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ABSTRACT
Introduction: Early adolescence is a critical period for caries initiation, underlining the need for updated 
knowledge on effective caries indicators. This systematic review of cohort studies aimed to assess the 
association between socioeconomic status (SES), involving a wide range of indicators, and dental caries in 
adolescents aged 12–19.
Materials and methods: Four databases (MEDLINE, Embase, Cochrane Library, and Web of Science) were 
systematically searched for relevant publications from January 1, 2000, through December 5, 2025. SES 
and SES proxy indicators were parental education, income, and occupation, and adolescents’ school type, 
their social capital, and immigrant background. Composite SES indicators combined the aforementioned 
variables. The risk of bias was evaluated using a modified Newcastle-Ottawa Scale.
Results: Studies (n = 21) from 11 countries across five continents were included, covering approximately 
66,000 adolescents. An inverse relationship was documented between caries and mothers’ education 
(six of seven studies), fathers’ education (three of four studies), and parental income (three of six studies). 
School type (three studies), social capital (two studies), immigrant background (four studies), and compos-
ite SES indicators (five of six studies) were also linked to caries. However, the effect measures and defini-
tions of exposures and outcomes were not consistent.
Conclusions: An inverse association was observed between maternal education and caries, while corre-
sponding associations with fathers’ education and parental income were weaker and less consistent. 
This type of association was also observed for adolescents’ school types, their social capital, and composite 
SES indicators. Immigrant background served as a caries predictor. However, the substantial heterogene-
ity in the included studies did not allow for meta-analyses and limited definite conclusions. The findings 
underscore the need to develop and validate robust composite SES measures applicable across diverse 
global contexts.
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Introduction

Socioeconomic health disparities have been a topic of interest 
for centuries [1]. Numerous studies have consistently reported a 
socioeconomic gradient in both general and oral health [2, 3]. 
Efforts in various welfare states have also been made to address 
this socioeconomic gradient in oral health [4]. Despite these ini-
tiatives, a global systematic review and meta-analysis of obser-
vational studies from 2000 to 2013 reported that low 
socioeconomic position (SEP) remained associated with a higher 
caries risk than high SEP, and that the SEP gradient in caries 
appeared especially strong in the most developed countries [5].

In the literature, the terms socioeconomic status (SES) and 
SEP are often used interchangeably. While SEP primarily refers to 
an individual’s employment status, occupation, or occupational 
class [6], SES is considered a more multidimensional measure 
that also includes education and income in addition to 

occupation. Nevertheless, the influence of SES or SEP on caries 
outcomes is not straightforward and is mediated by multiple 
factors. One such contextual mediating factor is the existing 
system for providing and utilizing oral healthcare [7]. Oral 
health-related attitudes exemplify individual attributes that 
affect this association. To better understand the complexity of 
how SES is linked to oral health, published theoretical 
explanations are useful. One such publication [8] has given four 
current explanations: the materialist explanation (factors 
beyond individual control), cultural/behavioral explanations 
(behaviors influenced by cultural norms of behavior), the 
psychosocial perspective (psychosocial level of stress), and the 
life course perspective (embodiment of prior living conditions). 
Another publication [9] gives a conceptual framework in which 
social and commercial determinants of oral health are combined. 
This framework highlights interacting influences and processes.
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Socioeconomic disadvantage is particularly harmful when 
experienced early in life and is known to be a key risk factor for 
early childhood caries (ECC) [10]. However, adolescence marks a 
period of increased independence [11], and during this period, 
personal behavioral and dietary habits may influence the impact 
of SES on caries [12]. A lower association between SES and caries 
during early adolescence is reported [13], which may partly be 
explained by fewer teeth due to the exfoliation of primary 
molars or the lack of proximal contact in erupting permanent 
teeth. Another aspect is the longstanding practice in caries 
epidemiology of omitting enamel caries when measuring caries. 
This is problematic because enamel caries occurring between 
the ages of 12 and 15 accounts for half of the total caries 
experience [14], suggesting that without including enamel 
caries, the point estimates for the association between SES and 
caries may be biased.

Generally, systematic reviews and meta-analyses have, over 
the years, established solid evidence for a pronounced 
association between SES and caries. As caries is cumulative 
throughout life, analyzing this impact in a group of adults will 
not give a distinct description for adolescents [15]. Only a few 
systematic reviews have addressed this relationship by 
restricting the SES data to adolescents alone, without the 
influence of other age groups. In those reviews [16, 17], the 
scientific evidence supporting an inverse relationship was found 
to be relatively weak. Questions remain about the extent to 
which reported disparities in caries among adolescents are truly 
linked to SES, and whether commonly used parental SES 
indicators are appropriate. Traditional SES indicators have also 
been reported inconsistently related to adolescents’ health 
outcomes [18, 19]. The rationale for this systematic review is the 
uncertainties and missing knowledge in research literature 
about the SES-caries association during adolescence. Increasing 
knowledge in this field is important for selecting effective 
adolescent-focused promotive and preventive strategies.

In this systematic review of cohort studies, we therefore 
wanted to assess commonly used and other less commonly 
used SES indicators to examine their influence on caries in 
adolescents. The SES indicators included were parental 
education, adolescents’ type of school attended, and parental 
income and occupation. We also wanted to assess SES proxies 
such as adolescents’ social capital and immigrant background, 
and SES indicators that encompassed composite variables, 
consisting of different types. Only cohort design studies were 
selected because they are considered less susceptible to 
selection and recall bias and provide stronger evidence of 
temporal relationships.

The research question was: Is there an association between 
SES, across a range of indicators, and dental caries among 
adolescents aged 12–19 years?

Materials and methods

This systematic review followed the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 2020 
guidelines [20] and is registered in the international database 

of prospectively registered systematic reviews, PROSPERO 
2024 (CRD42024542582). Amendments to the protocol 
included extending the search period and omitting meta-anal-
ysis. The decision not to perform meta-analysis was made 
post hoc because, generally, the number of eligible studies 
was too low, and a wide spectrum of heterogeneity prevented 
quantitative synthesis. The sources of heterogeneity were dif-
ferent types of SES indicators, inconsistencies in the defined 
caries outcome, and variability of effect measures used. Two 
previous attempts were made to do a meta-analysis. Effect of 
mother’s education on caries incidence with its associated 
funnel plot to assess publication bias are presented in 
Appendix 1. 1a and Appendix 1. 1b. Effect of parental income 
on caries incidence is shown by Appendix 1. 1c.. In these anal-
yses, the concerns were about a too low number of studies 
and inconsistencies in caries outcome.

Eligibility criteria

Inclusion criteria were publications in Scandinavian or English 
that reported a possible association between SES (the expo-
sure variable) and caries incidence or caries increment in the 
permanent dentition of 12–19-year-olds. Studies in which 
SES was not the primary exposure were also included. The 
study design was limited to cohort studies (prospective or 
retrospective). If a study was published in multiple papers, 
the most recent, the one with the largest sample size, or the 
most relevant to this topic was selected. Exclusion criteria 
encompassed reviews, meta-analyses, theses, ecological 
studies, ‘grey’ literature (conference abstracts, dissertations, 
reports), and studies involving specific, non-representative 
populations such as socioeconomically deprived groups 
(including Indigenous or tribal populations), dental stu-
dents, or groups with various medical conditions. Studies 
that relied solely on neighborhood or geographic informa-
tion without additional SES evaluations, as well as interven-
tion studies that could influence the described association, 
were also excluded. Finally, we excluded studies that used 
SES estimates based on self-estimation (e.g. satisfaction with 
their SES or their perception of SES) or self-reported caries 
status. Appendix 1. 2 outlines a table for exclusion criteria, 
while the potential impacts of these exclusions on the results 
are evaluated in the discussion section.

Information sources

Studies published in peer-reviewed journals from January 1, 
2000, until the final search on December 5, 2025, were 
retrieved from four databases (MEDLINE, Embase, Cochrane 
Library, and Web of Science) with the assistance of an aca-
demic librarian (ISKS) and peer-reviewed by another aca-
demic librarian. Furthermore, hand searches were conducted 
for publications in Scandinavian (Norwegian, Swedish, or 
Danish) dental journals and by using the reference lists of all 
included publications and other systematic reviews related 
to the topic.
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Search strategy

The search terms are presented in Appendix 1. 3. The publications 
were imported into the Rayyan Systematic Review Software [21], 
but the AI component was not used. Duplicates were removed 
using Bramer’s method [22] in the EndNote reference manager.

Selection process

One reviewer (MSS) screened all publications by title and 
abstract (phase 1) three times, while another reviewer (KSK) 
screened once, covering 10% of the publications (every tenth 
publication). The reviewers’ selection agreement was 97.3%, and 
any disagreement was resolved through a consensus decision. 
In the further screening process (phase 2), both reviewers inde-
pendently read the full text of the publications marked with the 
‘Maybe’ button in Rayyan.ai. This functions as an intermediate 
decision between ‘Included’ and ‘Excluded’. Potentially eligible 
studies were re-examined, and when uncertainty remained, a 
third reviewer (AS) assessed the full text and contributed to the 
final inclusion decision.

Data collection process

Three reviewers (MSS, AS, KSK) collaborated to extract the fol-
lowing data from the included studies: study ID, first author’s 
name, publication year, country and its Human Development 
Index (HDI) [23], cohort study type, study name or description, 
study period, follow-up duration, baseline sample size, child age 
at baseline, number of participants at follow-up, caries diagnos-
tic method, use of bitewing (BW) radiographs, whether enamel 
caries were included, examiner calibration, number of examin-
ers, exposure(s), outcomes (caries incidence/mean caries incre-
ment), and confounders.

Data items

Outcome

The outcome was presented using the DMFT/S index (Decayed, 
Missing, and Filled Tooth/Surfaces) [24] to indicate either caries 
incidence (binary count of new caries cases) or the mean caries 
increment (increase in the number of caries-affected teeth/sur-
faces, ΔDMFT/ΔDMFS). The ‘D’ component of DMFT/S was defined 
either to include enamel caries (enamel level) or to be restricted to 
dentin caries (dentin level, excluding enamel caries). Caries risk was 
thus, over a specific period, defined as caries incidence or as caries 
increment. Additionally, caries severity was defined as an outcome 
when the caries increment exceeded a specified threshold.

The SES variable (exposure)

SES exposures included parental education, the adolescents’ 
type of school attended, and parental income and occupation, 
whereas SES proxies encompassed the adolescents’ social capi-
tal and immigrant background. SES exposures were also treated 

as composite variables, combining the aforementioned varia-
bles. Additionally, the HDI [23] of the respective country was 
evaluated based on the year the participants were first included 
in the study, classified as ‘Very high’, ‘High’, ‘Medium’, and ‘Low’.

Effect measures

Point estimates used to measure the association between SES and 
outcome were odds ratio (OR), incidence rate ratio (IRR), and rela-
tive risk (RR) with 95% confidence interval (CI). When beta (β) coef-
ficients were applied, the standard error (SE) was reported. If the CIs 
were lacking, the authors of the study were contacted and asked if 
they could provide this information. Criteria for conducting 
meta-analyses included a minimum of three studies and consistent 
definitions of SES exposure variables and outcome measures.

Study risk of bias assessment

To evaluate the quality of the included studies, modifications 
were made to the three categories (Selection, Comparability, 
Outcome) of the Newcastle-Ottawa Scale (NOS) [25] for cohort 
studies (https://www.ncbi.nlm.nih.gov/books/NBK115843/bin/
appe-fm3.pdf). The modified NOS is presented in Appendix 1. 4 
(stars in the standard NOS version are replaced by points). Total 
scores could range from 0 to 10 points, categorized as low (0–3), 
medium (greater than 3–6), and high (greater than 6–10) study 
quality. For caries at the dentin level, the decision regarding the 
question, ‘Was the follow-up long enough for outcomes to 
occur?’ was set at a minimum of 4 years of follow-up for 
10–11-year-olds and up to 17 years of age, and at more than 7 
years of follow-up for older participants. These limits were based 
on research on the median time for caries progression by Mejàre 
et al. [26]. No limit was set for enamel lesions. In the modified 
NOS, a study could be awarded two points in the Outcome cate-
gory instead of one. This was done because in caries epidemiol-
ogy, the caries assessment is crucial and especially relevant for 
study quality. As this part in the standard NOS (a, b) was not suit-
able for this study, the text was changed to a) calibration of 
examiners (0.5 point), and with reliability caries tests (0.5 point), 
b) use of BW radiographs (1 point). In the Selection category, 
part 3, ‘Ascertainment of the exposure’, the text in the standard 
NOS (a and b) was modified to a) standardized record/use of 
known measurements (1 point), b) validated questionnaires/
structured interviews (1 point). Lastly, in the category 
‘Comparability’, the text was altered from standard NOS to 0.25 
points for each confounder. This was done because in the stand-
ard NOS, mentioning adjustment for only age and sex would 
qualify for the maximum value, 2 points. Two reviewers (MSS, 
KSK) independently assessed each included study.

Results

Study selection

Figure 1, the flow diagram based on the PRISMA 2020 statement 
[20], outlines the results of the search and selection process. 
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Initially, 2817 publications were identified (MEDLINE: 850, 
Embase: 1016, Cochrane Library: 348, Web of Science: 603). After 
excluding publications based on title and/or abstract and publi-
cations not written in English or Scandinavian languages (n = 
31), 80 publications were considered potentially relevant, of 
which 5 were identified from reference lists. After the exclusions 
described in detail in Appendix 1. 5, 34 publications remained. 
Of these, 13 publications were excluded because they reported 
the same studies as included publications. The respective publi-
cations and the reasons for selecting them are presented in 
Appendix 1. 6.

Study characteristics

As shown in Table 1, the 21 cohort studies (18 prospective and 
three retrospective) included data from approximately 66,000 
adolescents aged 12–19 years, representing 11 countries 
across five continents (Asia, North America, South America, 
Europe, and Oceania). Most studies were published between 
2010 and 2019 (n = 10), and between 2020 and the final search 
date, December 5, 2025 (n = 8). The majority of studies were 
from Brazil (n = 6) and Sweden (n = 4). Using HDI [23], 13 stud-
ies reported a very high HDI and five a high HDI, while three 

reported a medium HDI. Studies on caries incidence and incre-
ment were reported more frequently at the tooth (T) level 
(n = 14) than at the surface (S) level (n = 7). Ten studies used 
the World Health Organization (WHO) caries diagnostic crite-
ria [27], but five- and six-grade/code caries diagnostic systems 
were also applied. However, only three studies included 
enamel caries in analyses of the association between SES and 
caries. Calibration of the examiners was performed in 17 stud-
ies, although not all provided results from caries reliability 
tests. Seven studies reported using BW radiographs. 
Additionally, the duration of the follow-up periods varied.

Results of the syntheses

Risk of bias in studies

The average quality score of the included studies was 6.98 
points on this 10-point modified NOS for cohort studies 
(Table 2). The quality of individual studies ranged from 
medium to high, with scores of 4.50–9.75. Issues that reduced 
the quality of some studies included high attrition, which 
negatively affected representativeness, a too-short follow-up 
period, a lack of documentation of calibration before data 
collection, or missing results from caries reliability tests.

Figure 1.  Flow chart based on the PRISMA 2020 statement.
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Table 1a.  Characteristics of included cohort studies in the systematic review.
ID First author

Publication year
Country

The Human 
Development Index 
(HDI): Year-HDI (very 
high, high, medium, low)

Type of cohort study 
name or description

Study period 
Follow-up 
duration

Sample size at 
baseline Child’s 
age at baseline

No. of 
participants at 
follow-up for 
caries 
examination

Caries diagnostic 
method Bitewings 
(BW): Yes, No, Not 
reported (NR)

Enamel  
caries (included/
not included

1 Alm A et al. [28]
2012
Sweden
Very high HDI
1988 – 0.891

Prospective
Study from the 
Municipality of 
Jönköping

1988–2002,
14 years
follow-up

671: 1-year-old 
(plaque 
examined)
555; 3-year-olds
517: 6-year-olds

539
555
517

Socialstyrelsen, 
1988
BW: Yes

Included

2 Bernabé E et al. [29]
2011
UK
Very high HDI 2001 – 
0.869

Prospective
East London 
Adolescent 
Community
Health Survey 
(RELACHS)

2001–2005,
4 years 
follow-up 

689; 11–12-year-
olds

689 (boys 318, 
girls 371)

WHO criteria
BW: No

Not included

3 Brondani B et al. [30]
2024
Brazil
High HDI
2010 – 0.722

Prospective
Children at primary 
health care units at 
the National 
Children’s 
Vaccination Day. 
South Santa Maria, 
Brazil

2010–2020
10-year 
follow-up

639, 1–5-year-
olds
449,
8–12-year-olds

429 (boys 220, 
girls 209)

Ismail et al. 2007).
ICDAS codes 3–6
BW: NR

Not included

4 Costa, LR et al. [31]
2023
Brazil
High HDI
2016 – 0.753

Prospective
Study from
Urban region of 
Manaus, Brazil

2016–2017,
1-year follow-up

415; 12-year-olds 312 (boys 136, 
girls 176)

WHO criteria
BW: NR

Not included

5 Gerdin, EW et al. [32]
2008
Sweden
Very high HDI
1997 – 0.878

Prospective
Data from County 
Council registers

1997–2003,
6 years 
follow-up

2303;  
6-year-olds
4305: 10-year-
olds

2303 (boys and 
girls- NR)

Socialstyrelsen, 
1988
BW: Yes

Not included

6 Hall-Scullin E  
et al. [33]
2017
England
Very high HDI 2006 – 
0.894

Prospective
Class 3 school pupils; 
East Lancashire in 
the northwest of 
England

2006–2013,
7 years 
follow-up 

5048, 7–9-year-
olds

5048 (boys and 
girls- NR)

UK national 
diagnostic protocol 
(Pine et al. 1997)
BW: NR

Not included

7 Julihn A et al. [34]
2010
Sweden
Very high HDI
2000 – 0.903

Retrospective
Data from Public 
Dental Health 
Service, private 
practitioners, 
Pediatric Dentistry 
(Karolinska 
Institutet)

2000–2007,
6 years 
follow-up

15,538; 
13-year-olds

15,538 (boys 
7810, girls 
1728) 

Diagnostic method 
(described in the 
publication)
BW: Yes

Not included

8 Jung SH et al. [3] 2018
South Korea
Very high HDI
2011 – 0.895

Prospective
Adolescents from 
high schools (urban 
and rural) of 
Gangneung, 
South Korea

2011–2013,
2 years 
follow-up

1267; 15-year-
olds

1073 (boys 566, 
girls 507)

Korean National 
Oral Health Survey 
2010 as standard
BW: NR

Not included

(Continued)
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Table 1a. (Continued)  Characteristics of included cohort studies in the systematic review.

ID First author
Publication year
Country

The Human 
Development Index 
(HDI): Year-HDI (very 
high, high, medium, low)

Type of cohort study 
name or description

Study period 
Follow-up 
duration

Sample size at 
baseline Child’s 
age at baseline

No. of 
participants at 
follow-up for 
caries 
examination

Caries diagnostic 
method Bitewings 
(BW): Yes, No, Not 
reported (NR)

Enamel  
caries (included/
/not included

9 Källestål C et al. [35]
2007
Sweden
Very high HDI
1995 – 0.859

Prospective
Nationwide Swedish 
public dental health 
clinics

1995–1999,
4 years 
follow-up

3373; 12-year-
olds
3109, 14-year-
olds

2845 (boys and 
girls: NR) 

Källestål C 2000 
(described)
BW: Yes

1) Not included
2) Included

10 Llena C et al. [36]
2020
Spain
Very high HDI
2005 – 0.851

Retrospective
Children born in 
2005, enrolled in a 
Community Dental 
Program, Valencia, 
Spain

2005–2018,
7 years 
follow-up

278, 5-year-olds 278 (boys 137, 
girls 141)

Ismail et al. 2007
A: ICDAS codes 3–6
B: ICDAS codes 1–6
BW: NR

1) Not included
2) Included

11 Lu HX et al. [37]
2011
China
Medium HDI
2001 – 0.597

Prospective
Hong Kong Oral 
Health Survey from 
2001

2001–2007,
6 years 
follow-up

638, 12-year-olds 324 (boys and 
girls NR)

WHO criteria
BW: NR

Not included

12 Ortiz FR et al. [38]
2022
Brazil
High HDI
2012 – 0.732

Prospective
School children from 
Porto Alegre, South 
Brazil

2012–2018,
6 years 
follow-up

1134, 12-year-
olds

768 (boys 341, 
girls 427)

WHO criteria
BW: NR

Not included

13 Page LA & Thomson WM 
[39]
2011
New Zealand
Very high HDI
2003 – 0.908

Prospective
Taranaki adolescents 
from New Zealand

2003–2006,
3 years 
follow-up

430, 13-year-olds 255 (boys 127, 
girls 128)

WHO criteria
BW: NR

Not included

14 Peres MA et al. [40]. 2018
Brazil
Medium HDI
1999 – 0.663

Prospective
Substudy of Pelotas 
study from 1993

1999–2009,
12 years 
follow-up:

359; 6-year-olds
339, 12-year-olds

307 (boys and 
girls: NR)

WHO criteria
BW: NR

Not included

15 Pilecco RO et al. [41]
2020
Brazil
High HDI
2012 – 0.732
High HD

Prospective
Public schools in 
Santa Maria, Brazil

2012–2014,
2-year follow-up

1134, 12-year-
olds

743 (boys 352, 
girls 391)

WHO criteria
BW: NR

Not included

16 Saethre-Sundli HB et al. 
[42]
2020
Norway
Very high HDI
2007 – 0.936

Prospective
Norwegian school
children from 
Akershus County 

2007–2014,
7 years 
follow-up

5623, 5-year-olds 5623 (boys 
1696, girls 
1586)

Amarante et al. 
1998
BW: Yes

Not included

(Continued)
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Table 1a. (Continued)  Characteristics of included cohort studies in the systematic review.

ID First author
Publication year
Country

The Human 
Development Index 
(HDI): Year-HDI (very 
high, high, medium, low)

Type of cohort study 
name or description

Study period 
Follow-up 
duration

Sample size at 
baseline Child’s 
age at baseline

No. of 
participants at 
follow-up for 
caries 
examination

Caries diagnostic 
method Bitewings 
(BW): Yes, No, Not 
reported (NR)

Enamel  
caries (included/
/not included

17 Schmoeckel J  
et al. [43]
2015
Germany
Very high HDI
1995 – 0.858

Prospective
German 
schoolchildren from 
Greifswald

1994–2005,
10-year 
follow-up

521; 5-year-olds 170 (boys 83, 
girls 87)

WHO criteria
BW: NR

Not included

18 Tagliaferro EP  
et al. [44]
2006
Brazil
Medium HDI 1997 – 
0.645

Prospective
Brazilian 
schoolchildren, from 
Piracicaba, SP

1997–2004,
7 years 
follow-up

480, 6–8-year-
olds
Mean age: 7.1 
years

206 (boys 93, 
girls 113)

WHO criteria
BW: NR

Not included

19 Tan SHX et al. [45]
2021
Singapore
Very high HDI
2009 – 0.910

Retrospective
Singapore Dental 
Council

2009–2017,
8-year follow-up

29,617, 
7-year-olds

29,617 (boys 
15,049, girls 
14,568)

Standard of School 
Dental Service
BW: NR

Not included

20 Wang K et al. [46]
2020
China
High HDI
2018 – 0.758

Prospective
Study from
Foshan city in 
Guangdong Province
in southern China

2018–2019,
1-year follow-up

1016, 13-year-
olds

1016 (boys, 
girls: NR)

ICDAS
A: ICDAS codes 4–6
B : ICDAS codes 1–6
BW: NR

Not included

21 Warren JJ et al. [47]
2017
US
Very high HD 1992 – 
0.880/1995 – 0.886

Prospective
Birth cohort study 
from Iowa Fluoride 
Study (IFS)

1992/95–2009,
4-year follow-up:
From 5, 9, 13 
years to 17 years.

396, 5-, 9-, 
13-year-olds

396 (boys 183, 
girls 213)

Warren 2002 
(described)
BW: NR

Not included

ICDAS: International Caries Detection and Assessment System; 

Ismail et al. (2007). The International Caries Detection and Assessment System (ICDAS). A six-grade/code caries diagnostic system. 
Pine et al. (1997). Using a UK national diagnostic protocol, the threshold for caries was frank cavitation into dentin (D3).
Amarante et al. (1998). A five-graded scale, enamel (initial) lesions (1 and 2), dentin lesions (3-5). 
Socialstyrelsen (1988). Initial caries can be assessed (D1), but was not assessed in present included studies. 
Korean National Oral Health Survey (2010). Untreated caries, “D” component, was the only focus in this diagnostic tool. 
Källestål (2000). Four scores (1-4) denoted caries. When enamel caries was clinically detected, the lesion was judged to extend into dentin. 
Warren (2002). Cavitated lesions (grades 2-3) were distinguished from noncavitated lesions (grade 1).
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Table 1b.  Characteristics of included cohort studies in the systematic review.
ID First author

Publication year
Country

The Human 
Development Index 
(HDI): Year-HDI (very 
high, high, medium, low)

Calibration  
(Yes/No)

No. of examiners at 
baseline and 
follow-up 

Exposure (s) Outcome Caries 
incidence (binary 
new caries cases)

DMFT/S: Decayed, 
Missing, Filled
Tooth/
Surfaces

Outcome Mean 
caries increment 
Increase in

DMFT/S:
(Δ DMFT/S)

Confounders 

1 Alm A et al. [28]
2012
Sweden
Very high HDI
1988 – 0.891

Yes
Examiners
Baseline: 1
Follow-up: 1

DFproxS ≥ 4 dfs at 6 years, 
consumption of 
sweets at 1 year, 
mother’s 
self-estimation of 
her oral health 
care.

Immigrant background Both 
parents born in Sweden

OR (95% CI)
1.0 (ref )

Only father born abroad 1.5 (1.0–2.3)

Only mother born abroad 2.4 (1.0–5.5)

Both parents born abroad 3.7 (1.1–12.8)

2 Bernabé E et al. [29]
2011
UK
Very high HDI 2001 – 
0.869

Yes
Examiners
Baseline: 2 
Follow-up: 2 (same)

Multidimensional Scale of 
Perceived Social Support 
(MSPSS)

DMFT- Second 
permanent molar 
(newly erupted)

Sex, age, ethnicity, 
parental 
employment, 
dental behaviors.

Total score
RR (95% CI)
1.00 (ref )

Family factor score
Friends factor score
Special factor score 

0.98 (0.83–1.10)
0.80 (0.71–1.11)
0.81 (0.69–0.96)

3 Brondani B et al. [30]
2024
Brazil
High HDI
2010 – 0.722

Yes
Examiners
Baseline: NR
Follow-up: NR

DMT Visits to 
neighbors, dental 
attendance, 
household 
income, sex, skin 
color, SES context.

Composite SES
Monthly household income: 
4 quartiles (low to high)
Parental education:
< 8 years
≥ 8 years
Household crowding 4 
quartiles (low to high)

β: –0.28 (SE: 0.10)

4 Costa, LR et al. [31]
2023
Brazil
High HDI
2016 – 0.753

Yes
Examiners
Baseline: 5
Follow-up: 5 (same)

Social support ΔDMFT Sense of 
coherence, SES 
(representing 
number of goods, 
house crowding, 
parents’ schooling, 
family income).

Friends
Relatives
Teachers
Others

β: –0.026 
(Bootstrap 
SE: 0.015)

Composite SES
Durable goods,
Overcrowding,
Parental education,
Monthly family income
≤ ½ BMW (Brazilian minimal 
wages).
½ to 1 BMW
> 1 BMW

β: –0.046 
(Bootstrap 
SE: 0.023)

5 Gerdin, EW et al. [32]
2008
Sweden
Very high HDI
1997 – 0.878

Yes
Examiners
Baseline: NR
Follow-up: NR

Composite SES DFT Gender, childhood 
Body Mass Index. Socioeconomic clusters 

(based on available income, 
social allowances and 
parental education)
I (high), II, III, IV, V (low)

Cluster V (low): 1.1
Cluster I (high): 
0.6.
p < 0.002 

(Continued)



ACTA ONCOLOGICA SCANDINAVICA  701

Table 1b. (Continued)  Characteristics of included cohort studies in the systematic review.
ID First author

Publication year
Country

The Human 
Development Index 
(HDI): Year-HDI (very 
high, high, medium, low)

Calibration  
(Yes/No)

No. of examiners at 
baseline and 
follow-up 

Exposure (s) Outcome Caries 
incidence (binary 
new caries cases)

DMFT/S: Decayed, 
Missing, Filled
Tooth/
Surfaces

Outcome Mean 
caries increment 
Increase in

DMFT/S:
(Δ DMFT/S)

Confounders 

6 Hall-Scullin E  
et al. [33]
2017
England
Very high HDI 2006 – 
0.894

Yes
Examiners
Baseline: NR
Follow-up: NR

Composite SES DMFT Age, dmft, gender, 
ethnicity.Index of Material 

Deprivation quintiles
IMDQ 1 (least deprived)
IMDQ 2
IMDQ 3
IMDQ 4
IMDQ 5 (most deprived)

IRR (95% CI)
1.00 (ref )
1.06 (0.83–1.16)
1.34 (1.04–1.72)
1.39 (1.10–1.77)
1.77 (1.41–2.23)

7 Julihn A et al. [34]
2010
Sweden
Very high HDI
2000 – 0.903

NR
Examiners
Baseline: NR
Follow-up: NR

ΔDMFSprox > 0 DMFT at 13 years, 
gender, parental 
education level, 
father’s country/
region of birth, 
social welfare 
allowance (family), 
low-income range, 
no. of children in 
the family.

Immigrant background
Sweden
Western
Europe
Eastern Europe
Asia
Africa
South America

OR (95% CI)
1.00
1.47 (0.98–2.21)
1.44 (1.12–1.85)
1.15 (0.93–1.41)
1.33 (0.91–1.93)
0.93 (0.67–1.28)

Mother’s education
Low ≤ 9 years
Medium (10–12 years)
High: > 12 years

OR (95% CI)
1.00 (ref )
0.91 (0.84–1.02)
0.73 (0.65–0.81)

Father’s education
Low ≤ 9 year
Medium (10–12 years)
High: > 12 year

OR (95% CI)
1.00 (ref )
0.92 (0.82–1.00)
0.85 (0.77–0.95)

Parental income:
High income range: > 
253,000 SEK
Low income: ≤ 253,000 SEK

OR (95% CI)
1.00 (ref )
1.15 (1.05–1.25)

8 Jung SH et al. [3] 2018
South Korea
Very high HDI
2011 – 0.895

Yes
Examiners
Baseline: 1
Follow-up: 1 (same)

ΔDT > 0 Gender,
perceived 
economic status, 
oral health habits, 
smoking 
experience, 
annual visits to 
the dental clinics, 
school type, 
parental 
education. 

School type
General
Vocational

OR (95% CI)
1.00 (ref )
2.68 (1.46–4.92)

Mother’s education High: 
College or above Low: High 
school or below

OR (95% CI)
1.00 (ref )
0.86 (0.43–1.73)

Father’s education
High: College or above
Low: High school or below

OR (95% CI)
1.00 (ref )
2.04 (1.05–3.98)

Composite SES
Family affluence scale (0–9)
High: > 5
Low: ≤ 5 

OR (95% CI)
1.00 (ref )
1.80 (0.88–3.64)

(Continued)
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Table 1b. (Continued)  Characteristics of included cohort studies in the systematic review.
ID First author

Publication year
Country

The Human 
Development Index 
(HDI): Year-HDI (very 
high, high, medium, low)

Calibration  
(Yes/No)

No. of examiners at 
baseline and 
follow-up 

Exposure (s) Outcome Caries 
incidence (binary 
new caries cases)

DMFT/S: Decayed, 
Missing, Filled
Tooth/
Surfaces

Outcome Mean 
caries increment 
Increase in

DMFT/S:
(Δ DMFT/S)

Confounders 

9 Källestål C et al. [35]
2007
Sweden
Very high HDI
1995 – 0.859

Yes
Examiners
Baseline: 26
Follow-up: 23 (same) 
and 3 were new

ΔDMFS
Enamel caries not 
included

Sex, ethnicity, 
sealants, eating 
candy, 
toothbrushing 
intervals, earlier 
preventive 
programs, water 
fluoridation. 

Occupation
Civil servant
Business
Workers

RR (95% CI)
1.00 (ref )
1.02 (0.99–1.06)
1.04 (1.02–1.07)

Immigrant background – 
child
Sweden
Nordic/Western
Europe
Eastern Europe
Other

RR (95% CI)
1.00 (ref )
1.04 (0.96–1.14)
1.25 (1.12–1.40)
1.07 (1.01–1.14)

Enamel caries 
included

Occupation
Civil servant
Business
Workers

RR (95% CI)
1.00 (ref )
1.03 (0.99–1:07)
1.06 (1.01–1.12)

Immigrant background-child
Sweden
Nordic/Western
Eastern Europe
Other

RR (95% CI)
1.00 (ref )
1.18 (0.97–1.45)
1.25 (1.03–1.50)
1.12 (1.01–1.25)

10 Llena C et al. [36]
2020
Spain
Very high HDI
2005 – 0.851

NR
Examiners
Baseline: 1
Follow-up: 1 (same)

DMFT
Enamel caries not 
included

dft, MIH, 
cariogenic diet, 
toothbrushing 
frequency, no 
parental caries 
experience 6 
months before 
inclusion.

Mother’s education
No education/primary
Secondary/higher

IRR (95% CI)
1.00 (ref )
0.21 (–0.13 – 0.54)
Enamel caries 
included

Mother’s education
No education/primary
Secondary/higher

IRR (95% CI)
1.00 (ref )
0.37 (0.13–0.60)

11 Lu HX et al. [37]
2011
China
Medium HDI
2001 – 0.597

Yes
Examiners
Baseline: NR
Follow-up: NR

DMFT Utilization of 
dental servicesParents’ education:

Primary or below
Junior high school
Senior high school
Matriculation or above

β coefficient: NR 
p > 0.05.

Monthly Household income:
< HK$5001–HK$10,000
HK10,000–HK$20,000
HK$20,000–HK$30,000
HK$30,000–HK$40,000
> HK$40,000

β coefficient: NR 
p > 0.05 

(Continued)
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Table 1b. (Continued)  Characteristics of included cohort studies in the systematic review.
ID First author

Publication year
Country

The Human 
Development Index 
(HDI): Year-HDI (very 
high, high, medium, low)

Calibration  
(Yes/No)

No. of examiners at 
baseline and 
follow-up 

Exposure (s) Outcome Caries 
incidence (binary 
new caries cases)

DMFT/S: Decayed, 
Missing, Filled
Tooth/
Surfaces

Outcome Mean 
caries increment 
Increase in

DMFT/S:
(Δ DMFT/S)

Confounders 

12 Ortiz FR et al. [38]
2022
Brazil
High HDI
2012 – 0.732

Yes
Examiners
Baseline: 4
Follow-up: 4

ΔDT > 0 Sex, visit to 
dentist, type of 
service, toothache, 
dental plaque, 
gingival bleeding, 
oral self-
perception.

Household income
High > USD 450
Low ≤ USD 450

IRR (95% CI)
1.00 (ref )
1.57 (1.35–1.82)

Mother’s education
High: > 8 years
Low: ≤ 8 years

IRR (95% CI)
1.00 (ref )
1.19 (1.03–1.38)

13 Page LA & Thomson WM 
[39]
2011
New Zealand
Very high HDI
2003 – 0.908

Yes
Examiners
Baseline: 1
Follow-up: 1 (same)

ΔDFS Sex, ethnicity.
Composite SES (based on 
parents’ occupations):
High
Medium
Low

Mean
0.0 (1.7)
0.4 (2.5)
0.9 (2.7)

Composite SES
(area-based)
High
Medium
Low

Mean
0.6 (3.5)
0.7 (2.3)
0.0 (2.6)

14 Peres MA et al. [40]. 2018
Brazil
Medium HDI
1999 – 0.663

Yes
Examiners
Baseline: 3
Follow-up: 1

Δ DMT > 0 Age, sex, birth 
weight, dmft at 6 
years.

Family income
Stable low
Downward
Upward
Stable high

IRR (95% CI)
2.28 (1.46–3.56)
1.78 (0.95–3.34)
1.62 (0.95–2.76)
1.00 (ref )
Δ FT > 0

Family income
Stable low
Downward
Upward
Stable high

IRR (95% CI)
0.55 (0.36–0.84)
1.05 (0.56–1.97)
0.75 (0.44–1.28)
1.00 (ref )
DMFT > 0

Family income
Stable low
Downward
Upward
Stable high

IRR (95% CI)
1.17 (0.83–1.65)
1.26 (0.76–2.08)
1.07 (0.70–1.62)
1.00 (ref )

15 Pilecco RO et al. [41]
2020
Brazil
High HDI
2012 – 0.732
High HD

Yes
Examiners
Baseline: 4
Follow-up: 4 (same)

ΔFT > 0 Sex, skin color, 
age, dentist visit, 
reason for visit, 
untreated dental 
caries.

Father’s education
High: > 8 year
Low: ≤ 8 year

RR (95% CI)
1.00 (ref )
1.04 (0.96–1.12)

Household income
High: ≥ US 450
Low: < US 450

RR (95% CI)
1.00 (ref )
0.79 (0.58–1.08)

(Continued)
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Table 1b. (Continued)  Characteristics of included cohort studies in the systematic review.
ID First author

Publication year
Country

The Human 
Development Index 
(HDI): Year-HDI (very 
high, high, medium, low)

Calibration  
(Yes/No)

No. of examiners at 
baseline and 
follow-up 

Exposure (s) Outcome Caries 
incidence (binary 
new caries cases)

DMFT/S: Decayed, 
Missing, Filled
Tooth/
Surfaces

Outcome Mean 
caries increment 
Increase in

DMFT/S:
(Δ DMFT/S)

Confounders 

16 Saethre-Sundli HB et al. 
[42]
2020
Norway
Very high HDI
2007 – 0.936

Yes
Examiners
Baseline: 44
Follow-up: 91 (some 
could be the same)

DMFT > 0 Gender, family 
status at 5 years of 
age, caries status 
at 5 years.

Parents’ education
High: Both high (> 12 years)
Low: One or both low 
(≤ 12 yrs)

OR (95% CI)
1.00 (ref )
1.2 (1.0–1.4)

Parental background:
Both Western
One or both non-Western

OR (95% CI)
1.00 (ref )
1.2 (1.0–1.5)

17 Schmoeckel J  
et al. [43]
2015
Germany
Very high HDI
1995 – 0.858

Yes
Examiners
Baseline: 2
Follow-up: 1

ΔDMFS
Low: DMFS ≤ .5
High: DMFS> 5

Father’s education:
University degree
Other

OR (95% CI)
1.00 (ref )
4.75 (CI not 
reported)

Mother’s education
University degree
Other

OR (95% CI)
1.00 (ref )
1.12 (CI not 
reported)

Type of school (participant):
Gymnasium, 12 years’ 
schooling
Other type of education

OR (95% CI)
1.00 (ref )
2.69 (CI not 
reported)

18 Tagliaferro EP  
et al. [44]
2006
Brazil
Medium HDI 1997 – 
0.645

Yes
Examiners
Baseline: 2
Follow-up: 2 (same)

ΔDMFS > 0 dmfs, DMFS.
Mother’s education:
High > 8 years
Low: ≤ 8 years

OR (95% CI)
1.00 (ref )
1.88 (1.03–3.45)

19 Tan SHX et al. [45]
2021
Singapore
Very high HDI
2009 – 0.910

NR
Examiners
Baseline: NR
Follow-up: NR

ΔDMFT > 0 Gender, race, 
residence type, 
primary school 
region, baseline 
dmft and DMFT, 
baseline oral 
hygiene, tooth 
hypoplasia.

Primary school type:
Governmental
Special Assistance Plan
Others (including special 
education and home school) 

RR (95% CI)
1.00 (ref )
1.03 (0.97–1.09)
1.94 (1.38–2.73)

Secondary school type
Governmental
Autonomous
Independent
Others
(univariate analysis)

OR (95% CI)
1.00 (ref )
0.91 (0.86–0.97)
0.79 (0.72–0.87)
1.16 (0.95–1.42)

20 Wang K et al. [46]
2020
China
High HDI
2018 – 0.758

Yes
Examiners
Baseline: 3
Follow-up: 3 (same)

Calculated (Table 2) ΔDMFT
Education (caregiver)
High: ≥ 9 years
Low: < 9 years

RR (95%)
(ref )
0.85 (0.69–1.04)

Household monthly income:
Low: < CNY 3000
Middle: CNY 3000–7000
High: > CNY 7000

RR (95%)
1.06 (0.82–1.36)
0.98 (0.78–1.23)
1.00 (ref )

(Continued)
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Summary of the evidence from the individual cohort 
studies

In Table 3, the various SES indicators are displayed: parental SES 
indicators (including composite SES indicators); adolescent-specific 
SES indicators (adolescents’ school type, social capital [proxy 
SES]); and immigrant background (proxy SES). Point estimates of 
OR, IRR, and RR and β coefficients, along with 95% CIs and SEs, 
most often quantify the association between SES and caries out-
comes. Further details about the various SES composite indica-
tors are presented in Appendix 1.7.

Discussion

This systematic review synthesized evidence from 21 cohort 
studies across 11 countries to evaluate the association between 
SES and dental caries in adolescents. By restricting inclusion to 
cohort designs and to adolescents aged 12–19 years, the review 
provides age-specific insights into socioeconomic gradients in 
caries without dilution from childhood or adult data. Across 
most analyses, SES indicators were associated with caries out-
comes, supporting the relevance of socioeconomic conditions 
for oral health during adolescence.

Interpretation of main findings

Among the SES indicators assessed, maternal education 
showed the most consistent association with caries outcomes, 
with six of seven studies reporting an inverse relationship  [34, 
36, 38, 43, 44, 47]. Associations with fathers’ education and 
parental income were observed less consistently, with an 
inverse association of fathers’ education reported in three out 
of four studies [3, 34, 43] and of parental income in three out of 
six studies [34, 38, 40]. These findings contrast with earlier 

research suggesting that traditional parental SES indicators are 
weakly or inconsistently related to adolescent health out-
comes [18, 19], but align with evidence indicating that paren-
tal SES indicators influence caries into adolescence.

Composite SES measures consistently demonstrated 
socioeconomic gradients in caries across five out of six included 
studies [30–33, 39], supporting the notion that multidimensional 
indicators may better capture socioeconomic influences than 
single variables. SES indicators linked directly to adolescents – 
such as school type [3, 43, 45] and social capital [29, 31] – also 
showed meaningful associations, albeit in fewer studies. These 
findings are particularly relevant given adolescents’ increasing 
independence and the growing influence of peer, school, and 
neighborhood contexts on health behaviors [11, 12].

Methodological heterogeneity and certainty of evidence

The initial stage of the screening process, phase 1 (title/abstract 
screening), followed best-practice guidance of full dual-review 
only in 10% of the publications. Although one reviewer screened 
the publications three times, and all publications classified as 
‘maybe’ in phase 2 (further screening process) were read and 
assessed by both reviewers, this constituted a methodological 
limitation and a risk that some publications could have been 
overlooked.

A major challenge in interpreting the evidence was the 
substantial methodological heterogeneity across studies. 
Differences in caries outcome definitions (incidence versus 
increment, variation in the use of DMFT or DMFS index, inclusion 
or exclusion of enamel lesions), SES operationalization, and 
effect measures (OR, RR, IRR, β coefficients) limited comparability 
and precluded meta-analysis. Although exclusion of the ‘M’ 
component likely had minimal impact because extractions due 
to caries are generally rare among adolescents [48], inconsistent 

Table 1b. (Continued)  Characteristics of included cohort studies in the systematic review.
ID First author

Publication year
Country

The Human 
Development Index 
(HDI): Year-HDI (very 
high, high, medium, low)

Calibration  
(Yes/No)

No. of examiners at 
baseline and 
follow-up 

Exposure (s) Outcome Caries 
incidence (binary 
new caries cases)

DMFT/S: Decayed, 
Missing, Filled
Tooth/
Surfaces

Outcome Mean 
caries increment 
Increase in

DMFT/S:
(Δ DMFT/S)

Confounders 

21 Warren JJ et al. [47]
2017
US
Very high HD 1992 – 
0.880/1995 – 0.886

Yes
Examiners
Baseline: NR
Follow-up: NR

ΔDFS into 3 clusters: Sex, juice intake, 
toothbrushing.Mother’s education

Cluster 1: No incidence 
(4-year degree or more
vs < 4-year degree)
Cluster 2: Low incidence 
(4-year degree or more
vs < 4-year degree)
Cluster 3: High incidence 
(4-year degree or more
vs < 4-year degree)

OR (95%)
1.00 (ref )
1.50 (0.91, 2.47)
2.05 (1.16, 3.60)

SEK: Swedish kronor; USD: United States Dollar; CNY: Chinese yuan; MIH: Molar Incisor Hypomineralization; IRR: incidence rate ratio; OR: odds ratio; CI: 
confidence interval.

https://doi.org/10.2340/aos.v85.46953
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handling of enamel caries, which accounts for a large proportion 
of adolescent caries experience [14], may have biased estimates 
toward underestimation. Concerning a lacking ‘F’ component, it 
may have introduced bias mostly restricted to data in late 
adolescence, as the median time for caries progression from the 
onset of caries into the dentin layer in permanent teeth is 4 years 
[26]. This component is also ambivalent. In countries without 
free dental health care, restorative treatment might be limited 
to those whose parents can afford it.

Heterogeneity was further compounded by variation in 
follow-up duration, examiner calibration, and use of BW 
radiographs. These methodological inconsistencies, together 
with relatively small sample sizes in many studies (only two 
individual studies had a baseline sample size of more than 
10,000), reduced the precision of effect estimates and the overall 
certainty of evidence.

Residual confounding is also likely to have influenced 
observed associations. The confounders most often adjusted for 

Table 2.  The results from the adjusted Newcastle-Ottawa assessment form for cohort studies.
Study 
ID

Author (study),  
year

A
Selection

B 
Comparability

C
Outcome

Total score 
out of 10 
possibleRepresent-

ativeness of  
the exposed 

cohort

Selection of a 
non-exposed 

cohort

Ascertainment 
of exposure

Demonstration  
of outcome not 
present at start

0.25 points for 
each confounder 

adjusted for

Outcome 
assessment

Long enough 
follow-up (≥ 4 years) 

when enamel caries is 
not included 

(no period limit for 
enamel caries)

Adequacy of 
follow-up  

≤ 20% lost)

1 Alm A et al. [28], 
2012

1 1 1 1 0.75 2 1 1 8.75

2 Bernabé E et al. 
[29], 2011

1 1 1 1 1.25 1 1 1 8.25

3 Brondani B et al. 
[30], 2024

0 1 1 1 1.50 1 1 0 6.50

4 Costa LR et al. 
[31], 2023

0 1 1 1 1.25 0.50 0 0 4.75

5 Gerdin EW et al. 
[32], 2008

1 1 1 1 0.50 1 1 1 7.50

6 Hall-Schullin E 
et al. [33], 2017

1 1 1 1 1.00 1 1 1 8.00

7 Julihn A et al. 
[34], 2010

1 1 1 1 2 1 1 1 9.00

8 Jung SH et al. [3], 
2018

1 1 1 1 1.75 1 0 1 7.75

9 Källestål C et al. 
[35], 2007

1 1 1 1 1.75 2 1 1 9.75

10 Lena C et al. [36], 
2020

1 1 1 1 1.25 0 1 1 7.25

11 Lu HX et al. [37], 
2011

0 1 1 1 0.25 0.50 1 0 4.75

12 Ortiz FR et al. 
[38], 2022

0 1 1 1 1.75 1 1 0 6.75

13 Page, LA & 
Thomson WM. 
[39], 2011

0 1 1 1 0.50 1 0 0 4.50

14 Peres MA et al. 
[40], 2017

1 1 0 1 1 1 1 1 7.00

15 Pilecco RO et al. 
[41], 2020

0 1 1 1 1.50 0.50 0 0 5.00

16 Sæthre-Sundli 
HB et al. [42], 
2020

1 1 1 1 0.75 2 1 1 8.75

17 Schmoeckel J 
et al. [43], 2015

0 1 1 1 0 1 1 0 5.00

18 Tagliafero EP 
et al. [44], 2006

0 1 1 1 0.50 0 1 0 5.50

19 Tan SHX et al. 
[45], 2021

1 1 1 1 2 0 1 1 8.00

20 Wang K et al. 
[46], 2020

1 1 1 1 0 1 0.5 1 6.50

21 Warren JJ et al. 
[47], 2017

1 1 1 1 0.75 0.50 1 1 7.25
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Table 3.  Summary of evidence: impact of different SES indicators on dental caries in permanent teeth during the period 12–19 years.
ID Type of SES indicator

The Human 
Development Index 
(HDI): 

Outcome

Enamel caries: 
Included
Excluded 

Results 

Effect of parental SES indicators
Parental education
Mother’s education
7 Julihn et al. [34]

Very high HDI
Excluded When having a highly educated mother, individuals were less likely to experience proximal 

(contact between adjacent teeth) caries increment than those who had a mother with low 
education
(adjusted OR: 0.73, 95% CI: 0.65–0.81).

21 Warren et al. [47]
Very high HDI 

Excluded In the study, the individuals were categorized in clusters. Cluster 1 included participants with 
zero DFS at age 17 and no incidence from age 9 to 13 examinations. Cluster 3 included those 
with high DFS levels at 13 years and high incidence from 13 to 17 years. Participants in Cluster 3, 
compared to Cluster 1, had a higher OR of having mothers without a 4-year college degree. 
Cluster 3 was shown to be most consistently associated with lower maternal education
(adjusted OR: 2.05, 95% CI: 1.16–3.60).

10 Llena et al. [36]
Very high HDI

Included Higher maternal education was associated with a lower DMFT than lower maternal education
(adjusted OR: 0.37, 95% CI: 0.13–0.60).

Excluded Higher maternal education was associated with a lower DMFT than lower maternal education.
(adjusted OR: 0.21, –0.13 – 0.54)

12 Ortiz et al. [38]
High HDI

Excluded Low maternal education was a risk factor for untreated caries (ΔDT)
(adjusted IRR: 1.19, 95% CI: 1.03–1.38).

18 Tagliaferro et al. [44]
Medium HDI

Excluded Low maternal education was a predictor of caries increment in permanent dentition (ΔDMFS > 0)
(OR: 1.88, 95% CI: 1.03–3.45).

17 Schmoeckel et al. [43]
Very high HDI

Excluded Caries increment (>Δ5 DMFS) in individuals was associated with low maternal education
(OR: 1.12, 95% CI: not reported).

8 Jung et al. [3]
Very high HDI

Excluded No significant inverse relationship between high maternal educational level and untreated caries 
(DT > 0) was observed
(adjusted OR: 0.86, 95% CI: 0.43–1.73).

Father’s education
17 Schmoeckel et al. [43]

Very high HDI
Excluded Caries increment (>Δ5 DMFS) was associated with a father with low education

(OR: 4.57, 95% CI not reported).
7 Juhlin et al. [34]

Very high HDI
Excluded Individuals with a highly educated father were less likely to experience proximal caries 

increment compared to those whose fathers had a low educational background
(adjusted OR: 0.85, 95% CI: 0.77–0.95).

8 Jung et al. [3]
Very high HDI

Excluded Having a less educated father was considered a predictor of untreated caries (ΔDT)
(adjusted OR: 2.04, 95% CI:1.05–3.98).

15 Pilecco et al. [41]
High HDI

Excluded No significant relationship was observed between fathers’ education and the increase in the 
number of filled teeth (ΔFT)
(adjusted OR: 1.04, 95% CI: 0.96–1.12).

Education of both parents or caregiver (not reported if mother/father/other people*)
16 Sæthre-Sundli HB et al. 

[42]
Very high HDI

Excluded Individuals with one or both parents having low education experienced a higher caries risk than 
those with both parents having a high level of education
(OR: 1.2, 95% CI:1.0–1.4).

11 Lu et al. [37]
Medium HDI

Excluded No significant association between parental education level and DMFT in individuals was found
(β coefficient: not reported, p > 0.05).

20 Wang et al. [46]High 
HDI

Excluded No significant association between education level and the DMFT was found  
(RR: 0.85, 95% CI:0.69–1.04).

Parental income (household income is included)
7 Julihn et al. [34]

Very high HDI
Excluded Low parental income showed a higher OR for having proximal caries increment than low 

parental income
(adjusted OR: 1.15, 95% CI: 1.05–1.25).

12 Ortiz et al. [38]
High HDI

Excluded Low household income was a risk factor for untreated caries (ΔDT)
(adjusted OR: 1.57. 95% CI: 1.35–1.82).

14 Peres et al. [40]
Medium HDI

Excluded An association was observed between caries and family income trajectories. The group of stable 
low-income showed a higher IRR of DMT compared to the group of stable high income
(adjusted IRR: 2.28, 95% CI, 1.46–3.56) (referred to the article’s Table 2) 

(Continued)
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Table 3. (Continued)  Summary of evidence: impact of different SES indicators on dental caries in permanent teeth during the period 12–19 years.
ID Type of SES indicator

The Human 
Development Index 
(HDI): 

Outcome
Enamel caries: 
Included
Excluded 

Results 

11 Lu et al. [37]
Medium HDI

Excluded No significant association between the level of monthly household income and DMFT was found
(β coefficient: not reported, p > 0.05).

15 Pilecco et al. [41]
High HDI

Excluded No significant association between low household income and increase in the number of filled 
teeth (ΔFT)
(adjusted RR: 0.79, 95% CI: 0.58–1.08)

20 Wang et al. [46]
High HDI

Excluded No significant association between low household income and caries (ΔDMFT) was observed
(adjusted RR: 1.06, 95% CI: 0.82–1.36)

Parental occupation
9 Källestål et al. [35]

Very high HDI
Included The risk of caries increment (ΔDMFS) was higher among individuals from working-class 

households than among those from civil servant households
(adjusted RR: 1.06, 95% CI: 1.01–1.12)

Excluded The risk of caries increment (ΔDMFS) was higher among individuals from working-class 
households than among those from civil servant households
(adjusted RR: 1.04, 95% CI: 1.02–1.07).

Composite SES indicators
3 Brondani et al. [30]

High HDI 
Excluded Low individual SES was directly associated with a higher caries experience (DMT) at follow-up

(adjusted β: –0.28, SE: 0.10).
4 Costa et al. [31]

High HDI
Excluded Lower SES indirectly predicted caries incidence after adjustment via sugar consumption and 

inactive lifestyle
(adjusted β: –0.046, SE: 0.023).

13 Page et al. [39] in
Very high HDI 

Excluded The high-deprivation group had a high ΔDFS (ΔDFS: 0.6, SD:3.5), while the low-deprivation 
group had a low ΔDFS (ΔDFS: 0.0, SD:2.6).
Participants with low household SES had a high ΔDFS (ΔDFS: 0.9, SD:2.7) compared with high 
household SES (ΔDFS: 0.0, SD:1.7).

6 Hall-Schullin et al. [33]
Very high HDI

Excluded SES was associated with higher DMFT in the most deprived area compared to the least deprived 
area used as the reference
(adjusted IRR: 1.77, 95% CI: 1.41–2.23).

5 Gerdin et al. [32]
Very High HDI 

Excluded The individuals were classified into 5 distinct socioeconomic clusters ranging from low (cluster V) 
to high (cluster I). At age 12, DFT was almost twice as high in the lowest SES cluster compared to 
the highest one
(cluster V (low): DFT: 1.1, cluster I (high): DFT: 0.6, p < 0.002).

8 Jung et al. [3]
Very high HDI

Excluded Low SES was not significantly associated with untreated caries (ΔDT)
(adjusted OR: 1.80, 95% CI: 0.88–3.64).

Effect of adolescent-specific SES indicators
Adolescents’ school type
17 Schmoeckel et al. [43]

Very high HDI
Excluded School type was defined as either ‘gymnasium’, a scholar pathway after elementary school of 4–6 

years preparing for future university studies, or ‘other type of education’. In the last category, 
individuals were more likely to belong to the group with high caries increment (DMFS ≥ 5)
(OR: 2.69, 95% CI: not reported).

8 Jung et al. [3]
Very high HDI

Excluded Individuals with vocational education were more likely to experience untreated caries (ΔDT) 
compared with those with general education, for whom college education was possible 
afterwards
(OR: 2.68, 95% CI: 1.46–4.92).

19 Tan et al. [45]
Very high HDI

Excluded Three groups of primary school types: Governmental Special Assistance Plan (SAP) schools (with 
bilingual and bicultural students), non-SAP governmental schools, and ‘others’ (including 
madrasah schools, special education schools, and home schooling). Enrollment in the ‘others’ 
category was a predictor of caries incidence
(adjusted RR: 1.94, 95% CI: 1.38–2.73).

Adolescents’ social capital (proxy SES)
2 Bernabé et al. [29]

Very high HDI 
Excluded ‘Support from a special person’ (‘Special person factor score’) was associated with a lower DMFT 

in second permanent molars. The DMFT value decreased by a factor of 0.81 per SD increase in 
this score.
(adjusted RR: 0.81, 95% CI: 0.69–0.96).

4 Costa et al. [31]
High HDI

Excluded Lower social support indirectly predicted caries incidence via sugar consumption and physical 
inactivity
(adjusted β: –0.026, Bootstrap SE: 0.015).

(Continued)
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were sex, ethnicity, and baseline caries. Contextual factors such 
as water fluoridation, access to dental care, and broader oral 
healthcare systems were less frequently considered.

The use of a modified NOS for quality assessment made it 
impossible to compare our scores with other systematic reviews 
using the standard NOS. Therefore, the scores of two identified 
systematic reviews targeting adults, using the standard NOS  
[15, 49], could not be compared with our review, although their 
scores were approximate.

Equity, generalizability, and external validity

The generalizability of the findings is limited by the geographi-
cal and socioeconomic distribution of included studies. Most 
were conducted in very high-HDI countries, and none of the 
studies was conducted in countries with a low HDI. Given docu-
mented differences in healthcare systems, preventive measures 
(e.g. fluoridation), and social determinants of health, the SES–
caries associations observed here may not directly apply to low-
er-income contexts.

Additionally, the exclusion of socioeconomically deprived 
groups, including Indigenous and tribal populations, restricts 
external validity and may underestimate the true magnitude of 
socioeconomic inequalities in adolescent caries. Similarly, the 
exclusion of grey literature [50] may have contributed to 
publication bias. While these decisions enhanced methodological 
comparability, they simultaneously highlighted persistent 
inequities in the available evidence. Inclusive research strategies 
should therefore be promoted.

Potential mechanisms through which SES indicators affect 
caries in adolescents

It is acknowledged that a broad range of underlying determi-
nants interact when assessing for association between SES and 
caries, for example, biological, behavioral, psychosocial, and 
economic [9].

Behavioral pathways

Compared to having a low educational background, individuals 
with a higher educational background are more easily able to 
make healthier diet choices and understand the importance of 
oral hygiene and preventive oral care, which means a higher 
level of oral health literacy. Adolescents’ diet is higher in sugars 
compared with the diet of children and adults [51], has a pattern 
of frequent snacking between meals [52], and adolescents’ oral 
hygiene is occasionally poorer than that of the other age groups 
[53]. SES indicators targeting these challenges in adolescents by 
using behavioral pathways should be widely adopted. 
Adolescents living in low socioeconomic environments also 
have an elevated risk of additional unhealthy behaviors, such as 
early initiation of smoking and involvement in drug abuse [54]. 
The mechanisms through which SES indicators affect caries in 
adults and children may differ due to other aspects of everyday 
life, but also, for example, in the case of adults, the enamel of 
permanent teeth is now fully matured and not to the same 
extent prone to caries. Regarding future intervention for adoles-
cents, oral health education must be adjusted and based on 
credibility and confidence [55].

Table 3. (Continued)  Summary of evidence: impact of different SES indicators on dental caries in permanent teeth during the period 12–19 years.
ID Type of SES indicator

The Human 
Development Index 
(HDI): 

Outcome
Enamel caries: 
Included
Excluded 

Results 

Effect of immigrant background (proxy SES) 
9 Källestål et al. [35]

Very high HDI
Included Individuals born in Eastern Europe (lower HDI than Sweden) had an elevated risk for caries 

increment compared with adolescents born in Sweden
(adjusted RR: 1.25, 95% CI: 1.03–1.50)

Excluded Individuals born in Eastern Europe (lower HDI than Sweden) had an elevated risk for caries 
increment compared with adolescents born in Sweden
(adjusted RR: 1.25, 95% CI: 1.12–1.40)

7 Julihn et al. [34]
Very high HDI

Excluded Individuals born in Eastern Europe (lower HDI than Sweden) had an elevated caries risk for 
proximal caries increment compared with individuals born in Sweden
(OR: 1.44, 95% CI: 1.12–1.85).

1 Alm et al. [28]
Very high HDI

Included The findings of caries on proximal surfaces indicated that individuals with both parents ‘born 
abroad’ were more likely to experience high caries increment (DFproxS ≥ 4) compared to those 
with ‘both parents born in Sweden’
(adjusted OR 3.7, 95% CI: 1.1–12.8).

16 Sæthre-Sundli et al. 
[42]
Very high HDI

Excluded Individuals living with one or both parents from non-Western countries had higher odds ratios of 
having DMFT compared to those living with both mother and father of Western origin
(adjusted OR: 1.2, 95% CI: 1.0–1.4).

DFS: decayed filled surfaces; DMFT: Decayed, Missing, and Filled Tooth; DT: decayed teeth; FT: filled teeth; SES: socioeconomic status; RR: relative risk; OR: 
odds ratio; CI: confidence interval; IRR: incidence rate ratio; SD: standard deviation.
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Access pathways

Across the world, not all adolescents live in societies with access 
to preventive and restorative dental care, and if such access 
exists, not all can afford services, such as access to oral health 
literacy skills and fluoridation. However, in some areas, water 
fluoridation is available, reducing the caries risk.

Psychosocial pathways

Adolescents, characterized by being in psychological and 
social transitions, are vulnerable to different psychosocial 
challenges, including depression [11], and are more often 
affected than children and adults. SES proxies for caries, such 
as social capital or social support, may help to uncover those 
who struggle, which is important as poor oral health is asso-
ciated with low SES [56]. Living in countries without a func-
tioning oral healthcare system may be detrimental to the 
oral health of those adolescents.

Considering our study, unmeasured behavioral and 
psychosocial factors, such as oral health literacy or oral health-
seeking behavior, may have resulted in both over- and 
underestimation of SES–caries associations, reinforcing the 
need for cautious interpretation and non-causal language.

Implications for research and practice

Adolescence is a critical period for caries initiation, particularly in 
the context of enamel lesions [57]. Therefore, when enamel car-
ies is included in the caries diagnosis, the conclusions drawn by 
researchers that new caries occurs at a relatively constant rate 
and that adolescence is not a period of heightened caries risk 
[58] may not hold. Evidence suggests that SES indicators are 
most informative during this stage, when newly erupted perma-
nent teeth are highly susceptible [59]. The consistent perfor-
mance of composite SES indicators in predicting caries supports 
calls for developing standardized, adolescent-specific SES meas-
ures, as single indicators may insufficiently capture complex 
social exposures [60].

Existing composite SES scales for children [61] and adults [62] 
provide a foundation, but importantly, adolescent-specific scales 
should incorporate both parental factors and adolescent-
contextual indicators, including school environment, social capital, 
and peer influences. Or, in other words, such scales should reflect 
how adolescents live their lives in different regions of the world 
today. For adolescents living in socioeconomically disadvantaged 
and vulnerable populations, some scale adjustments may be 
considered, for example, to clarify whether they have the financial 
means to pay for dental treatment and oral hygiene cleaning 
products, such as toothbrushes and fluoride toothpaste. Future 
research should prioritize prospective cohort designs, include 
disadvantaged socioeconomic populations, and apply multilevel 
analytical approaches to disentangle individual and contextual 
effects [15]. To address the multidimensional, latent, and context-
dependent nature of SES, no single method is sufficient on its own.

Conclusions

Our findings revealed considerable heterogeneity across the 
included studies, which precluded meta-analysis and limited 
the strength of definitive conclusions. As a result, the overall 
certainty of evidence regarding the association between SES 
and caries in adolescents remains low. Nevertheless, the results 
consistently suggested an inverse association between mater-
nal education and caries, while inverse associations with 
fathers’ education and parental income were weaker and less 
consistent. This type of association was also observed for ado-
lescents’ school type, their social capital, and composite SES 
indicators. Immigrant background served as a caries predictor. 
The findings underscore the need to develop and validate 
robust composite SES measures applicable across diverse 
global contexts.

Conflict of interest

The authors declare no conflicts of interest.

Author contributions statement

MSS contributed to the conception of the work and wrote the first 
draft of the manuscript. ISKS performed the search for publica-
tions. MSS and KSK read and assessed the abstracts, selected pub-
lications in full text, and assessed the quality of the included 
publications. AS performed the statistical analyses and, together 
with MSS, discussed the selection of the publications, design, inter-
pretation, and presentation of data. GD and HH contributed to the 
interpretation of data. All authors (MSS, KSK, GD, HH, ISKS, TNF, AS) 
were involved in the writing and critically revised the manuscript. 
They have all also read and approved the final manuscript.

Supporting information

Additional supporting material is available online.

Acknowledgement

AI (Grammarly) was used for language revision.

Data availability statement

All data generated and analyzed in this study are included in this 
published article and its Supporting Information file.

References
[1]	 Engels F. The condition of the working class in England. Leipzig: 

Wigland O; 1845.
[2]	 Poulain T, Vogel M, Kiess W. Review on the role of socioeconomic sta-

tus in child health and development. Curr Opin Pediatr. 2020;32(2):​
308–14. https://doi.org/10.1097/MOP.0000000000000876

[3]	 Jung SH, Kim MH, Ryu JI. Inequalities in oral health among adoles-
cents in Gangneung, South Korea. BMC Oral Health. 2018;18(1):68. 
https://doi.org/10.1186/s12903-018-0533-3

https://doi.org/10.1097/MOP.0000000000000876
https://doi.org/10.1186/s12903-018-0533-3


ACTA ONCOLOGICA SCANDINAVICA  711

[4]	 World Health Organization. Global oral health status report: towards 
universal health coverage for oral health by 2030. Geneva: World 
Health Organization; 2022. 

[5]	 Schwendicke F, Dorfer CE, Schlattmann P, Foster Page L, Thomson 
WM, Paris S. Socioeconomic inequality and caries: a systematic 
review and meta-analysis. J Dent Res. 2015;94:10–18. https://doi.
org/10.1177/0022034514557546

[6]	 Kaufman J. Social epidemiology. In: Rothman K, Greenland S, Lash 
T, editors. Modern epidemiology. 3rd ed. Philadelphia, PA: Wolters 
Kluwer. Lippincott Williams & Wilkins; 2008. p. 532–48.

[7]	 Widström E, Eaton KA. Oral healthcare systems in the extended 
European Union. Oral Health Prev Dent. 2004;2(3):155–94.

[8]	 Sisson KL. Theoretical explanations for social inequalities in oral 
health. Community Dent Oral Epidemiol. 2007;35:81–8. https://doi.
org/10.1111/j.1600-0528.2007.00354.x

[9]	 Peres MA, Macpherson LMD, Weyant RJ, Daly B, Venturelli R, Mathur 
MR, et al. Oral diseases: a global public health challenge. Lancet. 
2019;394:249–60. https://doi.org/10.1016/S0140-6736(19)31146-8

[10]	 Congiu G, Campus G, Luglie PF. Early childhood caries (ECC) prev-
alence and background factors: a review. Oral Health Prev Dent. 
2014;12(1):71–6. https://doi.org/10.3290/j.ohpd.a31216

[11]	 Novak A, Pelaez, M. What is adolescent behavioral development? In: 
Novak A, Pelaez M, editors. Child and adolescent development. A 
behavioral systems approach. London: Sage Publications, Inc.; 2014. 
p. 463–92.

[12]	 Curtis AM, Cavanaugh JE, Levy SM, VanBuren J, Marshall TA, Warren 
JJ. Examining caries aetiology in adolescence with structural equa-
tion modelling. Community Dent Oral Epidemiol. 2018;46(3):258–64. 
https://doi.org/10.1111/cdoe.12359

[13]	 Bernabé E, Delgado-Angulo EK, Murasko JE, Marcenes W. Family 
income and tooth decay in US children: does the association change 
with age? Caries Res. 2012;46(3):221–7. https://doi.org/10.1159/​
000337389

[14]	 Skeie M, Sen A, Dahllöf G, Natland Fagerhaug T, Høvik H, Klock KS. 
Dental caries at enamel and dentine level among European ado-
lescents – a systematic review and meta-analysis. BMC Oral Health. 
2022;22(1):620. https://doi.org/10.1186/s12903-022-02631-2

[15]	 Cunha M, Cruz A, Martins-Pfeifer C, Costa SM, Abreu M. Caries and 
socioeconomic factors in adults (19–60 years old): an updated 
systematic review of observational studies. Int J Environ Res Public 
Health. 2026;23(1):112. https://doi.org/10.3390/ijerph​23010112

[16]	 Nóbrega J, Dantas E, Ferreira-Filho JC, Limao N, Rodrigues-de-Melo 
AC, Protasio AP, et al. Contextual social inequities and occurrence of 
dental caries in adolescents: a systematic review. Oral Health Prev 
Dent. 2017;15:329–60. https://doi.org/10.3290/j.ohpd.a38744

[17]	 Reisine ST, Psoter W. Socioeconomic status and selected behav-
ioral determinants as risk factors for dental caries. J Dent Educ. 
2001;65:1009–16. https://doi.org/10.1002/j.0022-0337.2001.65.10.
tb03443.x

[18]	 Piko BF, Fitzpatrick KM. Socioeconomic status, psychosocial 
health and health behaviours among Hungarian adolescents. 
Eur J Public Health. 2007;17:353–60. https://doi.org/10.1093/
eurpub/ckl257

[19]	 Currie CE, Elton RA, Todd J, Platt S. Indicators of socioeconomic status 
for adolescents: the WHO Health Behaviour in School-aged Children 
Survey. Health Educ Res. 1997;12:385–97. https://doi.org/10.1093/
her/12.3.385

[20]	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow 
CD, et al. The PRISMA 2020 statement: an updated guideline for 
reporting systematic reviews. BMJ. 2021;372:n71. https://doi.org/​
10.1136/bmj.n71

[21]	 Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan-a web 
and mobile app for systematic reviews. Syst Rev. 2016;5:210. https://
doi.org/10.1186/s13643-016-0384-4

[22]	 Bramer WM, Giustini D, de Jonge GB, Holland L, Bekhuis T. 
De-duplication of database search results for systematic reviews in 

EndNote. J Med Libr Assoc. 2016;104:240–3. https://doi.org/10.3163/​
1536-5050.104.3.014

[23]	 United Nations. Human development index (HDI) [Internet]. [cited 
2026 Feb 25]. Available from: www.countryeconomy.com>hdi

[24]	 Klein H, Palmer C, Knutson J. Studies on dental caries: I. Dental sta-
tus and dental needs of elementary school children. Pub Health Rep. 
1938;53:751–65. https://doi.org/10.2307/4582532

[25]	 Wells G, Shea B, O’Connell D, Peterson J, Welch V, Losos M, et al. The 
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonran-
domised studies in meta-analyses [Internet]. 2013 [cited 2026 Feb 
25]. Available from: https://www.ohri.ca/programs/clinical_epidemi-
ology/oxford.asp

[26]	 Mejàre I, Stenlund H. Caries rates for the mesial surface of the first 
permanent molar and the distal surface of the second primary molar 
from 6 to 12 years of age in Sweden. Caries Res. 2000;34:454–61. 
https://doi.org/10.1159/000016623

[27]	 World Health Organisation. Oral health surveys. Basic methods.  4th 
ed. Geneva: World Health Organization; 1997. 

[28]	 Alm A, Wendt LK, Koch G, Birkhed D, Nilsson M. Caries in adolescence 
– influence from early childhood. Community Dent Oral Epidemiol. 
2012;40:125–33. https://doi.org/10.1159/000330370

[29]	 Bernabé E, Stansfeld SA, Marcenes W. Roles of different sources of 
social support on caries experience and caries increment in ado-
lescents of East London. Caries Res. 2011;45:400–7. https://doi.
org/10.1159/000330370

[30]	 Brondani B, Knorst JK, Ardenghi TM, Mendes FM, Brondani MA. 
Community and individual socioeconomic inequalities and den-
tal caries from childhood to adolescence: a 10-year cohort study. 
Community Dent Oral Epidemiol. 2024;52:540–9. https://doi.
org/10.1111/cdoe.12950

[31]	 Costa LR, Vettore MV, Quadros LN, Rebelo Vieira JM, Herkrath A, 
Queiroz AC, et al. Socio-economic status, psychosocial factors, 
health behaviours and incidence of dental caries in 12-year-old 
children living in deprived communities in Manaus, Brazil. J Dent. 
2023;133:104504. https://doi.org/10.1016/j.jdent.2023.104504

[32]	 Gerdin EW, Angbratt M, Aronsson K, Eriksson E, Johansson I. Dental 
caries and body mass index by socio-economic status in Swedish 
children. Community Dent Oral Epidemiol. 2008;36:459–65. https://
doi.org/10.1111/j.1600-0528.2007.00421.x

[33]	 Hall-Scullin E, Whitehead H, Milsom K, Tickle M, Su TL, Walsh 
T. Longitudinal study of caries development from child-
hood to adolescence. J Dent Res. 2017;96:762–7. https://doi.
org/10.1177/0022034517696457

[34]	 Julihn A, Ekbom A, Modeer T. Migration background: a risk fac-
tor for caries development during adolescence. Eur J Oral Sci. 
2010;118:618–25. https://doi.org/10.1111/j.1600-0722.2010.00774.x

[35]	 Källestål C, Fjelddahl A. A four-year cohort study of caries and its risk 
factors in adolescents with high and low risk at baseline. Swed Dent 
J. 2007;31:11–25.

[36]	 Llena C, Calabuig E, Sanz JL, Melo M. Risk factors associated with car-
ious lesions in permanent first molars in children: a seven-year retro-
spective cohort study. Int J Environ Res Public Health. 2020;17:1421. 
https://doi.org/10.3390/ijerph17041421

[37]	 Lu HX, Wong MC, Lo EC, McGrath C. Trends in oral health 
from childhood to early adulthood: a life course approach. 
Community Dent Oral Epidemiol. 2011;39:352–60. https://doi.
org/10.1111/j.1600-0528.2011.00611.x

[38]	 Ortiz FR, Reyes LT, Ardenghi TM. Social economic disadvantage and 
untreated dental caries: findings from a cohort study in adolescents. 
Caries Res. 2022;56:179–86. https://doi.org/10.1159/000525238

[39]	 Page LA, Thomson WM. Dental caries in Taranaki adolescents: a 
cohort study. N Z Dent J. 2011;107:91–6.

[40]	 Peres MA, Liu P, Demarco FF, Silva AER, Wehrmeister FC, Menezes 
AM, et al. Income trajectories affect treatment of dental caries 
from childhood to young adulthood: a birth cohort study. Braz 

https://doi.org/10.1177/0022034514557546
https://doi.org/10.1177/0022034514557546
https://doi.org/10.1111/j.1600-0528.2007.00354.x
https://doi.org/10.1111/j.1600-0528.2007.00354.x
https://doi.org/10.1016/S0140-6736(19)31146-8
https://doi.org/10.3290/j.ohpd.a31216
https://doi.org/10.1111/cdoe.12359
https://doi.org/10.1159/000337389
https://doi.org/10.1159/000337389
https://doi.org/10.1186/s12903-022-02631-2
https://doi.org/10.3390/ijerph23010112
https://doi.org/10.3290/j.ohpd.a38744
https://doi.org/10.1002/j.0022-0337.2001.65.10.tb03443.x
https://doi.org/10.1002/j.0022-0337.2001.65.10.tb03443.x
https://doi.org/10.1093/eurpub/ckl257
https://doi.org/10.1093/eurpub/ckl257
https://doi.org/10.1093/her/12.3.385
https://doi.org/10.1093/her/12.3.385
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1186/s13643-016-0384-4
https://doi.org/10.1186/s13643-016-0384-4
https://doi.org/10.3163/1536-5050.104.3.014
https://doi.org/10.3163/1536-5050.104.3.014
http://www.countryeconomy.com
https://doi.org/10.2307/4582532
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1159/000016623
https://doi.org/10.1159/000330370
https://doi.org/10.1159/000330370
https://doi.org/10.1159/000330370
https://doi.org/10.1111/cdoe.12950
https://doi.org/10.1111/cdoe.12950
https://doi.org/10.1016/j.jdent.2023.104504
https://doi.org/10.1111/j.1600-0528.2007.00421.x
https://doi.org/10.1111/j.1600-0528.2007.00421.x
https://doi.org/10.1177/0022034517696457
https://doi.org/10.1177/0022034517696457
https://doi.org/10.1111/j.1600-0722.2010.00774.x
https://doi.org/10.3390/ijerph17041421
https://doi.org/10.1111/j.1600-0528.2011.00611.x
https://doi.org/10.1111/j.1600-0528.2011.00611.x
https://doi.org/10.1159/000525238


712  M. S. SKEIE ET AL.

Oral Res. 2018;32:e36. https://doi.org/10.1590/1807-3107bor-2018.
vol32.0036

[41]	 Pilecco RO, Godois L, Maroneze M, Ortiz F, Ardenghi T. Factors asso-
ciated with the number of filled teeth in adolescents from public 
schools: a cohort study. Braz Oral Res. 2019;33:e124. https://doi.
org/10.1590/1807-3107bor-2019.vol33.0124

[42]	 Saethre-Sundli HB, Wang NJ, Wigen TI. Do enamel and dentine caries 
at 5 years of age predict caries development in newly erupted teeth? 
A prospective longitudinal study. Acta Odontol Scand. 2020;78:​
509–14. https://doi.org/10.1080/00016357.2020.1739330

[43]	 Schmoeckel J, Santamaria RM, Splieth CH. Long-term caries devel-
opment in schoolchildren and the role of educational status. 
Quintessence Int. 2015;46:409–15. https://doi.org/10.3290/j.qi.a33534

[44]	 Tagliaferro EP, Pereira AC, Meneghim Mde C, Ambrosano GM. 
Assessment of dental caries predictors in a seven-year longitu-
dinal study. J Public Health Dent. 2006;66:169–73. https://doi.
org/10.1111/j.1752-7325.2006.tb02575.x

[45]	 Tan SHX, Teo YY, Tan MHX, Gao X. Childhood factors and dental car-
ies in the permanent dentition: findings of an 8-year study under a 
nationwide school dental service. Int Dent J. 2021;71:508–15. https://
doi.org/10.1016/j.identj.2021.01.008

[46]	 Wang K, Pang L, Fan C, Cui T, Yu L, Lin H. Enamel and dentin caries 
risk factors of adolescents in the context of the International Caries 
Detection and Assessment System (ICDAS): a longitudinal study. 
Front Pediatr. 2020;8:419. https://doi.org/10.3389/fped.2020.00419

[47]	 Warren JJ, Van Buren JM, Levy SM, Marshall TA, Cavanaugh JE, Curtis 
AM, et al. Dental caries clusters among adolescents. Community 
Dent Oral Epidemiol. 2017;45:538–44. https://doi.org/10.1111/
cdoe.12317

[48]	 Hugoson A, Koch G, Helkimo AN, Lundin SA. Caries prevalence and 
distribution in individuals aged 3–20 years in Jönköping, Sweden, 
over a 30-year period (1973–2003). Int J Paediatr Dent. 2008;18:​
18–26. https://doi.org/10.1111/j.1365-263X.2007.00874.x

[49]	 Costa SM, Martins CC, Bonfim Mde L, Zina LG, Paiva SM, Pordeus IA, et 
al. A systematic review of socioeconomic indicators and dental caries 
in adults. Int J Environ Res Public Health. 2012;9:3540–74. https://doi.
org/10.3390/ijerph9103540

[50]	 Paez A. Grey literature: an important resource in systematic reviews. J 
Evid Based Med. 2017;10(3):233–40. https://doi.org/10.1111/jebm.12266

[51]	 Turck D, Bohn T, Castenmiller J, de Henauw S, Ildico Hirsch-Ernst K, 
Knutsen H, et al. Tolerable upper intake level for dietary sugars. EFSA 
J. 2022;20(2):e07074. https://doi.org/10.2903/j.efsa.2022.7074

[52]	 Larson NI, Miller JM, Watts AW, Story MT, Neumark-Sztainer 
DR. Adolescent snacking behaviors are associated with dietary 
intake and weight status. J Nutr. 2016;146:1348–55. https://doi.
org/10.3945/jn.116.230334

[53]	 Ericsson JS, Östberg AL, Wennstrom JL, Abrahamsson KH. Oral 
health-related perceptions, attitudes, and behavior in relation to 
oral hygiene conditions in an adolescent population. Eur J Oral Sci. 
2012;120:335–41. https://doi.org/10.1111/j.1600-0722.2012.00970.x

[54]	 Gautam N, Dessie G, Rahman MM, Khanam R. Socioeconomic sta-
tus and health behavior in children and adolescents: a systematic 
literature review. Front Public Health. 2023;11:1228632. https://doi.
org/10.3389/fpubh.2023.1228632

[55]	 Östberg AL. Adolescents’ views of oral health education. A qual-
itative study. Acta Odontol Scand. 2005;63:300–7. https://doi.
org/10.1080/00016350510020061

[56]	 Borstmann EDS, Brondani B, Knorst JK, Siqueira BDP, Lima LS, 
Ramadan YH, et al. Association between depression, anxiety, and 
stress and oral health-related quality of life in adolescents. Braz Oral 
Res. 2025;39:e109. https://doi.org/10.1590/1807-3107bor-2025.
vol39.109

[57]	 Fejerskov O. Pathology of dental caries. In: Fejerskov O, Nyvad B, Kidd 
E, editors. Dental caries disease and its clinical management. 3rd ed. 
Chichester, West Sussex: John Wiley & Sons, Ltd.; 2015. p. 49–81.

[58]	 Broadbent JM, Thomson WM, Poulton R. Trajectory patterns of 
dental caries experience in the permanent dentition to the fourth 
decade of life. J Dent Res. 2008;87:69–72. https://doi.org/10.1177/​
154405910808700112

[59]	 Mejàre I, Stenlund H, Zelezny-Holmlund C. Caries incidence and 
lesion progression from adolescence to young adulthood: a pro-
spective 15-year cohort study in Sweden. Caries Res. 2004;38:​
130–41. https://doi.org/10.1159/000075937

[60]	 Bajekal M, Jan S, Jarman B. The Swedish UPA score: an administra-
tive tool for identification of underprivileged areas. Scand J Soc Med. 
1996;24:177–84. https://doi.org/10.1177/140349489602400309

[61]	 Psaki SR, Seidman JC, Miller M, Gottlieb M, Bhutta ZA, Ahmed T, et 
al. Measuring socioeconomic status in multicountry studies: results 
from the eight-country MAL-ED study. Popul Health Metr. 2014;12:8. 
https://doi.org/10.1186/1478-7954-128

[62]	 Sacre H, Haddad C, Hajj A, Zeenny RM, Akel M, Salameh P. 
Development and validation of the Socioeconomic Status 
Composite Scale (SES-C). BMC Public Health. 2023;23:1619. https://
doi.org/10.1186/s12889-023-16531-9

https://doi.org/10.1590/1807-3107bor-2018.vol32.0036
https://doi.org/10.1590/1807-3107bor-2018.vol32.0036
https://doi.org/10.1590/1807-3107bor-2019.vol33.0124
https://doi.org/10.1590/1807-3107bor-2019.vol33.0124
https://doi.org/10.1080/00016357.2020.1739330
https://doi.org/10.3290/j.qi.a33534
https://doi.org/10.1111/j.1752-7325.2006.tb02575.x
https://doi.org/10.1111/j.1752-7325.2006.tb02575.x
https://doi.org/10.1016/j.identj.2021.01.008
https://doi.org/10.1016/j.identj.2021.01.008
https://doi.org/10.3389/fped.2020.00419
https://doi.org/10.1111/cdoe.12317
https://doi.org/10.1111/cdoe.12317
https://doi.org/10.1111/j.1365-263X.2007.00874.x
https://doi.org/10.3390/ijerph9103540
https://doi.org/10.3390/ijerph9103540
https://doi.org/10.1111/jebm.12266
https://doi.org/10.2903/j.efsa.2022.7074
https://doi.org/10.3945/jn.116.230334
https://doi.org/10.3945/jn.116.230334
https://doi.org/10.1111/j.1600-0722.2012.00970.x
https://doi.org/10.3389/fpubh.2023.1228632
https://doi.org/10.3389/fpubh.2023.1228632
https://doi.org/10.1080/00016350510020061
https://doi.org/10.1080/00016350510020061
https://doi.org/10.1590/1807-3107bor-2025.vol39.109
https://doi.org/10.1590/1807-3107bor-2025.vol39.109
https://doi.org/10.1177/154405910808700112
https://doi.org/10.1177/154405910808700112
https://doi.org/10.1159/000075937
https://doi.org/10.1177/
https://doi.org/10.1186/1478-7954-128
https://doi.org/10.1186/s12889-023-16531-9
https://doi.org/10.1186/s12889-023-16531-9

