NA NA NA NA NA 
Salim etal. [46[ 547 11.8 (1.7) 5.4 (0.3) 3.5 (1.2) 3.4 (0.6) NA NA NA NA NA NA 
Overall 2199 9.2 (2.3) 3.9 (0.8) 3(1.2) 2.7 (1.1) NA NA NA NA NA NA 
Children 
Nicol et al. [31 [ 105 NA NA NA NA 5.2 (4.1) NA NA NA NA NA 
Hoover et al. [33[ 89 NA NA NA NA NA NA NA 1.5 (2.3) 5.8 (4.2) 3.0 (3.4) 

Moreau et al. [34[ 120 NA NA NA NA NA NA NA NA 7.2 (51) 6.7 (5.0) 

Azrak et al. [35[ 211 NA NA NA NA 2.2 (3.8) 1.7(3.0) 0.2 (0.8) 0.3 (1.6) NA NA 
Al-Ani et al. [39[ 544 1.4 (1.2) 0.8(0.8) 0.0.1 (0.1) 0.4 (0.3) 3.0(1.8) 2.4(1.4) 0.2 (0.2) 0.3 (0.2) NA NA 
Bhatt et al. [401 254 2.8 (2.4) NA NA NA 3.5(4.1) NA NA NA NA NA 
Noaman et al. [41[ 79 NA NA NA NA 2.9 (0.8) NA NA NA 4.4 (5.0) 3.2 (4.3) 

Salim et al. [45[ 606 4.3 NA NA NA NA NA NA NA NA NA 
Makan et al. [44[ 125 3.6 (9.8) NA NA NA 2.9 (4.7) NA NA NA NA NA 
Biscaglia et al. [431 1550 2.5 (2.5) NA NA NA NA NA NA NA NA NA 
Joury et al. [471 823 NA 2.0 (2.3) NA NA NA 3.2 (3.0) NA NA NA 5.3 

Riatto et al. [491 156 0.8(1.8) 0.7 (1.79 0 (0. 1) 0.1 (0.4) 2.2 (2.9) NA NA NA NA NA 
Kazwini et al. [50] 118 2.4 (2.3) NA 0.8 (1.3) 0.7 (1) NA NA NA NA 2.48 NA 
Overall 4780 2.5 (LI) 0.7 (0.07) 0.4 (0.4) 0.4 (0.3) 3.1 (1.1) 2.4 (0.7) 0.2 0.7 (0.6) 5.8 (1.4) 4.3 (2.0) 

DMFT - decaying, missing and filled index score in permanent dentition, dmft - caries index in primary dentition, OT - decaying teeth in permanent 
dentition, MT - missing teeth in permanent dentition, FT - filled teeth in permanent dentition, dt - decaying teeth in primary dentition, mt - missing 
teeth in primary dentition, ft - filled teeth in primary dentition, NA - not applicable, SO - standard deviation 
*Data presented as mean (SO) unless otherwise specified. 

DT was high in all but one study [49] in which the authors suggest that the high to moderate socioeconom-
ic status of the sample population is the reason for lower DT. The overall DMFT mean SD obtained in our 
systematic search was 9.2 (SD= 2.3) for the adult population. The DT accounted for the highest proportion 
in the DMFT index, while the least proportion belonged to filled teeth (FT). 

Regarding caries in children, two studies [31,34] reported very high decayed, missing, and filled teeth in 
primary dentition (dmft) of >5, with an overall mean dmft of 3.1 (SD= 1.1) for deciduous teeth and a DMFT 
of 2.5 (SD= 1.1) for permanent teeth. DT and dt in children/primary dentition (dt) also accounted for the 
highest proportion of caries in children's primary and permanent dentition. Overall, the mean DT among 
children , regardless of dentition stage, was 4.3 (SD=2.0), which is relatively high (Table 2). 

Only one study reported a higher prevalence of caries in local population compared to refugees [39], report­
ing that the German resident population had a slightly higher caries experience (11.2 vs 10.9), but a signifi­
cantly lower treatment need compared to refugees. 

Caries prevalence and further detail of included papers 

Most studies focused on oral health, except for four [26,28-30] which involved also general health. The prev­
alence of dental caries was higher in studies that focused on oral health. Only one study [49] revealed a low 
prevalence of caries, which was attributed to the fact that children were from wealthy households. The car­
ies prevalence in primary dentition ranged from 55.8% to 84.0%, and in permanent dentition from 27.6% 
to 94.1%. Overall, the caries prevalence regardless of dentition stage ranged from 4.6% to 98.7% among the 
refugee population (Table 3). 
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Table 3. Further detail of included studies and caries prevalence 

Focus Dentist Instruments Reliability Caries detection Caries 
GH or OH involved mentioned testedt method prevalence in% 

Primary dentition 

Riatto et al. [49] OH Yes Yes Yes WHO 55.8 

Nicol et al. [31] OH Yes NA NA NA 62 

Noaman et al. [41] OH NA Yes Yes WHO 64.5 

Bhatt et al. [40) OH NA Yes Yes WHO 84 

Permanent dentition 
Riatto et al. [49) OH Yes Yes Yes WHO 27.6 

Takriti et al. [38) OH Yes Yes NA WHO 53 

Biscaglia et al. [43] OH NA Yes Yes WHO 72.8 

Bhatt et al. [40] OH NA Yes Yes WHO 79.5 

Marwaha et al. [32) OH Yes Yes Yes ICDASll 82 

Solyman et al. [37) OH Yes Yes !Dentist WHO 87.5 

H0yvik et al. [48) OH Yes Yes Yes astdd 89.4 

Salim et al. [45) OH Yes Yes Yes WHO 92.4 

Salim et al. [46) OH NA Yes Yes WHO 94.1 

Unspecified dentition 

Kakalou et al. [29) GH NA NA NA ICD-10 4.6 

van Berlaer et al. [26) GH NA NA NA ICD-10 8.1 

Pavlopoulou et al. [28] GH NA NA NA NA 24.7 

Azrak et al. [35) OH Yes Yes NA WHO 48.8 

Hjern et al. [30) GH NA Yes NA NA 48.1 

Hoover et al. [33) OH Yes Yes NA NA 67.4 

Al-Ani et al. [39] OH Yes Yes Yes WHO 79.5 

Joury et al. [47] OH Yes NA NA NA 90.2 

Freiberg et al. [27) OH Yes NA NA NA(BEMA)' 98.7 

Moreau et al. [34) OH NA Yes NA WHO NA 
Goetz et al. [36] OH Yes Yes 1 dentist ICDAS (STROBE) NA 

Hamid et al. [42] OH NA Yes NA NR NA 

Makan et al. [44] OH Yes NA NA WHO NA 

Kazwini et al. [50) OH Yes Yes NA WHO NA 

Flynn et al. [51] OH NA NA NA WHO NA 

GH - general health, OH - oral health, NA - not applicable, WHO - World Health Organization, ICD-10 - International Classification of Diseases 10th 

revision, astdd - Association of State and Territorial Dental Directors, ICDAS - International Caries Detection and Assessment System, BEMA - Einheitli-
che BewertungsmaBstab for zahnarztliche Leistungen [Scale of Evaluation for Medical Services in the Statutory Health Insurance Sector} 
*BEMA is the standard of evaluation of dental services and forms within the statutory health insurance in Germany (dentist recorded caries in BEMA 
forms). 
tReliability tested: If the studies gave information about inter or intra reliability of dental examination, it is showed as Yes or NA. The studies that did 
not report the caries prevalence, reported caries in other forms DMFT/5. 

Other indices to report caries: Decayed-Missing-Filled Surfaces and International 
Caries Detection and Assessment System 

Four studies [32,35,43,51] reported caries prevalence in other forms using Decayed-Missing-Filled Surfac­
es (DMFS) or International Caries Detection and Assessment System (ICDAS). Two studies [35,43] report­
ed caries using DMFS, while one used ICDAS [53] (Table 4). Analysis of tooth surfaces found that white 
spot lesions were especially frequent in age groups 18-29 (mean =4.45 (SD=4.95)) and 30-39 (mean =3.49 
(SD= 4.74)) [32]. 

Periodontal health in refugees 

Seven studies [27,31,33,34,42,44,49] examined periodontal health; all focussed on children, except two 
[27,42] which addressed periodontal health in adults. Regarding periodontal health in children, the prev­
alence of gingivitis ranged from 5.7% to 100%, indicating high asymmetry. The prevalence of gingivitis 
was reported as very high in three studies [33,34,441, with one study reporting that almost all children 
had chronic gingivitis [44] and two reporting a prevalence of two thirds [33,34]. Although gingival in­
flammation was apparently high [33,34,441, two studies reported a prevalence of gingivitis of 5.7% [31] 
and 14% [49]. 
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Table 4. Caries distribution in refugees* 

Age in years DMFS Decayed surfaces Missing surfaces Filled surfaces 
Azrak et al. [35] 1-5.9 4.8(11.0) 3.0 (6.7) 0.7 (3.5) I.I (6.2) 

Biscaglia et al. 143] 6-18 3.99 (4.59) 3.29 (3.99) 0.22 (1.12) 0.48 (1.34) 

<2 0(0) 0(0) NA 0(0) 

2-5 2.3 (6.1) 0.8(1.5) NA 1.6 (6.0) 

6-11 4.2 (8.2) 1.0(2.9) NA 3.3 (7.9) 
Flynn et al. [51] 

12 0.8 (1.2) 0(0) NA 0.8 (1.2) 

<35 20.l (19.6) 5.2 (7.2) 9.8 (15.5) 5.1 (6.9) 

>35 22.8 (18.3) 5.9 (9.3) 9.7(13.0) 7.2 (9.1) 

ICDAS study Age in years ICDAS ICDAS codes 1-2 ICDAS codes 3-4 ICDAS codes 5-6 
18-29 7.40 (6.59) 4.45 (4.95) 1.80 (2.94) 1.27 (2 .59) 

Marwaha et al. 1321 ____ 3_0-_3_9 ______ 6_.2_7~(6_._55_) _____ 3_.4_9_(4_.7_4_) _____ l_.7_3_(_2_.1_6) _____ 0_.8_7~(_2._08~) __ 
40-49 5.78 (6.25) 2.88 (4.58) 1.47 (2.06) 0.92 (342) 

~50 4.47 (5.19) 2.24 (4.01) 0.76 (1.22) 1.47 (3.58) 

NA - not applicable, DMFS - decaying, missing, and filled surfaces, lCDAS - International Caries Detection and Assessment System 
*Caries value is reported as mean (SD) unless otherwise specified. 

Regarding periodontal health in adults, the prevalence of periodontitis was present in 2.8% of the observed 
population (27], with most cases diagnosed with apical periodontitis and a prevalence of gingivitis at 0.9%. 
The mean Gingival Index (54] was 0.8 (SD=0.7) and ranged from Oto 2.7 in the Iraq refugees (42]. 

All studies except one (35], reported that the prevalence of gingivitis in refugees was higher compared to 

the local population. 

Oral health accessibility 

Access to oral health care is an important determinant of oral health status. Unfamiliarity with the health 
care system can make obtaining oral care difficult. Moreover, in some refugee-receiving countries, dental 
treatment can be financially unfeasible. 

Studies indicate that refugees in the transition phase mainly receive emergency treatment. Once refugee 
status is granted, refugees often have better access to dental care (26,28,37,52]. According to three studies, 
general referral systems appeared to be in place (26,28,36]. None of these studies went into specifics about 
the utility of referral systems. 

When asking adult refugees about the history of their last dentist visit, the percentage of individuals who 
never visited a dentist in their life ranged from I 7% to 33% (Online Supplementary Document), increas­
ing to between 42% and 72% among children, indicating very low levels of accessibility to dental health 
services in the country of origin and the low socio-economic level of many refugees. 

DISCUSSION 
The included studies indicated that the prevalence of oral health problems among refugee populations was 
relatively high compared with the general population of host countries. Even though the perceived need for 
treatment varied between studies, dental caries and periodontal disease were most commonly perceived as 
urgent problems for refugees. 

The high prevalence of dental caries and periodontal disease in this population, as well as limited access to 
oral health care, low utilisation of preventive oral health services, and the high cost of dental care, were the 
most common explanations for refugees having their teeth extracted when they could have been preserved 
under "conventional" conditions. Oral screening is not usually available as standard in host countries; con­
sequently, detectable oral health problems remain undetected, increasing the likelihood of more invasive 
treatment at subsequent dental visits. An additional challenge is the lack of information on pre-arrival oral 
conditions, which makes difficult to compare and assess the progression of oral health conditions. 

Oral health can be neglected due to pressing resettlement issues, as shown in almost all studies. Addition­
ally, access to dental services and language barriers had been significant barriers to dental care for refugees 
(37,49]. Access to essential dental services can also be affected by language, cultural and economic barriers, 
social isolation, unfamiliarity with the local health system, laws, regulations and other constraints. 
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Refugees tend to be less motivated by and focused on oral health treatment and prevention than the native 
community [37] as they might prioritise resettlement [48]. 

Kakalou et al. [29] reported the lowest caries prevalence value among all included studies; however, this 
study focused on general rather than oral health, and the oral examinations were performed by medical 
clinicians and not dentists, which may have led to an underestimation of the prevalence of oral disorders. 

Some studies [36,48] examined the effects of oral health on the general health of refugees. For example, 
H0yvik et al. [48] argued that dental disorders considerably impact social, physical, and mental health of 
this population. In this context, missing teeth have been reported to have a significant impact on refugees' 
self-confidence and ability to learn a new language. Moreover, dental anomalies in Western cultures can 
have a substantial effect on self-esteem, social conduct, employment, housing, and social impressions of 
others [55]. Reduced social and psychological well-being can delay the process of acceptance and integra­
tion, leading to social isolation and mental health problems that exacerbate general health problems [36]. 

Although the refugees have poor oral status, there is variation among subgroups, and children of African 
ancestry reported better oral health conditions than other refugee groups [16,48]. The proportion of car­
ies-free children aged five to six years and 12 years was more than 80% [56]. The low levels of caries in the 
Ethiopian children may be due to most of the food consumed by Ethiopian refugees in their culture being 
produced without refined sugar. East African countries typically have low caries prevalence compared to 

industrialised countries, with rural areas having lower prevalence than urban areas. Furthermore, differ­
ences in caries prevalence between high and low socioeconomic categories have been reported, with caries 
prevalence and severity generally higher among wealthier Africans living in urban areas where sugar con­
sumption is higher and considered a luxury [57]. 

Oral health problems are magnified when refugees begin their journey. Their pre-existing health conditions 
worsen during the journey and while waiting for official recognition of refugee status by the host country 
[37]. An important reason for the worsening of oral health is due to their diet changing in the host coun­
try [27,30]. Increased sugar consumption among refugees upon arrival in Europe has been observed [27], 
affecting their dental health. Children are particularly vulnerable, as their families traditionally promote 
caries-related dietary habits [301, Moreover, the lack of preventive measures adds up to the burden of oral 
problems to refugee children. One study reported that parents were unwilling to adopt preventive approach­
es to oral health [48] and only took their children to the dentist when they had pain. 

Refugees' prior dental care experiences in their home countries and their beliefs could impact their dental 
hygiene practices in the host countries. Dental pain and fear of dental procedures reduced the likelihood 
of going to the dentist [391, which was exacerbated by linguistic barriers and the inability to express their 
emotions appropriately. This highlights the need of enhancing communication between physicians and ref­
ugees through the use of interpreters, when necessary, and the provision of informational pamphlets in the 
refugees' native language, particularly about diet and the effects of sugar on oral health [37]. 

Oral examination of refugees at the point of entry or registration for further dental screening could be a use­
ful approach [48]. Communication in the native languages can also prevent miscommunication and delays 
[37]. Additionally, all refugee-hosting countries are called upon to enhance their dental care capacity, as the 
need for refugee dental services is likely to increase steadily in the near future. Despite all the developments 
and resources available in host countries, especially in European countries with developed health care sys­
tem, the inclusion and integration of refugees and asylum seekers remains a challenge [36,48]. More stud­
ies are needed to understand the oral health perspectives of refugees and asylum seekers. Future research 
should focus on identifying specific characteristics and beliefs in order to develop targeted and efficient in­
terventions to improve oral health status in displaced people. 

One of the limitations of this study is that some information could have been missed, as the studies retrieved 
in the systematic database search showed huge differences in the characterization and reported data of the 
refugee population. We also observed significant differences in the sampling procedure, power calculation, 
and geographical location among the included studies; several [41 ,42,44,50] did not describe sample size 
calculation, and refugee populations were usually smaller than the general population. Moreover, refugee 
status dynamics and interactions could have affected the result. 

We did not conduct a meta-analysis due to the lack of comparability among the studies and high heteroge­
nicity. The limited number of publications on this topic, particularly from developing and underdeveloped 
countries, and the inclusion of studies published exclusively after 2011, reduces the generalisability of our 
findings. Human mistakes and bias, which may have led to losing some information or biasing the results, 
are also possible. 
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Despite these limitations, this study is, to the best of our knowledge, the first systematic global evaluation 
of dental caries and periodontal diseases, including from a quantitative perspective, in refugee populations. 
It adds to the limited existing knowledge on special needs and associations necessary for future planning to 
improve refugees' oral health. Our findings have substantial implications for professionals working in the 
field of oral health as well as for oral public health efforts. Refugee populations constitute a small propor­
tion of the population in the host countries, and inequalities in refugee oral health care are often masked 
in population-level data. The studies we examined here successfully addressed the reality of refugee oral 
health in their respective countries, and future studies should use identical comparative approaches to pro­
vide an accurate depiction of population oral health. 

CONCLUSIONS 
There is more available data on refugees' general health needs and problems than regarding refugees oral 
health. The prevalence and severity of dental caries are higher among refugees and asylum seekers than 
among the local population in each host country, regardless of age, sex, or country. Rates of untreated den­
tal caries (i.e. OT) and tooth loss (i.e. missing teeth) due to caries are higher in this population. A high prev­
alence of dental caries and limited access to dental care are major challenges faced by refugees and asylum 
seekers worldwide. Interventions and policies need to be designed to reduce oral health inequalities in this 
population, and host countries need to implement strategies to significantly increase access to oral health 
care for refugees and asylum seekers. Future studies need to add to real-world knowledge about refugee 
oral health, as they can help host-countries policy makers improve refugee oral health and develop a more 
cost-effective preventive approach to oral health care. There is an urgent need to use existing data to set pri­
orities for improving the oral health of refugees. 
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Appendix 1. Detailed search procedure in databases 

Pubmed 

(n=277) 

EMBASE 

(n=98) 

Scopus 

(n=850) 

(("Emigrants AND lmmigrants"[MeSH Terms] OR "Undocumented lmmigrants"[MeSH Terms] OR 

("Refugees"[MeSH Terms] OR "Refugee Camps"[MeSH Terms]) OR "Ethnicity"[MeSH Tenns] OR "Ethnic and 

Racial Minorities"[MeSH Terms] OR "asylum seeker• "[Title/Abstract] OR "displaced person*"[Title/Abstract] OR 

"refugee*"[Title/Abstract]) AND (("Dental Caries"[MeSH Tenns] OR "Root Caries"[MeSH Terms] OR "Dental 

Caries Susceptibility"[MeSH Terms] OR "Periodontal Pocket"[McSH Terms] OR "Periodontal lndex"(McSH Terms] 

OR "Gingivitis"[MeSH Terms] OR "DMF lndex"[MeSH Terms] OR "dmf index'"[Title/Abstract] OR "dental 

decay*"[Title/Abstract] OR "carious lesion*"[Title/Abstract] OR "Carious white spot*"[Title/Abstract] OR 

"periodontal pocket*"[Title/Abstract] OR "dmft s*"[Title/Abstract] OR "gingival index*"(Title/Abstract] OR 

"dmft*"(Titlc/Abstract] OR "dmft index*"[Titlc/Abstract] OR "bleeding on probing*"(Title/Abstract] OR "probing 

pocket depth*"[Title/Abstract] OR "clinical attachment loss*"[Title/Abstract]) AND ("english"[Language] OR 

"french"[Language] OR "german"[Language] OR "italian''[Language]))) AND ((english[Filter] OR french[Filter] OR 

gennan[Filter] OR italian[Filter]) AND (201 I :2022[pdat])) 

Sources Embase, MEDLINE 

Query('immigrant':ti,ab OR 'immigrants':ti,ab OR 'refugee':ti,ab OR 'refugee camp':ab OR 'asylum seeker':ti,ab OR 

'ethnic group':ti,ab) 

AND ('dental carics':ti,ab OR 'dmf index':ti,ab OR 'dmft index':ti,ab OR 'dmfs index':ti,ab OR 'caries asscssmcnt':ti,ab 

OR 'periodontal diseasc':ti,ab OR 'gingiva disease':ti,ab OR 'gingivitis':ti,ab OR 'periodontal pocket depth':ti,ab OR 

'pocket depth':ti,ab OR 'gingival index': ti,ab OR 'bleeding on probing':ti,ab OR 'clinical attachment level':ti,ab OR 

'decay rate':ti,ab) AND ([embase]/lim OR (medline]/lim OR (pubmed-not-medline]/lim) AND ((english]/lim OR 

[french]/lim OR [german]/lim OR [italian]/lim) AND [2011 -2022¥ 

( ( immigrant* OR refugee• OR "refugee camp" OR "asylum seeker" OR "ethnic group" ) ) AND ( ( "dental 

caries" OR "DMF index" OR "DMFT index" OR "DMFS index" OR "caries" OR "periodontal disease" OR 

"gingiva disease" OR "gingivitis" OR "periodontal pocket depth" OR "pocket depth" OR "gingival index" OR 

"bleeding on probing" OR "clinical attachment level" OR "decay rate")) AND ( LIMIT-TO ( PUBYEAR , 2022 ) 

OR LIMIT-TO ( PUBYEAR , 202 1 ) OR LIMIT-TO ( PUBYEAR , 2020) OR LIMIT-TO ( PUBYEAR , 2019 ) 

OR LIMIT-TO ( PUBYEAR , 2018) OR LIMIT-TO ( PUBYEAR , 2017) OR LIMIT-TO ( PUBYEAR , 2016) 

OR LIMIT-TO ( PUBYEAR , 2015) OR LIMIT-TO ( PUBYEAR, 2014) OR LIMIT-TO ( PUBYEAR , 2013) 

OR LIMIT-TO ( PUBYEAR , 20 12) OR LIMIT-TO ( PUBYEAR, 201 I )) AND ( LIMIT-TO (LANGUAGE, 

"English") OR LIMIT-TO ( LANGUAGE , "German") OR LIMIT-TO ( LANGUAGE , "French" ) OR LIMIT­

TO ( LANGUAGE, "Italian")) AND ( LIMIT-TO ( EXACTKEYWORD , "Oral Health") OR LIMIT-TO ( 

EXACTKEYWORD , "Health")) 
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Appendix 2: Quality assessment (JBI SUMARI) 

Citation Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Total score 

Nicol et al.(26) Y Y N Y Y Y Y Y Y 8 

Marwaha et al. (27) U Y U Y Y Y Y Y Y 7 

van Berlaer et al.(28) U Y Y Y Y U Y Y Y 7 

Hoover et al.(29) U Y N Y Y Y Y Y N 6 

Moreau et al.(30) Y Y N Y Y Y Y Y Y 8 

Azrak et al. (31) Y Y N Y Y Y U Y Y 7 

Goetz et al.(32) Y Y N Y Y Y Y Y Y 8 

Solyman et al.(33) Y Y Y Y Y Y Y U Y 8 

Takriti et al.(34) Y Y U Y Y Y U Y Y 7 

Al-Ani et al. (35) Y Y Y Y Y Y Y Y Y 9 

Freiberg et al.(36) U Y Y Y Y Y Y Y Y 8 

Pavlopoulou et al.(37) U Y Y Y Y Y Y Y Y 8 

Kakalou et al.(38) U Y Y Y Y Y Y Y Y 8 

Bhatt et al. (39) U Y N Y Y Y Y Y Y 7 

Noaman et al. (40) Y Y N Y U Y Y Y N 6 

Hamid et al.(41) Y U U Y U Y Y Y Y 6 

Biscaglia et al.(42) Y Y Y U Y Y Y Y Y 8 

Makan et al.(43) U Y N U Y Y Y Y U 5 

Salim et al. (44) U Y Y Y Y Y Y Y Y 8 

Salim et al.(45) U Y Y Y Y Y Y Y Y 8 

Joury et al.(46) Y Y Y U Y U Y Y Y 7 

Høyvik et al.(47) Y Y U Y Y Y Y U Y 7 

Riatto et al.(48) N Y U Y Y Y Y U Y 6 

Hjern and Kling (49) N Y Y Y Y Y Y Y U 7 

Kazwini et al.(50) U Y N Y U Y Y U Y 5 

Flynn et al.(51) Y Y N Y Y Y Y Y Y 8 

Total (%) yes 50 96.1 42.3 88.4 88.4 92.3 92.3 84.6 84.6 

Critical appraisal questions: Q1. Was the frame appropriate to address the target population? Q2. Were study participants 

sampled in an appropriate way? Q3. Was the sample size adequate? Q4. Were the study subjects and the setting 

described in detail? Q5. Was data analysis conducted with sufficient coverage of the identified sample? Q6. Were valid 

methods used for identification of the condition? Q7. Was the condition measured in a standard, reliable way for all 

participants? Q8. Was there appropriate statistical analysis? Q9. Was the response rate adequate and, if not, was the low 

response rate managed appropriately? Y, yes; U, unclear; N, no 
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Appendix 3: Excluded papers 

Excluded Studies REASON FOR EXCLUSION 

Amin et al. (2015) The study participants were immigrants. 
Christian . (2015) The study participants were immigrants. 

Ferrazzano et al. (2019) The study participants were immigrants. 

Gibbs et al. (2016) The study participants were immigrants. 
Hamid et al. (2020) The study participants were immigrants. 

Hashizume et al. ( 2011) The study participants were immigrants. 

Lin et al.(2019) The study participants were immigrants. 
Lin et al.(2014) The study participants were immigrants. 

Liu C et al. (2016) The study participants were immigrants. 

Olerud et al (2016) The study participants were immigrants. 
Sivakumar et al.(2016) The study participants were immigrants. 

Stecksén-Blicks et al.(2014) The study participants were immigrants. 

Wilson et al. ( 2018) The study participants were immigrants. 

Dahlan et al. (2021). The study participants were immigrants. 

Diamanti et al. (2022) The study participants were immigrants. 

Gómez- et al. (2021) The study participants were immigrants. 

Kabani et al. (2020) The study participants were immigrants. 

Sanders et al. (2020) The study participants were immigrants. 

Thorbert-Mros et al. (2021) The study participants were immigrants. 

Traisuwan et al. (2021) The study participants were immigrants. 

Zhang et al.  (2013) The study participants were ethnic minorities. 

Caplin et al. (2015) The study participants were immigrants. 

Chen et al. (2021) The study participants were ethnic minorities. 

Premaraj et al. (2020) The study participants were ethnic minorities. 

Sgan-Cohen et al. (2014) The study participants were ethnic minorities. 

Shi et al. (2018) The study participants were ethnic minorities. 

Van Der Tas et al.  (2016) The study participants were ethnic minorities. 

Wu et al. (2021) The study participants were ethnic minorities. 

Wulaerhan et al.  (2014) The study participants were ethnic minorities. 

Zhang et al. (2014) The study participants were ethnic minorities. 

Zhang et al (2015) The study participants were ethnic minorities. 

Hermans et al. (2017) No information about DMFT or Caries prevalence. 

Williams et al. (2016 ) No information about DMFT or Caries prevalence. 

Mattila et al. (2016) No separate information about DMFT or Caries prevalence. 

Vega‐López et al.(2018) No information about DMFT or Caries prevalence. 

Ogawa  et al. (2019) No information on prevalence and only indicating the caries risk. 

Alrashdi et al. (2021) No information about DMFT or Caries prevalence. 
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Appendix 4: Oral health status of refugee children within the distinct age groups. . 

According to the data obtained from Riatto et al.48

Variables Age groups (years) 

5–7 8–10 11–13 

Global caries prevalence (DMFT or dft > 1) (% of subjects) 74.5 74.2 59.0 

Caries prevalence in permanent dentition (% of subjects) 7.8 34.8 41.0 

Caries prevalence in deciduous dentition (% of subjects) 72.5 60.6 25.6 

Appendix 5: History of dental visit 

Appendix 6: Reference list of excluded studies 

1. Amin MS, Perez A, Nyachhyon P. Parental awareness and dental attendance of children among African

immigrants. J Immigr Minor Health. 2015;17(1):132-8.

2. Christian B, Young D, Gibbs L, De Silva A, Gold L, Riggs E, et al. Exploring child dental service use

among migrant families in metropolitan Melbourne, Australia. Australian Dental Journal. 2015;60(2):200-

3. Ferrazzano GF, Cantile T, Sangianantoni G, Ingenito A, Rengo S, Alcidi B, et al. Oral health status and
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European Journal of Paediatric Dentistry. 2019;20(1):10-4.

4. Gibbs L, de Silva AM, Christian B, Gold L, Gussy M, Moore L, et al. Child oral health in migrant families:
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Australia. Community Dental Health. 2016;33(2):100-6.

5. Hamid RN, Mudher SH, Ali SM. Caries index, root caries index and gingival index in immigrants at the
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History of dental visits 

Author Azrak et al.31 Moreau et al.31 Bhatt et al.39 Noaman et al. 40 Salim et al.44 Høyvik et al.47 

Children Adults 

Never visited a 

dentist (%) 
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Abstract 

Background Inequalities in immigrants' oral health are often masked in population-level data. Therefore, this 
paper was planned to assess the prevalence data on oral health diseases, namely dental caries, and periodontit is, 
among immigrants worldwide. 

Methods Following a systematic search in Scopus, Em base, and PubMed for studies published between 2011 
and 2023, 1342 records were identified. Following title and abstract screening, 76 studies remained for full-text eligibil­
ity-screening based on predefined inclusion criteria. Thirty-two studies were included in the review. 

Results Dental caries figures were higher in immigrant populations compared to the local population, regardless 
of host countries, age, gender, or national ity. In children, the overall mean and standard deviation (SD) for decayed, 
missing, and fi lled teeth in the primary dentition (d3mft) was 3.63(2.47), and for D3MFT (permanent dentition), it 
was 1.7(1.2). 

Upon comparing overall mean caries counts in children and adults with their control groups in the included studies, 
untreated dental caries (D3T and d3t) constituted the dominant share of caries experience (D3MFT and d3mft) in immi­
grant chi ldren. For the local population, the highest proportion of caries experience was attributed to fi lled teeth (FT 
and ft). 

Dentin caries prevalence among immigrants ranged from 22% to 88.7% in the primary dentition and 5.6% to 90.9% 
in the permanent dentition. Gingivitis ranged from 5.1 % to 100%. Oral health varied greatly between studies. Regard­
ing oral health accessibility, 52% to 88% of immigrant children had never been to a dentist, suggesting a very limited 
level of accessibil ity to dental health services. 

Conclusion It is imperative to develop interventions and policies that have been customized to address the oral 
health disparities experienced by immigrant populations. Add itionally, host countries should actively implement 
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measures aimed at enhancing the accessibility of oral health care services for these individuals. The utilization 
of available data is crucia l in establishing a hierarchy of objectives aimed at enhancing the oral health of immigrant 
populations. 

Trial registration The Scoping review protocol was registered at OSF Registries with registration number (https://doi. 
org/10.17605/OSF.IO/MYXS4). 

Keywords Global burden of oral disease, Emigrants and Immigrants, Oral health, Dental caries, Periodontal diseases, 
Gingivitis, DMFT, Dmft, Caries lesion 

Introduction 
In recent years, international migration has dramati­
cally increased, becoming a significant worldwide phe­
nomenon. According to the World Migration Report, 
there were 281 million international migrants in 2020 
globally, an increase of 60 million from 2010. This num­
ber includes individuals of all ages who have crossed 
international borders to reside in countries other than 
their birthplace [l ]. 

The health and oral health of immigrants may be 
adversely affected by a number of challenges, such as 
linguistic and cultural barriers, socioeconomic changes, 
limited access to healthcare facilities, lack of medical 
and dental insurance, and loss of social networks [2, 3]. 
These challenges can often result in poor oral health 
outcomes among immigrant populations. In this con­
text, the prevalence of oral health problems is expected 
to be high among immigrants [4]. However, data on the 
extent of oral health issues and research to inform poli­
cymakers about the oral health needs of immigrants are 
still very limited [5]. There is an urgent need to study 
oral health in this population due to the growing num­
ber of immigrants. 

Oral health is an important component of overall 
health and well-being; however, it is often overlooked 
in public health discussions. Oral diseases (i.e., den­
tal caries and periodontitis) contribute significantly to 
the global burden of chronic disease [ 6, 7]. These oral 
health conditions can cause significant pain, discom­
fort, tooth loss, malnutrition, and impair a person's 
ability to eat, communicate, and smile confidently [8, 
9]. These conditions can have adverse impacts on a 
person's overall health and quality of life [10]. Further­
more, untreated dental caries and periodontal disease 
can be involved in more serious health complications, 
such as cardiovascular disease, respiratory infections, 
and even diabetes [11, 12]. 

With the increasing globalization and migration 
of people, it is important to understand the preva­
lence and risk factors of dental caries and periodontal 
problems among immigrant populations worldwide. 
Research has also shown that the prevalence of these 

oral health diseases in immigrant populations varies 
depending on their country of origin, level of accultura­
tion, and length of stay in the host country [13, 14]. 

In summary, oral health diseases are among the most 
neglected aspects of health, regardless of location, cul­
ture, education, or economic standing, and particularly 
in low- and middle-income countries. Thus, gaining a 
holistic overview of the prevalence of oral health prob­
lems among immigrants might assist policymakers in 
defining treatment needs and treatment strategies as 
well as the best ways to adapt them to the health sys­
tems of the host countries. Furthermore, oral health 
disparities between immigrants and non-immigrants 
can exacerbate existing health inequities and contribute 
to broader health disparities. 

In a previous paper, dental caries and periodontal 
issues in refugees were described and discussed [15]. 
In the present review, the focus was put on immigrant 
populations and compare their data with those of local 
population of the host country. An immigrant is some­
one who voluntarily relocates to a different country, 
whereas a refugee is an individual who is compelled to 
leave the country of origin. 

To the best of authors' knowledge, this is the first 
review that addresses dental caries and periodontal 
problems in the immigrant populations on a global 
quantitative scale. The main goals were to synthesize 
the evidence of the prevalence of dental caries among 
immigrants using the Decayed Missing and Filled index 
(D3MFT/d3mft) and to evaluate the prevalence of peri­
odontal disease. Further, the dental care services pro­
vided to immigrants and their needs and deficiencies 
were appraised. 

Materials and methods 
The Scoping review protocol was registered at OSF 
Registries with registration number (https:/ /doi.org/ 
10.17605/OSF.IO/MYXS4). The review was completed 
and reported in accordance with the Preferred Report­
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) 2020 statement [16]. 
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Research question and search strategy 
What is the prevalence of dental caries and periodon­
tal diseases among immigrants worldwide, and is this 
higher than those of the general population of the host 
country? 

The research question for this scoping review was out­
lined based on sample, phenomenon of interest, design, 
evaluation, and research type (SPIDER) [17] tool. Three 
electronic databases, Scopus, Embase, and PubMed were 
searched using the following search strategy. Search 
strings were created using the keywords and synonyms 
in conjunction with the Boolean operators ''AND" and 
"OR". In addition to electronic database searches, a com­
prehensive hand search was conducted to ensure that rel­
evant literature was included in the review. An example 
of a search string used for PubMed is included here, and 
the others can be found in Appendix (page 2). 

S (Sample): (("Emigrants AND Immigrants"[MeSH 
Terms] OR "Undocumented Immigrants"[MeSH 
Terms] OR (''Refugees"[MeSH Terms] OR "Refugee 
Camps"[MeSH Terms]) OR "Ethnicity"[MeSH Terms] OR 
"Ethnic and Racial Minorities"[MeSH Terms] OR "asylum 
seeker•"[Title/ Abstract] OR "displaced person•"[Title/ 
Abstract] OR "refugee'"[Title/Abstract]). 

P (Phenomenon) of I (Interest): All the articles that 
related to either dental caries or periodontal problems. 

D (Design): not restricted. 
E (Evaluation): (("Dental Caries"[MeSH Terms] 

OR "Root Caries"[MeSH Terms] OR "Dental Car­
ies Susceptibility"[MeSH Terms] OR "Periodontal 
Pocket"[MeSH Terms] OR "Periodontal Index"[MeSH 
Terms] OR "Gingivitis"[MeSH Terms] OR "DMF 
Index"[MeSH Terms] OR "dmf index•"[Title/Abstract] 
OR "dental decay'"[Title/Abstract] OR "carious 
lesion•"[Title/ Abstract] OR "Carious white spot•"[Title/ 
Abstract] OR "periodontal pocket•"[Title/Abstract] OR 
"dmft s•"[Title/ Abstract] OR "gingival index•"[Title/ 
Abstract] OR "dmft•"[Title/Abstract] OR "dmft 
index•"[Title/ Abstract] OR "bleeding on probing*"[Title/ 
Abstract] OR "probing pocket depth•"[Title/ Abstract] 
OR "clinical attachment loss•"[Title/ Abstract]). 

R (Research type): not restricted. 

Eligibility criteria 
This scoping review included all quantitative and qualita­
tive studies on dental caries or periodontal problems of 
immigrant populations of any age published from 2011 
to August 2023. This timeframe was selected specifically 
to ensure the review is current and relevant. The review 
was conducted as part of a Ph.D. project addressing oral 
health disparities in marginalized communities. There­
fore, the search population included terms like refugees 
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and ethnic minorities, while the present review focused 
only on the immigrant population. 

Studies with insufficient oral health data about dental 
caries or periodontal disease, as well as those involving 
refugees, asylum seekers, ethnic minorities, or indig­
enous populations, were excluded. Non-peer-reviewed 
papers and unpublished research (e.g., theses, abstracts, 
and preprints) were excluded. Only papers published in 
English, Italian, German, and French were considered. 

Study selection 
The selection was conducted using structured proce­
dures. After removing duplicates, the titles and abstracts 
of search results were examined by two independent 
reviewers (SABR, AM) to determine their relevance and 
whether they matched the planned inclusion criteria. 
Any uncertainties regarding the inclusion of a study were 
discussed with a third reviewer (GC). 

Risk of bias 
After excluding ineligible papers, two independent 
reviewers (SABR, AM) critically rated all eligible full 
texts using critical appraisal instruments for prevalence 
studies in the Joanna Briggs Institute (JBI) System for 
the Unified Management of the Assessment and Review 
of Information (SUMARI) software (Joanna Briggs Insti­
tute, Adelaide, Australia) (appendix page 3). There were 
nine questions to which the answers were "yes," "no," and 
"unclear." Uncertainties were resolved through discussion 
or the assistance of a third reviewer ( GC). 

Data extraction and data synthesis 
One author (SABR) extracted the data using an ad hoe 
designed excel file for data collection, which was then 
checked by a second author (GC). 

The following information was provided on the data 
extraction form: 

1. Study characteristics: first author's last name, year of 
publication, journal, country of study, study design, 
sampling procedures, calculation of sample size, and 
methods of data collection 

2. Participant characteristics and outcome measure: 
number of participants, sex, age, prevalence of dental 
caries and periodontal problems, oral health acces­
sibility, and some other findings from the original 
papers. 

Parameters measured in the review 
In line with the WHO methodology [18], the decayed 
(d3/D3), missing (m/M), and filled (f/F) teeth (d3mft/ 
D3MFT) index score (e.g. DMF, DMFT, dmft, DMFS, 
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deft, dft) was applied to evaluate oral health status [19]. 
Where this index is reported in this review, it refers to 
caries measured at the dentinal caries threshold (D3MF I 
d3mf) and excludes enamel caries, unless otherwise spec­
ified [20]. As we aimed to report on caries prevalence 
comprehensively, we included studies that utilized both 
WHO and ICDAS criteria. The D3/d3 level, representing 
caries lesions in dentine (open and closed), was chosen 
as a common metric. We acknowledged the differences in 
diagnostic thresholds between the WHO criteria, which 
typically focus on cavitated lesions, and the ICDAS cri­
teria, which offer a more detailed assessment of caries 
progression, including non-cavitated stages. By reporting 
on both indices, we aimed to present a more complete 
picture of caries prevalence as reported in the included 
studies. 

The mean and standard deviation (SD) of the preva­
lence of dental caries and range were calculated where 
relevant. Studies with prevalence (% d3mft/D3MFT > O) 
or caries count (mean d3mft/D3MFT) data on either 
primary or permanent dentition or periodontal prob­
lems (e.g., gingivitis, periodontitis) were taken into 
consideration. 

Periodontal health in children and adults was evalu­
ated using criteria such as gingivitis ( Gingival Index and 
Community Periodontal Index), clinical attachment loss, 
periodontal pocket depth, bleeding on probing, and radi­
ographic bone loss if reported by the included studies. 

Results 
Study selection 
The initial search with the keywords resulted in 928 
papers in Scopus, 116 results in Embase, and 298 
results in PubMed (Fig. 1). The authors (SABR and AM) 
screened the studies by title after the removal of dupli­
cates (n = 379). After the title and abstract screening, 76 
studies were left for full-text screening. Data extraction 
was then performed on 30 articles that met the inclusion 
criteria. In addition, two papers [21, 22] were retrieved 
by hand search, so overall 32 studies were included. The 
studies excluded after the full-text review are listed in 
appendix (page 4). The list of the included studies sorted 
by country of study is reported in Table 1. 

Quality assessment 
No papers were excluded solely based on methodologi­
cal quality assessment. Despite aiming for high meth­
odological quality studies, we recognized that excluding 
moderate quality studies could potentially miss valuable 
insights. Studies with a quality assessment score of 5,or 6 
were included, even if they weren't of the highest quality. 
Incorporating a broader range of evidence allowed us to 
gain a more comprehensive understanding of oral health 

Page4of16 

disparities. Studies of moderate quality contribute valu­
able data and perspectives, and their inclusion helps miti­
gate publication bias. 

Only two studies [34, 51] out of a total of 32 studies, 
had all the questions of the critical appraisal answered 
with a "yes'; gaining a score of9 out of 9. The least favora­
ble scores were given to questions regarding the frame 
and adequacy of the sample size. The lowest score was 
five [32, 44, 45] and four studies [25, 29, 38, 43] scored six 
because there was no description of the sampling frame, 
participant selection procedures, and sample size calcu­
lation. Only thirteen studies reported procedures for cal­
culating sample size or if the sample size was acceptable 
for the target group. Nineteen studies provided a detailed 
description of the study's setting and participants. Four 
studies [35, 38, 44, 45] failed to indicate the confidence 
interval (Cl) for the mean value. The detailed quality 
assessment can be found in Appendix (page 3). 

Characteristics of included studies 
Seventeen studies had a control group [21, 22, 31- 37, 
39, 40, 42, 45, 47- 50]. The control groups were the local 
population of the host country, except for three papers 
[21, 25, 32] which had a refugee population as a control 
group. 

Among the included papers, three papers [25, 29, 47] 
assessed the treatment need of immigrants. Ten papers 
[2, 23, 26- 29, 33, 38, 49, 50] reported the utilization of 
oral health services. Four papers [27, 30, 38, 48] investi­
gated the dietary factors and two papers measured the 
household acculturation rate [28, 52]. Two papers stud­
ied the oral health status of pregnant immigrant women 
[40, 49] and two papers [33, 44] only included elderly 
population. None of the included studies had access to 
the oral health status of the sample group prior to their 
immigration. 

The study participants were children in twenty-four 
studies, in two studies both children and adults [ 40, 
41] and in six studies only adults [32, 33, 39, 44, 49, 51] 
were involved. Immigrants originated from a wide range 
of countries, with a majority coming from South Asia, 
Africa, Eastern Europe and Central and South America 
as listed in Table 1. The frequency and distribution of the 
geographical location of countries of study are shown in 
Fig. 2, where it is clearly observable the highest number 
of studies on immigrants have been conducted in Canada 
and Spain. 

Dental caries in immigrants 
Regarding dentin caries in children, two papers [ 4 7, 48] 
reported higher d3mft counts compared to other stud­
ies included in the review (mean d3mft> 5), both stud­
ies were conducted in Taiwan. The overall d3mft count 
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(primary dentition) of studies identified was 3.63 (2.47) 
and for D3MFT (permanent teeth), it was 1.7 (1.2). Four 
papers [28, 35, 36, 42] also showed an expanded version 
of the decayed missing filled teeth (D3MFT) index with 
individual components, as seen in Table 2. 

Upon comparing the overall caries means of the 
included studies, untreated dental Caries (D3 T and d3t) 
constituted the dominant share of the caries experi­
ence (D3MFT and d3mft) in immigrant children. While, 
within their respective control groups, the highest 



 

 49 

 

 

 

 

 

Banihashem Rad etal. BMC Public Health /2024) 24:1968 Page6of16 

Table 1 List of all included papers in the review ordered alphabetically by country where the study was conducted 

Year ofstudy Study type Country of study Country of origin of Participants Age Range 
study participants (n) (years) 

Christian Bet al., [23] 2012 exploratory trial Australia Iraq, Pakistan, and Leba- 625 1-4 
non 

Gibbs et al., [241 2012 Cross-sectional Australia Iraq, Pakistan, and Leba- 630 1-4 
non 

Hoover et al., [25] 2012 Pilot Study Canada The Indian subconti- 133 3-15 
nent, other parts of Asia, 
and the rest of the world 

Amin et al., [26] 2013 Cross-sectional Canada Africa 125 1.7-6 

Elyasi et al., [27] 2015 Cross-sectional Canada South Asia, East Asia, 274 1-12 
Africa,and East Europe 

Dahlan et al., [28] 2017 Cross-sectional Canada South Asia, South East 336 2-12 
and East Asia, Arabs, 
Africans, East Europeans, 
and Hispanics 

Azrak et al., [29] 2017 Cross-sectional Canada Africa, Eastern Mediterra- 211 1-5.9 
nean, and South East Asia 

Liu et al., [30] 2012 Cross-sectional: China NR 1323 7-12 

Zhang et al., [31] 2013 Cross-sectional China NR 10,150 5-15 

Mattila et al., [32] 2012 pilot study Finland Iraq, Afghanistan, Iran, 38 18- 53 
Russia, Thailand, Somalia, 
Turkey, Hungary, Slovakia, 
China, Vietnam, South 
Sudan, Syria, Sweden 
and Morocco 

Aarabi et al., [33] 2012 Cross-sectional Germany Austria, Croatia, Italy, 112 60+ 
Turkey, Iran, Tunisia, Viet-
nam, Israel, Poland, Russia 
and Jamaica 

Pavlopoulou et al., [21] 2010 Cross-sectional: Greece Albania,Meldova,Egypt,A 300 1-14 
fghanistan, Bangladesh, 
India, Iran, Kenya, Lebanon, 
Pakistan, Ukraine.China 

Diamanti et al., [34] 2013 Cross-sectional Greece Mostly Albania.Eastern 4409 5-15 
European countries (such 
as Georgia, Romania, 
Bulgaria and Russia) 

Sivakumar et al., [35] 2016 Cross-sectional India Tibet 865 11-13 

Ferrazzano et al., [36] 2014 Retrospective Study Italy NR 553 12-14 

Campus et al., [37] 2017 Cross-sectional Italy NR 6,825 3-4 

Hashizume et al., [38] 2011 Cross-sectional Japan Brazil 378 6- 14 

Lee et al., [39] 2016 Cross-sectional South Korea North Korea, Vietnam, 6,931 19-80 
China, Japan, Philippine, 
Thailand, Cambodia, Mon-
golia, and Uzbekistan 

Garcia-Pola et al., [401 2010 prospective case-control Spain South America, Africa, 90 6-41 
Europe and Asia 

G6mez-Costa et al., [41 ] 2011 Cross-sectional Spain NR 115,123 15-64 

Soria et al., [22] 2014 Cross-sectional Spain Morocco, Ecuador, Eastern 333 6-17 
Europe 

Rodriguez-Alvarez et al., 2016 Cross-sectional Spain NR 1388 4-9 
[42] 

Duran et al., [43] 2018 Cross-sectional Spain Asia, South 1400 3-14 
America,Africa,Central 
America, North America, 
Euroupe 
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Table 1 (continued) 

Year of study Study type 

Olerud et al., [44] 2014 Cross-sectional 

Thorbert-Mros et al., [45] 2021 Cross-sectional 

Baggio et al., [46] 2011 Cross-sectional 

Y.C.Lin et al., [47] 2011 Cross-sectional 

Ying-Chun Lin et al., [48] 2015 Cross-sectional: 

Traisuwan et al., [49] 2016 Cross-sectional 

Meva Altas et al., [50] 2022 descriptive and retrospec-
tive study 

Wilson et al., [51] 2013 Cross-sectional 

Kabani et al., [52] 2011 Cross-sectional: 

NR Not reponed 

Co11ntryof1tudy -~ 
r.:■;-:Cc-aa~,7d,~-t-:---i.~o!!,!' • _. 

- spain ... ___ 
■ Australia ,_ ~ 
■ China 

■ Greece 

■ Italy 

■ Sweden 

■ Taiwan 

■ USA 

■ Germany 

■ Finland 

■ India 

■ Japan 

■ South Korea 

■ Switzerland 

■ Thailand 

■ Turkey 

Country ofstudy Country oforigin of 
study participants 

Sweden Iran and the Horn 
of Africa,Balkans,Central 
Asia 

Sweden Somalia 

Switzerland NR 

Taiwan Vietnam and Indonesia 

Taiwan NR 

Thailand Myanmar,Republic 
of Lao.Cambodia, 

Turkey Syria 

USA Mexico 

USA Central and South America 

Participants 
(n) 

42 

179 

856 

590 

32,611 

418 

549 

4520 

9143 
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Age Range 
(years) 

60+ 

10-17 

3- 6 

4-6 

3-5 

20• 

6-12 

20- 65+ 

1-17 

Fig. 2 World map showing the host countries, where the studies on the ora l health of immigrants have been conducted. The key on the left shows 
the number of studies per country, with the countries sorted by number of studies (from the highest to the lowest). Countries in which no studies 
could be found are marked in grey 

proportion of caries experience was attributed to Filled 
Teeth (FT and ft). 

Among the papers that had the local population as con­
trol group, the immigrant children had a higher mean 
D3MFT/d3mft (SD) compared to local children. This 

difference was significant except for two papers [31, 42], 
which only showed a significant difference for primary 
dentition and not the permanent dentition. 

There were only three studies [33, 40, 49] reported car­
ies using D3MFT in adults, suggesting that there is a lack 
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Table 2 Caries distribution in immigrants and control groups in included st udies' =r 
e: 
~ 

Sample size D3MFT D3t Mt Ft D3mft d3t mt ft D3MFT/ D3t/d3t "' 3 
d3mft ::0 .. 

a. 
Immigrant group ~ 

~ 
Adults ~ 

Traisu- 208 5.8(4.4) 5.5 (3.6) 1.5(1) 3.2 (2.5) NR NR NR NR NR NR I") 

wan etal., ~ 
0-

[49] ~ 
Garcfa- 45 8.33 (6.66) NR NR NR NR NR NR NR NR NR if 

Pola et al., ~ 
[37] 

Aarabi 61 24.8 (3.9) 5.3 (4.6) 14.4(8.8) 5 (4.6) NR NR NR NR NR NR ;::; 
et al., [33] ~ 

~ 
Children ~ 

Hashi- 378 1.28 (2.22) NR NR NR NR NR NR NR NR NR i zume etal., 
[38] 

Ferraz- 183 3.92 (2.92) 2.49 (1.98) 0.88 (1.24) 0.56(1.1) NR NR NR NR NR NR 
zano et al., 
[36] 

Y.C. Lin 150 NR NR NR NR 6.05 4.5 0.39 1.16 NR NR 
et al., [47] 

Liu 1323 2.74 (3.02) 0.01 0 NR 3.17 2.71 0.01 0.01 NR NR 
et al., [30] (3.12) 

Siva- 431 1.14(1.04) 1.13 (1.07) 0.04 (0.25) 0 0.18(0.5) 0.12(0.4) 0.04 0.02 NR NR 
kumaret al., (0.26) (0.15) 
[35] 

Ying- 1046 NR NR NR NR 8.47 5.38 0.3 2.79 NR NR 
Chun Lin 
eta l., [48] 

Zhang 3412 1.05 (0.34) NR NR NR 3.18 NR NR NR NR NR 
eta l., [31] (0.57) 

Dahlan 336 NR NR NR NR NR NR NR NR 3.7 NR 
eta l., [28] 

Dia- 707 2.5 (0.14) 1.75 (0.07) 00(0.1) 0.75 (0.21) 3 (3.8) 2.7 (3.9) 0.0(0.4) 0.3 (1.1) NR NR 
manti et al., 
[34] 

Rodri- 413 0.1 (0.42) 0.1 (0.4) NR NR 1.7 (2.6) 1.5 (2.5) NR NR NR NR 
guez-Alvarez 
etal., [42] 

Soria 177 NR NR NR NR NR NR NR NR 7.8 NR ~ 
et al., [22] "' "' "' Azrak 211 NR NR NR NR 2.2 (3.8) 1.7 (3) 0.2(0.8) 0.3(1.6) NR NR g, 
etal., [29] 

"' 
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Table 2 (continued) =r 
e: 
~ 

Sample size D3MFT D3t Mt Ft D3mh d3t mt h D3MFT/ D3t/d3t "' 3 
d3mh ::0 .. 

a. 
Hoover 44 NR NR 0.64(1.12) 0.48 (1.52) NR NR NR NR 3.52 2.41 (3.44) ~ 

et al., [25, 53] (3.78) ~ 

Meva 549 0.94 (0.18) NR NR NR 4.8(1.6) NR NR NR NR NR ~ 
I") 

Altaset al., ~ 
[SO] 0-

~ 
Elyasi 274 NR NR NR NR NR NR NR NR 3.28 NR if 

et al., [271 (3.76) ~ 
Garcfa- 45 NR NR NR NR NR 3.5 (3.4) NR NR NR NR 

Pola et al., ;;:; 
[37] ~ 

Overall 9679 1.7 (1 ·2) 1.36 (1.01) 0.52(0.43) 0.59(0.13) 3.63 2.76 0.18 0.76 4.57 2.41 ~ 

(2.47) (1.69) (0.16) (1.07) (2.15) ~ 
Control group i 

Adults 

Traisu- 210 4.8(4) 3.8 (2.9) 2(1.5) 3.1 (2.5) NR NR NR NR NR NR 
wan etal., 
[49] 

Garcfa- 45 8.07 (6.05) NR NR NR NR NR NR NR NR NR 
Pola et al., 
[37] 

Aarabi 51 23.4 (4.6) 2.1 (2.8) 12.6(9.5) 8.6(6.2) NR NR NR NR NR NR 
et al., [331 

Children 

Y.C.Lin 440 NR NR NR NR 3.88 1.57 0.17 2.13 NR NR 
et al., [47] 

Ferraz- 370 3.29 (3.21) 1.16 (1.35) 0.71 (1.43) 1.38 (1.98) NR NR NR NR NR NR 
zano et al., 
[36] 

Siva- 434 0.45 (0.8) 0.32 (069) 0.02 (0.16) 0.1 (0.36) 0.58 (0.98) 0.3 (0.72) 0.23 0.04 NR NR 
kumar et al., (0.65) (0.21) 
[35] 

Ying- 31,565 NR NR NR NR 8.10 4.37 0.23 3.5 NR NR 
Chun Lin 
et al., [48] 

Zhang 6738 1 (0.31) NR NR NR 2.61 (0.66) NR NR NR NR NR 
et al., [31] 

Rodri- 839 0.0 (0.28) 0.0(0.2) NR NR 0.7 (1.5) 0.6(1.4) NR NR NR NR 
guez-Alvarez °JI 
etal., [42] <O ,. 

"' g, 
0, 



 

 5
3

  

    

Table 2 (continued) 

Sample size D3MFT D3t Mt Ft D3mft d3t mt ft D3MFT/ D3t/d3t 
d3mft 

Soria 136 NR NR NR NR NR NR NR NR 6.6 7.3 (4.4) 
et al., [22] 

Hoover 89 NR NR 1.25 (2.2) 1.55 (2.36) NR NR NR NR 5.8 (4.2) 3 (3.4) 
et al., [25] 

Garcfa- 45 NR NR NR NR NR 0.24 (0.6) NR NR NR NR 
Pola et al., 
[37] 

Overall 40,656 1.58 (1.5) 0.74(0.59) 0.66 (0.61) 1.01 (0.79) 2.68 (3) 1.71 0.21 1.89 6.2 (0.56) 5.15 (3.04) 
(1.85) (0.03) (1.74) 

D3MFT - caries experience in the permanent dentition, d3mft- caries experience in the primary dentition, D3T -decayed teeth in the permanent dentition, MT - missing teeth in the permanent dentition, FT -filled teeth 
in the permanent dentition, d3t -decayed teeth in the primary dentition, mt - missing teeth in the primary dentition, ft-filled teeth in the primary dentition, NR Not reported, SO Standard deviation 

a Data presented as mean (SO) unless otherwise specified 
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of caries data in immigrant adults. The mean D3MFT 
count among immigrant adults was higher than that 
of the local population. This difference was significant 
except for two studies [33, 40]. It is important to empha­
size that we only reported the statistics generated by the 
included studies. As regards caries experience, due to 
the limited number of studies and heterogeneity of study 
participants in the adult population, the overall mean for 
caries experience was not calculated. 

Caries prevalence and further detail of included papers 
The main focus of all included studies was oral health 
(OH) except for two [21, 25], which also involved general 
health (GH). Only three studies [21, 42] reported a car­
ies prevalence of below 20% for immigrant children. Car­
ies prevalence in the primary dentition ranged from 22% 
to 88.7%, and in the permanent dentition from 5.6% to 
90.9%. Overall, the caries prevalence, regardless of denti­
tion stage, ranged from 17% to 97.3% among the immi­
grant population (Table 3). 

When comparing the caries prevalence to the local 
population, the immigrants always had a higher preva­
lence. Only one study [21] reported a lower caries preva­
lence than in the control group however, in this instance 
the control group was a refugee population. Visual com­
parison of caries prevalence between immigrant groups 
and their corresponding control groups via bar charts 
can be found in the appendix (page 5). 

Other indices to report caries: DMFS and ICDAS 
Five papers [24, 26, 29, 34, 37] reported caries prevalence 
in other forms using D3MF at the surface level (D3MFS) 
or International Caries Detection and Assessment Sys­
tem (ICDAS). Two papers [26, 29] reported caries using 
D3MFS (Table 4). Two papers [24, 34] used the dmfs 
index derived from the full range of ICDAS scores [53], 
as a result, their count of caries experience included both 
enamel and dentine caries since both are recorded by the 
ICDAS index [54]. Analysis of tooth surfaces found that 
early caries lesions were especially frequent in age groups 
12 and 15, with respective mean values of 1.9(2.1) and 
2.4(3.0) [34]. 

Periodontal Health in immigrants 
Nine papers [25, 32, 33, 41, 44, 45, 49- 51] examined the 
periodontal health. Four of them [25, 32, 45, 50] focused 
on children and five [33, 41, 44, 49, 51] on adults. Two 
paper [33, 44] only included an elderly population and 
one paper included only pregnant migrant women [49]. 

Regarding periodontal health in children, the preva­
lence of gingivitis ranged from 5.1 % to 100%, indicat­
ing a high variation. In particular, the prevalence of 

Page 11 of16 

gingivitis was reported as very high in three studies 
[25, 32, 45], with one paper reporting that almost all 
children had chronic gingivitis [45] and two papers 
reporting a prevalence of two thirds [25, 32]. Although 
gingival inflammation was apparently high from the 
aforementioned studies, one paper [50] reported 
a prevalence of gingivitis of 5.1 %. Another paper 
showed a higher prevalence of gingivitis in immigrant 
children compared to the local population with a mar­
gin of 25% [ 45]. 

Regarding periodontal health in adults, the preva­
lence of periodontitis was present in half of the popu­
lation observed [51], similar was observed in another 
study [44] which reported two-thirds of participants 
had periodontitis and a quarter of them were diagnosed 
with severe periodontitis (gingival pockets of 6 mm or 
deeper). Based on the Papillary Bleeding Index, a study 
[33] conducted on elderly immigrants showed a greater 
prevalence of papillary bleeding compared to their 
peers (46.3% vs 30.5%). 

The one paper that included only pregnant Immi­
grant women, reported almost all participants had 
gingivitis, the periodontitis was three times more 
prevalent in immigrant pregnant women compared to 
local pregnant women (74.5% vs 22.4%). Moreover, 11% 
were diagnosed with severe periodontitis compared 
to only 0.5% in the host population, which showed a 
huge difference in periodontal health between pregnant 
migrant women and local pregnant ones [49]. 

Oral health accessibility 
Access to oral health care is an important determinant 
of oral health status [55]. Unfamiliarity with the dental 
care delivery system, lack of proper insurance (where 
relevant) and high costs of dental treatment might 
make obtaining proper oral care difficult [26]. 

Eight papers [23, 26- 29, 33, 49, 50] explored the his­
tory of dental visits in immigrants, all papers addressed 
children except for two [33, 49]. Four papers [27, 28, 33, 
49] reported, whether the participants have had a den­
tal visit in the last year while others asked about history 
of dental visit in their lifetime. 

When asking immigrants' children about the history 
of their last dentist visit, the percentage of children 
who never visited a dentist in their life, ranged from 52 
to 88% (appendix page 6). For adults, there was a sig­
nificant difference in dental visits between migrants 
and local women, with 61.1% of migrants never having 
visited the dentist or visiting less frequently than once a 
year [49]. Regarding last year dental visit, 88.2% of non­
migrant Germans had at least one dental examination, 
compared to 68.9% of immigrants. 



 

 55 

 

 

 

 

 

Banihashem Rad etal. BMC Public Health /2024) 24:1968 Page 12of16 

Table3 Further detail of included papers and caries prevalence 

Focus Dentist involved Instruments Reliability Caries Caries Caries prevalence 
GHor mentioned testedt detection prevalence in control group 
OH method (%) (%) 

Primary Dentition 

Christian Bet al., [23] OH NR NR NR ICDASII 22 NR 

Gibbs et al., [24] OH Yes Yes Yes ICDAS/WHO 34 NR 

Baggio et al., [46] OH Yes Yes Yes WHO 38.6 12.1 

Rodriguez-Alvarez et al., [42] OH One dentist Yes No WHO 42.6 24.1 

Azrak et al., [29] OH Yes Yes NR WHO 45.S NR 

Amin et al., [26] OH Yes Yes Yes WHO 56 NR 

Duran et al., [43] OH Yes Yes Yes NR 62.3 42.6 

Diamanti et al., [34] OH Yes Yes Yes ICDASII 64.2 NR 

Liu et al., [30] OH Yes Yes Yes WHO 65.7 NR 

Garcia-Pola et al., [37] OH Yes Yes NR WHO 66.6 15.S 

Ying-Chun Lin et al., [48] OH Yes Yes NR WHO 68.1 56.7 

Zhang et al., [31] OH Yes Yes Yes WHO 71.4 64.S 

Campus et al., [37] OH Yes Yes Yes ICDAS 72.6 41.6 

Y.C. Lin et al., [47] OH NR Yes Yes WHO 88.7 NR 

Permanent Dentition 

Rodriguez-Alvarez et al., [42] OH One dentist Yes No WHO 5.6 2.4 

Duran et al., [43] OH Yes Yes Yes NR 16.4 12.2 

Liu et al., [30] OH Yes Yes Yes WHO 28.1 NR 

Wilson et al .. [51] OH Yes NR NR NS 38 34.4 

Hashizume et al., [38] OH Yes Yes NR WHO 38.1 NR 

Zhang et al., [31] OH Yes Yes Yes WHO 42.S 39.6 

Lee et al., [39] OH Yes Yes NR WHO 54.8 24.9 

Mattila et al., [32] OH Yes NR NR NR 65 57 

Diamanti et al., [34] OH Yes Yes Yes WHO 67.1 , NR 

Sivakumar et al., [35] OH NR Yes Yes WHO 71 53.9 

Olerud et al., [44] OH One dentist Yes NR NR 75 NR 

Ferrazzano et al., [36] OH Yes Yes Yes WHO 77.S 55.9 

Garcia-Pola et al., [37] OH Yes Yes NR WHO 88.9 80 

Traisuwan et al., [49] OH Yes NR Yes WHO 90.9 85.2 

Aarabi et al., [33] OH Yes Yes Yes WHO NR NR 

Unspecified dentition 

Pavlopoulou et al., [21] GH NR NR NR NR 17.4 24.7 

Kabani et al., [52] OH NR NR NR WHO 24.9 NR 

Elyasi et al., [27] OH Yes Yes NR WHO 52 NR 

Soria et al., [22] OH Yes NR NR NR 92.3 NR 

Meva Altas et al., [50] OH One dentist Yes NR NR 97.3 NR 

Dahlan et al., [28] OH Yes Yes NR WHO NR NR 

G6mez-Costa et al., [41 ] OH Yes NR NR WHO NR NR 

Thorbert-Mros et al., [45] OH Yes Yes NR WHO NR NR 

Hoover et al., [25] GH Yes Yes NR NR NR NR 

GH General health, OH Oral health, NR Not reported, WHO World health organization, ICDAS International Caries Detection and Assessment System 

tReliabllity tested: If the studies gave Information about inter or Intra reliability of dental examination, It Is showed as Yes or NR. The studies that did not report the 
caries prevalence, reported caries in other fonns DMFT/S 

Discussion problems than the local population in their host coun-

Based on the included studies, it was evident that try. The perceived treatment needs varied between 

immigrants were more likely to suffer from oral health studies, still dental caries and periodontal disease were 
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Table 4 Caries distribution in immigrants in studies using DMFS and ICDAS as caries indices' 

Sample size Age in years dmfs Decayed surfaces Missing surfaces Filled surfaces 

Amin et al., [26] 125 1.7-6 7.2 (11.6) 4.2 (7.4) NR NR 

Azrak et al., [29] 211 1-5.9 4.8 (11) 3 (6.7) 0.7 (3.5) 1.1 (6.2) 

ICDASStudy Sample size Age in years DMFS/dmfs ,coAs 1_6 DFMS/dmfs ,coAsi-, DMFS/dmfs ,coAs,-,; 
Diamanti et al., [34] 707 5 4.1 (9. 1) 1.1 (1.6) 5 (7.9) 

12 3.6(4.4) 1.9 (2.1) 3.6 (4.4) 

15 3.7 (4.8) 2.4 (3) 3.7(4.8) 

Gibbs et al., [24] 630 1-4 1.9(4.62) NA 0.91 (3.47) 

NR Not reported, DMFS Decayed, missing, and filled surfaces, ICDAS International Caries Detection and Assessment System 

a Caries value is reported as mean (SD) unless otherwise specified 

most commonly regarded as urgent problems among 
immigrants. 

A variety of factors have been identified as influenc­
ing dental caries prevalence among immigrant chil­
dren, including family socioeconomic status, household 
acculturation, oral health accessibility, child's age, 
gingival inflammation, fluoride exposure,country of 
origin, and generational status [22, 25, 46, 52]. These 
factors collectively contribute to caries development, 
highlighting the complex interaction between diverse 
influences on dental health outcomes within different 
demographic contexts. 

Acculturation and oral health have a dynamic rela­
tionship [3]. Oral health might be affected by accul­
turation, which has been defined as "lifestyle and 
behavioral changes as a result of moving from one 
culture to another, usually as a result of immigration" 
[56]. According to one study [52], household accultura­
tion was a significant predictor of dental caries in chil­
dren, whereas another study [28] found no association 
between parental acculturation and children's dmft/ 
DMFTlevel. 

Lower age was directly correlated to higher car­
ies prevalence [34, 50]. In another study, the same 
was observed but just for the primary dentition [31]. 
The disparity in caries between immigrant children 
and their peers in older age groups was less, which it 
has been suggested indicates that the dental health of 
migrants children was better in older children [31, 34, 
50]. The decrease in caries disparity among older immi­
grant children might be due to improved socioeco­
nomic status of parents [34], increased access to oral 
health services, local peers' influences at schools [31], 
and ultimately development of better oral health hab­
its, such as proper oral hygiene practices(frequent and 
adequate brushing and flossing) and healthier nutri­
tional choices. It might be hypothesized that the older 
children are more mature and generally more famil­
iarized with the new language and therefore adopt 

easier to dental health habits of their host country, 
while younger children usually continue to follow their 
parents' traditional practices. According to a study con­
ducted in Spain, the second generation of immigrant 
children had lower caries prevalence than first-gen­
eration and they were almost similar to Spanish-born 
children after adjustment for confounders (social class, 
marital status, and maternal education) [22]. However, 
there are many confounding variables at play, as well 
as methodological limitations, which limits confidence 
in any conclusions about age-related disparities drawn 
from cross-sectional studies. 

All studies, except one [41], reported that the preva­
lence of periodontitis in immigrants was higher com­
pared to the local population. According to one study 
[41], there was a similar proportion of gum bleeding 
among immigrants (16 to 23%) and Spanish nationals 
(17 to 21%). immigrant women, as well as immigrants 
between the ages of 25-64, were less likely to experience 
gum bleeding than their local peers. 

The socio-demographic characteristics of immigrant 
children significantly impacted their use of dental care. 
These factors included parental education [28], income 
level [28], dental coverage [23, 26- 28], child's age [26], 
mother's age [26, 28], the duration of parental resi­
dence in the host country [26], household structure [28] 
(whether living with both parents or with a single parent), 
frequency of parent's dental visits [23] (characterized by 
infrequent attendance), primary reasons for dentist visits 
(primarily for treatment rather than preventive care) [23], 
parental perception of the child's dental care needs [23], 
and parental assimilation scores [28]. Among the vari­
ous factors considered by the studies, requiring insurance 
coverage was identified as the most common and signifi­
cant factor affecting children's dental visits [23, 26- 28]. 
One paper [23] specifically explores reasons related to 
the immigrant child's non-utilization of dental services 
and their parents/guardians reported cost, long waiting 
periods for treatment, language barriers and "no need for 
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child to visit" were the main barriers for accessing to oral 
health services for their children. 

Oral health disparities are not limited to immigrant 
groups and are widespread in numerous nations, reflect­
ing the present global tendency to emphasize specialized 
treatments rather than ensuring equal access to care [ 57, 
58]. It is evident that a number of global factors might 
be contributing to the weaker oral health of immigrants 
compared to native people in host countries. Firstly, there 
are disparities in oral health across the world that are 
impacted by socioeconomic, cultural, and environmental 
variables. Second, these difficulties could also be exacer­
bated by obstacles such as language barriers, inadequate 
insurance, and unfamiliarity with the healthcare sys­
tems in the host countries. Oral health disparities across 
immigrant populations can be made exacerbated by dif­
ferences in income, education, and healthcare facilities 
between the countries of origin and the host countries. 
To address these global factors contributing to oral health 
inequalities, multi-level interventions aimed at providing 
equitable access to dental healthcare services are needed 
[57, 59]. 

Our search strategy was unable to find any studies 
conducted in South America or Africa. This might be 
attributed to a lack of scientific research on immigrant 
dental caries or periodontal problems after 2011 in these 
regions or to the fact that these studies have not yet been 
published in indexed journals. In our review, the major­
ity of studies employed cross-sectional designs and had a 
pure descriptive scope, indicating that this issue is still in 
its exploratory phase. 

This scoping review has some limitations, including the 
possibility that some information could have been over­
looked, as the studies retrieved in the systematic database 
search showed considerable differences in the charac­
terization and reported data of the immigrant popula­
tion. Additionally, we observed significant differences in 
sampling procedures, power calculations, and geographic 
location among the included studies; some studies [25, 
29, 38, 43] did not specify sample size calculation, and 
immigrant populations were generally smaller than the 
control groups. There are also existing intra-immigrant 
disparities, which might be due to variations in socioeco­
nomic status, healthcare access, cultural practices, and 
health literacy which was not discussed in detail in our 
review. 

Due to a lack of comparability and high heterogeneity 
among the studies, we did not conduct a meta-analysis. 
Since we included studies published exclusively after 
2011, our findings are less generalizable due to the lim­
ited number of publications on this topic, especially 
from developing and underdeveloped countries. Moreo­
ver, including only articles published in English, Italian, 
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German, and French might have introduced a language 
bias, excluding studies published in other languages. In 
addition, human errors and bias may have contributed to 
the loss of information or bias of the results. 

In spite of these limitations, to our knowledge, the pre­
sent review was the first to summarize oral health dis­
eases of immigrants in a quantitative manner on a global 
scale. The study provides additional information on spe­
cial needs and associations that can be used to improve 
oral health in immigrants. 

The findings of our study have significant implications 
for professionals in oral health as well as public health 
efforts. Inequalities in immigrants' oral health care are 
often masked by population-level data since immigrants 
constitute a small proportion of populations in host 
countries. Our findings successfully addressed the reality 
of immigrant oral health in their respective countries. 

Conclusion 
There is a higher prevalence of dental caries among 
immigrants than among the local population in each host 
country, regardless of age, gender, or country. Untreated 
dental caries (D3 T, d3t) were more prevalent in this 
population. The existing data can be used to set priori­
ties for improving immigrants' oral health worldwide. 
Immigrants worldwide face major oral health challenges, 
including dental caries, periodontal diseases and limited 
access to oral health services. 

Efforts must be made to reduce oral health dispari­
ties among immigrants. Host countries must implement 
strategies to significantly increase access to dental care 
for immigrants such as Providing oral health insurance 
to immigrant children, developing community healthcare 
centers, expanding financial assistance, and integrating 
dental services into primary healthcare .. Further studies 
are needed to contribute to real-world knowledge about 
immigrants' oral health, as they can assist host-country 
policymakers in improving immigrants' oral health and 
developing more cost-effective preventative measures. 
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Appendix 1. Detailed search procedure in databases 

Pubmed 

(n=298) 

EMBASE 

(n=116) 

Scopus 

(n=928) 

(("Emigrants AND Irnmigrants"[MeSH Terms] OR "Undocumented Immigrants11[MeSH Terms] OR 

("Refugees"[MeSH Terms] OR "Refugee Camps"[MeSH Tenns])OR "Ethnieity"[MeSH Terms] OR "Ethnic and Racial 

Minorities"[MeSH Terms] OR "asylum seeker*"[Title/Abstract] OR "displaced person*"[Title/Abstract] OR 

"refugee•"[Title/Abstract]) AND ("Dental Caries"[MeSH Terms] OR "Root Caries"[MeSH Terms] OR "Dental Caries 

Susceptibility"[MeSH Terms] OR "Periodontal Pocket"[MeSH Terms] OR "Periodontal Index"[MeSH Terms] OR 

"Gingivitis"[MeSH Terms] OR "DMF lndex"[MeSH Terms] OR "dmf index*"[Title/Abstract] OR "dental 

decay• 11[Title/Abstract] OR "carious lesion*"[Title/Abstract] OR "carious white spot*"[Title/Abstract] OR "periodontal 

pocket*"[Title/Abstract] OR 11dmft s*"[Title/Abstract] OR "gingival index*"[Title/Abstract] OR 

"clmft*"[Title/Abstract] OR "clmft index•"[Title/Abstract] OR "bleeding on probing•"[Title/Abstract] OR "probing 

pocket depth*"[Title/Abstract] OR "clinical attachment loss•"[Title/Abstract]) AND (("all"[Filter] NOT 

"preprint"[Publication Type]) AND ("english"[Language] OR "french"[Language] OR "italian"[Language]) AND 

2011/0l/01:2023/12/3l[Date- Publication])) AND ((excludepreprints[Filter]) AND (english[Filter] OR french[Filter] 

OR gennan[Filter] OR italian[Filter]) AND (2011 :2023[pdat])) 

Query('immigrant':ti,ab OR 'immigrants':ti ,ab OR 'refugee':ti,ab OR 'refugee camp':ab OR 'asylum seeker':ti,ab OR 

'ethnic group':ti,ab) AND ('dental carics':ti,ab OR 'dmfindex':ti,ab OR 'dmftiodex':ti,ab OR 'dmfs index':ti,ab OR 'caries 

assessment':ti,ab OR 'periodontal disease':ti,ab OR 'gingiva disease':ti,ab OR 'gingivitis':ti,ab OR 'periodontal pocket 

depth':ti,ab OR 'pocket depth':ti,ab OR 'gingival index':ti,ab OR 'bleeding on probing': ti,ab OR 'clinical attachment 

level':ti,ab OR 'decay rate':ti,ab) AND (2011 :py OR 2012:py OR 2013:py OR 2014:py OR 2015:py OR 2016:py OR 

2017:py OR 2018:py OR 2019:py OR 2020:py OR 2021:py OR 2022:py OR 2023:py) AND ([english]nim OR 

[french]/lim OR [gennan]/lim OR [italian]/lim) AND ([embase]/lim OR [medline]/lim OR [pubmed-not-medline]/lim) 

( TITLE-ABS-KEY ( immigrant• OR refugee• OR "refugee camp0 OR "asylum seeker" OR "ethnic group0 ) AND 

ALL ( ( "dental caries" OR "DMF index" OR "DMFT index" OR "DMFS index" OR "caries" OR "periodontal 

disease" OR "gingiva disease" OR 11gingivitis" OR "periodontal pocket depth" OR "pocket depth" OR "gingival 

index" OR "bleeding on probing" OR "clinical attachment level" OR "decay rate"))) AND PUBYEAR > 2010 

AND PUBYEAR < 2024 AND (LIMIT-TO(EXACTKEYWORD , "Human")) AND (LIMIT-TO(LANGUAGE 

, "English") OR LIMIT-TO(LANGUAGE, "German") OR LIMIT-TO ( LANGUAGE, "French")) OR LIMIT­

TO (LANGUAGE , "Italian" ) ) 
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Appendix 2: Quality assessment (JBI SUMARI) 

Citation Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Total score 

Christian B et al,(23) Y U Y Y Y Y Y N Y 7 

Gibbs et al,(24) Y U Y Y Y Y Y Y Y 7 

Hoover et al,(25) N Y N Y U Y Y Y Y 6 

Amin et al,(26) Y Y N Y Y Y Y Y U 7 

Elyasi et al,(27) U Y U Y Y Y Y Y Y 7 

Dahlan et al,(28) N Y N Y Y Y Y Y Y 7 

Azrak et al,(29) N U N Y Y Y U Y Y 6 

Liu et al,(30) Y Y Y U Y Y Y Y Y 8 

Zhang et al,(31) Y Y Y U Y Y Y Y Y 8 

Mattila et al,(32) N U N Y Y Y U Y Y 5 

Aarabi et al,(33) U Y U Y Y Y Y Y Y 7 

Pavlopoulou et al,(21) U Y U Y Y Y Y Y Y 8 

Diamanti et al, (34) Y Y Y Y Y Y Y Y Y 9 

Sivakumar et al,(35) U Y Y Y Y Y Y U Y 7 

Ferrazzano et al,(36) Y Y Y U Y Y Y Y Y 7 

Campus et al,(37) Y Y Y U Y Y Y Y Y 8 

Hashizume et al,(38) U Y N Y N Y Y Y Y 6 

Lee et al,(39) Y Y Y U Y Y Y Y Y 8 

García-Pola et al,(40) Y Y U Y U Y Y Y Y 7 

Gómez-Costa et al,(41) Y Y Y U Y Y Y Y Y 8 

Soria et al,(22) N Y N Y Y Y Y Y Y 7 

Rodriguez-Alvarez et al,(42) Y Y Y U Y Y Y Y Y 8 

Duran et al,(43) Y Y Y Y U U U Y Y 6 

Olerud et al,(44) N Y N Y Y Y Y U U 5 

Thorbert-Mros et al,(45) N Y N Y Y Y Y U U 5 

Baggio et al,(46) Y Y Y U Y Y Y Y Y 8 

Y.C. Lin et al,(47) Y Y U Y Y Y Y Y Y 8 

Ying-Chun Lin et al,(48) Y Y Y U Y Y Y Y Y 8 

Traisuwan et al,(49) Y Y U Y Y Y y Y Y 8 

Meva Altas et al¸(50) Y U Y Y Y Y Y Y Y 8 

 Wilson et al,(51) Y Y Y Y Y Y Y Y Y 9 

Kabani et al,(52) Y Y Y Y Y U Y Y Y 8 

Total (%) yes 64.5 87 54.9 74.2 90.3 96.7 93.5 89 93.3 

Critical appraisal questions: Q1. Was the frame appropriate to address the target population? Q2. Were study 

participants sampled in an appropriate way? Q3. Was the sample size adequate? Q4. Were the study subjects and the 

setting described in detail? Q5. Was data analysis conducted with sufficient coverage of the identified sample? Q6. 

Were valid methods used for identification of the condition? Q7. Was the condition measured in a standard, reliable 

way for all participants? Q8. Was there appropriate statistical analysis? Q9. Was the response rate adequate and, if 

not, was the low response rate managed appropriately? Y, yes; U, unclear; N, no 
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Appendix 3: Excluded studies (n=46) 

Excluded Studies REASON FOR EXCLUSION 

1. Nicol et al,(2015) The study participants were refugees. 

2. Marwaha et al(2022), The study participants were refugees. 

3. Moreau et al, (2019) The study participants were refugees. 

4. van Berlaer G, (2016) The study participants were refugees. 

5. Goetz et al,(2018) The study participants were refugees. 

6. Solyman et al,(2018) The study participants were refugees. 

7. Takriti et al, (2021) The study participants were refugees. 

8. Al-Ani et al, (2016) The study participants were refugees. 

9. Kakalou et al, (2018) The study participants were refugees. 

10. Bhatt et al, (2019) The study participants were refugees. 

11. Noaman et al,(2019) The study participants were refugees. 

12. Hamid et al, (2020) The study participants were refugees. 

13. Biscaglia et al,(2019) The study participants were refugees. 

14. Makan et al, (2019) The study participants were refugees. 

15. Salim et al, (2021) The study participants were refugees. 

16. Salim et al, (2021) The study participants were refugees. 

17. Høyvik et al, (2019) The study participants were refugees. 

18. Riatto et al, (2018) The study participants were refugees. 

19. Kazwini et al,(2021) The study participants were refugees. 

20. Flynn et al, (2021) The study participants were refugees. 

21. Zhang et al.  (2013) The study participants were ethnic minorities. 

22. Chen et al. (2021) The study participants were ethnic minorities. 

23. Premaraj et al. (2020) The study participants were ethnic minorities. 

24. Sgan-Cohen et al. (2014) The study participants were ethnic minorities. 

25. Shi et al. (2018) The study participants were ethnic minorities. 

26. Van Der Tas et al.  (2016) The study participants were ethnic minorities. 

27. Wu et al. (2021) The study participants were ethnic minorities. 

28. Wulaerhan et al.  (2014) The study participants were ethnic minorities. 

29. Zhang et al. (2014) The study participants were ethnic minorities. 

30. Zhang et al (2015)

31. Matsuo et al (2015)

32. Mallik et al (2012)
33. Moss et al (2023)

34. Lim E et al (2020)

35. Jardim et al (2015)

36. Owens et al (2013)

37. Drummond et al (2015)

The study participants were ethnic minorities. 

The study participants were ethnic minorities. 

The study participants were ethnic minorities. 
The study participants were ethnic minorities. 

The study participants were ethnic minorities. 

The study participants were ethnic minorities. 

The study participants were ethnic minorities. 

The study participants were ethnic minorities. 

38. Stecksén-Blicks et al. (2014) Data was collected in 2007. 

39. Sanders (2020) Data was collected in 2008. 

40. Heinrich-Weltzien et al(2014) Data was collected in 2005. 

41. Cvikl  et al. (2014) Data was collected in 2007. 

42. Vered Y et al. (2011)

43. Delgado-Angulo et al(2017)
44. Ghiabi et al (2013)

45. Lau et al (2012)

46. Quach et al (2015)

Data was collected in 2000. 

Data was collected in 2009. 
Data was collected in 2008. 

Data was collected in 2003. 

Data was collected in 2006. 
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Appendix 4: Comparison of caries prevalence between immigrant and control groups divided by dentition stage 

Caries Prevalence in all Categories (Primary/ Permanent/ Unspecified) 

> Primary Dentition: 

Baggio, et al.(2015) 

Rodriguez-Alvarez, et al.(2022) 

Ying-Chun Lin, et al.(2019) 

Zhang, et al.(2020) 

Garcia-Pola, et al.(2021) 

Campus, et al.(2022) 

Duran et al.(2022) 

> Pf!rmonf!nt Dentition: 

Rodriguez-Alvarez, et al.(2022) 

Wilson, et al.12018) 

Zhang, et al.(2022) 

Mattila, et al.(2016) 

Sivakumar, et al.(2016) 

Ferrazzano, et al.(2019) 

Traisuwan, et al.(2021) 

lee, et al.(2019) 

Garcia-Pola, et al.(2021) 

Duran et al.(2022) 

> Unspeclfit!d Dentition: 

Pavlopoulou, et al.(2017) 

12.1% 

------------ 38.6% 

24.1% 

------------ 42.6% 

15.5% 

-------------------~ 66.6% 

41.6% 

------------------- 72.6% 
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----------------- 62.3% 

34.4% ___________ ,. 38% 

39.6% 

------------- 42.5% 

85.2% 

-------------------------- 90.9% 
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24.7% 
17.4% 
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Appendix 5: History of dental visits in immigrants. 

*Not visiting a dentist in their lifetime.
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Background: Oral health disorders significantly contribute to the global incidence 
of chronic diseases. Nudge interventions have demonstrated effectiveness in 
enhancing people's decision-making and self-management capacities in a 
cost-efficient manner. As a result, these interventions could be valuable tools 
for fostering improved oral care habits. This critical review explores potential 
behavioral nudges applicable to promoting oral health. 

Methods: A thorough electronic literature search was conducted on Scopus, 
Embase, and PubMed databases for papers published post-2008. The search 
focused on empirical evidence concerning the direct and indirect application of 
Nudge theory in oral health enhancement. In addition, the investigation included 
the nudge intervention's role in managing common non-communicable disease 
risk factors (tobacco, alcohol, and sugar) and their use in other health sectors. 

Results and conclusion: There is a dearth of studies on behavioral economics, 
particularly those involving reward and reminder techniques. However, various 
successful nudge interventions have been identified in other sectors that aim 
to improve health decisions. These include strategies encouraging healthier 
nutritional choices, tobacco and alcohol cessation, medication compliance, 
routine physical activity, and regular health check-ups. Such interventions can 
also have direct or indirect positive impacts on oral health. Implementing these 
interventions within an oral care framework could promote oral health due to 
similar underlying cognitive mechanisms. However, different types of nudge 
interventions have varying degrees of effectiveness. Furthermore, factors such 
as the method of delivery and the characteristics of the targeted population 
significantly influence the outcome of the intervention. Hence, it is imperative to 
conduct extensive studies in diverse socioeconomic settings to fully understand 
the potentials, limitations, and impacts of nudge interventions in promoting oral 
health. 
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1 Introduction 

Behavioral economics is a new field of social study that uses 

the findings of psychology in economics. Two Nobel Prizes in 
Economics for Daniel Kahneman in 2002 and Richard Thaler in 
2017 brought behavioral economics to particular academic 
attention in different disciplines. Thaler's theory, known as Nudge 
Theory, deals with cheap and easy interventions that effectively 
change people's behavior. Nudge theory focuses on Easy, Attractive, 
Social, and Timely interventions (EAST) to encourage desirable 
and healthy behaviors. 

Although it seems logical that people would make the best health 
decisions, many continue to prioritize short-term pleasures despite 
being aware of the long-term negative effects on their health (1). 
Nudge theory acknowledges behavioral complexity and rejects the 
idea that humans would make optimum decisions when given the 
right information (2). Instead, nudges are used as interventions that 

are neither mandatory nor choice-restricting but design choices 
effectively and desirably. 

There is promising evidence that nudges can be used to improve 
a wide range of health policy domains, including preventive 
healthcare. According to the World Health Organization (WHO), 
focusing on the most cost-effective and feasible interventions to 
prevent and control noncommunicable diseases in low-and middle­
income countries could save close to 7 billion lives by 2030 (3). 
Noncommunicable diseases, such as type 2 diabetes, have been 
investigated as potential nudge intervention targets ( 4). Nudges have 
also been shown to have a positive impact on patient's lifestyle choices, 
such as diet, medication adherence, and physical activity, as well as the 
use of tobacco and alcohol (5- 7). Previous systematic reviews found 

that the majority of current nudge studies were conducted in 
nutritional sciences, which is critical for other health topics such as 
oral health (8- 10). 

Oral health diseases, i.e., dental caries, periodontal diseases, 

and oral cancer, are among significant contributors to the 
worldwide burden of chronic diseases (1 1). Poor oral health has 
a detrimental effect on one's quality of life and may raise one's 
chance of developing chronic diseases (12). For instance, 
prolonged discomfort from an infected tooth might impair food 
intake and nutrition. Moreover, evidence supports that bacteria 
associated with chronic periodontitis might be linked to diabetes 
and cardiovascular disease (13). Besides the importance of 

considering social and commercial determinants of oral health, 
there is abundant evidence for the significance of proper oral self­
care, e.g., adequate and frequent tooth brushing and controlling 
sugar intake to prevent oral diseases. Healthy oral habits include 
eating healthily (8), brushing and flossing adequately and 
properly (1 4), and regular dental checkups (15), all of which 

depend on people's self-management. Nudging, which targets 
better and healthier choices and adopting strategies to promote 
self-management, could be useful in improving oral care habits 
and decreasing the burden of oral disease. However, there is little 
existing literature about the nudge implications in oral health; 
therefore, this critical review aimed to synthesize behavioral 
nudges that can be used to directly or indirectly promote oral 
health. A Better understanding of behavioral Nudges might assist 
policymakers, clinicians, and researchers in developing and 
implementing useful nudge interventions to improve oral health. 
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2 Method and materials 

The critical review protocol was registered at OSF Registries with 
registration code (https://doi.org/10.17605/OSF.IO/7FXCV) and is 
based on Daly and Carnwell's framework (1 6) for the critical review, 
which includes determining the scope of the critical study, identifying 
and selecting relevant data sources, reviewing studies, and 
summarizing and categorizing the obtained evidence. 

2.1 Scope of the review 

This review endeavored to answer the following research question: 
"What are Nudge theory applications in developing healthy 
oral habits?" 

Regarding the limited available evidence on the effective direct 
application of the Nudge theory in oral health promotion, papers in 
the other health sectors and oral disease risk factors ( tobacco, alcohol, 

and sugar consumption) that were found potentially relevant were also 
included. The focused question was developed following the SPIDER 
tool (17): 

S (Sample): Health, Oral Health. 
P (Phenomenon) of I (Interest): All the articles that related to 

Nudge theory interventions. 
D (Design): not restricted. 
E (Evaluation): behavior change. 
R (Research type): not restricted. 

2.2 Search strategy and terms 

An electronic search was undertaken using Scopus, Embase, and 

PubMed databases for literature published after 2008. Authors 
extracted text words from relevant papers' titles, abstracts, and index 

keywords to identify the articles. A search string was created using the 
keywords and synonyms in conjunction with the Boolean operators 
"AND" and "OR:' Only papers published in English were considered. 
All age groups were included. Search terms included combinations, 
plurals, and various conjugations of the words relating to identified 
nudge strategies. we set our search limit at 2008, since the 
conceptualization of the nudge theory, first introduced to a wide 
audience by Thaler and Sunstein in their 2008 book, Nudge: Improving 
decisions about health, wealth, and happiness (18). 

(nudge[Title/Abstract] OR nudges[Title/Abstract] OR 
nudging[Title/Abstract] OR "choice architecture"[Title/Abstract] OR 
("behavioral economics"[Title/Abstract] OR "behavioural 

economics"[Title/Abstract] OR "behavioral model"[Title/Abstract] OR 
"behavioural model"[Title/Abstract] OR "behavioral control"[Title/ 
Abstract] OR "behavioural control"[Title/Abstract] OR "behavior 
control"[Title/Abstract]) AND "health promotion"[MeSH Terms] OR 
health promotion[Text Word] OR "oral health"[MeSH Terms] OR oral 
health[Text Word] OR "health"[MeSH Terms] OR Health[Text Word]). 

2.3 Reviewing the studies 

After eliminating duplicates, the authors conducted a 
comprehensive review and provided a summary of the selected 
literature. The primary focus was on oral health promotion and 
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To adhere to oral self-care 

Concept map showing the resources selection procedure and key applications of Nudge theory in improving oral health. 

behavior changes across various populations. The decision to include 
specific resources that demonstrated the effectiveness of the Nudge 
theory in sectors beyond oral health promotion was reached through 
consensus among the authors during focus group discussions. 

To select these resources, two main approaches were taken into 
consideration. Firstly, the common risk factor approach was employed, 
where articles highlighting the successful application of the Nudge 
theory in modifying common behavioral risk factors associated with 
non-communicable diseases such as tobacco, sugar, and alcohol were 

collected. These risk factors have been established to impact oral 
health concurrently. Additionally, other resources that indicated the 
efficacy of the Nudge theory in modifying or promoting self-care 
behaviors with shared cognitive mechanisms, such as regular physical 
activity, attending physician visits, and medication adherence, were 
also included (Figure I). 

3 Results and discussion 

3.1 Studies on nudging oral habits 

Despite the growing popularity of nudge theory in various fields, 
including economics, public policy, and healthcare, there is a 
noticeable lack of research on its applications in oral health and 
dentistry. While nudges have been shown to be effective in promoting 
healthy behaviors and improving patient outcomes in other healthcare 
settings, such as smoking cessation and medication adherence, their 
potential impact on oral health behaviors remains largely unexplored. 
In this part of the review, we aim to report the limited papers on nudge 
theory in oral health and dentistry. 

One of the most relevant papers on nudging in dental settings is 
a perspective article by Scarbecz (19). The author discussed how 
dental team members could use behavioral economics principles to 
improve patients' oral health and lead patients to make healthy 
choices. Patients' choices will be influenced by the way health 

information is provided to them, dental team members should use 
the best ways to present information to patients to improve their 
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welfare and preserve their autonomy. It has been argued that the 
decision-making process for dental patients is usually complex and 
difficult due to a number of economic, medical, and psychological 
factors. As dental patients often do not receive immediate feedback 

on their treatment outcomes, nudges might be helpful. Scarbecz 
discussed common decision-making biases in dental settings, such as 
anchoring, availability heuristics, frequency-based judgments, 
optimism, status quo bias, and conformity. Using the "choice 
architecture" concept, he proposed practical strategies. For example, 

dental teams could offer incentives such as discounts for positive oral 
health behaviors during recall appointments, using decision diagrams 
that outline treatment options and their implications, and implement 
feedback mechanisms to counter the lack of immediate rewards for 

behaviors such as flossing. Patients might make better decisions 
about their oral health by using these approaches. However, it was a 
perspective study and not all of the interventions proposed by the 
author were tested or applied clinically. 

In a recent study, Shariati et al. (20) investigated the self-reported 
oral health of a random cluster of residents in Mashhad in relation lo 
their estimation of the oral health of the majority of people in 
Mashhad. They found a positive correlation between the self-and 
others' oral health levels and decayed and missing teeth (DMT). Their 
findings indicated that people might be "nudgeable" for behavioral 

change by social norm interventions. 
In a commentary and discussion paper, Wang and Wang (21) 

attempted to elucidate how behavioral economics can help clinicians 
analyze patients' fear of COVID-19 and assist them in making an 

informed treatment choice. Based on behavioral economics principles, 
it is asserted that clinicians are able to determine how fear of 
COVID-19 infection can influence patients' decisions and, 

consequently, oral health outcomes. The risk compensation bias 
suggests that some patients may overestimate the risks of COVID-19 
and underestimate the advantages of receiving care. While the dangers 
of the pandemic are unquestionably grave, they may be exaggerated 
due to availability bias or the tendency of humans to place a greater 
cognitive weight on information that is more readily accessible. 
Therefore, clinicians have to reduce the risk of COVID-19 exposure 
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and, through effective communication, clarify the disadvantages of 

delaying treatment. They can frame their explanation as a gain or a 

loss. Additionally, it may be beneficial to clarify what other patients in 
comparable situations have chosen to do and leverage social norms. 

In a field study conducted by the Social Policy Institute at 
Washington University in St. Louis (22, 23), the effect of two nudges 

intended to encourage parents of infants to participate in Teeth 

Brushing Meetings (TBM) was evaluated among 2,050 children in 41 

daycare centers. Parents were reminded to take care for their children's 

oral health in the weeks preceding the TBM. To serve as a daily 

reminder in the 2 weeks preceding the oral health workshop, a 

collaborative poster board was placed at the entrance of the nursery 

classrooms, asking parents to place stickers in two columns labeled 
"We brushed our child's teeili' and "We did not brush our child's 

teeth." The second nudge was intended to remind parents of the 

possible benefits ( vs. losses) of good ( vs. poor) oral hygiene routines 

using differing wording in their invitation letters; the control group 

was given a neutral invitation letter to learn about caring for their 
child's oral health. The second group (nudge) received a "Negative 

accountability letter;• which reminded them that their child's poor oral 

health is their responsibility. The letter included a graphic depicting 

the consequences of poor oral hygiene. The invitation letter of the 
third group, or "Positive accountability letter" group, illustrated a 

beaming child with a healthy mouth and emphasized that children's 

oral hygiene results due to parents meeting their responsibility. 

According to the findings of the study, the interventions successfully 
increased parental participation in the TBM. However, there was not 

a substantial distinction between the three groups. 

In another experiment (24) in Early Head Start (EHS) sites in the 

Los Angeles, California area, the BEECON (Behavioural Economics 

for Oral Health Innovation) pilot trial was carried out during 8 study 

weeks based on the concepts of nudging behavior with appropriate 
incentives. This project was to motivate low-income parents of children 

aged 1- 3 to brush their children's teeth frequently and attend scheduled 

dental visits by evaluating and contrasting the concept of a fixed 
monetary incentive package, a combined lottery incentive package ( to 

capitalize on the propensity for individuals to be more inspired by 

immediate rather than delayed gratification), and a waiting list (delayed 

incentive) control. During the study period, participants were provided 

with Bluetooth-enabled powered toothbrushes that synchronized data 

to a mobile app in order to monitor toothbrushing compliance. In the 

fixed incentive group, participants received $5 per week if they met an 

inferior performance threshold (7 episodes, daily, 1 min) and $10 per 

week if they met a higher performance threshold ( 14 episodes, twice 

daily, 1 min). The lottery monetary incentive group obtained a weekly 

SMS regarding their entry into a lottery drawing. The likelihood of 

success relied on the participant's level of accomplishment. After 8 

weeks of study, participants in the control group earned the same 

amount of money as those in the fixed incentive group. All participants 

received messages regarding their brushing performance and 

reminders to integrate their toothbrushing data with the app. In the 

lottery incentive group, the mean number of weekly grooming episodes 

over 8 weeks was 6, compared to 4.1 in the fixed incentive group and 

3.9 in the control group. The lottery group reported brushing their 

teeth 53% more frequently than the control group and 47% more 

frequently than the fixed group. It was determined that an integrated 
(two-tiered) lottery incentive program is a viable method for 

encouraging good dental hygiene in young children. 
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In another commentary article, Wang et al. (22) sought to 

demonstrate how behavioral economics might be used to reduce 

missed dental appointments. They first outlined the basic issues that 

may be caused by these missed appointments, such as the exacerbation 
of dental cavities and the complication of dental treatments, as well as 

the strains on the patient-provider relationship caused by the erosion 

of trust. Again, Wang et al. (22) addressed salience bias, present bias, 

planning fallacy, and risk compensation bias as the related cognitive­

behavioral obstacles and then suggested a strategy to illustrate how 

these insights could be combined to reduce missed appointments. 

Then, they offered suggestions based on the principles ofbehavioral 
economics, such as substituting the term "dental cleanings" with "oral 

health examination" when communicating with patients in person or 

via reminder messages, and mentioning the advantages of an oral 

health examination. The reminder text may briefly summarize the 

effects of oral diseases such as periodontitis and oral cancer. 

Additionally, they recommended integrating pre-commitment devices 
into the automated text reminders. For instance, a reminder can 

be sent to the patient 1 week prior to the appointment, necessitating 

active affirmation. 
One useful strategy in addressing patient reluctance or a "wait and 

see" attitude is to emphasize the potential financial implications of 

delaying necessary treatment. Healthcare providers can effectively 

raise patient awareness of the importance of timely treatment by 

highlighting the long-term consequences and expenses associated 

with treatment delay. This approach enables patients to comprehend 
that the immediate financial investment in treatment is typically 

outweighed by the physical distress and financial strain that can arise 

from the progression of disease. Consequently, patients are more 

inclined to undertake appropriate measures promptly rather than 

postponing action (19). 

In total, what we have in accordance with the implication of 

behavioral economics in dental care are mostly hypothetical 

suggestions based on the cognitive bias of humankind and the 

proposed solutions that might arise from the principles ofbehavioral 

economics. There are also some limited empirical studies piloting the 
use of these principles, especially rewarding and reminding, to steer 

the oral hygiene behaviors ( such as toothbrushing or dental visit 

attendance) in parents of children. However, behavioral economics is 

not limited to being relevant only to oral hygiene behaviors, and the 

other relevant fields need to be tested through clinical or field trials. 

3.2 Studies on nudging common risk 
factors 

3.2.1 Nutritional choices and sugar consumption 
Nudge theory has implications for improving oral health 

outcomes by influencing sugar, tobacco, and alcohol consumption. 

Most nudge interventions have been studied in nutritional sciences; 
therefore, we used the previous reviews in this field. Studies have 

reported a moderate effect of nudge interventions on food choices and 
nutritional decisions (25). Recent research by Mertens et al. (26) on 

the influence of nudging across behavioral domains indicated that 

choice architecture interventions encourage behavior change with a 

small to moderate effect size. The effect magnitude of food choice 

nudges, according to the authors, was 2.5 times greater than that of 
other behavioral domains (26). According to a meta-analysis by Arno 
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et al. (9), nudge interventions, on average, increases healthier dietary 

or nutritional decisions by 15.3%, measured by changes in healthy 
choices frequency or overall caloric intake. 

The main nudge interventions for diet were categorized in a 
systematic review and meta-synthesis as (1) repositioning and 
replacing food items, (2) food items presentations in the form of 
amounts and servings, (3) using posters, calorific labels, stickers, and 
signs to promote healthy food choice, (4) using reminders in forms of 
text messages, emails, and online lessons, and applications to notify 
individuals about nutrition and healthy eating, (5) financial incentives, 
(6) affecting senses (sight, smell, and taste) to influence lunch choice 

or healthy food selection, and (7) cognitive loading, where cognitive 
resources for making decisions are restricted (27). A meta-analysis by 
Vargas-Alvarez et al. (28) revealed that specific portion control tools 

have small size effects and may be effective instruments for inclusion 
as part of weight loss interventions. 

Managing diet and nutrition is one of the most important aspects 
of maintaining health in patients with noncommunicable diseases. In 
a systematic review, Kwan et al. (29) investigated the influence of 

nudge interventions on the diet of diabetic adults. They found that 
nudge interventions' delivery mode is influential in changing patients' 

behavior. Using social modeling delivered through group meeting 
sessions effectively modified the patient's diet, physical activity level, 

self-efficacy, and HbAlc control. Whereas digital devices alert to 
reminded patients to eat less were ineffective. 

The population's socioeconomic status appears to influence the 
effectiveness of nutritional nudge strategies. Schiiz et al. (30), 
systematically reviewed the equity effects of nutritional nudging 
strategies in individuals from different socioeconomic backgrounds. 
According to most of the equity comparisons in the literature, 

cognitive nudges (i.e., nudges that encourage information 
presentation about the food) worked similarly in more and less 
disadvantaged populations; however, in some studies, these kinds 

of nudges favored less economically disadvantaged people. In 
addition, they discovered that certain behavioral nudges (altering 
the accessibility or convenience of food options) favored 
disadvantaged individuals. In consistent with previous studies, 
Harbers et al. (25) declared that there is evidence that nudges were 
more effective in low socioeconomic status groups, but studies on 
these populations are scarce. 

Regarding sugar consumption, Venema et al. (31 ) found that 
decreasing tea spoon size reduced sugar intake on average by 27% 
among participants. However, the nudge effect was less 
pronounced when people had a strong habit of adding sugar to 
tea. Villinger et al. (32) reported that modifying the sugar 
shakers' design to release a smaller amount of sugar in each pour 
reduced added sugar by 20% over 4 weeks. In a randomized 
clinical trial , authors have found that sugar-sweetened-beverage 

consumption and healthier drink choice can be nudged by 
Instagram image priming (33). 

In summary, nudge interventions have demonstrated the potential 
in swaying nutritional choices, thereby directly influencing oral health 
through the reduction of high-calorie and sugary products. The 
efficacy of these interventions, however, is not uniform and hinges on 
several factors such as the method of delivery and the socioeconomic 
status of the target audience. Various strategies, including food 
repositioning, reminders, and alterations in food presentation, have 
shown their effectiveness in this context. 
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3.2.2 Tobacco and alcohol consumption 
The nudge theory can promote healthier behaviors related to 

tobacco and alcohol cessation. Nudge interventions can be designed 
to provide support for individuals who want to quit tobacco or alcohol 
by offering reminders, incentives, or access to resources such as quit 
lines or counseling services. These interventions could help individuals 
overcome barriers to quitting and increase their motivation to adopt 
healthier behaviors, leading to improved oral health outcomes and 
overall well-being. 

Research has shown that graphic warning labels on cigarette packs 
can nudge people toward quitting smoking. Nurchis et al. {34) 
discovered that enhancing the salience of information or incentives 
emerged as the most widely utilized nudge intervention, 
demonstrating a higher success rate when compared to other nudge 
strategies. The proposed underlying mechanism suggests that these 
interventions elicit negative emotional stimuli, including fear, worry, 
and disgust. Similarly, warning labels on alcohol bottles could remind 
people of the risks of excessive alcohol consumption, and raise their 
awareness. The scientific literature highlighted the larger effectiveness 
of image-based warning cues in avoiding dangerous activities (35). 
Fakir and Bharati (36) examined the efficacy of two behavioral 

strategies to reduce tobacco use in an ultra-poor rural area of 
Bangladesh, where traditional approaches such as taxes are 

impractical. The first strategy required participants to record their 
daily use of tobacco costs. The second strategy consisted of placing 
two graphic banners with warnings about the adverse impacts of 
tobacco use on tobacco users and their offspring. While both strategies 
decreased household tobacco consumption expenses, male 
participants who recorded their expenditures opted for inexpensive 
smokeless tobacco. Males who are married to non-smokers have a 

greater decrease in their tobacco consumption. An exploratory 
analysis showed that risk-averse males who invested a greater 

proportion of their income on tobacco replied better to the logbook 
strategy. Male patients with children younger than five and a higher 
level of education reacted more effectively to the poster strategy (36). 

Clarke et al. {37) highlighted the effectiveness of Health warning 
labels {HWLs) on products containing tobacco and alcoholic 
beverages to decrease smoking and drinking. Three hundred and 
ninety-nine adults over the age of 18 who purchased beer or wine 
weekly for consumption at home make up the sample. Participants 
were randomly assigned to one of three groups based on the HWL 
displayed on the packaging of alcoholic beverages: (a) image-and-text 
HWL; (b) text-only HWL; and (c) no HWL. They found no obvious 

evidence of a difference between the HWL groups and the control 
group in terms of the quantity of alcoholic drinks selected. Substantial 
greater negative emotional arousal and lower acceptance were 
observed in the image-and-text HWL group relative to the text-only 
HWLgroup. 

People are often influenced by what others around them are 
doing. Nudging people toward healthier behaviors can be achieved by 
highlighting the social norm of healthy behavior. For example, 
campaigns could potentially showcase how many people have quit 
smoking or reduced their alcohol intake. Highlighting social norms 
of healthier behaviors, such as emphasizing that most people do not 
smoke or only drink in moderation, can nudge individuals toward 
aligning their behavior with the norm (38). 

One way to nudge people toward healthier choices is to change the 
default option. For example, making non-smoldng the default option 
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in public spaces or making low-alcohol beverages the default option 

in bars and restaurants can encourage people to make healthier 
choices without restricting their freedom. Nudge theory can be used 
to change the default option, such as making non-smoking or 
non-drinking the default option in certain situations. Hempel-Bruder 
et al. (39) evaluated the effectiveness of educating General 
Practitioners (GPs) to provide treatment as the default option with 
current tobacco users seen in primary care using an encounter 
decision aid. The use of default options and an electronic decision aid 
are low-cost, readily disseminable interventions. They hypothesized 
that general practitioners who provide smoking cessation treatment 
as the default option using an encounter decision aid will boost the 
percentage of patients who cease smoking (39). 

Increasing taxes on tobacco and alcohol products can nudge 
people toward reducing their consumption. Studies have shown 
that higher prices could deter people from purchasing these 
products. Providing incentives for healthy behaviors could also 
nudge people toward healthier choices. For example, discounts 
on healthy food and beverage options or rewards for not smoking 
or drinking can encourage people to make healthier choices. 
Nudge theory can be used to provide incentives for behavior 
change. For example, a workplace could incentivize employees 
who quit smoking or reduce their alcohol consumption. Cho 
et al. (40) discovered that the cost of cigarettes had become the 

most frequently cited reason for quitting or cutting back on 
smoking, particularly for those living in low socioeconomic 
areas, consuming more cigarettes daily, drinking alcohol, and 
experiencing high/very high emotional distress. Since 2013, a 
change in the primary federal tobacco control strategy 
implemented in Australia, from mass-media campaigns lo 
tobacco tax rises, has likely resulted in cost, rather than health, 
being cited as the main driver for altering smoking behavior (40). 

Nudge theory can be used to provide information about the 
harms of tobacco and alcohol consumption in a way that is easily 
accessible and understandable. For example, putting up posters or 
signs in public places such as bars or restaurants that highlight the 
risks of smoking or drinking excessively. Jenssen et al. (41 ) 
conducted a trial in nine clinical sites within the Cancer Control 
Implementation Lab of the Implementation Science Centre to assess 
the effect of behavioral economic implementation strategies 
provided via embedded messages (or "nudges") encouraging patient 
involvement with the Tobacco Use Treatment Service. Nudges were 
electronic medical record (EMR)-based messages sent to patients, 

clinicians, or both, intending to counter specific patient and 
clinician biases that reduce treatment engagement ( 41 ). Drake et al. 
(42) proposed a Clinical Decision Support (CDS) intervention to 
encourage clinicians to use the CDS instrument in order to increase 
tobacco cessation among tobacco users. Using user-centered design 
principles and the CDS Five Rights, they created a CDS tool that 
dynamically inserts useful data about current tobacco users into the 
Assessment and Plan section of clinicians' notes. They evaluated the 

efficacy of the CDS tool on time to tobacco cessation among 
patients at four primary care practices in the Denver metropolitan 
area (42). 

Providing individuals with timely feedback on their tobacco or 
alcohol consumption, such as through apps, can nudge them toward 
making healthier choices and monitoring their behavior. Bhatt et al. 
(43) emphasized the necessity of understanding and valuing the 
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dynamics of social and cultural variables in order to develop an 
effective de-addiction strategy. The patient was provided with disease­
specific pamphlets and SMS (short text messages) in their native 

language were provided with basic tips for handling his tobacco 
cravings (such as not purchasing tobacco pouches on his own and not 
requesting anyone else to do so). The patients received a counseling 
session to heighten their awareness of tobacco use. Participants were 
asked to watch videos about how their tobacco use contributed to 
diseases and enhanced risk of complications. 

Drawing from the success of nudge interventions in tobacco and 
alcohol cessation efforts, similar strategies could be applied to promote 
oral health. Just as graphic warning labels on cigarette packs effectively 
nudge people toward quitting smoking, labels emphasizing the risk of 
oral cancers may heighten public awareness. One way to do this is by 
implementing graphic warning labels on oral health-related products, 
like sugary snacks or beverages, bringing the risks of poor oral health 
to the fore. 

It's also beneficial to emphasize social norms surrounding oral 

hygiene. Launching campaigns that underline the importance of 
maintaining good oral health can significantly improve public 
consciousness in this regard. Providing incentives can further 
motivate individuals to adhere to proper oral health behaviors. This 

could take the form of offering discounts on dental services or oral 
care products to those who comply. 

Moreover, another effective strategy could be implementing a tax 

on sugary snacks and beverages. This financial deterrent might 
discourage excessive consumption, ultimately contributing to better 
oral health outcomes. 

3.3 Modeling nudge interventions from 
other health-related conditions 

The evidence of implementing nudges in promoting oral health 
is scarce. However, the components of oral health behavior are 

similar to other health-related behaviors among healthy populations 
and patients with chronic diseases. Based on the proposed health 
behavior taxonomies ( 44, 45), similar psychological factors or goal 
structures may underlie similar behaviors. Consequently, successful 
behavioral and nudging interventions for some types of behaviors 
might apply to optimizing others. In addition, targeting multiple 
behaviors in intervention programs is an effective method for 
maximizing efficiency and cost-effectiveness. Therefore) 
we investigated studies on other health promotion actions and 
hypothetically correlated them with oral health behaviors, including 
daily oral hygiene adherence, receiving oral disease preventive care, 
attending dental checkup appointments, and obtaining dental 
care insurance. 

3.3.1 Medication adherence/daily oral hygiene 
adherence 

According to the WHO, adherence is the degree to which a 
person's behavior corresponds with the agreed-upon 
recommendations of a healthcare provider (46). In this regard, daily 

oral hygiene adherence might be analogous to medication adherence 
because both should be repeated regularly to improve health. 
Approximately one-fourth of patients do not adhere to their 
prescribed medication regimens or medical advice, which increases 
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morbidity, mortality, and healthcare costs (47). Numerous studies 

have been conducted to determine the effect of nudge interventions 
on medication adherence. Reminders via SMS or text messages are 
the most prevalent nudge strategies (48). Miillenkamp et al. (47) 
conducted a systematic review to determine nudges' efficacy in 
enhancing self-management of drug consumption among patients 
with chronic diseases. Interventions such as medication reminders, 
social support, and feedback nudges significantly enhanced 
medication adherence in patients with heart disease. Using reminders 
also substantially improved asthma and stroke medication adherence. 
In another systematic review, Kwan et al. (29) investigated the nudge 
interventions' influence on diabetes management in adults. Text 

messages/email reminders and a pedometer/device were found to 
have a significant impact on medication adherence. In contrast, 
Luong et al. (49} reported in a randomized clinical trial that reminder 

text messages increased medication refills in patients with 
cardiovascular diseases and a 7-day refill interval, but the effect was 

insignificant. In another randomized controlled trial, Horne et al. 
(SO) found that personalized nudges using machine learning of 
subjects' characteristics derived from psychographic assessment, 

demographics, social determinants, and the Intermountain Mortality 
Risk Score (!MRS) significantly improved patients' statin adherence 
after 12 months follow-up. 

Rumi et al. (SI) examined the influence ofusing an inhaler with 

a Turbo+ device on asthma patients' inhaler usage management. 
This device transmits medication usage information to a 
smartphone application, sends reminders and motivational prompt 
messages, and visualizes medication usage. The device substantially 
improved patients' inhaler usage within 90 days; however, because 
the study lacked a control group, it cannot be ruled out that 

improvements in health behavior may have been attributed to 
standard care. Ding et al. (48) evaluated the influence of applying 

the theory of planned behavior and the nudge strategies (salience 
nudge, social nudge, and feedback) on taking anticoagulant therapy 
in a 6-month follow-up. The authors observed that patients' 
medication adherence decreased in both groups; however, providing 
messages in WeChat groups, encouraging patients to share their 
medication usage experiences, and praising participants who gained 
high scores significantly improved medication adherence at the 
3-and 6-month follow-ups. However, the described studies suggest 
that nudge interventions, mainly reminders, have led to short-term 
improvements in medication adherence. The nudge intervention 
delivery mode and the patient characteristics may impact the 
efficacy of interventions (29). 

The barriers to regular oral care vary according to age and 
socioeconomic status. The most common barriers, however, are a lack 
of knowledge, time, a negative attitude, insufficient toothbrushing 
resources, and forgetfulness (52, 53). In addition to educational 
interventions, nudge interventions such as smartphone reminders, 
gamification, social nudges within the family or among peers, and 
prompts may also improve compliance with oral hygiene behaviors or 
regular dental visits. Moreover, encouraging individuals who adhere 
to oral care behaviors in social network groups, for example, for 
students, might also improve oral care behavior adherence. However, 
provided studies regarding medication adherence often reported the 
short-term efficacy of the interventions. Since oral health care is a 
lifetime activity, nudges that influence daily activities might be more 
relevant to the field of oral healthcare. 

Frontiers in Public Health 07 

10.3389/fpubh.2023.1243246 

3.3.2 Physical activity/daily oral hygiene 
adherence 

Inactivity and excessive sedentary behavior increase the risk of 
developing noncommunicable diseases and can diminish a person's 
lifespan (54). However, many adults and adolescents do not meet the 
recommended amounts of physical exercise (SS). Physical activity is 
also commonly addressed for nudge intervention in chronic disease 
management. Miillenkamp et al. (47) discovered that nudge 
interventions such as reminders, planning prompts, feedback, 
behavioral contracts, and salience nudges successfully enhanced 
objective and self-reported physical activity in patients suffering from 
various chronic conditions. Similarly, Kwan et al. (29) also found that 

gamification and reminders had a substantial favorable result in 
diabetes management. Similarly, a recent meta-analysis found that 
gamified smartphone apps may boost physical activity in healthy 
individuals (SS}. 

Systematic reviews of nudge interventions in healthy people found 
that prompt interventions primarily promoted stair use (54, 56, 57); 
however, stair use decreased after the interventions were removed, and 
many programs failed to show long-term positive impacts. Longer­
duration interventions successfully maintained the habit when the 
intervention was removed. Individuals may acclimate to nudge 
intervention over time and no longer perceive it. According to Li et al. 
(58), wearable activity trackers improve exercise behavior but are 

inefficient at changing habitual behavior, such as light physical or 
sedentary behavior. Furthermore, participant characteristics and 
intervention elements were linked to efficiency. 

Teeth brushing and exercise are among daily routines for health 
maintenance ( 44). Although the approach and effects of nudge 
interventions for increasing individuals' physical activity vary, 

applying behavioral nudges, such as reminders, gamification, and 
prompts, may also enhance dental hygiene practice. However, nudge 
interventions aimed at encouraging exercise habits in healthy 
individuals appear to be effective only for a short term, as people tend 

to adapt to them quickly. Therefore, when designing nudge 
interventions to promote oral health behaviors, it may be necessary to 
not only extend the duration of these initiatives but also to offer a 
variety of nudges to prevent individuals from growing accustomed 
to them. 

3.3.3 Vaccination/receiving oral disease 
preventive care 

Several meta-analyses have found that patient reminders, such as 
phone calls, SMS, postcards, mail, or a mix of these methods, improve 
children, adolescents, and adult immunization against numerous 
diseases (59- 63}. Eze et al. (60) discovered that these reminders are 

significantly more effective than in upper-middle-income countries in 
increasing childhood immunization coverage and that sending more 
than two SMS reminders improves the timely receipt of childhood 
vaccines than sending one or two SMS reminders. In contrast to the 
beneficial effect of reminder nudges, Levine et al. (64} discovered that 

customized voice call reminders led to 10.5% higher coverage of 
on-time childhood vaccination while advising vaccination 
opportunities by a community health volunteer and providing a small 
incentive led to 49.5% increase in vaccination in rural Northern 
Ghana. In circumstances where network availability and phone access 
are limited, the impact of nudge vaccination via voice calls may 
be limited. In contrast, according to the Oyo-lta et al. (65} 
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meta-analysis, financial incentives did not affect childhood 
immunization coverage in low-and middle-income countries. 
However, they discovered that health education at village meetings, 
home, and facility-based health education, and revised vaccination 
reminder cards might boost total vaccine coverage. 

Jacobson et al. ( 66) discovered that, whereas public health 
messaging and financial incentives boosted COVID-19 vaccination 
intentions, they did not raise immunization rates among vaccine­
hesitant people. The outcomes of the Sasaki el al. study (67) 
emphasized the importance of tailoring social norm nudges to the 
purpose and target audience. 

A significant portion of the direct costs of providing dental 
health care is used to treat highly preventable diseases in children 
and adolescents, which is burdensome for patients, governments, 
and insurance providers. In moderate-and high-risk individuals, 
applying fluoride varnish or resin-based fissure sealants of 
permanent teeth can prevent occlusal caries (68). Due to the 
common preventative nature of vaccines and dental professional 
preventive treatments and the limited number of interventions 
required, the nudge interventions that have effectively increased 
vaccination rates and timeliness may also encourage parents to 
receive dental preventive treatments. Personalized reminders and 
incentives, in addition to parental education and organizational 
infrastructures, may improve parental attendance at the 
dental office. 

3.3.4 Healthcare attendance/attending dental 
checkup appointments 

Regular dental visits allow for the early detection of oral diseases 
and prompt, cost-effective treatment of dental problems (69). 
Appointment non-attendance in the primary healthcare system is 
costly, reduces access to limited resources, and is notably prevalent 
among vulnerable individuals. Patients' perceptions that regular 
dental treatment is unnecessary or unusual, accessibility, participant 
characteristics (socioeconomic situation and history of drug, tobacco, 
and alcohol use), waiting time in the virtual queue, inability to get 
time off from work/ school, and forgetfulness are all factors that 
influence non-attendance and no-show ups in dental offices (70- 73). 
As a result, identifying the obstacles to attending dental appointments 
and carefully analyzing the "nudgeable" barriers identified in similar 
studies on healthcare attendance may improve populations' 
oral health. 

Miillenkamp et al. (47) investigated the effects of nudge 
interventions on patients with chronic disease attendance to 
physicians. They discovered weak to moderate evidence that 
small financial incentives, reminders, and planning prompts have 
a favorable effect. Huf et al. (7 4) evaluated the influence of text 
messages with varying content on cervical screening attendance. 
They discovered that SMS messages from primary care physicians 
dramatically increased people's attendance. Furthermore, based 
on these findings, the National Health Service Cervical Screening 
Programme launched a London-wide screening campaign using 
text messages, resulting in a 4.8% increase in attendance in 
6 months. In South Africa, Friedman et al. (75) showed that 
providing small incentives and massage reframe boosted 
attendance at counseling sessions for Voluntary Medical Male 
Circumcision as a free preventive treatment to reduce 
HIV infection . 
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Regarding no-show-ups, Boksmati et al:s meta-analysis (76) 
showed that SMS appointment reminder within 48 h is an effective 
and operative method in decreasing appointment no-show-ups in 
a healthcare setting. In contrast to these findings, Ruggeri et al. ( 6) 
discovered that reminders did not affect disadvantaged people's 
attendance. They looked at 53,149 visits and discovered whether 
patients were assigned to established physicians and appointment 
lead time was among the strongest predictors of no-show rates. 
According to the authors, underserved groups face numerous 
healthcare challenges. As a result, evaluating obstacles and 
planning treatments that target people in need is critical for the 
effectiveness of healthcare programs, including dental 
appointments and screening. 

3.3.5 Health insurance and retirement savings/ 
dental care insurance 

Private health insurance is usually a critical resource in covering 
dental care costs. Behavioral interventions might encourage people to 
choose their insurance plans more efficiently, along with the need for 
policymakers and insurance companies to provide more convenient 
dental insurance packages. Furthermore, insurance influences health­
seeking behavior and oral health, particularly among vulnerable 
groups (77, 78). Many people often do not acquire health insurance, 
struggle to find appropriate coverage, or transfer plans despite 
changing needs. Based on the available evidence, Krishnan et al. (79) 
highlighted the behavioral traits and interventions that might steer 
consumer decision-making in health insurance market purchasing. 
The behavioral interventions were categorized as decision 
information-based, decision structure-based, or decision assistance­
based. Successful nudges included framing, simplicity, social norms, 
defaults, sorting, callouts, labeling, reminders, and personalized 
information. They can motivate consumers to get dental insurance 
and improve the quality of their options. However, as the authors 
pointed out, there was a shortage of data from low-income and 
developing nations, and thus, the findings may not directly apply to 
these countries. In another study, Marzilli Ericson (80) found that 
nudging through letters or emails increased health insurance 
purchases in Colorado, but personalized nudges did not result in 
plan switching. 

The prevalence of chronic non-communicable diseases, 
including oral disease, and demand for their treatment rise as 
people live longer. As a result, numerous nudge treatments to 
encourage early retirement savings have been examined. Even 
experts believe that financial literacy and awareness of the 
significance of saving are insufficient to motivate people to act. 
Garcia and Vila (81 ) discovered that the default choice greatly 
enhances long-term voluntary savings of financially literate pension 
contribution system participants. Beshears et al. (82) discovered 
that framing the future time point around a fresh start date (e.g., the 
recipient's birthday) enhanced the participants' likelihood of 
contributing to a saving plan in a large-scale randomized field 
experiment on university employees. Dur et al. (83) studied the 
influence of social norm nudges on household buffer savings in a 
large-scale randomized field experiment at a retail bank. They 
discovered that while the norm nudge boosted individuals' saving 
intentions, it did not enhance their savings. This study emphasized 
the methodological aspect of conducting nudge interventions, 
suggesting that using data other than final decisions may lead to 
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TABLE 1 Summary of the results and included studies in the review. 

Health/oral Domains Sub- Key research Nudging related Implications for 
health care domains papers interventions oral health 

Implication of Nudge Nudging Nutritional choices Arno et al. (9), Harbers Repositioning and replacing food items, Limiting the consumption of 

theory in other health common risk et al. (25), Mertens et al. food items presentations in the form of daily sugar as the main risk 

domains with factors (26), Lcddcrcr et al. (27), amounts and servings, using signs to factor of dental caries 

potentials for oral Vargas-Alvarez et al. (28), promote healthy food choices, using 

health related Kwan et al. (29), Schilz reminders to notify individuals about 

outcomes et al. (30), Venema et al. nutrition and healthy eating, financial 

(31), Villingeretal. (32), incentives, affecting senses to influence 

Kay(33) healthy food selection, cognitive loading, 

social modeling, decreasing tea spoon size 

Tobacco and Nurchis et al. (34), Supportive interventions like as Limiting the consumption of 

alcohol Towner (35), Fakir and reminders, incentives, or access to alcohol and tobacco as main 

consumption Bharati (36), Clarke et al. resources such as quit lines or counseling risk factors of oral diseases 

(37), Blaga et al. (38), services, graphic warning labels on 

Hempel-Bruder et al. cigarette packs, warning labels on alcohol 

(39), Cho et al. (40), bottles, highlighting the social norm of 

Jenssen et al. (41 ), Drake healthy behavior, making non-smoking 

et al. (42), Bhatt et al. (43) the default option in public spaces, 

Increasing taxes on tobacco and alcohol 

products, Clinical Decision Support 

(CDS) intervention, timely feedback on 

tobacco or alcohol consumption 

Medication Mollenkampetal. (47), Reminders via SMS or text messages and Increasing daily oral hygiene 

adherence Kwan et al. (29), Luong motivational prompt messages, adherence 

et al. (49), Horne et al. personalized nudge using machine 

(50), Rumi etal. (51 ), learning 

Dingel al. ( 48) 

Physical activity Mollenkampelal. (47), Reminders, planning prompts, feedback, Increasing daily oral hygiene 

Kwan et al. (29), Landais behavioral contracts, salience nudges, adherence 

et al. (54), Yang et al. gamification, wearable activity trackers 

(55), Forbcrger et al. (56, 

57), Li et al. (58) 

Vaccination Eze et al. (60), Levine Patient reminders, education at village Receiving more oral disease 

et al. (64), Oyo-Ita et al. meetings, home, and facility-based health preventive care such as 

(65), Jacobson et al. (66), education, tailoring social norm fissure sealant and varnish 

Sasaki et al. (67) fluoride 

Healthcare M6llenkamp et al. (47), Financial incentives, reminders, planning Attending more dental 

attendance Huf et al. (74), Friedman prompts checkup appointments 

et al. (75), Boksmati et al. 

(76) 

Health Krishnan et al. (79), Framing. simplicity, social norms, Encouraging people to buy 

insurance and Marzilli Ericson (80), defaults, sorting, callouts, labeling. dental care insurance 

retirement Beshears et al. (82), Our reminders, personalized information. 

savings etal. (83) Framing the future time point around a 

fresh start date, social norm 

Application of Nudge Dental visit Wang et al. (21 ), Wang Clarify the disadvantages of delaying Decreasing the missed dental 

theory in oral health attendance etal. (22) treatment (gain and loss), social norm appointments 

domains 

Oral health Shariati et al. (20), Social norm, launch campaigns on the Improving oral health 

behavior change Marciano et al. (23), importance of good oral health, behaviors such as tooth 

White et al. (24) reminders, remind possible benefits of brushing 

good oral hygiene routines, monetary 

incentive 
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researchers wrongly claiming that the intervention had an effect. 
Therefore, given that individuals might be receptive to nudges 
concerning oral health behaviors (20), it is vital to explore the real 

impact of norm nudges on concrete clinical measures such as 
plaque index and the long-term status of decayed, missing, and 
filled teeth (DMFT). 

Some criticisms of nudge strategies assert that the philosophy of 
nudging contrasts with holistic, people-centered health-promoting 
interventions that incorporate the social and moral aspects of the 
setting approach (84). Others argue that with nudging, behavior and 
education are detached; education and contexts are prioritized over 

behavior (27). Moreover, studies show great heterogenicity that 
arises from study design, the method of measuring the efficacy of the 
interventions, sample group characteristics, and publication bias. 
Furthermore, most studies are conducted in high-income Global 
North nations, particularly in the United States. Therefore, Szaszi 
et al. (85) have argued that scholars must investigate when and 

where some nudges have huge positive effects. Since then, there has 
been "No reason to expect large and consistent effects of 
nudge interventions." 

Some authors support nudge interventions despite the 
critiques and the need for further investigations and high-quality 
studies in different cultures and settings. For instance, Benartzi 
et al. (86) discovered, for instance, that the ratios of effect to cost 

for nudge interventions frequently compare favorably with 
conventional policy tools, such as tax incentives and other 
financial inducements. Moreover, previous research has shown 

that using choice architecture to complement more traditional 
intervention approaches can enhance the impact of economic 

interventions such as taxes or financial incentives (87, 88). 
Mertens et al. (26) also stated that nudge interventions facilitate 
behavior change across various behavioral domains, population 

segments, and geographical locations. Therefore, we argue that 
nudge interventions can be useful for oral health promotion. Oral 
health is a multi-component phenomenon. We have described 

multiple nudge interventions that are directly conducted on oral 
health promotion or indirectly can affect oral health by 
influencing diet and tobacco consumption. We also explained 
interventions in other fields analogous to oral health components. 
Therefore, using different kinds of nudge interventions 
simultaneously by studying cultural elements and as a 
complement to other health promotion techniques might lead to 
significant outcomes (Table 1). 

A unique characteristic of nudge interventions is their ability to 
influence behavior without being mandatory or restrictive. lnstead of 
imposing choices on individuals, they use subtle design strategies to 
encourage them to make better decisions. 1n order to facilitate positive 
behaviors, these interventions utilize insights from behavioral science 
to shape the decision-making environment. The purpose of nudges is 
to gently guide individuals toward beneficial outcomes by making 
design choices that are effective and appealing. 

This study has several limitations. Dated from the first major 
publishing of nudge theory in 2008 and limited to studies labeled as 
"nudges," our search was limited to those that explicitly employ nudge 
theory in clinical practice enhancement These criteria eliminate the 
probable number of clinical interventions before and after 2008 that 
employed the behavioral science theories on which "nudges" are based 
without using the term "nudge:' The criteria for English-language 
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studies may have precluded relevant studies published in languages 
other than English. 

4 Conclusion 

The interventions made based on the nudge theory has been 
proven to be relatively efficient in conducting healthy decisions among 
patients. Despite the limited number of studies, their application in 
the field of oral health promotion has also yielded encouraging results. 
Besides, according to the common psychological mechanisms 
underlying many of the health behavioral patterns, reviewing the 
effective application of nudge theory in health domains rather than 
oral health might also be helpful in shaping new interventions in the 
field of oral health behavior changes. Therefore, we in this critical 
review, investigated the effectiveness of nudge strategies across 
domains including nutrition, tobacco and alcohol consumption, 
vaccination, medication adherence, visits to healthcare facilities, and 

health insurance purchase decisions. We argued that nudge theory 
could appropriately be applied to change the common risk factors of 
non-communicable diseases such as dental problems including sugar, 
tobacco and alcohol consumption. In addition, we presented that this 

theory might effectively enhance the recommended regular self-care 
behaviors such as oral hygiene practice among people. And finally, this 
theory might be a promising lead for encouraging people to buy 
appropriate insurance coverages including dental insurance. However, 
further exploration and clinical adaptation of these nudge 
interventions are highly recommended to enhance oral health 
promotion strategies holistically. 

A comparative analysis of nudge interventions and non-nudge 

approaches is recommended for future research. The purpose of this 
exploration is to reveal the distinct impact of nudges on oral health 
behaviors, and thus provide valuable insights for advancing oral health 

interventions. A comparative analysis of nudge interventions and 
non-nudge approaches is recommended for future research. The 
purpose of this exploration is to reveal the distinct impact of nudges 
on oral health behaviors, and thus provide valuable insights for 
advancing oral health interventions. 
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Abstract Nudge theory proposes using subtle interventions to encourage individuals to make 

better decisions. The aim of this study was to evaluate the effectiveness of the Nudge theory in 

plaque control and assess caries experience among third-grade primary schoolchildren with refugee 

and immigrant backgrounds in Mashhad, Iran. Moreover, Afghan and Iranian schoolchildren 

were compared to assess differences in oral health outcomes. A quasi-experimental field trial was 

conducted in three public primary schools, comprising 309 participants approxrrnately 9 years old. 

Interventions were randomly assigned to three schools: School I Messages based on Social Norms 

(MSN), School II Messages based on Fear of Negative Outcome (MFNO), and School III control 

group (C). MSN and MFNO received customized motivational video clips at baseline, while C only 

received Oral hygiene instruction (OHi). All participants received OHi, a brush, and toothpaste. 

Baseline plaque index (PI) and caries experience in primary and permanent dentition (dmft/DMFT) 
were recorded. PI was reassessed at two weeks, two months, and six months post-intervention. All 

data were subjected to statistical analysis. The mean PI decreased significantly in all three groups 
at the two-week follow-up (p < 0.01). The PI improvements declined over a six-month follow-up 

period in all groups, and the mean PI difference after six months compared to the pre-intervention 

was significant only in MSN and MFNO (p < 0.01), while C reverted almost to the pre-study level. 

Schoolchildren with at least one filled tooth or Iranian nationality showed a greater PI reduction 
(p < 0.01, p = 0.05). The overall mean ± SO dmft and DMFT were 4.24 ± 2.11 and 1.70 ± 1.24, 

respectively. Among all the examined participants, 32 (10.40%) individuals were caries-free. The 

mean dmft was statistically significantly higher in Afghan children than in Iranians (p = 0.01). MSN 

was more effective on PI reduction in the short term, while MFNO was more long-lasting. Using 

the Nudge theory via visual aids was more effective in motivating children to perform better oral 

self-care than solely traditional OHi. 

Dent. J. 2024, 12,228. https: / /doi.org/10.3390/dj12070228 https:/ / www.mdpi.com/journal/ dentistry 



 

 85 

 

 

Dent. f. 2024, 12, 228 2of16 

Keywords: oral health education; Nudge theory; plaque index; intervention; DMFT; dental caries; 
dental public health; pediatric dentistry; Iran 

1. Introduction 

According to the United Nations High Commissioner for Refugees (UNHCR), the 
worldwide refugee population reached 100 million in 2022 [1,2]. Simultaneously, the global 
population of immigrants reached 281 million in 2020, as stated in the World Migration 
Report [3]. Despite the increasing number of refugees and immigrants globally, there is 
limited research on oral health-promotion interventions within this population [4]. 

The global prevalence of oral health diseases (i.e., dental caries and periodontal 
problems) is a constant reminder of the global need for appropriate oral health education 
and prevention programmes [5,6]. Oral health education is an essential component of the 
acquisition of healthy behaviors [7]. A meta-analysis [8] supported all oral health education 
interventions, such as improving individuals' knowledge, self-care and health behaviors, 
including brushing and flossing. 

Previous studies have highlighted the high prevalence of oral health problems among 
refugees and the importance of providing oral health care to this population [9]. Moreover, 
dental diseases in Western cultures might profoundly impact self-image, self-esteem, social 
behaviors, employability, housing and social perceptions by others [10]. Therefore, inter­
ventions aimed at enhancing health literacy should focus on disadvantaged and migrant 
populations [11,12]. Ultimately, the assimilation of immigrants and refugees might be 
facilitated by improvement in their oral health. 

Proper oral health is essential to a person's overall health and quality of life [13]. An 
individual's oral health includes being able to properly speak, smile, taste, chew, swallow 
and express a variety of emotions without experiencing pain or discomfort [14]. Some 
aspects of health can be improved by simple behavioral changes, such as oral hygiene. 

The findings of behavioral economics, a new branch of economics that incorporates 
findings from psychology into economics, could be useful in promoting healthy behaviors. 
Two Nobel Prizes in Economics were awarded in 2002 and 2017 to Daniel Kahneman and 
Richard Thaler, respectively, who brought behavioral economics to the attention of various 
academic disciplines. 

Thaler's theory, known as the Nudge theory, deals with cheap and easy interventions 
that are effective in changing people's behavior. According to Nudge theory, desirable 
and healthy behaviors can be encouraged through Easy, Attractive, Social and Timely 
interventions (EAST) [15]. The Nudge theory was originally described for behavioral 
economics, but it applies to several fields of science, as it mainly describes ways to influence 
decision-making without coercion. A nudge makes it more likely that an individual will 
make a particular choice, or behave in a particular way, by altering the environment so that 
automatic cognitive processes are triggered to favor the desired outcome [16]. 

In the context of oral health, Nudge theory has been applied in different ways to 
affect people's behavior. Dental practices could employ choice architecture by offering 
discounts for positive oral health behaviors during check-ups to incentivize patients 
for better oral health maintenance. Additionally, sending personalized text message 
reminders to patients to schedule dental check-ups proved to improve consistent oral 
hygiene [17,18]. Interventions based on social norms, such as campaigns highlighting 
the prevalence of good oral health habits among peers, encourage similar behaviors [19]. 
Visual cues such as posters and pamphlets could potentially reinforce healthy oral hy­
giene practices. Behavioral economics principles are also utilized by framing dental 
treatments in terms of long-term health benefits to address patient fears to encourage pa­
tients to seek out dental treatment in a timely and proactive manner. These applications 
demonstrate how targeted nudges can effectively promote positive oral health behaviors 
and decisions [17,20] 
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Iran is home to one of the largest and most protracted urban refugee populations 
in the world, according to UNHCR. Iran has a high number of Afghan migrants and 
refugees [21] who have been fleeing their homeland for decades because of war, insecurity, 
violence, drought and unemployment. More than 4.5 million Afghans live under a variety 
of legal, economic and social conditions in Iran [22]. Mashhad is an Iranian city in the 
north-eastern part of the Iranian plateau. It is the second largest city, with the highest 
number of foreign immigrants after Tehran and with some suburbs comprised primarily of 
Afghan immigrants [23]. Despite the widespread presence of Afghans in Iran, their oral 
health status has rarely been studied. 

Social norms play an important role in influencing behavior by showcasing what 
others do in similar situations, while the fear of negative outcomes emphasizes the negative 
consequences of adopting a behavior [24-26]. These concepts were applied by showing 
video clips to schoolchildren suggesting that proper oral self-care is a social norm nowa­
days in one intervention group and indicating the possible negative consequences of not 
adopting proper oral self-care in another intervention group. 

Given the advantages of prevention over treatment and the cultural weakness of the 
general public regarding oral health, as well as the high cost of treatment needed by society 
and the attention of international organizations to prevention, the importance of prevention 
methods and research in this regard is clear. 

There is little existing literature about the Nudge implications in oral health [27,28]; 
thus, a field trial was conducted to evaluate the effectiveness of the Nudge theory in 
the promotion of better oral self-care and behavioral change of third-grade primary 
schoolchildren with refugee and immigrant background in Mashhad, Iran. Moreover, 
the study aimed to assess differences in oral health outcomes, caries prevalence and 
changes in plaque index (PI) among Afghan and Iranian schoolchildren following the 
interventions. Additionally, the relationship between age and nationality with caries 
experience was evaluated. A better understanding of behavioral Nudges might assist 
policymakers, clinicians and researchers in developing and implementing useful nudge 
interventions to improve oral health. 

2. Materials and Methods 
2.1. Trial Design and Study Participants 

The study was based on the pattern of quasi-experimental studies as a population­
intervention with non-random allocation. The field trial was conducted in three public 
primary schools with immigrants and refugee backgrounds (similar in socioeconomic status 
and standard of teaching) in the fifth district of Mashhad. 

2.2. Ethical Considerations and Trial Registration 

The field trial protocol was registered and approved by the Ethical Committee at Mash­
had Dental School under the reference number IR.MUMS.DENTISTRY.REC.1398.002. A 
one-time verbal consent was obtained from each subject in the presence of the class teacher. 

2.3. Sample Size 

Sample size calculation was based on the plaque index (PI) (effect size (ES)= 0.28, 
ex. err prob = 0.05, Power (l - f3 err prob) = 0.99), and the total sample size was estimated 
to be 256. F test ANOVA via G*Power 3.1 was used to calculate the sample size [29,30]. 
Considering the possibility of attrition, the sample size was increased. 

2.4. Eligibility Criteria 

The inclusion criteria required that children were in good general health and enrolled 
in the third grade (approximately 9 years of age), and had supplied the written consent form 
signed by parents/ guardians. This study excluded children who were taking medication 
known to reduce the salivary flow rate, as well as those who had systemic conditions or 
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chronic diseases. Exclusions were also made for children who were absent on examination 
days or refused to participate. 

2.5. Randomization 

Three public primary schools were randomly selected by a random sequence generator 
out of the boys' public school list of the fifth district of Mashhad using the RAND function 
to generate random numbers for sorting, with the top three schools being chosen for the 
study (31). All third-grade students in all three schools were enrolled in the study by the 
census method. The question of which school receives which intervention was decided by 
a random sequence generator in Microsoft Excel (Version 16.55). 

2.6. Blinding 

The examiners were blinded to the study groups and types of interventions. A coding 
scheme of School I Messages based on Social Norms (MSN), School II Messages based 
on Fear of Negative Outcome (MFNO) and School III control group (C) was used for the 
different groups. This coding scheme was not revealed during data entry and analysis. 

2.7. Questionnaire and Content Validity 

A pilot study was performed on 32 children aged 9 and 10 years to check the compre­
hension of the video clips. These subjects were not enrolled in the study. 

Two types of questionnaires were designed for MSN and MFNO groups. Each ques­
tionnaire consisted of 10 questions, of which three items were relevant questions (Likert­
scale questions) and seven items were binary questions (yes/ no questions). The content 
of the structured questionnaires was validated by 10 subject experts. The Likert-scale for 
the relevant questions was as follows: (1) not relevant, (2) somewhat relevant, (3) quite 
relevant and (4) highly relevant. The number of experts in agreement (scored 3 or 4) for 
each item was calculated. The questionnaires used for the content validity of video clips 
were already validated (32,33). 

2.8. Calibration of Examiners 

Three examiners were calibrated before the clinical examinations, for measuring the 
dmft/DMFT and PI on 10 children with similar age under supervision of an Associate 
professor of Mashhad Dental School acting as a benchmark. The inter-rater agreements 
among examiners for each item, decayed, missing and filled teeth (for drnft/ DMFT index) 
and plaque score (at tooth surface level for PI), were measured by Pleiss' Kappa. 

2.9. Clinical Examination 

Each participant underwent a comprehensive examination in the classroom or school 
hall, where they were seated in reclining chairs. In accordance with the World Health Orga­
nization's recommended protocols, portable lights, dental mirrors, gloves, tongue blades 
and periodontal probe were used in a standardized environment during the examination 
process (34). During the baseline examination, the PI was initially recorded, followed by 
the assessment of drnft/ DMFT, which was facilitated by the use of cotton rolls to ensure a 
dry oral environment. Further moisture mitigation was achieved by applying cotton rolls 
and gauze. 

The plaque index (PI) of the Silness-Loe Plaque Index was recorded. These six teeth 
were selected to shorten the examination time. The Silness-Loe [35) PI includes the follow­
ing teeth: 

1. Maxillary Right First Molar (Tooth #16); 
2. Maxillary Right Lateral Incisor (Tooth #12); 
3. Maxillary Left First Bicuspid (Tooth #24); 
4. Mandibular Left First Molar (Tooth #36); 
5. Mandibular Left Lateral Incisor (Tooth #32); 
6. Mandibular Right First Bicuspid (Tooth #44). 



 

 88 

 

 

Dent. f. 2024, 12, 228 Sof16 

To record the PI, the plaque present in the cervical edge of the distobuccal, buccal, 
mesiobuccal and lingual (four) surfaces of each tooth was evaluated using a probe in 
appropriate light. Each level was given a score between O and 3 based on the amount of 
plaque present, and at the end, the PI of an individual was determined by summing the 
values obtained for each tooth and calculating the averages. 

In cases where any of the selected teeth were missing, no replacement was provided, 
and the index was calculated based on all the existing teeth. The scoring scheme for the PI 
is included below: 

0: Absence of plaque; 
1: When the plaque is not visible to the naked eye and can be detected only by a probe; 
2: Average accumulation of plaque that is visible to the eye; 
3: The large volume of debris and plaque. 

2.10. Intervention 

The study was conducted between April and October 2023. The examinations were 
conducted between 9 and 11 in the morning at schools. 

The field trial focused on providing oral health messages to children. The principal 
investigator (SABR) was always present in the students' classes to provide the health 
messages/ intervention. 

In the present study, interventions were designed to improve oral self-care in children 
with refugee and immigrant backgrounds using two messages from Nudge theory: the 
effect of social norms, and the fear of negative outcome. 

The population enrolled was randomly divided into three groups on school-based: 
Case group (MSN): Participants watched a video featuring interviews of children 

who had good oral health and expressions of satisfaction with their hygiene habits. The 
speech that accompanied it emphasized the prevalence of good oral hygiene among peers 
of comparable age. This intervention's main goal was to give participants the impression 
that maintaining good oral hygiene, which includes brushing twice a day and limiting the 
intake frequency of sugary snacks, is a social norm that is widely recognized by their peers. 
For this purpose, interviews with peers who supported these activities as the normative 
standard were shown to the participants. In addition, this group received the control 
group's intervention. 

Case group (MFNO): Participants watched a video featuring interviews of children 
who had poor oral health and complained about oral health issues due to poor oral hygiene, 
talking about their experiences of pain and discomfort. The speech that accompanied it 
emphasized the potential negative consequences of poor oral hygiene practices and high 
sugar-intake frequency. This intervention's main goal was to instil fear-based messages 
about the negative consequences of poor oral self-care, emphasizing the importance of 
regular oral hygiene practices to prevent similar negative outcomes. In addition, this group 
received the control group's intervention. 

Control group (C): The control group received adequate tools and skills in tooth 
brushing, flossing and tongue cleaning (frequency, duration and technique). The proper 
technique for brushing [36] and flossing was demonstrated to students via video and on 
a dentiform. 

All students received an oral health package containing a brush and toothpaste in the 
first examination. In a two-week follow-up, students received a leaflet designed based on 
the relative intervention group as a reminder (Second intervention). On the back of the 
leaflet, a calendar was drawn to encourage students to keep the leaflet. Despite the fact 
that the interventions and leaflets were primarily in Parsi, a translated version is attached 
in the Supplementary Materials (Figures 51, 52 and 53 on pages 2, 3 and 4). 
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The content of video clips in case groups included responses to the following inter­
view questions: 

1. Do you brush your teeth? How many times a day and when? 
2. How much do you like/ eat chocolate and sweets? 
3. Have you ever had a toothache? When did you feel the pain? What did you do 

about it? 
4. Have you ever been to a dentist? What did they do for you? 

2.11. Evaluation of Intervention 

The Plaque Index (PI) (35), which has a score between O and 3, was assessed a total of 
four times (before the intervention, and two weeks, two months and six months (37) after 
the first examination) to measure the effectiveness of behavior-change methods. The PI 
was recorded by three calibrated dentists. 

2.12. Data Analysis 

The content validity of the two questionnaires was evaluated by means of the Content 
Validity Index (CVI), which was calculated for each item (question) and both questionnaires 
using Microsoft Excel. The Item-Content Validity Index (I-CVI) for each question, as well 
as the Scale-Content Validity Index (S-CVI), which is the overall scale (the average of I-CVI 
scores) for each questionnaire, were measured. Kappa-Cohen (K*) was used to determine 
the inter-rater agreement among the experts. After the trial was completed, the data 
obtained were entered into Microsoft Excel 2016 (Microsoft Corporation, Washington, DC, 
USA) and analyzed using the IBM SPSS Statistics (Version 27). Tests such as the chi-square 
test for categorical data and parametric tests such as Repeated Measures ANOVA (Analysis 
of Variance), Independent I-test and One-Way ANOVA for quantitative data were used, 
and p-value less than 0.05 was considered statistically significant. The Chi-square test 
was applied to evaluate the significance of study characteristics on a categorical scale and 
measure the percentage of caries-free individuals. 

Repeated Measures ANOVA test was used to determine whether there were differ­
ences in PI changes among participants across the three groups. When the ANOVA test 
showed significant differences, post hoe Tukey's test identified which means differed. 
The relationship between dmft/DMFf and age was measured using One-Way Analysis 
of Variance (ANOVA), while the relationship with nationality was measured using the 
Independent Samples /-test. 

The assumptions of parametric tests were checked using the Shapiro-Wilk test (p < 0.05). 
Parametric tests, such as ANOVA, were used because they are robust to violations of 
normality with large sample sizes (N: 309) [38-40). Bonferroni correction was used for 
pairwise and multiple comparisons. 

3. Results 
3.1. Study Sample 

Three public primary schools were randomly selected from boys' public schools (to­
taling 16 schools) in the fifth district of Mashhad. Using a census approach, a total of 
315 students were enrolled. Upon fulfilling the inclusion criteria, 309 students were in­
cluded in the study. There were 102, 107 and 100 students from the MSN group (Kashani 
School), MFNO group (Imam Sadegh School) and control group (Pasdaran School), re­
spectively. The schoolchildren underwent a baseline examination to determine PI and 
dmft/DMFf indices. In total, 38 individuals were lost to follow-up due to absence on 
the day of the examination. Consequently, the PI of 271 students was compared at four 
different time points. The study procedure is visually depicted in Figure 1. 
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7of 16 

Figure 1. Schematic representation of study procedure. N: Number; MSN: Messages based on "Social 

Norms"; MFNO: Messages based on "Fear of Negative O utcome"; C: Control; OHi: O ra l Hygiene 

Instruction; PI: Plaque Index; DMFT: Caries experience in the pe rmanent d entition; dmft: Caries 
experience in the prima ry dentition. 

3.2. Content Validity 

The interpretations of 1-CVl for each item (question) and 5-CVl/ Ave in both question­
naires were acceptable (I-CV! > 0.78, S-CVI > 0.9). Kappa coefficient interpretation was 
excellent for each question (k* = [0.75- 11). The content val idi ty table for both questionnaires 
is p resented in the Supplementary Materia ls (Table S1, on page 5). 
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3.3. Calibration 

The calibration of examiners was measured at the tooth level. Inter-rater agreement 
among examiners, as shown by Fleiss' Kappa, was estimated to be 0.81 for PI, and it was 
0.64, 0.89 and 0.91 for Decayed (D / d), Missing (M/m) and Filled (F /f) teeth, respectively. 
There was a significant level of agreement among examiners (p < 0.05). The agreement 
obtained for PI, M/ m and F / f was almost perfect, and a substantial agreement was obtained 
for D / d between the examiners. 

3.4. Tests and Analysis 
3.4.1. Categorical and Demographic Data 

Among all the examined participants, only 32 (10.40%) were caries-free. As the number 
of 11 year olds was too few (n = 9), they were accounted to the 10-year-old age group 
category (Table 1). 

Table 1. Demographic data on categorical scale and caries-free individuals. 

Category Subcategory Number(%) 

Nationality IR 1 81 (26.20%) 
AF 2 228 (73.80%) 

Total 309 (100%) 

8 72 (23.30%) 
Age 9 203 (65.70%) 

10 34(11%) 

Total 309 (100%) 

MSN 3 11 (3.60%) 
Caries free MFN0 4 12 (3.90%) 

cs 9 (2.90%) 

Total 32 (10.40%) 
1 IR: Iranians; 2 AF: Afghans; 3 MSN: Messages based on "Social Norms"; 4 MFNO: Messages based on "Fear of 
Negative Outcome"; 5 C: Control. 

3.4.2. Plaque Index Measurement of All Three Schools in Tune Intervals 

The mean PI (SD) pre-intervention for the MSN group was 1.90 (0.65), the MFNO 
group was 2.02 (0.76) and the C group was 1.96 (0.70). The mean PI in the three groups did 
not differ significantly from each other at baseline. 

After the oral health education and intervention, in a two-week follow-up, the mean 
PI were 1.39 in MSN, 1.67 in MFNO and 1.70 in the control group. In all three groups, there 
was a significant decrease after two weeks of follow-up compared to baseline examina­
tion (p < 0.01). 

In the second follow-up (from two weeks to two months post-intervention), there was 
an insignificant decrease in MSN and MFNO and an insignificant increase in the C. 

In the final follow-up (six-months post-intervention), the mean PI in MSN, MFNO 
and C were 1.70, 1.69 and 1.92, respectively. From two to six months follow-up, there was 
a significant increase in mean PI in MSN and C and an insignificant increase in MFNO 
(Tables 2 and 3). Additional tables of PI means in school groups and time are attached in 
the Supplementary Materials (Tables S2 and S3, on page 6). 

At six-month follow-up, the PI mean differences in intervention groups (MSN and 
MFNO) were significant compared to the baseline, as opposed to the C, which was not 
significant (Figure 2). 
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Table 2. Intragroup comparison of plaque index in different time intervals. 

Groups N Time Points PI Time Intervals p-Value 

baseline (Tl) 1.90 (0.65) T1 toT2 <0.01 * 

MSN 1 92 
two weeks (T2) 1.39 (0.78) T2toT3 0.73 
two months (T3) 1.33 (0.77) T3 toT4 <0.01 * 
six months (T4) 1.70 (0.72) T4toT1 <0.01 * 

baseline (Tl) 2.02 (0.76) T1 toT2 <0.01 * 

MFNO 2 94 
two weeks (T2) 1.67 (0.80) T2 toT3 1.00 

two months (T3) 1.61 (0.77) T3toT4 0.90 
six months (T4) 1.69 (0.81) T4toT1 <0.01 * 

baseline (Tl) 1.96 (0.70) T1 to T2 <0.01 * 

c3 85 
two weeks (T2) 1.70 (0.70) T2toT3 1.00 
two months (T3) 1.72 (0.78) T3toT4 <0.01 * 
six months (T4) 1.92 (0.72) T4toT1 1.00 

Total 271 
1 MSN: Messages based on "Social Norms"; 2 MFNO: Messages based on "Fear of Negative Outcome"; 3 C: Con­
trol; N: Number; PI: Plaque Index (p-value *: Statistically significant); Data presented as mean (SO) unless 
otherwise specified. 

Table 3. Intergroup comparison of plaque index at different time points. 

Time Points Total PI Groups p-Value 

MSN 1 and MFNO 0.82 
baseline (Tl) 1.96 (0.70) MFNO 2 andC 1.00 

C 3 andMSN 1.00 

MSNandMFNO 0.04 * 
two weeks (T2) 1.58 (0.77) MFNOandC 1.00 

CandMSN 0.02 * 

MSNandMFNO 0.03* 
two months (T3) 1.55 (0.79) MFNOandC 1.00 

CandMSN <0.01 * 

MSNandMFNO 1.00 
six months (T4) 1.76 (0.76) MFNOandC 0.11 

CandMSN 0.14 
1 MSN: Messages based on "Social Norms"; 2 MFNO: Messages based on "Fear of Negative Outcome"; 3 C: Control; 
PI: Plaque Index (p-value *: Statistically significant); Data presented as mean (SO) unless otherwise specified. 

3.4.3. Nationality and Dental Filling Effects on PI Changes 

Iranian schoolchildren showed a greater reduction in PI mean in the six-month follow­
up compared to Afghan schoolchildren, but this difference was not statistically significant 
(p = 0.05). The table and graph of PI changes in nationality groups are presented in the 
Supplementary Materials (Table 54 and Figure 54, on page 7). 

In the six-month follow-up, the PI mean difference between children with no dental 
fillings and children who already had at least a dental filling (f/F) was statistically signifi­
cant (p < 0.01), and plaque reduction was greater in those who had already had at least a 
dental filling in their mouth compared to those who had not. The related graph and table 
are presented in the Supplementary Materials (Table SS and Figure SS, on page 8). 

3.4.4. Nationality and drnft/DMFT Relationship 

The mean dmft (SO) for Afghan children was 4.41 (2.01), and for Iranian children it 
was 3.74 (2.29). The difference was statistically significant (p = 0.01). The mean DMFT 
(SO) for Afghan children was 1.78 (1.25), and for Iranian children it was 1.47 (1.17). No 
significant difference was found between the DMFT index of Iranian and Afghan children 
(p = 0.05) (Table 4). 
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Figure 2. The plaque index mean changes in the study school groups at different time points. 
MSN: Messages based on Social Norms; MFNO: Messages based on Fear of Negative Outcome; 
C: Control. Horizontal axis shows "Time (follow-ups)": Tl : Baseline; T2: Two weeks; T3: Two months; 
T4: Six months. The vertical axis shows "Plaque Index means". 

Table 4. Comparison of dmft and DMFT indices based on "Nationality" and" Age". 

Nationality dt 3 mt 4 ft 5 dmft 1 p-Value 

lR9 3.23 (2.19) 0.22 (0.52) 0.28 (0.71) 3.74 (2.29) 
0.01• AF 10 4.05 (1.88) 0.24 (0.64) 0.12 (0.40) 4.41 (2.01) 

DT 6 MT 7 FTS DMFT 2 p-value 

lR 1.20 (1.05) 0.09 (0.28) 0.19 (0.39) 1.47 (1.17) 
0.05 AF 1.63 (1.14) 0.12 (0.35) 0.04 (0.18) 1.78 (1.25) 

Age dt mt ft dmft p-value 

8 4.11 (2.21) 0.35 (0.73) 0.15 (0.49) 4.61 (2.35) 
9 4.05 (1.86) 0.23 (0.60) 0.19 (0.54) 4.47 (1.91) <0.01 • 
10 1.97 (1.24) 0.03 (0.17) 0.03 (0.17) 2.03 (1.24) 

DT MT FT DMFT p-value 

8 1.24 (0.99) 0.11 (0.36) 0.01 (0.12) 1.36 (1.09) 
9 1.44 (1.07) 0.10 (0.32) 0.09 (0.29) 1.64 (1.17) <0.01 • 
10 2.56 (1.28) 0.15 (0.36) 0.09 (0.29) 2.79 (1.36) 

1 dmft: caries experience in the primary dentition; 2 OMFT: caries experience in the permanent dentition; 
3 d t- decayed teeth in the primary dentition; 4 mt- missing teeth in the ~rimary dentition; 5 ft- filled teeth in 
the primarg dentition; 6 OT-decayed teeth in the permanent dentition; MT-missing teeth in the permanent 
dentition; FT-filled teeth in the permanent dentition; 9 IR: Iranians; JO AF: Afghans. (p·value "': Statistically 
significant); Data presented as mean (SO) un less otherwise specified. 

3.4.5. Age and dmft/DMFT Relationship 

The mean dmfts (SD) for 8-, 9- and 10-year-old children were 4.61 (2.35), 4.47 (1.91) 
an d 2.03 (1.24), respectively. The mean dmft for 10-year-old children was s tatistically 
significantly lower than 8- and 9-year-old children (p < 0.01) . The mean DMFTs for 8-, 9-
and 10-year-old children were 1.36 (1.09), 1.64 (1.17) and 2.79 (1.36), respectively. The mean 
DMFT for 10-year-old children was s tatistically significantly high er than 8- and 9-year-o ld 
children; however, the mean differences of both dmft a nd DMFT indices between 8- and 
9-year-o ld children were n ot statistically significant (p = 0.86, 0.20) (Table 4). 
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Overall, the mean (SO) dmft and DMFf indices were 4.24 (2.11) and 1.70 (1.24), 
respectively, and the median dmft and DMFf indices were 5 and 2, respectively, for all the 
participants (n = 309). The table of dmft/DMFf indices in school groups is presented in the 
Supplementary Materials (Table 56, on page 9). 

4. Discussion 

Due to the ease of accessibility, the present study targeted school-going children. The 
population of public schools is often characterized by many individuals of almost similar 
age and socioeconomic status. 

Motivating children to improve oral self-care is more cost-effective than constantly 
running programs to look after them. Having a good understanding of proper oral hy­
giene practices is crucial for maintaining optimal oral health. Implementing school-based 
oral health education can greatly benefit a large number of children by improving their 
knowledge and behavior, all at a minimal cost [41]. The present study showed that nudg­
ing primary school children to better oral self-care resulted in better plaque control than 
traditional, widely used oral health instruction methods. 

Children in the third grade were selected for the current study. Establishing healthy 
oral hygiene habits in childhood would lay the foundation for good dental health in 
adolescence. When children practice good oral hygiene from an early age, it might remain 
as a value and potentially make it an enduring habit for them [42]. In addition, at the age of 
nine, children are in the middle of their mixed dentition, resulting in an appropriate time 
for evaluating caries experiences in both primary and permanent dentition [43]. 

Despite Nudge theory's widespread usage in economics, public policy and healthcare, 
its application in oral health and dentistry is notably understudied. Although Nudge 
theory has been shown to be beneficial in promoting healthy behaviors and improving 
patient outcomes in areas such as smoking cessation and medication adherence, its po­
tential in oral health remains largely unexplored [27]. This lack of research extends to 
immigrant and refugee populations, with no prior studies focusing on nudge messages for 
promoting their oral health. Although direct comparisons to other studies were difficult, 
the authors attempted to analyze the findings alongside similar studies to offer insights 
and contextualize our results within the existing literature. 

In the present study, interventions were designed using two messages from Nudge 
theory: the effect of social norms and the fear of negative outcome. 

First, based on the findings of behavioral economics, one of the strategies for behavior 
change is to use messages based on social norms. People in society are strongly influenced 
by the question of what other people will do in a similar situation. Based on this approach, 
social norms seem to have a great impact on changing people's habits and behavior. The 
findings of behavioral economics indicate that statistically people are likely to behave as 
what they believe to be the prevalent comportment. Moreover, Attitudes that become social 
norms spread more rapidly in society [44]. A number of recent experiments have examined 
the impacts of social norms to encourage desired behavior [24,25]. 

Second, according to the findings of behavioral economics, another way to influence 
people's comportment is to show the positive and negative consequences of adopting a 
behavior. In particular, showing the negative results of behavior to people causes a sense 
of danger that can lead to a change in a person's behavior. On average, loss aversion 
is a greater motivator than the pleasure of gain [26,45,46]. However, a recent review 
demonstrates that there are some situations where loss aversion might not emerge, and 
individuals give equal weight to gains and losses [47]. 

Prior research has indicated the small to moderate impact of nudge interventions 
on individuals' food choices and nutritional decision-making [48,49]. Arno et al. [50] 
conducted a meta-analysis which found that nudge interventions, on average, result in a 
15.3% increase in healthier dietary or nutritional decisions. This increase was measured by 
changes in the frequency of healthy choices or overall calorie intake. 
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The effectiveness of nutritional nudge methods seems to be influenced by the socioe­
conomic status of the target population and the delivery mode of nudge. The application 
of social modeling during group meeting sessions successfully altered patients' dietary 
habits and physical activity levels; however, the use of digital devices' notifications to 
encourage patients to eat less proved to be unsuccessful. Harbers et al. (48] observed 
compelling evidence indicating that nudges had a greater impact on individuals from low 
socioeconomic status groups. On the other hand, Ruggeri et al. [51] found that nudge 
treatments had a more substantial impact on those with higher socioeconomic levels. This 
finding is further emphasized by Eze et al. (52], who highlighted the pronounced effects of 
these interventions on this demographic group. 

In the present study, after receiving the oral health package and education, PI was 
significantly decreased in all three groups in the two-week and two-month follow-ups. 
These findings were found to be in accordance with the studies conducted by Ingale 
et al. (43], Shahapur et al. [53] and Zarabadipour et al. [54], where a significant reduction 
in mean PI was reported after educational intervention. In contrast, Palenstein et al. [55] 
found no significant reduction in PI after oral health intervention. 

In the six-month follow-up, the PI in the C group nearly reverted to pre-study levels, 
confirming Sharma et al.'s [56] finding that intervention groups showed PI improvements 
while controls deteriorated. Similarly, Ivanovic et al. [57] found that short-term health edu­
cation only transiently improved gingival health in schoolchildren, suggesting sustained 
benefits required prolonged, professional instruction. In the present study, the C group 
showed a short-term effect, which was in agreement with the findings of Ivanovic et al. [57]. 

The present study, alongside Evans et al. [58], explored how different communication 
strategies affect oral hygiene behavior. While Evans et al. highlighted the benefits of 
positive messaging, we found that fear-based messages were more effective in the long 
run (six-month follow-up). Both studies reported declining improvements over time, 
emphasizing the need for ongoing message reinforcement. Our findings support Evans 
et al.' s observation of the short-term effect of positive messages, particularly those rooted in 
social norms. There is, however, only limited research comparing fear and positive appeals 
on oral health, which indicates a notable gap in understanding in this regard [58]. 

Our results showed that age had a direct relationship with caries experience in perma­
nent dentition and an inverse relationship with caries experience in primary dentition. This 
finding was in agreement with Soltani et al.'s meta-analysis of caries prevalence among 
Iranian children [59]. In our study, the reported caries experience was higher than Soltani 
et al.' s report of average caries experience among Iranian children ( overall mean of 3.80 and 
2.13 for dmft and DMFT, respectively) [59]. Considering previous research on caries experi­
ence in Mashhad school children, our findings revealed that children with an immigrant 
background had a higher caries experience than those with an Iranian background (60]. 

Participants with filled teeth in the mouth (f, F) or Iranian nationality showed a greater 
reduction in PI following the oral health intervention. The existence of restored teeth and 
Iranian citizenship might suggest enhanced accessibility to dental care facilities and may 
mirror a more affluent socioeconomic position among parents (61]. This finding aligns 
with the hypothesis that conversion factors such as parental socioeconomic status, mental 
health and parental education level might play a crucial role in the translation of health 
literacy to health outcomes, meaning individuals with favorable social and personal factors 
(those already privileged) might derive greater health benefits from interventions aimed at 
enhancing health literacy (62]. Nevertheless, it is crucial to acknowledge the presence of 
numerous confounding variables at play and methodological limitations, which limit the 
confidence of any conclusions drawn in this context. 

By combining verbal instruction with visual aids, such as leaflets and educational 
videos, the learning process is enhanced, and a lasting impact might be ensured. The 
educational content of our study was effectively delivered through a variety of visual aids, 
including videos and leaflets. Consistent with our finding, Aljafari et al. (63] reported a 
significant increase in children's awareness via audio-visual educational interventions 
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for children aged 4 to 10 with a high caries risk. There was only one exposure to the 
video in this study, unlike those in Lees and Rock's study [64], where the children took the 
video home. Repeated exposures could have further led to improvements in oral hygiene. 
Also, Ghaffari et al.'s findings [8) demonstrated that diverse health education interventions 
effectively enhance individuals' knowledge and promote essential self-care behaviors such 
as brushing and flossing. Our study consistently revealed that all interventions resulted in 
a reduction of PI in school children. 

4.1. Strengths of the Study 

To the best of the authors' knowledge, the present study was the first to use the 
Nudge theory to promote oral self-care among children with immigrant and refugee 
backgrounds. Moreover, it provided the first report on both the prevalence of caries and 
the effectiveness of oral health promotion interventions for this population in Iran. These 
distinctive contributions highlighted how important our research was for informing the 
next public health programs in Mashhad, Iran. 

4.2. Limitation 

Limitations of this study include the limited representativeness of the selected public 
schools, which mainly catered to immigrant and refugee children in Mashhad, potentially 
limiting the generalizability of our findings. Uncontrolled variables such as participants' 
personal characteristics, socioeconomic status and prior oral health education from other 
sources could have caused heterogeneity, potentially confounding the results. A notable 
limitation of this study was the focus solely on male schoolchildren, which introduces 
a gender bias and limits the exploration of sex differences in oral hygiene behaviors 
and outcomes, thus affecting the generalizability of the results. Furthermore, a larger 
sample size and longer follow-up periods could have strengthened the study's findings 
and provided a more comprehensive understanding of the effectiveness and sustainability 
of the interventions. 

4.3. Recommendations for Further Studies 

Future research may evaluate the comparative effectiveness of various nudge and 
non-nudge approaches across various social contexts to improve oral health. In addition 
to providing valuable insights into the most effective strategies for promoting oral health 
behaviors among different demographic groups, such research may also facilitate the 
development of customized interventions. The development of innovative approaches and 
studies aimed at motivating children to take better oral care within various social settings 
is a pressing need. 

5. Conclusions 

Our findings showed that applying the Nudge theory along with oral health education 
was more effective than the traditional method of oral health education, and oral health 
education via visual aids (leaflets and videos) was effective in plaque control. 

It was noteworthy that the short-term and long-term effectiveness of the intervention 
strategies differed. Messages based on social norms demonstrated immediate reductions in 
PI after two weeks and two months, while messages based on fear of negative outcome 
showed more sustained effects after six months. 

Supplementary Materials: The following supporting information can be downloaded at: https: 
//www.mdpi.com/article/10.3390/dj12070228/sl, Figure 51: Effect of social norm (M5N) group 
reminder, Figure 52: Fear of negative outcome (MFNO) group reminder, Figure 53: Leaflet for the 
control (C) group that includes only oral health instruction, Figure 54: Nationality and PI changes, 
Figure 55: Dental filling and PI changes; Table 51: Content Validity of the questionnaires, Table 52: 
Estimated Marginal Means of "Plaque Index" in school groups, Table 53: Estimated Marginal Means 
of "Plaque Index" in Time, Table 54: Nationality and PI, Table 55: Dental filling and PI, Table 56: 
dmft/DMFT comparison in school groups. 
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Figure S1. Effect of social norm (MSN) group reminder 
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Figure S2. Fear of negative outcome (MFNO) group reminder 
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Figure S3. Leaflet for the control (C) group that includes only ora l health instruction 
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Table SL Content Validity of the questionnaires 

Questionnaire 1: MSN 

Likert-scale Number of 
1-CVl(R) PC K* 

questions/ Items Experts in Agreement 

1 3 0.9 0.0195 0.8980 

2 4 1 0.0009 1 

3 2 0.8 0.1757 0.7573 

S-CVl(R)/ Ave 0.9 

Questionnaire 2: MFNO 

1 2 0.9 0.0195 0.8980 

2 4 0.0009 1 

3 4 0.0009 1 

S-CVl(R)/ Ave 0.9666 

MSN: Me.ssoges based on "Socio/ Norms~ MFNO: Me.ssoges based on "Feor of Negotive Outcome" 

I-OIi (R): Content validff:y index for ind;viduol ftems (relevance ftem level) 
S-CVI (R)/Ave: Sc:ale-CantentValKHty Index/Average of 1-CV/s (relevanre level) 
PC: prababHff:y uf chance agreement 
•K: Kappo cneffident 

Interpretation 

Exce llent 

Excellent 

Excellent 

Exce llent 

Exce llent 

Exce llent 



 

 105 

 

 

 
 

 

Table S2. Estimated Marginal Means of "Plaque Index" in school groups 

   95% Confidence Interval 

 Group Mean Std. Error Lower Bound Upper Bound 

 MSN 1.58 .071 1.44 1.72 

 MFNO 1.75 .070 1.61 1.88 

 C 1.82 .074 1.68 1.97 

MSN: Messages based on "Social Norms", MFNO: Messages based on "Fear of Negative Outcome", C: Control 

 

 

 

 

 

 

Table S3. Estimated Marginal Means of "Plaque Index" in Time 

   95% Confidence Interval 

Time Mean Std. Error Lower Bound Upper Bound 

T1 1.96 .043 1.87 2.04 

T2 1.58 .047 1.49 1.68 

T3 1.55 .047 1.46 1.65 

T4 1.77 .046 1.68 1.86 

T1: Baseline, T2: Two weeks, T3: Two months, T4: Six months 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 106 

 

 

 
 

Table S4. Nationality and PI 

Time Nationality PI N 

T1 
IR 1.92 (0.66) 72 

AF 1.97 (0.72) 199 

T2 
IR 1.44 (0.87) 72 

AF 1.63 (0.73) 199 

T3 
IR 1.37 (0.84) 72 

AF 1.61 (0.76) 199 

T4 
IR 1.62 (0.74) 72 

AF 1.82 (0.76) 199 

IR: Iranians, AF: Afghans, PI: Plaque Index, N: Number, T1: Baseline, T2: Two weeks, T3: Two months, T4: Six months 

 

 

 

Figure S4. Nationality and PI changes 

 
Plaque index means at different time points based on "Nationality" 

Horizontal axis shows "Time (follow-ups)": T1: Baseline, T2: Two weeks, T3: Two months and T4: Six months 

Longitudinal axis shows "PI means" 

IR: Iranians, AF: Afghans 
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Table S5. Dental filling and PI 

Time F PI N 

T1 
0 1.96 (0.69) 227 

1 1.99 (0.76) 44 

T2 
0 1.61 (0.76) 227 

1 1.41 (0.83) 44 

T3 
0 1.60 (0.78) 227 

1 1.30 (0.81) 44 

T4 
0 1.83 (0.76) 227 

1 1.44 (0.67) 44 

F: Dental Filling, PI: Plaque Index, N: Number, T1: Baseline, T2: Two weeks, T3: Two months, T4: Six months 

 

 

 

 

Figure S5. Dental filling and PI changes 

 
Plaque index means at different time points based on "Dental Filling" 

Horizontal axis shows "Time (follow-ups)": T1: Baseline, T2: Two weeks and T3: Two months 

Longitudinal axis shows "PI means" 

F: dental filling, F0: without fillings, F1: with fillings 
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Table S6. dmft/DMFT comparison in school groups 

Group N dt Mt Ft dmft  Median   IQR P-value

MSN 102 3.92 (1.97) 0.19 (0.46) 0.16 (0.44) 4.26 (2.03) 5 1 

0.22 MFNO 107 3.64 (2.01) 0.20 (0.52) 1.15 (0.55) 3.98 (2.09) 4 2 

C 100 3.96 (2.01) 0.33 (0.53) 0.19 (0.53) 4.48 (2.18) 5 3 

Total 309 3.83 (2.00) 0.24 (0.61) 0.17 (0.51) 4.24 (2.10) 

Group N Dt Mt Ft DMFT Median   IQR P-value

MSN 102 1.14 (0.95) 0.10 (0.33) 1.07 (0.25) 1.30 (1.07) 1 2 

<0.01 * MFNO 107 1.78 (1.15) 0.12 (0.36) 0.09 (0.29) 1.99 (1.24) 2 2 

C 100 1.62 (1.20) 0.11 (0.31) 0.06 (0.24) 1.79 (1.31) 2 2 

Total 309 1.51 (1.14) 0.11 (0.33) 0.07 (0.26) 1.70 (1.24) 

MSN: Messages based on "Social Norms",  MFNO: Messages based on "Fear of Negative Outcome", C: Control, DMFT: caries 
experience in the permanent dentition, dmft: caries experience in the primary dentition, SD: Standard deviation, DT – decayed 
teeth in the permanent dentition, MT – missing teeth in the permanent dentition, FT – filled teeth in the permanent dentition, dt – 
decayed teeth in the primary dentition, mt – missing teeth in the primary dentition, ft – filled teeth in the primary dentition, IQR: 
Interquartile range 
(P-value*: Statistically significant), #Data presented as mean (SD) unless otherwise specified. 
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5. Discussion

5.1 Summary of main findings 

Publication 1: This study was planned to review the existing evidence on the 

global prevalence of oral health problems among refugees, including 26 

studies. The prevalence and severity of oral health were relatively higher 

among refugee populations than in native-born populations of host countries. 

The incidence of dental caries among refugee populations is a major public 

health concern, as highlighted in various studies. The findings showed a wide 

range of caries prevalence, from 4.6% to 98.7% and gingivitis prevalence from 

5.7% to 100%, indicating heterogeneity in their oral health. Moreover, 17% to 

72% of refugees had never been to a dentist, showing a very low level of 

accessibility to dental care facilities. Many refugees resorted to tooth 

extraction due to the high costs of dental care and lack of oral screening in 

host countries, leading to undetected oral health problems that require more 

invasive treatments. They often faced challenges such as language, economic, 

cultural, and social barriers, that hindered their access to dental services. 

These barriers have contributed to a general neglect of oral health, as refugees 

prioritize resettlement issues over dental care. Dietary changes, especially 

increased sugar consumption, upon arrival in host countries, further 

deteriorated their oral health. Additionally, geographical variations and the 

country of origin influenced caries prevalence, with refugees from the Middle 

East exhibiting higher rates of decayed teeth compared to those from Africa. 

The impact of oral health on the overall well-being of refugees was also 

emphasized, with dental disorders affecting their social, physical, and mental 

health. The lack of information regarding pre-arrival oral health conditions 
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complicated the assessment of their current oral health status and 

progression. 

Publication 2: This research was designed to evaluate the evidence concerning 

the worldwide prevalence of oral health issues and inequalities among 

immigrants, including 32 studies. The results indicated that immigrants are 

generally more susceptible to oral health issues compared to the general 

populations in host countries, perceived as urgent problems for them. Dentin 

caries prevalence among immigrants ranged from 22% to 88.7% in the primary 

dentition, 5.6% to 90.9% in the permanent dentition and gingivitis from 5.1% 

to 100%. The overall mean (SD) for d3mft (primary dentition) and D3MFT 

(permanent teeth) were 3.63 (2.47) and 1.7 (1.2), respectively. Between 52% 

and 88% of immigrant children had never been to a dentist, indicating a 

significant lack of access to dental health services. Untreated dental caries (D3T 

and d3t) represented the largest portion of caries experience (D3MFT and 

d3mft) among immigrant children, whereas the local population had the 

highest percentage of caries experience due to filled teeth (FT and ft). Various 

factors contributed to the increased prevalence of dental caries and 

periodontal diseases, including family socioeconomic status (e.g., parental 

education and income levels), household acculturation, lack of insurance, and 

limited access to oral health care. Notably, younger children showed higher 

rates of dental caries, which could be improved with age due to improved 

socioeconomic conditions and increased familiarity with local health practices. 

Interestingly, second-generation immigrant children often had lower caries 

prevalence than first-generation immigrants, suggesting that acculturation may 

positively influence oral health outcomes over time. It was also noted that 

disparities in oral health were not limited only to immigrant groups but they 
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were widespread in many countries, reflecting broader global trends.

Publication 3: The study highlighted the potential of behavioral economics to 

effectively influence health-related decisions. Various successful nudge 

interventions with varying degrees of effectiveness have been identified in 

other sectors, such as nutritional choices (e.g., replacing food items, using 

posters/stickers/signs, financial incentives, affecting senses; sight, smell, and 

taste), tobacco and alcohol cessation (e.g., graphic warning labels on packages, 

increasing taxes), medication compliance (e.g., reminders via SMS or text 

messages), routine physical activity, and regular health checkups. These 

interventions often leveraged cognitive mechanisms that are shared across 

different health behaviors, suggesting that strategies effective in one area may 

also be applicable to oral health. For instance, smartphone reminders via text 

messages or emails, gamification, social nudges among family members or 

friends or any educational intervention may help to increase engagement and 

compliance with oral hygiene practices or regular dental visits. The findings 

also showed that the effectiveness of nudge interventions can vary depending 

on several factors, including the method of delivery and the characteristics of 

the target population.

Publication 4: This study targeted school-going children involving 309 

individuals (approximately 9 years old with refugee and immigrant 

backgrounds) to examine the effectiveness of behavioral nudges in improving 

oral self-care. The mean PI (SD) pre-intervention in MSN, MFNO, and C were 

1.90 (0.65), 2.0.2 (0.76), and 1.96 (0.70), respectively. The mean PI decreased 

significantly in all three groups at the two-week follow-up (p < 0.01). From two 

to six months follow-up, there was a significant increase in mean PI in MSN and 

C and an insignificant increase in MFNO. In the final follow-up (six-months 
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post-intervention), the mean PI in MSN, MFNO, and C were 1.70 (0.72), 1.69 

(0.81), and 1.92 (0.72), respectively. These improvements diminished over six 

months, with significant long-term benefits observed only in the MSN and 

MFNO (p < 0.01), while C nearly returned to the pre-study level (p = 1.00). The 

overall mean (SD) dmft and DMFT were 4.24 (2.11) and 1.70 (1.24), 

respectively, and the caries-free prevalence was 10.40%. The mean dmft was 

statistically significantly higher in Afghan children than in Iranians (p = 0.01). 

According to the findings, nudge theory via visual aids (leaflets and videos) was 

more effective in oral self-care promotion than conventional oral health 

instructions (OHI). MSN demonstrated immediate reduction and greater 

effectiveness in the short term, whereas MFNO proved to be more enduring 

over time. This research suggested that combining verbal instruction with 

visual aids could enhance learning and foster lasting behavior changes, which is 

consistent with previous studies that have demonstrated the effectiveness of 

diverse health education interventions. In addition, Age and nationality 

significantly impacted caries experience, with Afghan children exhibiting higher 

caries rates than their Iranian counterparts. Age had a direct relationship with 

caries experience in permanent dentition and an inverse relationship with 

caries experience in primary dentition. Moreover, schoolchildren with at least 

one filled tooth or Iranian nationality showed a greater plaque reduction. The 

presence of restored teeth and Iranian citizenship could imply improved access 

to dental healthcare services and may reflect a relatively elevated 

socioeconomic status among parents. 
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5.2 Strengths and limitations 

The strengths and limitations of each Study have been widely discussed within 

the Results section and the final paragraph of each publication. In the following 

section, a summary of the strengths and limitations to the whole PhD project 

will be elaborated. 

In this thesis project, the first three Publications were types of literature 

reviews and Publication 4 was a field trial. publications 1 and 2 faced some 

limitations, including significant heterogeneity among the included studies 

regarding sampling procedures, power calculations, geographical locations, 

and population characterization. This variability made it difficult to compare 

results across studies; thus, meta-analyses were not conducted in the reviews. 

The findings were less generalizable to all refugee and immigrant populations, 

given that only studies published after 2011 were considered, as well as the 

limited number of publications on this topic. Additionally, human error could 

have resulted in information loss or biased outcomes. In publication 3, the 

review was restricted to studies explicitly labeled as "nudges" published after 

2008. This criterion may have excluded relevant interventions that utilized 

behavioral nudges without using the term "nudge," potentially overlooking 

insights from earlier research. Moreover, a dearth of research targeting 

nudging in oral health identified a gap in the literature. In Publication 4, all 

participants were male schoolchildren, which created a gender bias and 

restricted the exploration of sex differences in oral hygiene behaviors. Another 

limitation was the restricted representativeness of the selected public schools, 

which mainly catered to immigrant and refugee children in Mashhad, thereby 

potentially constraining the applicability of our conclusions to a broader 

population. Furthermore, uncontrolled variables (e.g., individuals’ 
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characteristic and socioeconomic status) could have caused heterogeneity. 

Overall, in this thesis, all the limitations mentioned in the four Studies could 

affect the generalizability of the results and insights it offers.

Despite the limitations, a key strength of this PhD thesis was its comprehensive 

approach in the three reviews (Publications 1, 2 and 3), using a systematic 

literature search across multiple databases. This thorough methodology which 

contained a wide range of studies, ensured robust findings and provided a solid 

foundation for conclusions. Three studies were pioneering in the systematic 

global evaluations of dental caries and periodontal disease in marginalized 

populations (Publications 1 and 2), and the utilization of the nudge theory to 

promote oral self-care among children with immigrant and refugee 

backgrounds (Publication 4), which should therefore be listed as a strength 

point of this thesis work. Inequalities in immigrants and refugees’ oral health 

care are often masked by population-level data since they constitute a small 

proportion of the populations in host countries; thus, as part of this thesis, the 

oral health of these populations in their respective countries as well as their 

special needs in the field of oral health were successfully addressed 

(Publications 1 and 2). The other strengths of this work lie in its innovative 

application of Nudge theory, its robust methodological framework, and its 

pioneering insights into the oral health of immigrant and refugee children in 

Iran (Publication 4). Moreover, by synthesizing existing research and 

identifying successful nudge interventions, this thesis has shed light on future 

investigations and practical applications in oral health promotion (Publication 

3). Overall, these strengths highlight this thesis’s potential to draw attentions 

to the vulnerable populations’ problems pertaining oral health and inform 

strategies for improving oral hygiene practices among them.
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5.3 Conclusions 

 This PhD thesis represents the first systematic evaluation of global dental 

caries and periodontal disease prevalence among immigrant and refugee 

populations. Furthermore, this is the first research which has applied the 

Nudge theory to promote oral self-care among schoolchildren from these 

backgrounds. These findings provide new insights into the oral health 

disparities experienced by marginalized groups and introduce innovative 

strategies for addressing these inequalities. 

 The prevalence and severity of oral health problems (e.g., dental caries and 

periodontal disease) among refugee and Immigrant communities are 

relatively high compared to the general population of the host countries, 

regardless of age, sex, or nationality. 

 Interventions and policies must be designed to mitigate oral health 

inequalities among marginalized populations. In addition, host countries 

must adopt strategies to enhance their access to oral health care. 

 Nudge theory via visual aids along with oral health education is more 

effective than the conventional oral health education method in oral 

hygiene improvement. 

 Nudge theory presents a potentially effective approach to enhancing oral 

health behaviors; however, its long-term efficacy requires further 

investigation among different populations. 
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