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Abstract
Background Adverse childhood experiences (ACEs) are associated with poor oral health. Using a life course 
theoretical framework, this study explored the associations of specific and cumulative ACEs with caries and 
toothbrushing frequency in a Norwegian adolescent population.

Methods Participants were adolescents (n = 6351) age 13–17 years from The Young-HUNT4 Survey. Clinical data were 
retrieved from dental health records. Oral health outcomes were toothbrushing frequency, dentine caries experience 
(Decayed, Missing, and Filled Teeth – DMFT), and enamel caries. ACE exposure variables were physical abuse, sexual 
abuse, witness to violence, parental separation/divorce, parental alcohol problems, and bully victimization. Negative 
binominal regression models (incident rate ratios, IRRs; 95% confidence intervals, CIs) were used to determine 
the associations of the various ACEs with caries; logistic regression analyses (odds ratios, ORs; 95% CIs) were used 
to estimate associations with toothbrushing frequency. Potential effect modification by age was assessed using 
likelihood ratio test.

Results Adolescents exposed to physical abuse by others, sexual abuse by peers, parental separation/divorce, 
bullying, or who had witnessed violence, were more likely to report non-daily toothbrushing compared with those 
with no exposure to the given ACEs. Each cumulative increase in ACE exposure was associated with a 30% higher 
likelihood of non-daily toothbrushing (OR 1.30, 95% CI 1.19–1.42). Similarly, increasing number of adversities were 
associated with both higher dentine caries experience (IRR 1.06, 95% CI 1.02–1.09) and higher enamel caries (IRR 1.07, 
95% CI 1.03–1.11). This effect was modified by age (13–15 vs. 16–17 years) for dentine caries experience. Furthermore, 
there was evidence of effect modification by age with bully victimization for both toothbrushing frequency (Pinteraction 
= 0.014) and dentine caries experience (Pinteraction < 0.001). Specifically, bully victimization was associated with a 
higher likelihood of non-daily toothbrushing (OR 2.59, 95% CI 1.80–3.72) and higher dentine caries experience (IRR 
1.30, 95% CI 1.14–1.50) among 16–17-year-olds.

Conclusions Several specific ACEs were associated with non-daily toothbrushing and a higher caries experience 
among Norwegian adolescents in the Young-HUNT4 Survey.
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Background
Adverse childhood experiences (ACEs) are defined as 
potentially traumatic events that occur before the age 
of 18 years [1] and accommodate a wide range of expe-
riences including, but not limited to, physical abuse, 
sexual abuse, emotional abuse, and neglect, as well as 
household dysfunction and bullying victimization [2]. 
In an early treatment study for obesity, Felitti and col-
leagues discovered an unexpected and strong association 
between ACEs and adult health later in life [3]. Based 
on these findings, Felitti et al. conducted the ACE study 
that was the first to define ACEs as a set of risk factors 
for subsequent ill health [4]. A range of later studies have 
consistently chronicled exposure to ACEs to be associ-
ated with health risk behaviours and poor health [5–8]. 
This also applies to unfavourable oral health behaviour 
and poor oral health [9, 10]. Several direct and indirect 
pathways explain the link between ACEs and poor health 
[11]. Adversities that cause prolonged stress may in turn 
induce epigenetic, neurobiological, and immune response 
alterations [11–13]. Further, such biological changes are 
embedded in behavioural changes and may, in synergy 
with environmental, social, and psychological factors, 
lead to adoption of health risk behaviour patterns [11]. 
Health risk behaviours were identified over two decades 
ago as a mechanism between ACEs and illness later in 
life [4]. For oral health specifically, this implies that ACEs 
may be a risk factor for caries development through 
infrequent toothbrushing, one of many oral health risk 
behaviours. This study builds on a life course approach 
to the associations of early life adversity on adult health, 
suggesting that adverse experiences are major risk factors 
for the leading causes of illness [14]. We draw upon the 
ACE-pyramid model [15] to explore how ACEs may have 
long-term implications for oral health through health 
risk behaviors.

Adolescence is commonly defined as the period 
between childhood and adulthood and is characterised 
by accelerated growth and social role transitions [16]. 
This period is also known to be critical for oral health 
due to risk determinants such as a tendency for poor 
oral hygiene [17] and unhealthy dietary choices [18], 
which increase the risk of caries [19–21]. As children 
grow older, they are given ever greater responsibility for 
daily routines related to oral health; hence, oral hygiene 
practices may become habitual – or not. The progressive 
and cumulative nature of caries development makes early 
establishment of favourable oral hygiene habits criti-
cal for oral health in a lifelong perspective [21]. Among 
young children, it is a parental responsibility to establish 

and maintain good oral hygiene. However, caries in both 
primary and permanent teeth is the most common oral 
condition worldwide, with the highest prevalence among 
15–19-year-olds [22].

Most studies on the associations between ACEs and 
oral health have pooled children and adolescents of all 
ages [23–28] making it difficult to discern the occur-
rence and severity of these associations in adolescents. 
Furthermore, most studies have reported the caries decay 
component, alone or as part of a DMFT score, as den-
tine caries lesions and not reported caries lesions limited 
to enamel. A recent systematic review on dental caries 
among European adolescents found that enamel caries 
constituted 50% of all carious lesions [29]. Hence, in ado-
lescents, enamel caries is a considerable part of the car-
ies burden. Thus, enamel caries is important to include 
as it represents the disease at an early stage as well as an 
opportunity to prevent development of more severe car-
ies lesions.

Studies investigating the association between ACE and 
oral health have often relied on parental reports [23, 26, 
28, 30]. However, parents may be unaware of adverse 
experiences occurring outside of the family or may be 
reluctant to reveal those that have happened at home. 
Furthermore, parental proxy reports of oral hygiene hab-
its and dental status are not as accurate as adolescent’s 
self-reports and dental records of clinical measures.

The aim of this cross-sectional study was to explore the 
association of specific and cumulative ACEs with caries 
and a common oral health risk behaviour (i.e., tooth-
brushing frequency) by linking adolescents´ self-reports 
from the Young-HUNT4 Survey and clinical measures 
from dental records. Further, we assessed whether any 
effects were modified by age. Our hypothesis was that 
ACEs are associated with both non-daily toothbrush-
ing and higher caries experience in adolescents. We also 
expected a dose-response relationship between ACEs 
and negative effects on oral health.

Methods
Study sample
The Young-HUNT Survey is the adolescent segment of 
the Trøndelag Health Study (the HUNT Study), a large, 
population-based study in Norway [31, 32]. The Young-
HUNT4 Survey is part of the fourth wave of the HUNT 
Study, conducted between August 2017 and January 
2019, to which all adolescents (13–19 years) living in 
Nord-Trøndelag County were invited. Letters of consent 
and information were distributed at schools three weeks 
before the survey. Questionnaires were completed on a 
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tablet during one school hour (40  min) in an exam-like 
situation with a teacher present in the classroom. Within 
a month, trained nurses visited the schools for interviews 
(20  min). In Young-HUNT4, an extra effort was made 
to reach adolescents not enrolled in the school system 
(e.g., apprentices or drop-outs). Information letters were 
sent by mail, inviting these adolescents to participate at 
apprentice seminars/educational sites, at outreach public 
services or at HUNT4 field stations. No further remind-
ers were given. In all, 8220 adolescents aged 13–17 years 
were invited to participate in the Young-HUNT4 survey; 
of these, 6526 (79.4%) consented to participate. Clini-
cal measures of dental status were extracted from dental 
health records held by the Public Dental Service (PDS) in 
Nord-Trøndelag. In Norway, this service provides out-
reach and free dental health care for all children (0–18 
years), and most children ( ∼95%) are enrolled [33]. Den-
tal status was not available for 159 participants, and 16 
reported no data on ACEs. The final sample thus con-
sisted of 6351 adolescents: 13–17 years old (Fig. 1).

Ethical considerations
The Norwegian Data Protection Authority approved the 
Young-HUNT4 Survey. All participants (aged 16 years 
and older) and parents (of participants under age 16) 
gave their informed consent. Consent included access to 
information on the participants in the Norwegian health 
and administrative registries and to their medical and 
dental records [34]. The present study followed all rele-
vant guidelines and regulations and was approved by the 
Norwegian Regional Committees for Medical and Health 
Research Ethics (Reference: 97505/REK South East).

Exposures
The Young-HUNT surveys comprise a questionnaire 
and a structured interview with questions about somatic 
and mental health problems, well-being, lifestyle, diet, 
leisure-time activities, and puberty [31]. From self-report 
questions in the Young-HUNT4 Survey, we selected eight 

ACE-related items. Five questions addressing physical 
abuse, witness to violence and sexual abuse was derived 
from the UCLA PTSD Reaction Index [35] and adapted 
to a Norwegian context. Bully victimisation was assessed 
by four questions derived from validated questionnaires 
concerning bullying among students [36–38]. In addi-
tion, information about parental separation/divorce 
and parental alcohol problems was used. Table  1 lists 
the questions and response options for the ACEs in this 
study.

To evaluate the dose-response effect of exposure to 
multiple adversities, the self-reported specific ACEs were 
summed to determine cumulative ACE exposure (range, 
0–8). A higher score reflects a higher number of adversi-
ties experienced by the adolescents.

Outcomes
Toothbrushing frequency was the measure used to assess 
oral hygiene. The questionnaire item was “How often do 
you brush your teeth?”. We dichotomized the response 
options into daily toothbrushing (twice a day or more/
once a day) and non-daily toothbrushing (occasionally 
[not every day]/never).

Caries data was extracted from existing dental health 
records held by the PDS in Nord-Trøndelag County. The 
Decayed, Missing, and Filled Teeth (DMFT) index, an 
aggregate of current and past caries in permanent teeth 
(i.e., dentine caries decay, restorations, and teeth missing 
due to caries) [39], was used to assess caries experience at 
dentine level. Enamel caries was used as a separate mea-
sure. A five-graded caries diagnosis system was adopted, 
with grades 1 and 2 representing caries limited to enamel 
and grades 3–5 representing caries also involving den-
tine [40]. The diagnoses were based on both clinical and 
radiographic (bitewing) findings [41]. Caries data were 
gathered from annual dental health summaries in 2018 to 
represent the same period as participation in the Young-
HUNT4 Survey (data collection: August 2017–January 
2019). If an individual did not get a dental exam in 2018, 
the dental health summary from 2017 or 2019 was used.

The five-graded caries diagnostic system used by the 
PDS is taught at the Norwegian dental faculties and inte-
grated in the dental health record system (Opus Dental). 
Since 2013, the PDS in Nord-Trøndelag has organized 
one-day training seminars for dentists and dental hygien-
ists. These seminars have included radiograph-based car-
ies diagnostic training (i.e., 19 bitewing sets) and case 
discussion. In addition, prior to and in conjunction with 
the Young-HUNT4 data collection, dentists (n = 38) and 
dental hygienists (n = 15) from the PDS in Nord-Trøn-
delag attended a one-day caries diagnostic training semi-
nar in 2017. The program featured a theoretical section 
on caries classification and a training session in which 
participants annotated bitewing radiographs in smaller Fig. 1 Flowchart for inclusion and exclusion criteria of the study sample

 



Page 4 of 10Myran et al. BMC Oral Health          (2023) 23:760 

Table 1 Distribution of specific and cumulative adverse childhood experiences by dentine caries experience (DMFT), study sample 
n=6351
Adverse childhood experience N (%) DMFT

median (IQR)
DMFT
mean (SD)

Physical abuse, close (beaten/injured by someone close to me)

 No 5858 (92.2) 1 (0–4) 2.45 (3.26)

 Yesa 286 (4.5) 2 (0–5) 3.14 (3.34)

 Missing 207 (3.3) 2 (0–5) 2.93 (3.78)

Physical abuse, others (beaten/injured by others)

 No 5806 (91.4) 1 (0–4) 2.45 (3.24)

 Yesa 338 (5.3) 2 (0–5) 3.07 (3.67)

 Missing 207 (3.3) 2 (0–4) 2.84 (3.75)

Witness to violence (seen others violently hurt)

 No 5252 (82.7) 1 (0–4) 2.41 (3.22)

 Yesa 884 (13.9) 2 (0–4) 2.91 (3.52)

 Missing 215 (3.4) 2 (0–4) 2.86 (3.74)

Sexual abuse, peer (been subjected to sexually uncomfortable/abusive acts by someone about your age)

 No 5747 (90.5) 1 (0–4) 2.46 (3.25)

 Yesa 385 (6.1) 2 (0–4) 2.86 (3.49)

 Missing 219 (3.5) 1 (0–5) 2.85 (3.77)

Sexual abuse, adult (been subjected to sexually uncomfortable/abusive acts by an adult)

 No 5946 (93.6) 1 (0–4) 2.45 (3.25)

 Yesa 172 (2.7) 3 (1–5) 3.48 (3.66)

 Missing 233 (3.7) 2 (0–4) 2.91 (3.71)

Parental separation/divorce
 No 4069 (64.1) 1 (0–3) 2.25 (3.16)

 Yes 2221 (35.0) 2 (0–4) 2.93 (3.47)

 Missing 61 (1.0) 3 (1–5) 3.31 (3.33)

Parental alcohol problems (ever seen either of your parents intoxicated)

 No 5982 (94.2) 1 (0–4) 2.44 (3.22)

 Yesb 248 (3.9) 3 (1–6) 3.83 (4.16)

 Missing 121 (1.9) 1 (0–4) 2.70 (3.68)

Bully victimizationc

 No 5056 (79.6) 1 (0–4) 2.46 (3.23)

 Yes 1001 (15.8) 1 (0–4) 2.67 (3.55)

 Missing 294 (4.6) 1 (0–4) 2.58 (3.39)

Number of ACEs
 0 2691 (42.4) 1 (0–3) 2.13 (3.02)

 1 2014 (31.7) 1 (0–4) 2.58 (3.36)

 2 704 (11.1) 2 (0–4) 2.93 (3.45)

 3 249 (3.9) 2 (0–5) 2.98 (3.49)

 ≥4 230 (3.6) 2 (0–6) 3.50 (3.90)

Missing information on one or more ACEs 463 (7.3) 2 (0–4) 2.83 (3.47)
N: Number of participants; DMFT: Decayed, Missing, and Filled Teeth; IQR: Interquartile range; SD: Standard deviation; ACE: Adverse childhood experience
aOnce/several times
bA few times a month/a few times a week
cBully victimization was assessed by four questions: “I have been made fun of, teased in a hurtful way by peers, or someone has said ugly things to me”; ”I have been 
bullied, hit, got my hair pulled, kicked or attacked by peers”; “I have been isolated by peers and I am not allowed to join them”; “I have received unpleasant messages 
or pictures on my cell phone or via internet”. The response options were identical in all four types of bully victimization (never, 1–3 times a month, once a week, 2–4 
times a week). We defined experiencing one type of bullying once a week or experiencing two types of bullying 1–3 times a month as an ACE.
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groups. The bitewing annotation results were discussed 
in plenary, but no reliability scores were computed.

Covariates
Potential confounding factors were retrieved from the 
questionnaires and interviews in the Young-HUNT4 
Survey and included demographic and socioeconomic 
factors: Age (continuous), sex  (male/female), biological 
parents’ birth country (categorized as both/one/none of 
the parents being Nordic born), parental employment, 
family economy, and living arrangements [42–44]. Paren-
tal employment status was self-reported by responding 
to the question: “Is your father/mother or foster father/
mother or other guardian in paid work?” (no/yes). Self-
perceived family economy was assessed by the question: 
“How well off do you think your family is compared to 
most others?” The responses were dichotomized into 
adequate (better financial situation/about the same as 
most others) and poor (worse financial situation). The 
participants’ living arrangements were captured by the 
question “Who do you usually live with?” categorized as 
both parents/both parents but shared/one of the parents/
not living with parents (i.e., living with other caregivers, 
at an institution, in a dorm, or alone without caregivers).

Statistical analyses
All statistical analyses were performed using Stata v17 
(Stata Corp., College Station, Texas, USA). The sig-
nificance level was set to a p-value below 0.05 for all 
tests.  The associations between ACEs and toothbrush-
ing frequency were evaluated using logistic regression 
models. The odds ratios (ORs) and 95% confidence inter-
vals (CIs) were computed after adjustment for potential 
confounders including age, sex, biological parents’ birth 
country, parental employment, family economy, and liv-
ing arrangements. Further, associations between ACEs 
and dentine caries experience (DMFT) were evaluated 
using negative binomial regression models adjusted for 
the same confounders. Negative binominal regression 
models were used due to the skewed distribution of the 
outcome count variable (DMFT). Incident rate ratios 
(IRRs) with 95% confidence intervals (CIs) were cal-
culated [45]. In a cross-sectional design, the IRR of the 
negative binomial regression analysis can be regarded as 
a ratio of means (RM), where the mean number (count) 
is increasing if IRR > 1 and decreasing if IRR < 1 [46]. In 
the present study, the result was interpreted as an (IRR-
1)*100% change in mean DMFT (i.e., number of teeth 
with dentine caries experience) relative to the exposure 
variable. Similarly, negative binominal regression models 
were used to assess the associations between ACEs and 
enamel caries.

The likelihood ratio test was used to assess potential 
effect modification by age (13–15 vs. 16–17 years) on the 

associations of ACEs with toothbrushing frequency, den-
tine caries experience and enamel caries.

Results
This study is based on a general adolescent population 
of 6351 participants from the Young-HUNT4 Survey. 
The mean age of the population was 15.51 (SD 1.46) and 
51.2% were females. The mean DMFT (i.e., mean num-
ber of permanent teeth with dentine caries experience) of 
the population was 2.50 (SD 3.29). The 16–17-year-olds 
presented with a higher caries experience compared to 
the 13–15-year-olds. Adolescents reporting daily tooth-
brushing experienced less caries compared to those 
reporting non-daily toothbrushing, Table 2.

Adolescents exposed to any specific adversity displayed 
a higher mean DMFT compared to those not exposed to 
that specific ACE. Furthermore, the mean DMFT score 
gradually increased with increasing number of adversi-
ties, Table 1.

Exposure to any of the five specific ACEs – physical 
abuse by others, witness to violence, sexual abuse by a 
peer, parental separation/divorce, or bully victimization 
– was associated with non-daily toothbrushing when 
compared with those with no exposure to the given ACE. 
For each additional adversity experienced, there was 
a 30% higher likelihood of reporting non-daily tooth-
brushing (OR 1.30, 95% CI 1.19–1.42). Further, there was 
evidence of effect modification by age with bully victim-
ization (Pinteraction = 0.014); in particular, bully victimiza-
tion was associated with non-daily toothbrushing among 
16–17-year-olds (OR 2.59, 95% CI 1.80–3.72), Table 3.

The adverse experiences of parental separation/divorce 
and parental alcohol problems were both associated with 
increased dentine caries experience when compared with 
no exposure to the specific ACE. Furthermore, the effect 
sizes of parental separation/divorce, parental alcohol 
problems, witness to violence, sexual abuse by an adult, 
and bully victimization were more predominant among 
16–17-year-olds. We also found evidence of effect modi-
fication by age for bully victimization (Pinteraction < 0.001), 
and the effect primarily occurring among 16–17-year-
olds (IRR 1.30, 95% CI 1.14–1.50), Table 4.

We observed a positive linear association between 
increasing number of reported adversities and higher 
dentine caries experience, with a 6% increase in mean 
DMFT for every additional adversity (IRR 1.06, 95% CI 
1.02–1.09). Also, there was evidence of modification by 
age (Pinteraction = 0.026) and the effect was predominantly 
among the 16–17-year-olds (IRR 1.10, 95% CI 1.05–1.16), 
Table 4.

We found an association between several specific ACEs 
and a higher enamel caries experience among exposed 
adolescents compared to those with no exposure to the 
given ACE. Further, a positive linear association between 
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increasing number of reported adversities and a higher 
mean number of teeth with enamel lesions was observed 
(IRR 1.07, 95% CI 1.03–1.11). The likelihood ratio test 
yielded no evidence of modification by age in the associa-
tion between specific ACEs and enamel caries, Table 5.

Discussion
In this population-based cross-sectional study of 6351 
adolescents aged 13–17 years, we found that adolescents 
with a history of adverse experiences were more likely 
to report infrequent toothbrushing and have a higher 

dentine caries experience compared to peers with no 
exposure to adverse experiences. This association, how-
ever, occurred for some, but not all, ACEs. Further, there 
was evidence of a dose-response relationship; each addi-
tional adversity was associated with a higher likelihood 
of non-daily toothbrushing and an increase in both mean 
DMFT and mean number of teeth with enamel caries.

We included toothbrushing frequency as a measure of 
oral health risk behaviour, as toothbrushing with fluoride 
toothpaste is considered the first-line prophylaxis for car-
ies [47–49]. Our results suggest an association between 
ACEs and non-daily toothbrushing. These findings are in 
line with other paediatric studies reporting an associa-
tion between ACEs and poor oral hygiene, as measured 
by severity of gingival inflammation or dental plaque [25, 
26, 50]. In contrast, Folayan et al. observed no association 
between adverse experiences and oral hygiene among 
Nigerian children and adolescents [51].

Further, the study findings are in line with the results 
of other studies exploring the presence of caries in chil-
dren exposed to adversities [24, 25, 27, 52]. However, we 
also found evidence of an effect modification by age with 
dentine caries experience being more predominant in the 
older, 16–17-year-old group than among the 13–15-year-
olds. In fact, our results suggest no association between 
ACEs and dentine caries experience in 13–15-year-olds, 
which is in line with a suburban Nigerian study among 
6–16-year-olds (96% of the study sample was 11–16 
years) by Folayan et al. [51]. In agreement with Folayan, 
we hypothesize this could partly be explained by the fact 
that as adolescents grow older, ACEs have more time 
to suffer an impact on oral health, in a “wear and tear” 
manner. Younger adolescents have many newly erupted 
permanent teeth, and since caries is a cumulative disease, 
the impact of ACEs on dentine caries experience may be 
less detectable in these ages. Hence, including enamel 
caries, which reflect initial caries activity, may provide a 
better understanding of the association between ACEs 
and caries. We did find an association between increas-
ing number of reported adversities and higher enamel 
caries experience among both younger and older adoles-
cents, revealing an impact in the earlier phase in caries 
development.

Kvist et al. observed that bully victimization had a 
surprisingly great impact on self-reported oral health. 
[53]. Their finding was later corroborated with clinical 
measures of caries (i.e., DMFT) in a study from Brazil 
[54], which is in line with our findings – where report-
ing bully victimization was associated with a 30% higher 
mean DMFT compared to non-victimized peers among 
16-17-year-olds. We also observed a two-fold higher like-
lihood of non-daily toothbrushing among 16–17-year-old 
victims of bullying. In other words, bully victimization 
may have a considerable impact on oral health.

Table 2 Characteristics of the study sample by dentine caries 
experience (DMFT)
Variables N (%) DMFT

median 
(IQR)

DMFT
mean 
(SD)

Total 6351 1 (0–4) 2.50 (3.29)

Sex
 Female 3249 (51.2) 1 (0–4) 2.60 (3.37)

 Male 3102 (48.8) 1 (0–4) 2.39 (3.19)

Age, mean (SD) 15.51 (1.46)

 13–15 years 3629 (57.1) 1 (0–3) 1.88 (2.66)

 16–17 years 2722 (42.9) 2 (0–5) 3.31 (3.82)

Nordic birth country parents
 Both parents 5590 (88.0) 1 (0–4) 2.48 (3.28)

 One parenta 331 (5.2) 1 (0–3) 2.31 (3.03)

 None of the parentsb 401 (6.3) 2 (0–4) 2.95 (3.57)

 Unknown/missing 29 (0.5) 1 (0–5) 2.48 (3.08)

Family economy
 Better/same financial situa-
tion as most others

5813 (91.5) 1 (0–4) 2.46 (3.27)

 Worse financial situation 463 (7.3) 2 (0–4) 2.86 (3.45)

 Unknown/missing 75 (1.2) 2 (0–6) 3.28 (3.54)

Parental employment
 Both parents in paid work 4636 (73.0) 1 (0–3) 2.26 (3.07)

 One parent in paid workc 1205 (19.0) 2 (0–4) 2.87 (3.64)

 None of the parents in paid 
workd

198 (3.1) 3 (0–6) 3.88 (4.08)

 Unknown/missing 312 (4.9) 2 (0–6) 3.60 (3.84)

Living arrangements
 Both parents 3880 (61.1) 1 (0–3) 2.20 (3.09)

 Both parents, but shared 1110 (17.5) 2 (0–4) 2.56 (3.26)

 One of the parents 804 (12.7) 2 (0–5) 3.16 (3.56)

 Not living with parents 260 (4.1) 2 (0–5) 3.30 (3.86)

 Unknown/missing 297 (4.7) 2 (0–6) 3.60 (3.88)

Toothbrushing frequency
 Daily 5910 (93.1) 1 (0–4) 2.39 (3.16)

 Non-daily 406 (6.4) 3 (1–6) 4.18 (4.48)

 Missing 35 (0.6) 0 (0–1) 1.11 (1.92)
N: Number of participants; DMFT: Decayed, Missing, and Filled Teeth; IQR: 
Interquartile range; SD: Standard deviation
aIncluded 56 participants with a missing answer for one of the parents
bIncluded 31 participants with a missing answer for one of the parents
cIncluded 141 participants with a missing answer for one of the parents
dIncluded 42 participants with a missing answer for one of the parents
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Several mechanisms linking adversities to poor health 
outcomes later in life have been proposed, including the 
adoption of health risk behaviours, a leading cause of 
morbidity [4, 11]. In the context of oral health risk behav-
iours, it has been suggested that the prolonged stress 

induced by adversities may both occupy and deplete the 
resources necessary for self-care [55], or leave the indi-
vidual less motivated to pay attention to oral self-care 
[56]. Further, prolonged exposure to stress is linked 
to learning difficulties [11, 57]. Chronic stress may be 

Table 3 Associations between adverse childhood experiences and non-daily toothbrushing in adolescents
ACEa MAIN ANALYSIS SUBGROUP ANALYSIS

N ORb (95% CI) 13–15 yrs
ORb (95% CI)

16–17 yrs
ORb (95% CI)

Pinteraction

Physical abuse, close 5785 1.42 (0.92–2.20) 1.48 (0.76–2.88) 1.45 (0.81–2.59) 0.727

Physical abuse, others 5786 2.19 (1.55–3.11) 2.01 (1.16–3.48) 2.42 (1.52–3.84) 0.779

Witness to violence 5780 1.54 (1.18–2.01) 1.55 (1.03–2.33) 1.61 (1.12–2.30) 0.932

Sexual abuse, peer 5772 2.09 (1.40–3.11) 2.21 (1.18–4.13) 2.14 (1.26–3.62) 0.594

Sexual abuse, adult 5759 1.01 (0.52–1.97) 1.08 (0.38–3.11) 1.00 (0.42–2.41) 0.719

Parental separation/divorce 5889 1.65 (1.09–2.50) 2.37 (1.32–4.26) 1.38 (0.78–2.44) 0.111

Parental alcohol abuse 5855 1.53 (0.97–2.43) 1.99 (0.93–4.26) 1.29 (0.73–2.29) 0.314

Bully victimization 5702 1.86 (1.44–2.40) 1.36 (0.94–1.97) 2.59 (1.80–3.72) 0.014

Per ACE increase 5559 1.30 (1.19–1.42) 1.29 (1.13–1.47) 1.32 (1.18–1.48) 0.803
ACE: Adverse childhood experience; N: Number of participants; OR: Odds ratio; CI: Confidence interval
aThe reference for each specific ACE was no history of exposure to the given ACE
bAdjusted for age (continuous), sex (male/female), Nordic birth country parents, family economy, parental employment status and living arrangements

Table 4 Associations between adverse childhood experiences and dentine caries experience (DMFT)
ACEa MAIN ANALYSIS SUBGROUP ANALYSIS

N IRRb (95% CI) 13–15 yrs
IRRb (95% CI)

16–17 yrs
IRRb (95% CI)

Pinteraction

Physical abuse, close 5790 1.14 (0.97–1.35) 1.03 (0.80–1.33) 1.22 (0.99–1.51) 0.323

Physical abuse, others 5791 1.12 (0.96–1.30) 1.13 (0.90–1.42) 1.11 (0.91–1.36) 0.970

Witness to violence 5785 1.07 (0.97–1.18) 1.00 (0.86–1.16) 1.15 (1.01–1.30) 0.128

Sexual abuse, peer 5777 1.01 (0.88–1.17) 1.03 (0.81–1.30) 0.99 (0.83–1.19) 0.758

Sexual abuse, adult 5764 1.19 (0.97–1.46) 1.05 (0.75–1.47) 1.29 (1.00-1.67) 0.418

Parental separation/divorce 5912 1.27 (1.10–1.48) 1.15 (0.92–1.43) 1.46 (1.19–1.80) 0.885

Parental alcohol abuse 5861 1.32 (1.11–1.56) 1.21 (0.89–1.63) 1.37 (1.12–1.68) 0.436

Bully victimization 5707 1.08 (0.98–1.19) 0.94 (0.82–1.07) 1.30 (1.14–1.50) < 0.001

Per ACE increase 5564 1.06 (1.02–1.09) 1.00 (0.95–1.06) 1.10 (1.05–1.16) 0.026
ACE: Adverse childhood experience; N: Number of participants; IRR: Incident rate ratio; CI: Confidence interval
aThe reference for each specific ACE was no history of exposure to the given ACE
bAdjusted for age (continuous), sex (male/female), Nordic birth country parents, family economy, parental employment status, and living arrangements

Table 5 Associations between adverse childhood experiences and enamel caries
ACEa N MAIN ANALYSIS SUBGROUP ANALYSIS

IRRb (95% CI) 13–15 yrs
IRRb (95% CI)

16–17 yrs
IRRb (95% CI)

Pinteraction

Physical abuse, close 5790 1.17 (0.99–1.38) 1.09 (0.85–1.41) 1.24 (1.00-1.53) 0.773

Physical abuse, others 5791 1.19 (1.03–1.38) 1.21 (0.96–1.51) 1.19 (0.98–1.44) 0.762

Witness to violence 5785 1.14 (1.03–1.26) 1.13 (0.98–1.32) 1.14 (1.00-1.29) 0.889

Sexual abuse, peer 5777 1.08 (0.93–1.24) 1.22 (0.97–1.54) 0.99 (0.83–1.19) 0.083

Sexual abuse, adult 5764 1.07 (0.87–1.32) 1.09 (0.78–1.54) 1.09 (0.84–1.42) 0.657

Parental separation/divorce 5912 1.25 (1.08–1.45) 1.26 (1.02–1.55) 1.26 (1.03–1.55) 0.371

Parental alcohol abuse 5861 1.26 (1.06–1.50) 1.33 (0.99–1.80) 1.21 (0.99–1.49) 0.510

Bully victimization 5707 1.12 (1.02–1.23) 1.05 (0.92–1.19) 1.22 (1.06–1.40) 0.128

Per ACE increase 5564 1.07 (1.03–1.11) 1.06 (1.01–1.12) 1.08 (1.03–1.13) 0.693
ACE: Adverse childhood experience; N: Number of participants; IRR: Incident rate ratio; CI: Confidence interval
aThe reference for each specific ACE was no history of exposure to the given ACE
bAdjusted for age (continuous), sex (male/female), Nordic birth country parents, family economy, parental employment status and living arrangements
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all-consuming, potentially occupying the individual’s 
resources to feel, reflect, and be mentally present, result-
ing in the loss of valuable learning opportunities, such as 
learning and adapting to oral hygiene practises. In addi-
tion, it has been suggested that vulnerable family settings 
may reduce the caregiver’s ability and capacity to provide 
responsive care, including the establishment and follow-
up of oral hygiene habits [23].

As ACEs pose a major risk for developing illness in 
adulthood through the adoption of health risk behav-
iours, identifying adolescents at risk in the dental setting 
is important for preventing an unfortunate oral health 
trajectory. Even though health professionals are required 
by law to report concerns about child abuse or neglect, 
there are several barriers asking about and reporting 
these concerns [9, 58]. Continuously encouraging dental 
practitioners to ask their patients about adverse experi-
ences is therefore important for identifying vulnerable 
individuals. Moreover, given that a history adverse child-
hood experiences is associated with a higher likelihood 
of learning difficulties [57], dental health professionals 
should recognize that these adolescents may require indi-
vidualized education and support on oral hygiene prac-
tises. In addition, experiencing adversities may manifest 
in a lack of trust [59, 60]. In a patient-dentist relationship, 
it is therefore important to be aware that addressing poor 
oral hygiene habits in vulnerable adolescents requires an 
empathic approach. A safe and non-judgmental environ-
ment can be crucial for receiving care.

The population-based approach, along with the self-
reports of the adolescents and clinical data retrieved 
from dental records, are major strengths of the present 
study. However, the results should be interpreted in the 
context of certain limitations. First, using data for dental 
health records held by the PDS involve many examiners. 
Despite PDS-organized training sessions, the calibra-
tion was not optimal and examiners’ reliability values 
were omitted. Secondly, the Young-HUNT4 Survey did 
not address all types of childhood trauma nor all poten-
tial confounding factors. Further, we did not consider the 
duration, timing, and synergistic effects of the studied 
adversities. Another issue refers to the self-reporting of 
previously experienced adversities, which may be subject 
to recall and social desirability biases. Delayed disclosure 
of childhood sexual abuse is common, and long delays are 
typical [61, 62]. Hence, the associations of this particular 
ACE with poor oral health parameters may be underesti-
mated. In addition, dropout analyses of previous HUNT 
surveys in adults found a lower socioeconomic status 
and poorer health among the non-participants compared 
with survey participants [63]. There is reason to believe 
that this may also occur among non-participants in an 
adolescent population and may have affected our results. 
Finally, because of the cross-sectional design, we cannot 

determine temporal associations of ACEs with tooth-
brushing frequency and caries.

Conclusions
ACEs may have lasting effects on oral health and oral 
health behaviours. This study found that several specific 
ACEs were associated with non-daily toothbrushing and 
a higher mean number of teeth with caries experience 
among Norwegian adolescents in the Young-HUNT4 
Survey. Further, dose-response relationships of increas-
ing numbers of adversities with higher caries experience 
and with infrequent toothbrushing were found.

Abbreviations
ACE  Adverse childhood experience
CI  Confidence interval
DMFT  Decayed, Missing, and Filled Teeth
HUNT  The Trøndelag Health Study
IQR  Interquartile range
IRR  Incident rate ratio
OR  Odds ratio
PDS  Public Dental Service
SD  Standard deviation
Young-HUNT4 Survey  Adolescents in the fourth wave of the HUNT Study

Acknowledgements
The Trøndelag Health Study (HUNT) is a collaboration between HUNT 
Research Centre (Faculty of Medicine and Health Sciences, Norwegian 
University of Science and Technology NTNU), Trøndelag County Council, 
Central Norway Regional Health Authority, and the Norwegian Institute of 
Public Health. The Public Dental Service in Nord-Trøndelag provided clinical 
data extracted from dental health records. We wish to thank professional 
language editor Gail Conrod for her assistance in editing this paper (gail.
tlkonsult@gmail.com).

Authors’ contributions
All authors contributed to the conception and design of the study. LM, AS, 
and HH planned and conducted the statistical analysis. All authors contributed 
to data interpretation and discussion of the findings. LM and HH created the 
initial draft, and all authors contributed to the manuscript revisions. All authors 
read and approved the final manuscript.

Funding
The current study was financially supported by the Norwegian Directorate of 
Health, through their support of research at the Norwegian Centres for Oral 
Health Services and Research (https://www.helsedirektoratet.no/tilskudd/
etablering-og-drift-av-regionale-odontologiske-kompetansesentre).

Data availability
Provided approval from HUNT Research center, sharing of data from the 
present investigation will be supported by the corresponding author upon 
reasonable request. For more information see: www.ntnu.edu/hunt/data. 
Inquiries regarding access to data is directed to: kontakt@hunt.ntnu.no.

Declarations

Ethical approval and consent to participate
The Young-HUNT4 Survey was approved by the Norwegian Data Protection 
Authority. Informed consent was obtained from all participants: from 
participants aged 16 years and older and from the parents of those under 16 
years. The present study followed relevant guidelines and regulations and was 
approved by the Norwegian Regional Committees for Medical and Health 
Research Ethics (Reference number: 97505/REK South East).

Consent for publication
Not applicable.

https://www.helsedirektoratet.no/tilskudd/etablering-og-drift-av-regionale-odontologiske-kompetansesentre
https://www.helsedirektoratet.no/tilskudd/etablering-og-drift-av-regionale-odontologiske-kompetansesentre
http://www.ntnu.edu/hunt/data


Page 9 of 10Myran et al. BMC Oral Health          (2023) 23:760 

Competing interests
Abhijit Sen, a member of the BMC Oral Health Editorial Board is a co-author 
in this article, hence have a competing interest as defined by BMC. None of 
the other authors have competing interests or other interests that might be 
perceived to influence the results and/or discussion reported in this paper.

Author details
1Center for Oral Health Services and Research, Mid-Norway (TkMidt), 
Trondheim, Norway
2Department of Psychology, Faculty of Social and Educational Sciences, 
Norwegian University of Science and Technology (NTNU), Trondheim, 
Norway
3Department of Public Health and Nursing, Faculty of Medicine and 
Health Sciences, Norwegian University of Science and Technology 
(NTNU), Trondheim, Norway
4Department of Paediatric Dentistry, Behavioural Science and Forensic 
Dentistry, Institute of Clinical Dentistry, University of Oslo, Oslo, Norway
5Division of Psychiatry, Nidaros Community Mental Health Centre, St. 
Olavs University Hospital, Trondheim, Norway
6Division of Orthodontics and Pediatric Dentistry, Department of Dental 
Medicine, Karolinska Institutet, Stockholm, Sweden
7Center for Pediatric Oral Health Research, Stockholm, Sweden
8ME barnakutsjukvård, Astrid Lindgrens Children’s Hospital, Karolinska 
University Hospital, Stockholm, Sweden

Received: 6 July 2023 / Accepted: 4 October 2023

References
1. Fast Facts: Preventing Adverse Childhood Experiences. (n.d.). Centers for 

disease dontrol and prevention. Retrieved May 10, 2023, https://www.cdc.
gov/violenceprevention/aces/fastfact.html

2. Portwood SG, Lawler MJ, Roberts MC. Science, practice, and policy related 
to adverse childhood experiences: framing the conversation. Am Psychol. 
2021;76(2):181–7.

3. Felitti VJ. Childhood sexual abuse, depression, and family dysfunction in adult 
obese patients: a case control study. South Med J. 1993;86(7):732–6.

4. Felitti VJ, Anda RF, Nordenberg D, Williamson DF, Spitz AM, Edwards V, et al. 
Relationship of childhood abuse and household dysfunction to many of the 
leading causes of death in adults. The adverse childhood experiences (ACE) 
study. Am J Prev Med. 1998;14(4):245–58.

5. Hughes K, Bellis MA, Hardcastle KA, Sethi D, Butchart A, Mikton C, et al. The 
effect of multiple adverse childhood experiences on health: a systematic 
review and meta-analysis. The Lancet Public Health. 2017;2(8):e356–e66.

6. Bellis MA, Hughes K, Ford K, Ramos Rodriguez G, Sethi D, Passmore J. Life 
course health consequences and associated annual costs of adverse child-
hood experiences across Europe and North America: a systematic review and 
meta-analysis. The Lancet Public Health. 2019;4(10):e517–e28.

7. Petruccelli K, Davis J, Berman T. Adverse childhood experiences and associ-
ated health outcomes: a systematic review and meta-analysis. Child Abuse 
Negl. 2019;97:104127.

8. Sonu S, Post S, Feinglass J. Adverse childhood experiences and the onset of 
chronic disease in young adulthood. Prev Med. 2019;123:163–70.

9. Bradbury-Jones C, Isham L, Morris AJ, Taylor J. The neglected relationship 
between child maltreatment and oral health? An International Scoping 
Review of Research. Trauma Violence Abuse. 2021;22(2):265–76.

10. Bahanan L, Ayoub S. The association between adverse childhood experi-
ences and oral health: A systematic review. J Public Health Dent. 2023 
Jun;83(2):169–76.

11. Nelson CA, Scott RD, Bhutta ZA, Harris NB, Danese A, Samara M. Adversity in 
childhood is linked to mental and physical health throughout life. BMJ. 2020 
Oct 28;371:m3048.

12. Hakamata Y, Suzuki Y, Kobashikawa H, Hori H. Neurobiology of early life adver-
sity: a systematic review of meta-analyses towards an integrative account of 
its neurobiological trajectories to mental disorders. Front Neuroendocrinol. 
2022;65:100994.

13. Herzog JI, Schmahl C. Adverse childhood experiences and the Consequences 
on Neurobiological, Psychosocial, and somatic conditions across the Lifespan. 
Front Psychiatry. 2018;9:420.

14. Kuh D, Ben-Shlomo Y, Lynch J, Hallqvist J, Power C. Life course epidemiology. 
J Epidemiol Community Health. 2003;57(10):778–83.

15. Giovanelli A, Mondi CF, Reynolds AJ, Ou SR. Adverse childhood experiences: 
mechanisms of risk and resilience in a longitudinal urban cohort. Dev Psy-
chopathol. 2020;32(4):1418–39.

16. Sawyer SM, Azzopardi PS, Wickremarathne D, Patton GC. The age of adoles-
cence. Lancet Child Adolesc Health. 2018;2(3):223–8.

17. Ericsson JS, Abrahamsson KH, Ostberg AL, Hellström MK, Jönsson K, 
Wennström JL. Periodontal health status in swedish adolescents: an epide-
miological, cross-sectional study. Swed Dent J. 2009;33(3):131–9.

18. Rosinger A, Herrick K, Gahche J, Park S. Sugar-sweetened Beverage Consump-
tion among U.S. Youth, 2011–2014. NCHS Data Brief. 2017;271:1–8.

19. American Academy of Pediatric Dentistry. Adolescent oral health care. The 
Reference Manual of Pediatric Dentistry. Chicago, Ill.: American Academy of 
Pediatric Dentistry; 2022;282–91.

20. Kumar S, Tadakamadla J, Johnson NW. Effect of Toothbrushing frequency on 
incidence and increment of Dental Caries: a systematic review and Meta-
analysis. J Dent Res. 2016;95(11):1230–6.

21. Silk H, Kwok A. Addressing adolescent oral health: a review. Pediatr Rev. 
2017;38(2):61–8.

22. Kassebaum NJ, Smith AGC, Bernabé E, Fleming TD, Reynolds AE, Vos T, et al. 
Global, Regional, and National Prevalence, incidence, and disability-adjusted 
life years for oral conditions for 195 countries, 1990–2015: a systematic 
analysis for the Global Burden of Diseases, Injuries, and risk factors. J Dent Res. 
2017;96(4):380–7.

23. Bright MA, Alford SM, Hinojosa MS, Knapp C, Fernandez-Baca DE. Adverse 
childhood experiences and dental health in children and adolescents. Com-
munity Dent Oral Epidemiol. 2015;43(3):193–9.

24. Duda JG, Biss SP, Bertoli FM, Bruzamolin CD, Pizzatto E, Souza JF, et al. Oral 
health status in victims of child abuse: a case-control study. Int J Paediatr 
Dent. 2017;27(3):210–6.

25. Kvist T, Annerback EM, Dahllof G. Oral health in children investigated by 
Social services on suspicion of child abuse and neglect. Child Abuse Negl. 
2018;76:515–23.

26. Simon A, Cage J, Akinkugbe AA. Adverse Childhood Experiences and Oral 
Health Outcomes in U.S. Children and Adolescents: A Cross-Sectional Study 
of the 2016 National Survey of Children’s Health. Int J Environ Res Public 
Health. 2021;18(23).

27. Toft J, Myhre AK, Sun YQ, Willumsen T, Rønneberg A. Oral health history in 
children referred to a child advocacy center in Norway. Child Abuse Negl. 
2022;132:105789.

28. Wiener RC, Bhandari R. Association between adverse childhood experiences 
among children with special healthcare needs and dental care utilization. J 
Public Health Dent. 2022;82(2):194–203.

29. Skeie MS, Sen A, Dahllöf G, Fagerhaug TN, Høvik H, Klock KS. Dental caries 
at enamel and dentine level among european adolescents - a systematic 
review and meta-analysis. BMC Oral Health. 2022;22(1):620.

30. Crouch E, Nelson J, Radcliff E, Martin A. Exploring associations between 
adverse childhood experiences and oral health among children and adoles-
cents. J Public Health Dent. 2019;79(4):352–60.

31. Holmen TL, Bratberg G, Krokstad S, Langhammer A, Hveem K, Midthjell K, 
et al. Cohort profile of the Young-HUNT Study, Norway: a population-based 
study of adolescents. Int J Epidemiol. 2014;43(2):536–44.

32. Åsvold BO, Langhammer A, Rehn TA, Kjelvik G, Grøntvedt TV, Sørgjerd EP et al. 
Cohort Profile Update: the HUNT study, Norway. Int J Epidemiol. 2022.

33. 11985: Selected key figures for the public dental health care service (C) 
2015–2022 (n.d.). Statistics Norway. Retrieved July 10, 2023, https://www.ssb.
no/statbank/table/11985/

34. Participant information. Letter of concent and information (n.d.). HUNT 
Research Center. Retrieved May 10, 2023, https://www.ntnu.no/docu-
ments/10304/1269210646/info+unghunt4.pdf/09ff2b24-75fb-512f-8145-a2c
13311bf7f?t=1580291941697

35. Rolon-Arroyo B, Oosterhoff B, Layne CM, Steinberg AM, Pynoos RS, Kaplow 
JB. The UCLA PTSD reaction index for DSM-5 brief form: a Screening 
Tool for Trauma-Exposed youths. J Am Acad Child Adolesc Psychiatry. 
2020;59(3):434–43.

36. Slonje R, Smith PK. Cyberbullying: another main type of bullying? Scand J 
Psychol. 2008;49(2):147–54.

https://www.cdc.gov/violenceprevention/aces/fastfact.html
https://www.cdc.gov/violenceprevention/aces/fastfact.html
https://www.ssb.no/statbank/table/11985/
https://www.ssb.no/statbank/table/11985/
https://www.ntnu.no/documents/10304/1269210646/info+unghunt4.pdf/09ff2b24-75fb-512f-8145-a2c13311bf7f?t=1580291941697
https://www.ntnu.no/documents/10304/1269210646/info+unghunt4.pdf/09ff2b24-75fb-512f-8145-a2c13311bf7f?t=1580291941697
https://www.ntnu.no/documents/10304/1269210646/info+unghunt4.pdf/09ff2b24-75fb-512f-8145-a2c13311bf7f?t=1580291941697


Page 10 of 10Myran et al. BMC Oral Health          (2023) 23:760 

37. Solberg MO. Prevalence estimation of school bullying with the Olweus Bully/
Victim questionnaire. Aggress Behav. 2003;29(3):239–68.

38. Gaete J, Valenzuela D, Godoy MI, Rojas-Barahona CA, Salmivalli C, Araya R. 
Validation of the revised Olweus Bully/Victim questionnaire (OBVQ-R) among 
adolescents in Chile. Front Psychol. 2021;12:578661.

39. Peres MA, Antunes JLF, Editors RGW. Oral Epidemiology A Textbook on Oral 
Health Conditions, Research Topics and Method. Livraria Santos Editora Ltda., 
São Paulo, 2013: Springer; 2013.

40. Amarante E, Raadal M, Espelid I. Impact of diagnostic criteria on the 
prevalence of dental caries in norwegian children aged 5, 12 and 18 years. 
Community Dent Oral Epidemiol. 1998;26(2):87–94.

41. National guidelines: Dental health services for children 0–20 year olds 
(2018, updated March 31, 2022). Norwegian Directorate of Health. 
Retrieved May 10, 2023, https://www.helsedirektoratet.no/retningslinjer/
tannhelsetjenester-til-barn-og-unge-020-ar

42. André Kramer AC, Petzold M, Hakeberg M, Östberg AL. Multiple socioeco-
nomic factors and Dental Caries in Swedish Children and Adolescents. Caries 
Res. 2018;52(1–2):42–50.

43. Christensen LB, Twetman S, Sundby A. Oral health in children and adoles-
cents with different socio-cultural and socio-economic backgrounds. Acta 
Odontol Scand. 2010;68(1):34–42.

44. Walsh D, McCartney G, Smith M, Armour G. Relationship between childhood 
socioeconomic position and adverse childhood experiences (ACEs): a sys-
tematic review. J Epidemiol Community Health. 2019;73(12):1087–93.

45. McElduff F, Cortina-Borja M, Chan SK, Wade A. When t-tests or Wilcoxon-
Mann-Whitney tests won’t do. Adv Physiol Educ. 2010;34(3):128–33.

46. Fekedulegn D, Andrew M, Violanti J, Hartley T, Charles L, Burchfiel C. Compari-
son of statistical approaches to evaluate factors associated with metabolic 
syndrome. J Clin Hypertens (Greenwich). 2010;12(5):365–73.

47. Walsh T, Worthington HV, Glenny AM, Appelbe P, Marinho VC, Shi X. Fluoride 
toothpastes of different concentrations for preventing dental caries in chil-
dren and adolescents. Cochrane Database Syst Rev. 2010(1):Cd007868.

48. Early Childhood Caries. IAPD Bangkok Declaration. Pediatr Dent. 
2019;41(3):176–8.

49. Twetman S, Axelsson S, Dahlgren H, Holm AK, Källestål C, Lagerlöf F, et al. 
Caries-preventive effect of fluoride toothpaste: a systematic review. Acta 
Odontol Scand. 2003;61(6):347–55.

50. Montecchi PP, Di Trani M, Sarzi Amadè D, Bufacchi C, Montecchi F, Polimeni 
A. The dentist’s role in recognizing childhood abuses: study on the dental 
health of children victims of abuse and witnesses to violence. Eur J Paediatr 
Dent. 2009;10(4):185–7.

51. Folayan MO, Oginni O, Arowolo O, El Tantawi M. Association between adverse 
childhood experiences, bullying, self-esteem, resilience, social support, caries 

and oral hygiene in children and adolescents in sub-urban Nigeria. BMC Oral 
Health. 2020;20(1):202.

52. Keene EJ, Skelton R, Day PF, Munyombwe T, Balmer RC. The dental 
health of children subject to a child protection plan. Int J Paediatr Dent. 
2015;25(6):428–35.

53. Kvist T, Annerback EM, Sahlqvist L, Flodmark O, Dahllof G. Association 
between adolescents’ self-perceived oral health and self-reported experi-
ences of abuse. Eur J Oral Sci. 2013;121(6):594–9.

54. Barasuol JC, Soares JP, Castro RG, Giacomin A, Gonçalves BM, Klein D, et 
al. Untreated Dental Caries is Associated with reports of verbal bullying in 
children 8–10 years old. Caries Res. 2017;51(5):482–8.

55. Gomaa N, Glogauer M, Tenenbaum H, Siddiqi A, Quiñonez C. Social-biological 
interactions in oral disease: a ‘cells to society’ view. PLoS One. 2016 Jan 
11;11(1):e0146218.

56. Ford K, Brocklehurst P, Hughes K, Sharp CA, Bellis MA. Understanding the 
association between self-reported poor oral health and exposure to adverse 
childhood experiences: a retrospective study. BMC Oral Health. 2020;20(1):51.

57. Gaylord NM, Bland T, Munoz L, Ross R, Olson C. Prevalence and impact of 
adverse childhood experiences in an Interdisciplinary, School-Based Pediatric 
Clinic. J Pediatr Health Care. 2022;36(2):e1–e10.

58. Kvist T, Wickström A, Miglis I, Dahllöf G. The dilemma of reporting suspicions 
of child maltreatment in pediatric dentistry. Eur J Oral Sci. 2014;122(5):332–8.

59. Hepp J, Schmitz SE, Urbild J, Zauner K, Niedtfeld I. Childhood maltreatment is 
associated with distrust and negatively biased emotion processing. Border-
line Personal Disord Emot Dysregul. 2021;8(1):5.

60. Howerton A, Byng R, Campbell J, Hess D, Owens C, Aitken P. Understanding 
help seeking behaviour among male offenders: qualitative interview study. 
BMJ. 2007;334(7588):303.

61. Priebe G, Svedin CG. Child sexual abuse is largely hidden from the adult 
society. An epidemiological study of adolescents’ disclosures. Child Abuse 
Negl. 2008;32(12):1095–108.

62. Smith DW, Letourneau EJ, Saunders BE, Kilpatrick DG, Resnick HS, Best CL. 
Delay in disclosure of childhood rape: results from a national survey. Child 
Abuse Negl. 2000;24(2):273–87.

63. Langhammer A, Krokstad S, Romundstad P, Heggland J, Holmen J. The HUNT 
study: participation is associated with survival and depends on socioeco-
nomic status, diseases and symptoms. BMC Med Res Methodol. 2012;12:143.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://www.helsedirektoratet.no/retningslinjer/tannhelsetjenester-til-barn-og-unge-020-ar
https://www.helsedirektoratet.no/retningslinjer/tannhelsetjenester-til-barn-og-unge-020-ar

	Associations of adverse childhood experiences with caries and toothbrushing in adolescents. The Young-HUNT4 Survey
	Abstract
	Background
	Methods
	Study sample
	Ethical considerations
	Exposures
	Outcomes
	Covariates
	Statistical analyses

	Results
	Discussion
	Conclusions
	References


