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ABSTRACT

Background and aim: Caries is one of the most common diseases in preschool
children. Pain, infections and sleep disturbances in childhood caries can
adversely affect body weight and nutritional ability and may raise the risk of
the disease continuing into adulthood. Modern dentistry is able assess caries
risk and weight risks and protective factors on an individual basis. The general
aim of this thesis was to determine risk factors and risk indicators for caries in
preschool children through analyses of oral, environmental, and social factors.

Patients and Methods: Paper I, II and III followed the dental records for
children ages 1-6 years. At age 1, data on oral risk factors, environmental
factors and presence of mutans streptococci were retrieved; at ages 1 and 3,
caries risk assessment were performed and at ages 3 and 6 years, caries status
were collected. Factors associated to caries risk were studied. Paper 1V, a
registry-based study that retrieved data on caries status from 3 to 6 years of
age. The data included caries risk assessment and social factors from ages 3 to
5 years. Caries risk assessment models were designed, adding environmental
and social factors, to established caries risk assessment.

Results: Presence of mutans streptococci at age 1 year were associated to
caries at 3 and 6 years of age. Environmental factors at age 1 year, siblings
with caries, and beverage other than water between meals were associated to
presence of MS (Paper I) and together with night meals associated to caries at
3- and 6-years of age (Papers 11, III). Social factors, foreign background, low
parental education level, three or more siblings and living in a one-parent
family were associated to caries at 6 years of age. Supplementing a caries risk
assessment with environmental and social factors in predictive models
improved the ability of the model to predict caries progression, the predictive
ability of the assessment improved more at younger ages than at older ages



(Papers 11, 111, IV), and was higher when intervals between the risk assessment
and oral examination were shorter (Papers III and IV).

Conclusion: Risk factors found during an oral examination as well as
information about the child's environmental- and social conditions should be
included in a caries risk assessment. Environmental and social indicators at one
year of age regarding; siblings with caries, night meals and beverage other
than water between meals can replace saliva tests to find the risk factor mutans
streptococci. Social indicators have a greater impact on younger children's
caries risk compared to older children.

Keywords: dental caries susceptibility, oral examination, oral health, dental
care for children.
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SAMMANFATTNING PA SVENSKA

Bakgrund och syfte: Karies 4r en av de vanligaste sjukdomarna hos
forskolebarn. Karies 1 barndomen kan orsaka smirta, infektioner och
somnstorningar. Detta kan péverka barnets tillvixt negativt vad géller
kroppsvikt och niringsupptag. Karies i barndomen tenderar att fortsitta in i
vuxen alder. For att undvika att karies utvecklas &r kariesriskbedomning, en
balans mellan risk- och skyddsfaktorer pa individuell grund, en viktig del av
modern tandvérd. Det Overgripande syftet med denna avhandling var att
faststélla riskfaktorer och riskindikatorer for karies hos forskolebarn genom att
analysera orala-, miljo- och sociala faktorer.

Patienter och metoder: Papper I, II och III {6ljde tandjournalerna for barn i
aldrarna 1-6 ar. Vid 1 ars alder hdmtades data om orala riskfaktorer,
miljofaktorer och forekomst av mutans streptokocker; vid 1 och 3 érs alder
utfordes kariesriskbedomning och vid aldrarna 3 och 6 &r insamlades
kariesstatus. Sambandet mellan olika faktorer och karies analyserades. Paper
IV, en registerbaserad studie som himtade data om kariesstatus fran 3 till 6 ars
alder. Uppgifterna inkluderade kariesriskbedémning och sociala faktorer fran
aldrarna 3 till 5 ar. Kariesriskbedomning, miljo- och sociala riskfaktorer ingick
i designade riskmodeller.

Resultat: Forekomst av mutans streptokocker vid 1 ars alder var associerad
med karies vid 3 och 6 ars &lder. Miljofaktorer vid 1 ars élder, syskon med
karies och annan dryck &n vatten mellan maltiderna var associerade med
forekomst av mutans streptokocker (Paper I) och tillsammans med nattmaél
associerade med karies vid 3- och 6-arséldern (Papper 11, III). Sociala faktorer,
utldndsk bakgrund, forédldrar med lag utbildningsniva, tre eller fler syskon och
att leva i familj med en forédlder var associerade med karies vid 6 &rs alder. Att
komplettera en kariesriskbeddomning med miljo- och sociala faktorer i
prediktiva modeller forbittrade modellens forméga att forutsdga
kariesprogression, beddmningens prediktiva formaga forbéttrades mer i yngre
aldrar &n i dldre &ldrar (Papper I, III, IV), och var hdgre nér intervallen mellan
riskbedémning och tandundersokning var kortare (Papper III och IV).

Slutsats: Riskfaktorer funna vid tandundersdkning samt uppgifter om barnets
miljo- och sociala forhallanden bor inkluderas i en kariesriskbedomning.
Milj6- och sociala indikatorer vid ett ars &lder betréffande; syskon med karies,
nattmdl och annan dryck dn vatten mellan madltider kan ersétta salivtest for att
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hitta riskfaktorn mutans streptokocker. Sociala indikatorer har stdrre inverkan
pa yngre barns kariesrisk jamfort med dldre.
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1 INTRODUCTION

We know that caries has existed for millennia through documentation of the
remains of deceased people. In modern times, the etiology of caries has been
discussed and investigated. One break through was the Vipeholm investigation
in the 1950s, which found caries to be associated with sugar and intake
frequency (6).

The etiology of caries is now well known, as are the prophylactic actions that,
at individual, professional, and community levels combined, will prevent
caries (4, 7, 8). Despite current knowledge, caries remains a major health
problem in all economies, whether advanced or emerging and developing (9-
13). Globally, caries is one of the most common diseases in preschool children,
causing pain and infection (14-16). Poor oral health affects more than general
health and quality of life; the consequences of childhood caries also include
physical growth (13, 15-20). One systematic review found caries experience in
the primary dentition to be 46% globally; however, regional differences were
large (11).

1.1 CARIES INDEX

Caries prevalence is defined as the proportion of individuals in a population
with caries at a specific time (2). Another term, caries experience, is the
proportion of individuals in a population with caries lesions or untreated caries,
restorations, and/or missing teeth due to caries, at a specific time (2). Caries
experience is measured by the number of decayed, missing due to caries, and
filled primary teeth (dmft) or the number of decayed, extracted due to caries,
and filled primary teeth (2). In 1938, Klein stated that untreated caries is only
part of the total caries experience (1). Teeth that are missing due to caries and
filled teeth, which are previously decayed teeth that have received restorative
treatment, should be included in prevalence rates (1). Klein introduced the
DMFT index in 1938 for assessing caries prevalence in the permanent
dentition; since then, perception has changed: caries prevalence includes the
proportion of individuals with active caries (DT) (1, 2). The World Health
Organization (WHO) has described these terms of the standard
epidemiological indicator for the primary and permanent dentitions (21).

1.2 EPIDEMIOLOGY IN PRESCHOOLERS

Early childhood caries (ECC) is defined as caries in children ages 6 years and
younger (4, 22).
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In recent decades, many regions in the world have experienced a decrease in
the prevalence of dental caries, but for those affected, it is a problem that
reduces patient quality of life and is costly for society (5, 10, 23, 24).

The dental health of Swedish children is generally considered good. In the last
15 years, about 5% of 3-year-old Swedish children and 25% of 6-year-old
children have caries experience (25). Still, Sweden did not achieve the 2016
WHO goal having 80% or more of all 6-year-old children should be caries free
(26). In 2022, caries experience of 6-year-old Swedish children varied between
12% and 26%, depending on region (27).

Table 1. Variation in caries experience nationally (in Sweden) and in Ostergétland® and
Kalmar® Counties.

Caries experience (%)
Year

Sweden 2830 Counties® D
3-year-olds
2004 5 7
2012 4 6
2015 5 5b
6-year-olds
2007 26 312
2015 25 252
2018 24 26P

‘Personal communication from Region of Kalmar

1.3 PATHOGENESIS

The caries process is complex, consisting of an active breakdown process of
tooth substance. The breakdown is caused by acid-producing bacteria, mainly
mutans streptococci. The biofilm that is found on all tooth surfaces contains
bacteria that form dental plaque. The bacteria in the biofilm mainly feed on
substances in the saliva, but many of them can use the sugar in our diet and
produce acid, mainly lactic acid. This causes the pH to drop and allows protons
and hydrogen ions to migrate between the calcium phosphate crystals that
compose the tooth surface. Eventually, these crystals begin to dissolve, and the
released calcium and phosphate ions migrate out of the tooth in a
demineralization process (32).

Three modern hypotheses model the interaction of bacteria on caries: The
specific plaque hypothesis, in which only a few species are actively involved
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in caries disease (33); the nonspecific plaque hypothesis, in which caries
depends on the overall activity of the total plaque microflora (34); and the
ecological plaque hypothesis, in which caries is a result of a shift in the balance
of the microflora caused by changes in local environmental conditions (35).

1.4 CARIES RISK FACTORS AND RISK
INDICATORS IN PRESCHOOL CHILDREN

Caries is a multifactorial disease. It is caused by numerous species of bacteria,
depends on dietary habits, is affected by salivary dysfunction, and is influenced
by the social determinants of health (36). Risk factors and risk indicators,
concepts that are often confused, affect caries development in preschool
children (2, 37).

Risk factors are directly involved in the caries process itself. If a caries risk
factor decreases or ceases to exist, caries development will also decrease. Risk
indicators are not involved with the oral caries process but are surrounding,
coexisting factors, for example, social factors (37, 38). Risk indicators exist
outside of the individual and are controlled by the social determinants of health
(39).

1.5 ETIOLOGY

1.5.1 ORAL RISK FACTORS

Risk factors in the oral environment are the factors that breakdown of the tooth,
demineralization. Oral risk factors are dietary habits, both content and
frequency of intake; oral hygiene, such as plaque on the teeth; and biological
factors, such as cariogenic bacteria and amount of bacteria (5, 15, 40, 41).
Factors during the child’s first year of life affect the development of ECC, and
this includes acquisition of cariogenic bacteria and behavioral risk factors
acquired in the environment in which the child grows up (42). Selwitz et al.
found that poor oral hygiene with bacterial accumulation (plaque) are
favorable factors for caries development (43). Grindefjord et al. found an
association of consumption of sugar-containing beverages with candy at 1 year
of age and dental caries at 3.5 years age (44). Bankel found that frequent intake
of sweetened products increases the risk of caries development in preschool
children (45). Night meals after the first year of life and sweet drinks between
meals are strong risk factors for caries (5, 15, 46, 47)
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The microbiota in the oral cavity of a new-born child is sterile (48). The
erupted tooth presents an opportunity for mutans streptococci to colonize;
mutans streptococci bacteria need a tooth surface that they can adhere to,
although studies have shown that pre-dentated children can also have mutans
streptococci  colonization (42, 49). Mutans streptococci colonize after
transmission from parents or siblings via saliva (42, 49). Leong et al. reported
that maternal factors influence bacterial acquisition, while bacterial growth
was mediated by oral health behaviors and dietary habits (42). The Grindefjord
et al. study found an association of mutans streptococci at age 1 year with
dental caries at age 3.5 years (50). In younger children, presence of mutans
streptococci is considered a caries risk factor (41, 45, 51, 52). A recently
erupted tooth is naturally more sensitive to acid than a tooth that has been
erupted for a longer period of time, because the tooth surface is not hardened
by fluoride (53, 54). Laitala says that avoiding an early colonization of mutans
streptococci can lead to future positive effects on caries development (55).

1.5.2 SOCIAL AND ENVIRONMENTAL RISK
INDICATORS

Individual lifestyle and behavior are influenced by the social environment of
the individual. Socioeconomic factors, which include educational level,
disposable income, and economic conditions, govern the social factors
affecting the individual (38, 39, 56). In 1991, Whitehead and Dahlgren
described the multifactorial nature of health, an interaction between individual,
family, and community levels affecting health, in a model known as the Policy
Rainbow (Figure 1) (39). Overall health, and oral health in particular, is
influenced by behaviors that are a consequence of the environment in which
people are born, grow up, and live (15, 38, 57).

A child’s environment affects their oral health; as parents provide the primary
social role for the child, the socioeconomic status of the parents is highly
influential (58). Environmental risk factors associated with the development of
caries include eating habits, food and beverage content, consumption
frequency, and oral hygiene habits (42). Social risk indicators that influence
environment and behavior include country of birth, education, and income,
which have a clear connection with the risk of having developed caries at the
age of 6 (59).

Studies conducted in Sweden have found that maternal level of education, view
of dental health, and own health have a large influence on the risk of tooth
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decay in young children (59, 60). In the Andre-Kramer et al. study, parental
foreign background, level of education, and income were connected with the
risk of primary dentition caries in their children (61). The study agrees with
Anderson et.al., who found that predictors at age 1 year for developing dental
caries in later preschool years were immigrant background and low family
income (62). Anil found that low familial socioeconomic status and low
parental education are factors to consider when a child should be risk-assessed
for future caries (15). Grindefjord found in a study of I-year-olds that
immigrant background and maternal education was associated with dental
caries at 3.5 years of age (44).

Water and
sanitation

Agriculture
and food
production

Age, sex and
constitutional
factors

\ . —_—

Figure 1. Determinants of health (Dahlgren and Whitehead, 1991 (39).

1.6 PROTECTIVE FACTORS FOR YOUNGER
PRESCHOOL CHILDREN

Protective factors, factors that can lower the risk of developing caries disease,
can be classified as biological or environmental factors. Biological protective
factors include fluoride use (toothpaste) and living in a region with naturally
or artificially fluoridated drinking water. Fluoride acts on the tooth surface,
directly affecting the mineral layer in the enamel and increasing its resistance

5
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to acidic action (63-65). Tooth brushing twice a day with a fluoride toothpaste,
under adult supervision or with their help, decreases bacterial counts and adds
to the amount of available fluoride (4, 13, 66, 67). Protective dietary habits
include eating regularly, restricting in-between meals, drinking water when
thirsty, limiting added sugar, and reducing night meals. These are considered
biological and environmental protective factors, reducing fermentable
carbohydrates (68-70). Repeated recommendations on sugar use state that
children under the age of 2 should consume no added sugar; thereafter, they
should have only limited access to sugar (4, 20, 71). Good salivary function,
as in normal salivary flow and saliva constitution, are biologically protective
factors (72). Environmental factors that are socially protective include a
nuclear family, a stable family economy, and higher parental education (57,
68, 71).

1.6.1 BREASTFEEDING

Breastfeeding is often discussed from a caries aspect. Opinion is divided on
whether breastfeeding is a risk or a protective factor. The updated
recommendation from WHO is breastfeeding child after birth and up to 6
month of age- with no other food or beverage provided and thereafter
breastfeeding up to 2 years of age (73). Feldens considers that children who
are breastfed have a later sugar debut, which supports breastfeeding as a
protective factor (20, 71). A Norwegian study found that breastfeeding up to
18 months was not associated with caries in preschool children (74). In
contrast, an umbrella review by Panachanadir declared that prolonged
breastfeeding (> 12 months), including nocturnal feeding, should be
considered a risk factor for ECC (75). Tham concluded that breastfeeding up
to 12 months was not associated with an increased risk of caries and could even
have protective effects; however, breastfeeding after 12 months had an
increased risk of caries (76). Breastfed daily and at night at ages 1-2 years was
associated with caries in the Johansson et al. study (47). The teeth of breastfed
children are more often colonized by lactobacilli compared to formula-fed
children, and lactobacilli inhibit the growth of some streptococci (48, 77). A
review study by Shrestha et al. could show no difference in risk of ECC- caries
before 6 years of age - between children who were breastfed for less than 24
months and children who were not breastfed (78). Nevertheless, nighttime
breastfeeding increased the risk of ECC in preschool children (78). The authors
concluded that the included studies had high heterogeneity in this review, so
the results should be cautious (78).
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1.7 How caries affects the individual

Caries affects the child’s quality of life in both the short and long term. In the
short perspective, caries causes pain and infection, which can affect eating and
sleeping. Growth and nutritional disorders may also result (14-16, 79, 80).
Besides guilt and worry, parental quality of life is also affected when their child
suffers from the pain of carious teeth (5, 16, 17, 19, 80, 81).

We already know that the presence of caries in the primary dentition is a
predictor of caries in the permanent dentition (18, 82-84). Unpleasant dental
treatment of caries in young children can also cause future problems and, later,
lower quality of life (85-87).

When dental phobia becomes established in childhood, avoidance behavior in
adulthood may occur, despite dental treatment needs. This can lead to a need
of extensive treatment later in life and high costs to society (10, 87, 88). The
Kastenbom et al. study found that dental treatment costs in young, caries-active
adults were twice as high, and anxiety and depression more common compared
to caries-inactive individuals (87). The Nordrehaug & Astrom study in Norway
reported that young adults who had had unpleasant dental experiences when
they were younger would cancel and avoid dental visits due to fear more often
than their peers who had had better dental experiences (89). This is an
important argument for prevention of caries at early ages.

1.8 CARIES RISK ASSESSMENT

A caries risk assessment evaluates the risk of caries development in the near
future and is a tool for planning treatment and follow-ups (90). Because caries
1s a multifactorial disease, a caries risk assessment should include all known
caries risk and protective factors, and query general health factors (diseases
and medications), presence of caries, and social factors, based on an individual
level (57, 91). In 2022, the Swedish National Board of Health and Welfare
concluded that caries risk assessment in preschool children is commonly based
on oral risk factors alone (59). Practices of clinicians vary regarding which risk
factors to use, how they should weigh them, and how to identify high risk or
low risk individuals (92). Caries risk assessment also has great potential for
improving patient knowledge of the reasons for their caries activity and
tailoring their care plans and recall intervals (93).
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Previous studies have recommended an assessment of caries risk in the child’s
first year of life, with routine future re-assessments (5, 94). Following the
assessment, it is possible to tailor recommendations for the assessed caries risk
and caries risk factors. Preventive care is planned for children assessed as
having a measurable risk of developing caries. On return visits, caries and
caries progression are followed up. Recall intervals are more individualized
these days; thus, caries risk assessment must be done accurately as recall length
depends on the results of the assessment (95).

Heterogeneous groups are influenced by the caries prevalence in their area, and
caries risk assessment is sensitive for different age groups and geographic
areas. It is therefore important to calibrate the caries risk method for the
population where it will be used (96-98). In this thesis, caries risk assessment
in preschool children is discussed, not to be confounded with the overall oral
risk assessment.

1.8.1 CARIES RISK ASSESSMENT PROGRAMS

Various methods and programs have been devised for assessing caries risk. No
program, however, has yet been shown to be superior to others in predicting
caries (94, 97, 99). A caries risk assessment program should be to conserve
time at the clinic, since clinic time is limited, and accurate, to support treatment
decisions and determination of recall intervals (5, 90, 99).

Known methods for assessing caries risk include the programs Cariogram and
Caries Management by Risk Assessment (CAMBRA) and guidelines of the
American Dental Association (ADA) and the American Academy of Pediatric
Dentistry (AAPD). Clinicians in the Swedish Public Dental Service (PDS)
commonly use R2, a computerized risk assessment tool.

1.8.1.1 CARIOGRAM

Cariogram, an algorithm-driven caries risk program, has been used as decision
support in recent decades (96, 100-103). To conduct a caries risk assessment
with the Cariogram data on biological caries related factors are needed. Data
are collected from patient interviews, or the guardians of a child, and from the
clinical examination. Caries experience, information on medical history and
medications, diet (contents and frequency), presence of plaque, presence of
mutans streptococci, fluoride exposure, saliva secretion, and saliva buffer
capacity are included in the Cariogram algorithm program (Table 2).
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Cariogram includes no environmental or social risk indicators since they are
expected to leave an impression on the biological findings.

Cariogram, a computer program, presents its results in five colored sectors:
(1) diet; both content and frequency, (2) bacteria; plaque amount and mutans
streptococci, (3) susceptibility; fluoride program and saliva factors (4)
circumstances; caries experience and related disease (5) “Chance of avoiding
caries” (Table 2; Figure 2). When the chance of avoiding caries is high, caries
risk is considered small. Five risk categories are used: very low risk, low risk,
medium risk, high risk, and very high risk. In the very high risk category, the
chance of avoiding caries is 0-20% (Figure 2). The clinician has the
opportunity to add notes on personal knowledge of the patient before making
the final risk determination. Cariogram also identifies risk factors on an
individual level and suggests preventive and treatment measures. The program
has been evaluated for use in both children and elderly persons. It was first
developed for educational purposes in the dental profession and, later, for
informing and discussing with patients (101).

The validity of Cariogram shows good accuracy in school-aged children,
adults, and the elderly (100, 104, 105). A prospective study of 10—11-year-old
schoolchildren reported an odds ratio (OR) of 53 for the caries increment, that
is, in the very high risk group in Cariogram (100). In a population of preschool
children with low caries prevalence, the Cariogram showed not to be useful for
detecting children at high caries risk, as 50% of the 2-year-old children were
assessed in the high caries risk group and 50% of the children had changed risk
group at follow-up at age 7 years, and 63% of children were correctly classified
(102). In a region with high caries prevalence, Birpou found that the ability of
Cariogram to predict caries in preschool children was inadequate (Table 3)
(103). Hénsel Peterson concluded that excluding saliva tests in Cariogram
reduces the accuracy of caries prediction in school children (106). In another
study by Gao, excluding saliva test in preschool children did not improve the
sensitivity and the predictive ability in Cariogram (107).
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Figure 2. Caries risk and causal factors in Cariogram. In this case, caries risk is high:
“Chance of avoiding caries is 13%” (Bratthall 2005).

1.8.1.2 R2

R2 is a risk-assessment algorithm software developed in Sweden in 2008. The
PDS in Jonkoping and Véstra Gotaland Counties collaborated with the
Department of Dentistry in Jonkdping to develop R2. The program is based on
dental status variables and modifying factors. R2 includes caries-,
periodontitis- and technical risk. In the thesis going forward, only the
cariological aspect in R2 is discussed. The clinician interviews the patient or
guardians and enters information on modifying factors, such as diet and oral
hygiene habits, medical status, use of fluorides, and saliva flow, in R2 (Table
2). The clinician then retrieves caries status, excepting for manifest caries on
the occlusal surface, from patient records. R2 compiles an oral health profile
based on the modifying factors and data on caries status and presents risk in
three levels: low, moderate, or high (Figure 3). The oral health profile can be
adjusted manually. In Sweden, R2 is used as a risk assessment tool for both
younger and older patients (108). To our knowledge, it has not been validated.

10
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Figure 3. R2 risk-assessment output for Kalmar County. Status variables are presented on the
left, modifying factors, in the middle, and the oral health profile on the right (R2 instruction
manual).

1.8.1.3 CARIES MANAGEMENT BY RISK ASSESSMENT

Over 20 years ago, the University of California collaborated with the
California Dental Association to develop the CAMBRA risk assessment tool
(109). It is a reasoning-based program geared for two age ranges: 0—6 years
and 6 years through adult. Clinical observations, biological and environmental
risk factors, protective factors, and the clinical judgement of the clinician
determine the final risk assessment. The version for ages 0—6 years includes
questions on frequency of snacking, drinking beverages other than water
between meals, parent and sibling history of decay, familial socioeconomic
status or health literacy status, and medications that include hyposalivation
(Table 2 and Figure 4). CAMBRA queries data on biological and
environmental risk factors; environmental risk factors include social risk
indicators. Caries risk level is classified in four groups: low, moderate, high,
or very high/extreme (57, 110, 111). Several studies have tested the validity of
CAMBRA (107, 112). In individuals older than 6 years, validity is good,
although 70-88% of high and extremely high caries risk individuals developed
new caries at follow-up after 6 years (112). Sensitivity in preschool children
was 84% and specificity, 63% (107).

11
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TABLE 2 (Part 1) | Updated CAMBRA caries risk assessment form* for ages 0-6 years (January 2021)**.

Patient Name: Reference Number:
Provider Name: Date:
Caries risk assessment component* Column 1 Column 2 Column 3

(Check yes only in appropriate shaded column) Score:—1 Score: +2 Score: +3

. Frequent snacking (more than 3 times daily)

]

Uses bottle/non-spill cup containing other than water
Parent/primary caregiver or sibling has current decay or a recent history of decay
(see high risk description below)

@

. Family has low socioeconomic &/or low health literacy status
. Medications that induce hyposalivation

. Lives in a fluoridated drinking water area
Drinks fluoridated water

Uses fluoride (F)-containing toothpaste at least two times daily-a smear for ages 0-2
years and pea size for ages 3-6 years of 1,000 ppm F.

@ N

. Has had fluoride varnish applied in the last 6 months

1. Heavy plaque on the teeth ﬁ

1. Evident tooth decay or white spots
2. Recent restorations in last 2 years (new patient) or the last year (patient of record) |

Column 1 Column 2 Column 3

Total: Total: Total: ‘
Yes’s in columns 1 and 2 only: use the caries balance-below — ‘
Yes or yes’s in column 3 likely indicates high or very A
high risk —

Final Overall Caries Risk Assessment Category (check) determined as per guidelines below

Low D MODERATE D HIGH D VERY HIGH D

Figure 4. The CAMBRA (Caries management by risk assessment) caries risk assessment form
for ages 06 years (57).

1.8.1.4 AMERICAN ACADEMY OF PEDIATRIC DENTISTRY

The AAPD developed an updated caries risk assessment guidelines in 2006
from the original guideline from 2002 (113). The processes included
evaluation by an expert panel. Caries Risk Assessment Tool (CAT) of the
AAPD is areasoning-based tool. CAT forms were designed for infants (age 0—
3 years, for use by physicians and other non-dental healthcare providers), and
children (0-5 years), and adolescents. The forms for children and adolescents
were designed for dental providers.

All forms include data on biological factors, protective factors, and clinical
findings. The form for children aged 05 years includes 14 items, and the
assertions are answered with yes or no (Figure 5). Overall caries risk is divided
into three categories: low, moderate, and high risk (Figure 5). The clinician has
the opportunity to adjust the result according to clinical findings and personal
knowledge of the family before determining the final risk.

12
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Excluding socioeconomic factors, sensitivity was 86% and specificity, 69%
(114). In contrast, Gao found a lower decrease in sensitivity and specificity
when socioeconomic factors were excluded: 99% and 4%, respectively, in 3-
year-old children (Table 3) (107). The researchers did not consider the CAT
was useful in low socioeconomic areas though all children automatically were
categorized in high risk level, since certain individual factors or indicators are
sufficient to justify a "high risk" diagnosis (107).

Factors High Risk Moderate Risk Low Risk

Biological
Mother/primary caregiver has active caries Yes
Parent/caregiver has low socioeconomic status Yes
Child has >3 between meal sugar-containing snacks or beverages per day Yes
Child is put to bed with a bottle containing natural or added sugar Yes
Child has special health care needs Yes
Child is a recent immigrant Yes

Protective
Child receives optimally-fluoridated drinking water or fluoride supplements Yes
Child has teeth brushed daily with fluoridated toothpaste Yes
Child receives topical fluoride from health professional Yes
Child has dental home/regular dental care Yes

Clinical Findings
Child has >1 decayed/missing/filled surfaces Yes
Child has active white spot lesions or enamel defects Yes
Child has elevated mutans streptococci levels Yes
Child has plaque on teeth Yes

Circling those conditions that apply to a specific patient helps the practitioner and parent understand the factors that contribute to
or protect from caries. Risk ization of low, mod or high is based on preponderance of factors for the individual.

However, clinical judgment may justify the use of one factor (e.g., frequent exposure to sugar-containing snacks or beverages, more than

one dmfs) in determining overall risk.

Overall assessment of the child’s dental caries risk:  High O Moderate O Low O

Figure 5. Caries risk-assessment form for children aged 0-5 years, for use by dental
professionals AAPD-CAT (American Academy of Pediatric Dentistry Caries Risk Assessment
Tool) (113).

1.8.1.5 ASPECTS OF CARIES RISK ASSESSMENT TOOLS

Tables 2 and 3 present differences and similarities between Cariogram, R2,
CAMBRA, and the AAPD-CAT.

13
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Table 2. Comparison of four caries risk assessment programs.

Caries risk assessment program
Factors and subfactors
" AAPD CAMBRA" Cariogram R2
CAT?
Form designed for age (years) 0-5 0-6 0-100 0-100
. Canes v v v v
experience
Clinical Status | * \Vhite spot v v v
lesion
" Oral v v v v
ygiene
. . . mutans
Microbiological streptococei v
o Flow N N v
Saliva ¢ Buffering
capacity
Dictary habits | Content and v v v v
frequency
Protective Fluoride
factors usage v v v v
e Low
familial N v
Social factors SES*¢
e [mmigrant v
background
. Familial
Environmental . v v
factors canes
experience
® Medication
Health i
. S_ystemlc v v
disease
Program User
feature adju§tment v N v
possible
Assessment reasoning- reasoning- algorithm- | algorithm-
method based based based based
Caries risk 1-3¢ 1-4¢ 1-5f 1-3¢
prediction

2AAPD CAT (American Academy of Pediatric Dentistry caries risk assessment tool) (113)
"CAMBRA, (Caries Management by Risk Assessment) (109, 111), Cariogram (101), R2, (108,
115)

°SES, socioeconomic status; ‘Low, moderate, high risk; *Low, moderate, high, very high risk;
Very low, low, medium, high, very high risk

The Featherstone et al. study compared CRA methods in preschool children
with 13 hypothetical patients and found similar results for Cariogram and

14
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CAMBRA, with the AAPD CAT tending to estimate higher risk categories
(57). Agouropoulos et al. validated different CRA methods in preschool
children in areas of high caries prevalence and found higher validity for
Cariogram and CAMBRA than the AAPD CAT, but also concluded that the
accuracy was limited (116). These four CRA tools are of two types, reasoning-
based (CAMBRA and CAT) and algorithm-based (Cariogram and R2).
Reasoning-based tools are preferable in pedagogical use, while algorithm-
based tools, which compile risk factors and risk indicators, can provide a more
refined risk calculation (107).

Table 3. Sensitivity and specificity of four caries risk assessment tools for preschool
children.

CRA tool Sensitivity Specificity
2AAPD CAT with social factors 100 4
(107)

2AAPD CAT without social factors 99 4
(107)

"CAMBRA (107) 84 63
Cariogram (107) 65 79
Cariogram (103) 66 57

R2 Unpublished Unpublished

2AAPD CAT, American Academy of Pediatric Dentistry Caries Risk-Assessment Tool,
"CAMBRA, Caries Management by Risk Assessment

1.8.2 KNOWLEDGE GAP

Today, we have good knowledge of the etiology of caries, what influences
caries development, and how caries can be prevented; yet caries remains a
major health problem in all developed and developing countries (9, 10, 12, 117,
118). The predictive ability of caries risk programs and models differ,
however, presence of caries is a strong predictive factor. All known factors,
oral, environmental, and social, must be included and weighed to make the
most accurate assessment possible. On the community level, inequality in
dental health occurs, and this is closely linked to the socioeconomic status of
the environment and social determinants of health. This is an indication of the
importance of research in this field (18). In a population with low experience
of dental caries there are still children exposed to risk factors who develop
caries in early ages; these children are also important to find. Previous studies
have demonstrated the importance of locating not only causal factors but also
coexisting factors from environmental and social factors (15, 44, 62).
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Preventive treatment should prevent undesirable disease development. Primary
and secondary preventive treatment should prevent development or further
development of caries and reduce the effect of risk factors.

16
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2 AIMS

The general aim of this thesis was to determine caries risk factors and risk
indicators for caries in preschool children through analyses of oral,
environmental, and social factors.

The specific aims were to:

L

IIL.

I1I.

Iv.

Evaluate possible risk factors associated with early colonization of
mutans streptococci (MS) in 1-year-old children.

Identify possible caries risk factors among 1-year-olds and examine
them clinically for dentin caries at the age of 3 years.

Identify caries risk factors and indicators in 1-year-olds that predict
dentin caries at the age of 6 and analyze the sensitivity and specificity
of a caries risk assessment by dental professionals in relation to caries
prevalence at age 6.

Investigate the predictive ability of an individual caries risk
assessment of oral factors that includes social factors compared with
caries outcome in preschool children by analyzing various models that
incorporate both oral and social factors.

17
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3 PATIENTS AND METHODS

3.1 STUDY DESIGNS

Paper I was a cross-sectional, retrospective study that retrieved data from the
dental records of 1-year-olds enrolled in the Ostergétland County PDS. Papers
IT and III were prospective studies, using data retrieved from the dental records
of eligible members in the Paper I cohort at ages 1 and 3 (Paper 1) and ages 1
and 3—6 (Paper III). Paper IV was a registry-based, retrospective study that
identified 6-year-olds enrolled in the Kalmar County PDS; data from their
dental visits between ages 3 and 6 years were retrieved.

3.2 STUDY POPULATION

The study cohort in Papers I-III comprised children enrolled at the PDS in
Ostergdtland County (Figure 6). Paper I comprised all 1-year-old children born
in 2001-2010 who had made their routine 1-year dental visit. The study cohort
in Paper Il included the children in Paper I who were born 2001-2009 and who
had visited a PDS clinic at age 1 year and again at age 3 years. The study cohort
in Paper III included eligible children from the Paper II cohort who had visited
a PDS clinic at age 1 year, and ages 3—6 years.

18
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Public Dental Service
clinic visit at age 1
(n=1,121)

Excluded
* No questionnaire
submitted (n=44)
* No bacterial test
(n=27)
Total: n=71
Paper I study cohort
(n=1,050)
Excluded Dropouts
* Bomn 2010 (n=38) * Moving (n=24)
* No examination at age 3 * Transferred to a private dentist
(nl= !) ' (n=149)
. Mlssl_ng responses in * Locked dental records (n=1)
questionnaire (n = 58)
Total: n=174
Total: n=97 ot
Paper 11 study cohort
(n=779)
Included Dropouts
+ Incomplete + Changing to private dentist
questionnaire (n= 58) > (n=33)
Total: n=58 Total: n=33
v
Paper III study cohort
(n=804)

Figure 6. Included and excluded children in Papers I-111.

The study cohort in Paper IV comprised children born in 2012 who were
enrolled in the PDS in Kalmar County and been assessed for caries risk at age
6. Examination code had to be available in the SkaPa (Figure 7). Data from
dental visits at ages 3, 4, and 5 years were retrieved. Data for ages 4 and 5 were
pooled.
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R2 caries risk assessment at ages 3 and 6 years

(n=1,048)
Excluded
No examination code in dental
records (SKaPa)
; =381)
Dental examination at ages 3 and 6 years @

(SKaPa)
(n=667)

Retrievable family and socioeconomic information
(SCB)
(n=667)

Included children
(n=667)

Figure 7. Numbers of included and excluded children, reason for exclusion, and registries
from which data were retrieved in Paper IV. R2 was the caries risk assessment tool used,
Examination codes and caries prevalence in the study cohort were retrieved from the Swedish
Quality Register of Caries and Periodontitis (SKaPa). Statistics Sweden (SCB) provided data
on social factors.

3.3 METHODS

3.3.1 OVERVIEW

Table 4 presents a compilation of the methods in Papers I-III.
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Table 4. Methods in Papers I-111.

Methods Paper 1 Paper I  Paper 111

Questionnaire at age 1 year v v v
Bacterial sample at age | year v v
Caries risk assessment at age 1 year v
Caries status at age 3 years v

Caries risk assessment at age 3 years

AN N N N

Caries status at age 6 years

3.3.2 QUESTIONNAIRE

Each caregiver received a questionnaire before the first visit at age 1. The
questionnaire concerned the child’s health and medication status, drinking and
eating behavior, and oral hygiene habits (Papers [-11I; Table 5).

Table 5. Questionnaire items and variables recorded at age 1 year. Answers in bold text were
considered to indicate a risk.

Item Variable Answer
Does the child have siblings? Siblings Yes/No
Have any siblings had caries? Siblings with caries Yes/No
Does the child eat or drink anything except water at ~ Night meals Yes/No
night?

Is the child still breastfed? Breastfeeding Yes/No
Does the child have any illnesses or diseases? Disease Yes/No
Does the child take any medication regularly? Medication Yes/No
Does the child drink anything except water between  Beverages other than ~ Yes/No
meals? water between meal

Do you brush the child’s teeth? No tooth brushing Yes/No
How many teeth are visible? Number of teeth Numbers
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3.3.3 BACTERIAL SAMPLE

At the routine visit at age 1 year, a bacterial sample was collected. A bacterial
count for mutans streptococci was measured using Dentocult Strip Mutans®
(Orion Diagnostica, Espoo, Finland). Plaque at the gingival margin was
collected with a Quick-Stick® (Dentsolv AB, Saltsjo-Boo, Sweden). After
incubation, number of colony-forming units (CFU) on the test strip was
determined, compared with the manufacturer’s assay template and assigned a
score of 0-3 (Table 6, Figure 8; Papers I-III). If the bacterial test was positive,
indicating the presence of mutans streptococci, the parents of the children
received information and advice for reducing the negative effects of bacteria.

Table 6. Bacterial sample scores for the mutans streptococci count (CFU/ml) on the test strip
according to the manufacturer’s assay template®.

Score CFU/ml
0 <10*
1 10*-10°
2 10°-10°
3 >10°

0rion Diagnostica

Model chart

M)

Figure 8. Illustration of the mutans streptococci scores according to the manufacturer’s (Orion
Diagnostic) assay template (119).

3.3.4 CARIES STATUS

Clinical dental examinations were made between 3 and 6 years of age, in a
dental chair and using a mirror and a dental explorer. Caries status was
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determined as numbers of decayed manifest teeth, extracted teeth due to caries,
filled teeth, and affected primary teeth (21). This thesis, analyses caries
experience as deft. Caries status was retrieved from clinical dental records
(Papers 11, III) and from SKaPa (Paper V).

3.3.5 CLASSIFICATION OF CARIES RISK
ASSESSMENT

A caries risk assessment was made at the l-year visit. The caries risk
assessment was based on the questionnaire responses and oral hygiene results
from the intraoral inspection (Table 5). The outcome of the 1-year risk
assessment was dichotomous, a 2-graded scale: “Low Risk” or “High Risk”
(Papers 11, III, Table 7). Risk was assessed manually.

The outcome of the 3-year risk assessment was a 4-graded scale: “No risk”, 0;
“Low Risk”, 1; “Moderate risk”, 2; and “High Risk”, 3 (Paper III). Risk was
assessed manually.

The outcome of the 3—5-year risk assessment was 3-graded: “Low Risk”,
“Moderate Risk”, and “High Risk”. Risk was assessed with R2, an algorithm-
based tool (Paper 1V).

Table 7. Divisions of risk levels before analysis in this thesis. Caries Risk assessment was
done at ages 1, 3, and 4-5 years.

Age at The thesis caries risk assessment levels for analysis
caries risk p
aper
assessment Low risk High risk P
(Years)
1 Low risk High risk II
3 No risk Low risk | Moderate risk High risk 1
3 Low risk Moderate risk High risk v
4-5 Low risk Moderate risk High risk v

3.3.6 ENVIRONMENTAL FACTORS

Environmental factors (including family factors) were the questionnaire
variables Sibling with caries, Night meals, and Beverages other than water
between meals (Table 5).
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3.3.7 WORKFLOW

Figure 9 illustrates the workflow of data collection from dental records and
registries in Paper V.

| Approval from the Swedish Ethical Review Authority |

l

| Registry inquiries sent to SKaPa and SCB |

Collecting data on caries risk assessment from dental
record on the cohort

SKaPa supplemented caries status and dental
examination codes from 3- to 6- years age

l

Merging data of caries risk assessment, caries status
and dental examination codes

SCB supplemented social factors

Figure 9. Workflow in Paper IV for retrieving data from the dental records and registries:
SKaPa; the Swedish Quality Registry of Caries and Periodontitis; and SCB, Statistics Sweden.

3.3.8 SOCIAL FACTORS

The social factors retrieved from the SCB database in Paper IV are presented
in Table 8. Social factors were collected 3, 4 and 5 years of age.
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Table 8. Environmental, familial, and social factors retrieved for ages 3, 4-5, and 6 years
(Paper IV).

Age (years
Variables 3 g 43]5 ) 3
Gender (boy/girl) v
Oral factors
Caries risk assessment® N N
Caries prevalence (deft® > 0) v v v
Social factors
Foreign background (non-Nordic country)® v
Siblings (No siblings, > 3 siblings, birth order) N4
Years in preschool (> 3 years) N
Residential area’ v v
Changing addresses (> 3 moves) v
Family situation® v v
Parental ages at birth of child® v
Level of parental education® v N
Disposable family income! v N

3Assessment outcome: “Low risk”, “Moderate risk”, and “High risk”; dichotomized for analysis:
“Low Risk” or “High Risk”

bdeft (decayed, extracted, filled, primary teeth)

¢child born in a non-Nordic country, or one or both parents born in a non-Nordic country
doutside of an urban area, in an urban area, or in a central municipality

“living in a single-parent family, a 2-parent family, or some other family constellation (e.g., with
other relatives, such as older siblings, grandparents)

faged < 23 or > 39 years, > 22 and < 40 years.

8< 9 years, 10—12 years, or > 12 years of education

"disposable income under or above 60% of the Swedish median income, 2015-2017:

SEK 143,200; SEK 146,000; and SEK 149,600

3.3.9 CARIES RISK MODELS

Several caries risk models based on the collected data, were designed and
tested. The models included oral, environmental, and social factors that
constituted possible risk factors and could increase the predictive ability of the
caries risk assessments retrieved from the dental records. Models were
designed for the 1-, 3-, and 4-5-year age groups (Papers [I-1V). The predictive
models in Papers II and III comprised bacterial tests and various combinations
of environmental factors at age 1 (models ai-ii).

In Paper 1V, designed predictive models based on R2 caries risk assessments
at ages 3 and 4-5 years, which were augmented with various constellations of
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social factors to see what combination gave the clearest predictability, models
from Paper IV are j3-ms3, and ns.s, and 04.s.

3.4 PRIMARY OUTCOMES

The primary outcomes were caries status at age 3 years (Paper 1) and 6 years
(Papers 111, IV).

3.5 STATISTICS

3.5.1 STATISTICAL PREPARATION

All variables were dichotomized before analysis (Papers [-1V).
Papers I-11I pooled high and very high MS scores (2-3) into “High MS Score”.

Paper IV analyzed data in two age groups: At 3 years of age, data were noted
as 3, i.e., deft at age 3 years was written defts. At 4 and 5 years of age, data
were pooled and noted as 4-5, i.e., defts—s.

Social factors were grouped, and responses dichotomized (Paper I'V; Table 8).

3.5.2 STATISTICAL ANALYSES

The papers in this thesis used the following programs in statistical analysis:
Paper I, Stata/MP (version 12.1; StataCorp LP, Collage Station, TX, USA);
Paper 11, Stata/MP (version 13); Paper 111, for ROC curve analyses, MedCalc
(MedCalc Statistical Software version 19.2.1, MedCal Software Ltd, Ostend,
Belgium) and for all other analyses, Statistica (Statistica v.12 StatSoft Inc.,
Tulsa, Oklahoma, USA); and Paper IV, Stata Release (version 17.0; SE-
Standard Edition, StataCorp LLC). Statistical analysis in the thesis Stata
Release (version 18.0; SE-Standard Edition, StataCorp LLC) was used.

p-values < 0.05 were considered significant.

Student’s ¢-test. Compared groups of continuous variables: age and number
of teeth (Paper I).

chi-square test. Compared groups of categorical variables: questionnaire
responses and bacterial findings. The test was also used to determine the
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association of variables with Presence of MS or High MS Score (Paper I).
Comparisons included children in Papers II-IV who had dropped out.

Simple logistic regression. Detected 1-year visit variables that were
associated with caries prevalence at age 3 (deft > 0; Paper II) and age 6 (Paper
IIT). The regression also detected associations between caries status at age 6
and independent variables (Paper IV).

Multiple logistic regression. Identified factors associated with “Prevalence of
MS”, “High MS Score” (Paper I) and caries status (deft>0) at ages 3 and 6
years (Papers [I-1V).

Receiver operating characteristic and area under the ROC curve.
Estimated the predictive ability of the risk models for predicting caries status
(deft>0; Papers II-IV). The ROC is a probability curve and shows the trade-
off between sensitivity (True positive range) and specificity (1-False positive
range). AUC tell us the degree of separability and how well the model is
capable of distinguishing between individuals with caries or no caries (healthy
individuals). Levels above 0.5 in AUC are positive values but need to be higher
for the model or test to be considered useful.

DeLong test. Compared ROC curves in a pairwise comparison () between the
models and (7i) within age groups (Papers 111, IV).

Sensitivity and specificity. Determined the model’s ability to find the
proportion with actual caries (True Positive/[True Positive+False Negative];
sensitivity) and the proportion with no actual caries (True Negative/[True
Negative+False Positive]; specificity) (Papers [I-1V).

Positive and negative predictive values (PPV and NPV). Determined the
ratio of patients truly diagnosed with caries to all who had positive test results
(True Positive/[True Positive+False Positive]; PPV) and the ratio of patients
truly diagnosed with no caries to all who had negative test results (True
Negative/[True Negative+False Negative]; NPV) (Papers [I-1V).

PPV and NPV values are directly related to the prevalence of caries in the
population that is being tested.
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4 RESULTS

4.1 CARIES EXPERIENCE

At age 3 years, caries status (deft > 0) was 2.6%—6 % (Papers [I-1V). At age 6,
caries status (deft > 0) was 16% (Paper I1I) and 25% (Paper IV).

4.2 ORAL FACTORS

4.2.1 MUTANS STREPTOCOCCI

At age 1 year, presence of mutans streptococci was 27%—31% (Papers I-I1I).
Multiregression analyses investigated factors associated with presence of
mutans streptococci were performed (Table 9; Paper I).
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Table 9. Multiregression analysis of oral and environmental factors associated with presence
of mutans streptococci in 1-year-old children (n=1,038; Paper I).

Variable OR 95% CI p-value

Siblings with caries®
Yes 1.60 1.05-2.45 0.028
No 1

Night meal
Yes 0.97 0.70-1.34 0.85
No 1

Breastfed
Yes 1.21 0.76-1.92 0.42
No 1

Disease
Yes 0.78 0.30-2.00 0.60
No 1

Medication
Yes 1.64 0.54-4.99 0.38
No 1

Beverages other than
water between meals

Yes 1.75 1.30-2.37 <0.001
No 1

> () erupted teeth
Yes 7.68 0.95-62.34 0.056
No 1

Tooth brushing
Yes 1
No 1.62 0.88-2.99 0.12

Included all children; children without siblings were grouped with the non-responders.

OR, odds ratio; CI, confidence interval

p-values < 0.05 were considered significant (bold text)

A High MS Score indicated an association with the variable Beverage other
than water between meals (OR 1.9; 95% CI; 1.16-3.14; p = 0.011; Paper ) in
multiple regression analyses. Analysis of the children with siblings (n=576)
showed association to Siblings with caries (Chi? p=0.01).
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4.2.2 MUTANS STREPTOCOCCI AND CARIES

4221 FOLLOW-UP AT AGE 3

Simple regression analyses in Papers II and III showed that Presence of MS in
1-year-old children was associated with caries at age 3 years (OR 3.2; 95% CI;
1.3-7.9; Paper II) and (OR 3.5; 95% CI 1.53-7.83; Paper III). Multiple
regression analyses in Paper Il showed that a High MS Score at 1 year was also
associated with caries at 3 years (OR 3.4; 95% CI 1.1-10.8) while simple
regression analyses in Paper III showed the same (OR 6.9; 95% CI 2.94—
16.40).

4222 FOLLOW-UP AT AGE 6

Paper III showed that Presence of MS in 1-year-old children was associated
with caries at age 6 in simple regression analyses (OR 1.8; 95% CI 1.22-2.64),
as was a High MS Score (OR 2.6; 95% CI; 1.46-4.52).

4.3 ENVIRONMENTAL FACTORS AND
CARIES

4.3.1 FOLLOW-UP AT AGE 3

At age 1 year, factors that showed an association with caries at 3 years of age
were beverages other than water between meals (OR 7.1; 95% CI 2.5-20.5),
sibling with caries (OR 4.8; 95% CI 1.8-13.3), and night meals (OR 3.0; 95%
CI 1.1-8.1) in multiple regression analyses (Paper II).

Estimated sensitivity for a factor associated with caries at age 3 were beverages
other than water between meals, 75%; siblings with caries, 40%; and night
meals, 60% (Paper II). The Positive Predictive Value (PPVs) were beverages
other than water between meals, 7.3%; siblings with caries, 9.0%; and night
meals, 5.0 % (Paper II). Those with positive findings had caries at follow-up.

4.3.2 FOLLOW-UP AT AGE 6 (PAPER Ill)

In Paper III, multiple regression analyses showed that beverages other than
water between meals at age 1 year was associated with caries at age 6 years
(OR 1.9; 95% CI 1.26-2.82). Night meals at age 1 were associated with dentin
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caries at age 6 (OR 1.9; 95% CI 1.27-2.83). Siblings with caries at age 1 were
associated with dentin caries at age 6 (OR 2.1;95% CI;1.19-3.80). Estimated
sensitivity for beverages other than water between meals was 44% and for
night meals, 47%. PPVs confirmed that 25% of the children with positive
findings for beverages other than water between meals had presence of caries;
28%, siblings with caries; and 23%, night meals.

4.4 SOCIAL FACTORS AND CARIES

4.41 SOCIAL STATUS AT AGES 3 AND 4-5 YEARS

Table 10 shows that, at the 3-year visit, the social factors associated with caries
were foreign background, low economy, low parental education level, single-
parent family, and > 3 siblings. Foreign background, single-parent family, low
economy, and low parental education level were less important at 4-5 years
while >3 siblings remained similar to at age 3 years.
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Table 10. Simple regression analyses of social factors at ages 3 and 4-5 years and their
association with deft > 0 at age 6 (Paper IV; simple regression analyses).

Social factor Age 3 years Age 4-5 years

OR 95% CI p-value OR 95% CI  p-value

Foreign

background”
Yes 4.6 3.00-7.05 <0.001 4.3 2.49-745 <0.001
No 1 1

Low economy”
Yes 2.8 1.89-4.22 <0.001 2.2 1.33-3.62 0.002
No 1 1

Low paternal

education level*
Yes 24 1.49-3.96 <0.001 24 1.30-4.44 0.005
No 1 1

Low maternal
education level
Yes 2.8 1.60-4.78 <0.001 2.7 1.25-5.64 0.011
No 1 1
Single-parent
family
Yes 22 1.19-3.73 0.01 1.5 0.82-2.87 0.185
No 1
> 3 siblings
Yes 1.7 1.14-2.59 0.01 1.7 1.01-2.82 0.044
No 1 1
OR, odds ratio; CI, Confidence Interval
p-values < 0.05 were considered significant
foreign background (child or one or both parents born in a non-Nordic country)
bunder 60% of the Swedish median income
¢< 9 years of education

4.5 AGE GROUP CARIES RISK
ASSESSMENTS

4.5.1 AGE 1 YEAR

Paper II assessed 34 (4.4%) of the 1-year-old children as having a high risk of
developing caries in coming years, and Paper 111, 39 (4.9%) of the children. A
high caries risk at age 1 was associated with caries at age 3 in both Papers (II
and III; thesis Table 11). The predictive ability of the caries risk assessment at
age 1 year, having high risk for caries and caries at 3 years (deft > 0) was 58%
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of the individuals in Paper II and 62% in Paper III (Table 13); that is, 58% and
62% of the cohorts could be correctly classified with caries or no caries.

Risk assessment sensitivity at age 1 year was 21% in Paper Il and 28% in Paper
III. Thus, assessment correctly classified 21% and 28% of the children with
risk of caries and caries at 3 years age. Specificity of 96% showed that 96% of
the 1-year-olds assessed as having no risk of caries had no caries at age 3
(Papers 11, III). PPVs for children with a high caries risk at age 1 and a deft >0
at age 3 were 12% in Paper Il and 18% in Paper III, which means that 12% and
18% of those assessed with a high risk of caries had developed caries.

Table 11. Association of a high risk of caries at baseline with a A deft > 0 at follow-up. At age
1 year, deft = 0 in all children.

Aged Age at
( gejlrs) Caries risk  follow-up n OR 95% CI p-value Paper
y (A deft > 0)
1 High Risk® 3 4 6.0 2.03-20.74 0.002 I
Low Risk 3 16 1
1 High Risk® 3 7 9.0 3.53-23.27 <0.001 111
Low Risk 3 18 1
1 High Risk® 6 18 52 2.66-9.98 <0.001 111
Low Risk 6 109 1
3 High Risk® 6 16 17.6 6.73-45.95 <0.001 111
Low Risk 6 103 1
3 High Risk! 4-5 14 7.4 3.37-16.31 <0.001 v
Low Risk 4-5 23 1
3 High Risk! 6 22 5.9 291-12.14 <0.001 v
Low Risk 6 60 1
4-5 High Risk! 6 40 8.4 4.82-s14.54 <0.001 v
Low Risk 6 38 1

OR, odds ratio; CI, Confidence Interval; n = number of children; A deft, the increase in deft
related to baseline; p-values < 0.05 were considered significant; statistical analysis was done
using simple regression analyses

2Baseline age in years at caries risk assessment.

PCaries risk assessment at age 1 year with one of two outcomes: “Low risk” or “High Risk”.
“Manual caries risk assessment with four outcomes at age 3 and pooled into two groups: “Low
risk” and “High Risk”.

dAlgorithm-based caries risk assessment with three outcomes at 3 and 4-5 years of age and
pooled into two groups: “Low Risk” and “High Risk”.
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Table 12. Overview of designed models and the included combinations of oral, environmental
and social factors at 1, 3 and 4-5 years of age. Age in subscript.

Variables Designed caries risk assessment models

a | b e |di e [ fi g |h i |3 |ks |13 | mg| ngs

04-5

Oral factors

High-Risk at N AN
age 3 years

High-Risk at N
age 4-5

Bacterial test

Presence of MS N N N

High MS score® N N \

Environmental
factors

Siblings with N NIRRT

caries

Night meal

< | <]
< | <]
< | <]
< | <]
< | <]
< | <]
< | <]
< | <]
< | <]

Beverage other
than water
between meals

Social factors

Foreign N N N
background®

>3 siblings

Single parent
family

Low paternal
education level®

< < < | <
< < < |2

Low maternal
education level®

2| 2| <2|=2| =<

having >10°CFU/ml
bforeign background (child or one or both parents born in a non-Nordic country)
‘having <9 years of education
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Table 13. Predictive ability (AUC) of caries risk assessment in retrieved dental records and
best-fitting caries risk models for various ages (Papers II-IV). Explanation of included factors
in different models see Table 12.

Age at risk Age at Risk Caries risk  Model
assessment deft >0 assessment model named Paper
(years) (years) (AUC) (AUC)
1 3 0.58 0.80 a I
1 3 0.58 0.80 by I
1 3 0.58 0.80 Ci I
1 3 0.62 0.78 di 11
1 3 0.62 0.78 €1 11
1 3 0.62 0.79 fi 11
1 6 0.58 0.65 g 11
1 6 0.58 0.66 h 11
1 6 0.58 0.65 i1 11
3 4-5 0.69 0.78 B3 v
3 4-5 0.69 0.78 ks v
3 6 0.63 0.70 13 v
3 6 0.63 0.70 m; v
4-5 6 0.78 0.82 Ny v
4-5 6 0.78 0.82 045 v

AUC, area under the receiver operating characteristic curve; deft, decayed, extracted, and filled
primary teeth.
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4.5.2 AGE 3 YEARS

Paper III assessed caries risk manually through analyses of family, medical,
and dental factors. Risk assessment in Paper IV used an algorithm-based tool,
assessing caries status (excluding occlusal surfaces), dietary habits, oral
hygiene, and medical risk. At age 3, 22 (3%) of the children in Paper III and
37 (6%) in Paper IV were assessed with high caries risk. Simple regression
analyses showed that children with a high risk of caries at age 3 were associated
with caries (i) at ages 4-5 (Paper IV; thesis Table 14) and (7i) at age 6 (Papers
111, IV; thesis Table 14). The predictive ability of caries risk assessment at age
3 and a deft > 0 at age 6 was 68% in Paper III and 63% in Paper IV (Table 13,
Figure 10), which means that 68% of the children were correctly classified by
the caries risk assessment in Paper I1I. The predictive ability of the caries risk
assessment to find the proportion of those who would develop caries, that is,
sensitivity, was 41% in Paper III. The PPV showed that 52% (Paper I1I) and
70% (Paper 1V) of the children with a positive test would develop caries. The
caries risk assessment at age 3 showed (i) a sensitivity of 43% and a specificity
of 95% at age 4-5 years and (ii) a sensitivity of 30% and a specificity of 96%
at age 6 (Paper IV).

Table 14: Association of high caries risk at baseline with deft > 0 at follow-up.

Age*  Caries risk (;Ae%te : :) n OR 95% CI p-value Paper
3 Iffvhv Essf 2 12 007 631’0 145427376 <0.001 I
3 Iffvl; RRIIZIE j:z ;? 1‘;’5 6482962 <0001 IV
3 Iilfvl; RRIIZIE 2 ég 9i6 4482046  <0.001 IV
45 Iffvl; RRIIZIE 2 2; 367 1847-7295  <0.001 IV

OR, odds ratio; CI, Confidence Interval; n = number of children; p-values < 0.05 were
considered significant; simple regression analyses. deft, decayed, extracted, and filled primary
teeth.

2Age in years at caries risk assessment

®Manual caries risk assessment with four outcomes at age 3 and pooled into two groups: “Low
risk” and “High Risk”.

¢Algorithm-based caries risk assessment with three outcomes at 3 and 4-5 years of age and
pooled into two groups: “Low Risk” and “High Risk”.
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Caries risk assessment at 3 and 4-5 years age
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Figure 10. Caries risk assessment at ages 3 and 45 years with deft > 0 at 6 years age.
Receiver Operating Characteristic (ROC) curve, depicting the predictive capability of the
caries risk assessment at ages 3 and 4-5. The area under the ROC curve in caries risk
assessment R23 is 0.63, and in caries risk assessment R24 s, 0.78 (Paper IV).

4.5.3 AGE 4-5 YEARS

At ages 4-5 years, 79 (13%) children were assessed with a high risk of caries
(Paper IV). A high caries risk at age 45 was associated with caries increment,
a higher deft at age 6 (Paper IV; thesis Table 11). The predictive ability of
caries risk assessment was 78%, a measure of how well the caries risk
assessment correctly identified high caries risk (Figure 10). Caries risk
assessment had a sensitivity of 59%, a specificity of 96% (Paper IV), and a
PPV of 85% for caries risk at ages 4-5 years with a deft > 0 at age 6.

The predictive ability of caries risk assessment by R2 increased with age and
when risk was assessed closer in time to the next follow-up, shown by higher
AUC (Figure 10).
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4.6 CARIES RISK ASSESSMENT AND
CARIES DEVELOPMENT

4.6.1 CARIES RISK ASSESSMENT AND CARIES
FREE

Paper III found an association between caries-free children with a high risk of
caries at age 3 years and caries development at age 6 (OR 5.0; 95% CI 2.08-
12.03). Caries risk assessment was supplemented with familial, medical, and
dental factors. In contrast, Paper IV found no association between caries-free
children with a high risk of caries at age 3 and caries development at ages 4-5
(OR 2.0; 95% CI 0.76-5.16) or at age 6 (OR 1.6; 95% CI 0.72-3.41). Caries
risk assessment was supplemented with caries status (occlusal caries
excluded), dietary habits, oral hygiene, medical risk.

4.6.2 CARIES RISK ASSESSMENT AND CARIES
INCREMENT

Children with a high risk of caries were associated with caries increment at
next follow-up (Papers III, IV; thesis Table 11). Sensitivity increased when
risk was assessed at higher ages (Paper 1V; thesis Table 15). Of the children
with a low risk of caries at age 3, 10% developed caries at age 4-5 and 20% at
age 6. Children with assessed having low risk of caries at 3 years of age still
are caries free at age 6 compared to those who developed caries (Chi
p <0.001; Paper IV).

Table 15. Sensitivity, specificity, and predictive ability (AUC) of high caries risk at baseline
with deft > 0 at follow-up (Paper IV).

Age ?itsf(arles Age with
s e o e o o
assessment® A deft>0 Sensitivity (%) Specificity (%) AUC
(years) (years)
3 4-5 38 92 0.65
3 6 27 94 0.61
4-5 6 51 89 0.70
AUC, area under the receiver operating characteristic curve. deft, decayed, extracted, and
filled primary teeth.
2Baseline
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4.7 CARIES RISK MODELS

The first models designed attempted to predict caries at 3 and 6 years of age
based on data when the child was 1 year old (Papers Il and III). The first
designed models (ai-ci) in Paper II were based on the bacterial test and the
questionnaire responses of the guardians at the 1-year visit of the children who
had developed a deft>0 at age 3 (Table 12). Model a; included three
environmental factors: siblings with caries, night meals, beverages other than
water between meals and showed a predictive ability of 0.80 (Paper II; thesis
Tables 12 and 13). In model bi, the oral factor presence of MS was
supplemented to model a;, and in model ¢, high MS Score was supplemented
to model a; the predictive ability was still 0.80 (Paper II) (Tables 12 and 13).

Paper 111 tested the models, (di-fi), (age 1 year and deft > 0 at age 3 years) with
the same environmental variables as in the previous models (a;-c1) (Table 12).
Predictive ability was 0.78 for the three environmental factors (Paper I11; thesis
Table 13). Inclusion of presence of MS at age 1 had no effect on predictive
ability, but including high MS Score increase the predictive ability (0.79)
(Table 13). In the Paper III cohort, different models were tested (gi-i1), this
time for use with data collected at the 1-year visit of children who had
developed deft>0 at age 6; the models included bacterial test and three
environmental factors: night meals, beverages other than water between meals,
and sibling with caries (Table 12). With the presence of MS included, the
model had a predictive ability of 0.66 (AUC 0.66); exclusion of bacterial test
had a harmless effect on predictive ability (Paper III; thesis Table 13).

In Paper 1V, attempted to design models that would predict caries at ages 4-5
and at 6 when the child was 3 years old (j3-m3) and 4-5 years old (n4-s and 04-
5) (Figure 11;thesis Tables 12 and 13). Caries risk assessment at these ages was
done using R2, an algorithm-based program. Adding social factors, including
on family dynamics and socioeconomic aspects, to the caries risk assessment
increased predictive ability for deft > 0 at age 6. The model 13, for 3-year-olds
were based on the R2 caries risk assessment at age 3 and these factors: > 3
siblings, living in single-parent family, and low parental education level
(Tables 12 and 13). The caries risk assessment alone had a predictive ability of
63%; when the social factors were combined with the risk assessment,
predictive ability for deft > 0 at age 6 increased 7%, to 70% (AUC 0.70; Paper
IV; thesis Figure 11; thesis Table 13). A similar model, used with an R2 caries
risk assessment at ages 45 years, increased predictive ability for caries at age
6 by 4%, to 82% (AUC 0.82) (Table 12 and 13). This model (nss) was
combined with these social factors: foreign background, > 3 siblings, and low
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paternal educational level (Paper 1V; thesis Figure 11, thesis Tables 12 and
13).

Social factors improved the predictive ability of the models to a greater extent
at age 3 than at ages 4-5 years. In both age groups, model sensitivity was
higher, and specificity lower compared to using the caries risk assessment
alone (Paper IV; thesis Table 16).

Table 16. Sensitivity and specificity of the three risk models at ages 3 and 4-5 years for deft
> () at age 6, derived from ROC curves in Figure 11 (Paper IV).

Model Sensitivity Specificity
3 66 73
bmy 63 72
‘N4 s 73 83

ROC, receiver operating characteristic

dincludes R2 caries risk assessment and these social factors: foreign background,
>3 siblings, and living in a single-parent family.

bincludes R2 caries risk assessment and these social factors: >3 siblings, living in a
single-parent family, and low parental educational level.

‘includes R2 caries risk assessment and these social factors: foreign background,
>3 siblings, and low paternal educational level.
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Caries Risk Models at 3 years age
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Figure 11 a-b. Receiver operating characteristic curve showing the predictive ability of three
caries risk models for 3-year-olds and two for 4-5-year-olds. The models take into account
caries risk assessment and social factors for children with deft > 0 at age 6 and are the models

that best predict caries risk.
(a) Caries risk assessment R2 at age 3
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Model l5: based on the caries risk assessment R2 and these social factors: foreign
background, > 3 siblings, and living in a single-parent family; Model ms: based on
the caries risk assessment R2 and these social factors: > 3 siblings, living in a single-
parent family, and low familial educational levels.

(b) Caries risk assessment R2 at ages 4-5 years
Model n4 5: based on the risk assessment R2, and these social factors: foreign
background, > 3 siblings, and low paternal educational level.

The predictive ability (AUC) of three caries risk models was higher than the
clinical caries risk assessments alone in Papers II-IV (Table 13).

4.8 DROPOUTS AND EXCLUDED CHILDREN

4.8.1 PAPERI

The 1,121 children who visited the Ostergétland County PDS clinics in 2001
2010 for their 1-year visit were initially selected for the Paper I study cohort.
Of these, 44 were excluded due to an incomplete questionnaire and 27, due to
a missing bacterial sample (Figure 6), a total of 71 (6%). The study cohort
comprised 1,050 1-year-olds.

4.8.2 PAPERIII

The 1,050 children who visited the Ostergétland County PDS clinics in 2001
2009 for their 1-year visit, essentially the same cohort in Paper I except for
those born in 2010, were selected for the Paper II study cohort. Of these, 174
(16%) dropped out due to moving from the district, switching to a private
dentist at age 3 years, or locked dental records. Another 59 were excluded due
to missing data and 38, not fulfilling other inclusion criteria, equaling 97 (9%)
(Figure 6).

Only 1-year data for the dropouts and excluded children were analyzed.
Differences between the study cohort and the group of dropouts and excluded
children were significant for prevalence of MS (chi-square; p < 0.001) and Aigh
MS Score (chi-square: p =0.02). These variables were higher in the study
cohort.
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4.8.3 PAPERIII

The 1,050 children who visited the Ostergdtland County PDS clinics for their
1- and 3-year visits were selected for the Paper III study cohort. Of these 207
(18%) dropped out due to moving from the district, switching to a private
dentist at age 3 years, or locked dental records. Another 38 were excluded due
to a missing clinical examination and 1, due to missing data, equaling 39 (3%).
Of the excluded children in Paper II, 58 were included in Paper III (Figure 6).
The only significant difference between the group of dropouts and excluded
children (from Papers II and III cohorts) and the Paper III study cohort was in
the variable beverages other than water between meals, which was more
common among the dropouts and excluded children (chi-square; p = 0.005).

4.8.4 PAPER IV

Dental information for the 1,048 children in the Kalmar County PDS who were
initially selected for the Paper IV study cohort was retrieved from the SKaPa
Registry. The children had been born in 2012 and assessed for caries risk at
ages 3 and 6 years. Of this group, 381 (36%) were excluded due to a missing
examination code (a documentation error) in the registry. Without the code,
information on caries status was impossible to retrieve (Figure 7). However,
dental records for the excluded children could be retrieved from County
records, and analyses found no significant differences between the final study
cohort (included children) and the group of excluded children in the R2
assessment of caries risk at age 3 (chi-square with Yates correction; p = 0.39).
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5 DISCUSSION

This thesis focused on risk factors and risk indicators for caries in preschool
children with the aim of increasing predictive ability in caries risk assessment.

MAIN FINDINGS

The major finding of this thesis is that combining environmental and social
factors with the traditional oral risk factors used in clinical assessments of
caries risk improves the predictive ability of the caries risk assessments in
preschool children (Paper IV).

Other findings include those social indicators associated with caries status
(such as, foreign background, low economy level, and living in a single parent
family) are more important in 3-year-old children than in 4- or 5-year-old
children. Caries risk assessments have limited durability over time (Paper IV).

This thesis found that presence of MS did not add to the predictive ability of
caries risk models; thus, supplementing the caries risk assessment with

anamnestic questions provides information of similar value to bacterial test
findings (Papers 11, III).

In everyday clinical practice, screening with bacterial samples is costly and
time-consuming. Thus, the purpose of Paper I was to find coexisting factors
with mutans streptococci that could replace bacterial screening. Presence of
MS was dichotomized: presence or no presence of MS. Number of MS colonies
(CFU) was grouped into four scores. We found that 7% of the children had a
high score, in line with the Grindefjord et al. study (51). All parents of children
with presence of MS received information and advice on how to limit the
negative effects of bacteria with toothbrushing two times/day and reduce
sweetened snacks. Presence of MS, however, could have influenced caries
development in their child. The bacterial test might have a higher impact on
parents as an educational instrument than mere numbers, being a visual
representation of the importance of oral hygiene for their children.

One child in this thesis with no erupted teeth had presence of MS. This seems
impossible since MS needs a tooth surface in order to colonize. For this reason,
such a bacterial test should be repeated after a few months to confirm presence
of MS. However, Florio also reported presence of mutans streptococci in
children without teeth (49).
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High levels of mutans streptococci at age 1 were associated with caries in
multiple regression analyses at age 3, and presence of MS at age 1 was found
to be associated with caries at age 6 in a multiple regression analysis. Despite
this, inclusion of bacterial results in models for caries risk did not improve the
predictive ability of the models. These findings suggest that presence of MS
together with other risk factors does not improve prediction for caries in the
risk models. Havsed had an interesting reflection, that the effect of including
MS in prediction models could be overestimated, since testing has shown that
caries can occur in the absence of MS (120).

The risk models designed for predicting caries in Paper II had a higher
predictive ability when including the factors; siblings with caries, night meals,
and beverages other than water between meals than the caries risk assessment.
Sibling with caries, and dietary habits, night meals, and beverages other than
water between meals, were signs of the family’s lifestyle habits, which were
considered to comprise caries risk factors. This illustrates the importance of
collecting anamnestic information about the family’s caries experience and
dietary habits. This is in line with Tinanoff et al., who describe dietary habits
and sugar consumption as risk factors, and Grieshaber, who found that caries
in an older sibling increased the risk of caries in a younger sibling more than
three times (5, 121).

Paper IV found that social indicators of importance were foreign background,
parental educational level, family situation, and low economic situation,
though low economic status had no effect on predictive ability in the caries risk
models. The social indicator with the highest OR was foreign background. The
information of the social situation existing in the life of a preschool child’s
environment influence the caries development of is valuable information to be
used in caries risk assessment and predictive risk models. This agrees with
other studies (60, 62, 122, 123). An interesting finding was that social
indicators decreased in importance with increasing age. A young child is more
vulnerable to its social environmental than an older child, and risk factors and
risk indicators will change. This is in line with Anderson and discussed by
Christian et al. (62, 123).

The Swedish social dental model, the PDS, encourages individuals to have
regular dental examinations. Preventive care is well established in PDS
routines. The PDS was initiated in 1938, with the aim of providing children in
the community with an opportunity of acquiring good oral health (124). In
1957 the WHO determined that fluoride was the only cure for caries and the

45



Caries Risk Factors and Risk Indicators in Preschool Children

best thing was to fluoridate the drinking water. In the end of the 50s different
types of toothpastes with fluoride were developed to limit the decay of the
enamel (125). The Swedish “Fluortant” (Fluoride lady) started in the 1960s
with fluoride rinsing in school for children (126). Another Swedish idea was
“lordagsgodis” (limiting candy consumption to Saturdays) (127). The tradition
began as a health recommendation in 1959 following the government-funded
Vipeholm experiments (127). These ideas, aiming to improve oral health and
create the conditions for maintaining good oral health, are well established in
Swedish society.

New citizens may find it difficult to adopt Swedish dental care routines and
recommendations when they come from a different culture, have lived under
different conditions, and lack information on dental health and available dental
care resources. In Sweden, both parents work outside of the family and most
Swedish children attend preschool from an early age, where regular meals are
served and access to sugar is limited. In other cultures, this could be different.
Not all women have a work to go to, and the children stay at home. In a single-
parent family, the care of the child can be affected: moving back and forth
between parental residences and parental disagreements on how to bring up the
child can be added difficulties. Parental education level can affect how
information is interpreted and transformed into knowledge that will improve
the health of the family (128).

It may seem that the findings of caries-associated social indicators are instead
coexisting factors and do not contribute to an increased predictive ability in a
caries risk assessment model, this is important to analyze. Let’s play with the
thought that all children with caries have brown eyes. This does not mean that
brown eyes are a risk indicator for caries. Thus, indicators that are found to be
associated with caries must be evaluated in relation to the caries risk
assessment to determine whether the indicators actually enhance the predictive
ability of the caries risk assessment. In Paper 1V, this was done by creating
models that included data on social indicators to an already performed caries
risk assessment. Still, data on oral factors are a prerequisite for making a caries
risk assessment (57, 101).

This thesis highlights the importance of an overall assessment that includes
oral, environmental, and social factors. No new risk factors were found;
instead, the existing caries risk assessment tool was refined and further
developed with known indicators that have been found to coexist in children
with caries (44, 60). In this thesis, well-accepted indicators were combined
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with R2, currently, the commonly used caries risk assessment method. The
chosen indicators were retrieved from the SCB registry for each participating
child. Different groups of social indicators were combined with the clinical
caries risk assessment to form models that could be tested for caries prediction.
The models designed for 3-year-olds in Paper IV (I3 and ms3) had a similar
sensitivity and specificity as Cariogram alone, with no bacterial test (Figure
11; Tables 3 and 15) (103, 107). The caries risk model for use with 4—5-year-
olds (ns-s) had higher sensitivity and specificity than Cariogram (Figure 11;
Tables 3 and 15). These models, 13, m3 and ns_s, have a lower sensitivity and a
higher specificity as AAPD CAT (Tables 3 and 15) (107). Antunes and
Featherstone both define tough caries as a multifactorial disease where all risk
factors and risk indicators should be assessed at the same time (57, 91).

Overall, before analyses the variable responses in the Papers were
dichotomized in “yes” or “no”, as other research has previously done (62).
When dichotomizing, some information is lost, and a less sensitive instrument
is created. Paper IV dichotomized the factors and indicators through pooling
after consulting other studies with similar caries risk factors and risk indicators.
Caries risk factors and risk indicators with more than two levels would
probably be able to provide a more refined, accurate risk assessment; however,
so much data would make calculations complex and require software. One
example would be to use an Al tool to further refine risk assessment. These are
complicated questions, and whether Al is a viable method for improving caries
risk assessment would be an interesting question for future research. Published
studies have already used machine learning models to predict risk factors (129-
131).

Children who were caries free at the caries risk assessment but who had
developed caries at the follow-up are the children who are difficult to find
using the prediction models, even though knowledge that tooth decay increases
with age (23, 29). Paper 111 found that caries-free children assessed as having
a high risk of caries were associated with a deft > 0 at the next follow-up. Paper
IV observed the opposite; caries-free children with a high risk of caries were
not associated with caries development at follow-up. This thesis has not
studied interventions that public dentistry has carried out after caries risk
assessment, or which interventions have been carried out at home to reduce the
risk of caries.

Children with caries experience and assessed as having a high risk of caries
were associated with further development of caries at follow-up in Papers III
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and I'V. This probably indicates that the presence of caries is a strong predictor
of continued development of caries and is important when risk assessment is
carried out agrees with Mejare and Twetman (97, 99). The thesis results can
be interpreted in several ways: children who were caries-free and judged to be
at high risk received preventive treatment that showed positive results at
follow-up. In Paper III, the interpretation could be that the children received
either did not receive preventive treatment or the preventive treatment did not
have the intended effect. No analysis of the subsequent treatment given after
caries risk assessment has been done in this thesis. However, when experience
of caries is a factor in predictive models, the predictive ability of the model is
lost and is rather a caries risk assessment model. This agrees with Hansel (100).

Dividing assessed risk into more than 2 risk levels complicates the handling of
the risk assessment. For children aged 0-3 years, any risk factor should be
seriously considered since caries can have major consequences in a short time.
To determine whether the risk is moderate or high is complicated, though risk
factors affect the development of the disease differently. The AAPD CAT for
children up to age 3 years adopted this approach and presents overall risk in
two categories: low or high risk (113).

Results of caries risk assessments are commonly divided into 3 or 4 risk levels
(5,57, 101). Children at high risk are the ones to be identified, after an overall
assessment. Before analysis in the thesis, new divisions of risk levels were
made to further focus on children at high risk. Different groups were combined
to create only two, for low and high risk, which was a development from the
published papers (Papers Il and III; Thesis Table 7).The Swedish National
Board of Health and Welfare supports the theory of two risk groups (132).

Risk level “No Risk” (0) in Paper III was analyzed as no risk, and “Low Risk”
was analyzed as “High Risk”. This might cause misunderstanding when
explaining the weighting of risk assessment After publication of Paper III data
on high risk groups have been re-analyzed for the thesis (Table 7).

Evaluations of caries risk assessment are rather complicated and have a
paradox, as Twetman described (99). If high risk was assessed, and preventive
treatment turned out well, with no caries developing at the follow-up, the
conclusion is that the caries risk assessment was “incorrect” because caries,
that is, the outcome, did not develop. In cases where caries does develop, the
caries risk assessment is considered “correct”. This is confusing as there are
no other established ways to follow up the caries risk assessment other than
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presence of caries. This paradox makes it difficult to draw any conclusions
about how well the caries risk assessment functions.

Including anamnestic questions about environmental factors in a caries risk
model for children aged 1 year increased the predictive ability of the clinical
caries risk assessment by 16% (Paper I1I). When the caries risk assessment was
supplemented with indicators about family and social status in Paper IV,
predictive ability increased in both 3 and 4-5-year-old children. In addition,
the results show that certain indicators are more important for the 3-year-old
child than for the slightly older child. This information is also important to
consider when implementing caries risk programs. Social indicators have
varying degrees of influence depending on the child’s age. This is shown by
the variation in ORs for different risk factors and risk indicators at different
ages. When the child is young, it is important to include social indicators in a
caries risk assessment. The results are in line with Anderson and Christian (62,
123). This may be obvious since a younger child is in a dependent position
concerning its parents and the social environment. In contrast, Cariogram does
not contain social or environmental indicators as these factors are expected to
affect other oral risk factors and are thereby made visible (101).

In Paper I11, various models were used to assess predictive ability of caries risk
assessment. Family and environmental information acquired at the age 1-year
visit was used in a caries risk model, which showed caries predictive ability
being equal to caries risk assessments at age 3 and at age 6. If the information
from the 1-year visit had been used in a caries risk model at the 1-year visit
and interventions had been made, the caries situation at the follow-up might
have been different. Environmental and family factors are important to include
in a risk model at an early age. This is in line with Antunes and Featherstone
(57, 91). As Featherstone wrote: “A combination of all factors that affect caries
development should be included in caries risk assessment” (57).

A common risk program for all age groups in a clinic tends to work worse than
risk programs tailored for the individual age group. Predictive ability differs
with age group because certain factors are more important at some ages and
less at others. Thus, caries risk is age specific. Supplementing a caries risk
assessment tool with questions about environmental and social conditions, and
thus, improving the predictive ability of the caries risk assessment in the
youngest age group, in preschool children, would be desirable. The results
from the Papers in this thesis show the importance of using data from the
environment and the social circumstances in which the child lives, in order to
improve and refine the caries risk assessment for young children. Collectively,
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the works in this thesis offer suggestions for a new risk model. A caries risk
model should be designed for preschool ages because environmental and social
indicators have been shown to be more important for the preschool child.
Young children cannot take responsibility or make decisions for themselves,
but they are referred to the behavior of their caregivers regarding health habits.
Younger children are more affected by their social situation than older children
(61, 62, 123).

In this thesis risk factors and risk indicators in preschool children showed
increased prediction when extended to the common caries risk assessment with
unique individual data, thus, one recommendation is to collect data from
environmental and social indicators in order to supplement the existing
assessment model, R2 (Table 17).
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Table 17. Recommendations for supplemental factors and indictors that would improve the
predictive ability of the caries risk assessment tool, R2, for preschool children.

Factors and Items Supplement
indicators to R2
General health Systemic disease

Medication
Oral factors Caries experience®

Plaque on teeth

Dietary factors Night meal® 4
Snacking®
Drinking other than water between v
meals

Oral hygiene Tooth brushing?

Protective factors Fluoride use

Environmental Siblings with caries® N

indicators Number of siblings® N
Family situation’ 4

Social indicators Education level of parents® v
Foreign background" V4

2 Signs of clinical caries (4)

®night meals after age 1 year

¢> 3 snacks/day

4 tooth brushing once or twice a day with or without support
¢siblings with caries, having > 3 siblings

fliving in a single-parent family

¢ low parental educational level (<9 years)

" child or parents born in foreign country (non-Nordic)

The predictive ability of caries risk assessment increased when it was done
closer to the follow-up. This confirms that caries risk assessment should be
revised frequently and regularly. A caries risk assessment provides a snapshot
of the child’s caries risk factors, risk indicators, and protective factors for that
very moment. Caries risk factors and risk indicators may change over time, and
updating and expanding information about the child is necessary. Thus, caries
risk assessment needs to be revised over time. This is in line with Twetman
(99, 133). Major events in the family such as separation, new siblings, and a
new family member can affect the child’s sense of security in their situation
and risk factors and risk indictors for caries. Therefore, regular frequent contact
with the family in order to update information about the family situation is
important. The frequency of such contacts could be based on the previous
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caries risk assessment and done either in-person or digitally, considering
today’s technique. Of course, determining the general oral status should be
done in-person. This is especially important when it comes to children and the
responsibility that dental care has in the social safety net.

An in-person meeting with the young child and their guardian is necessary for
assessing diet and oral hygiene habits. Caries risk assessment is based mainly
on oral factors. Thus, frequent in-person visits are essential, also because caries
risk assessments have limited durability.

Children with a high risk of caries development could need both in-person and
digital support. When caries risk is low and in-person visit intervals are long,
digital care meetings could occasionally suffice, but in the long term, they
could never replace the in-person visit with a clinician. Digital visits are mainly
opportunities for updating contact information and changes in environmental
and social indicators. When changes that could affect caries development do
occur, in-person support from the dental health care team could be important.
Another purpose of the clinical visit is to look at the child's overall situation,
to discover children who are exposed to neglect or child abuse, in addition to
caries and dental development that can affect their quality of life (134). There
is a risk that the limited public resources for dental care might cause recall
intervals to be revised, with some being replaced with digital meetings (132,
135). Even if recall intervals are extended publicly, it is important not to lose
contact with the family; this applies especially to families with young children.

In Sweden, the National Board of Health and Welfare recommends that
children with an assessed, low risk of oral disease should have dental visits at
18—24-month intervals, and children with a high risk of oral disease, at 12—15-
month intervals (132). Oral health in children's dentistry includes more than
caries, tooth development, tooth structure, bite deviations and follow-up after
dental trauma. The recommendation to extend the interval between
examinations for children with a low risk of oral health may mean that a change
in the risk of caries, depending on changed circumstances in the family, the
intervals become too long from a caries perspective. This is a consideration
when extending intervals up to 24 months for a young child.

Dahlgren & Whitehead described the social determinants in the family that
influence parental behaviors and capability to implement suggested changes in
oral habits (39). Parental habits, behavior, and priorities are guided by held
attitudes and based on level of knowledge and health literacy that is, the ability
of individuals to acquire, understand, and use information to maintain,
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promote, or improve health (123, 136). Currently known social factors
associated with caries are not easy to change; thus, it is important that we learn
about these factors in order to create supporting functions for families and their
children.

METHODOLOGICAL ASPECTS

The PDS clinic in Papers I-III served several residential and socioeconomic
areas. Caries experience in this catchment area can be described as low
compared to figures for the region and national figures. Since data collection
occurred over the span of 2004-2015 in Papers II and 111, a change over time
was observed for caries experience (deft > 0; Table 1).

Caries status in the catchment area of Papers Il and III was below regional and
national levels. Thus, their results may not be generalized nationally. They
have relevance for an area with a low prevalence of caries. These results may
also be affected by the inclusion in Paper I, which consisted of those who came
to the first visit at age 1 year; no further analyses were done for those who
dropped out.

The study cohort in Paper IV comprised all children born in 2012 in Kalmar
County. Caries experience for children aged 3 years was shown to be 6% and
at the documented national experience at that time, was 5%. For children aged
6 years, caries experience was shown to be 25% and at the national level, 24%
(Table 1). Thus, caries experience in Paper IV is comparable for both regional
and national levels. The results Paper IV can be considered generalizable.

The differences in caries experience in a population affect the predictive ability
of risk models. In Papers III and IV, caries experience in 6-year-old children
varied between 16% and 25%, which could increase the predictability of caries
risk models.

Children who were judged to be at risk of developing caries in Papers [-IV
received preventive treatment in the form of information, fluoride, and non-
invasive and invasive treatment to prevent caries development or progression.
Not offering treatment as standard procedure would have been unethical.
Despite the planning of preventive efforts, there were children who did not
come to the visits, which then meant that changes in possible risk factors could
not be influenced.
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Comparing the results and variables in the papers with other studies is
problematic. Generally, fewer variables are studied, and the variables are
named and categorized differently in the predictive risk models. Havsed found
that different studies considered 150 predictors similar, and that between 3 and
46 variables had been included in various risk models (120).

ETHICAL CONSIDERATIONS

Ethical approval:

Papers I-11I: The Regional Ethics Board at Linkdping University, Linkoping,
Sweden (Daybook no. [Dnr] M126-06, 2011/465-31, and 2018/344-32).

Paper IV: Swedish Ethical Review Authority (Daybook no. [Dnr] 2021-00887,
supplements 2022-01739-02 and 2022-03206-02.

The Regional Ethics Board and PDS in Ostergdtland approved data collection
from dental records. “Evaluation of methods for caries risk assessment in
preschool age” ( Papers I-11I).

In 2020, Sweden adopted The United Nations Convention on the Rights of the
Child (UNCRC) as law (137). It defines children’s rights to be healthy, grow,
develop, and have a good quality of life (137). Since 2015, the United Nations
has adopted 17 global goals. Number 3 is “ Good Health and Well-being.
Ensure healthy lives and promote well-being for all at all ages” (138).

Caries, a non-communicable disease, is still a common disease in children that
affects their quality of life. Experience of caries causes pain and infection and
affects daily life. The experience also affects eating and disturbs sleeping,
which could influence physical growth. It is important to develop caries risk
models in order to find individuals at risk of developing caries, even in regions
with a low caries prevalence, to avoid caries development. By refining the
caries risk assessment and preventing the development of caries, the quality of
life can be improved for both the child and the guardian. Risk factors and risk
indicators affect children differently at different ages. Several studies have
pointed out that risk models should be designed and calibrated in the region
they will be used in (97).

The continual refining of caries risk assessment is important, as we know caries
not only affects the quality of life in the short term, but also raises the risk of
future problems in adulthood. The etiology of caries is known, so directed
prevention of caries will improve the quality of life. The purpose of tailored
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prevention strategies, results of highly reliable caries risk assessments, are to
optimize the planning of interventions. Reduced caries prevalence leads to a
better quality of life for both the child and the family. Societal financial costs
are also reduced if fewer reparative treatments are needed (139). Resources in
dental care are limited and those who are most in need and at highest risk must
be prioritized for care. Children should be neither over-treated nor under-
treated.

Papers -1V incurred neither benefit nor harm in the study cohorts. A hope is
that children of tomorrow can benefit from the research findings through a
caries risk assessment with higher quality and accuracy. Improving the quality
and accuracy of risk assessments allows healthy children with a low risk of
disease to be more easily detected, so that public funds for unnecessary clinical
examinations can be used elsewhere more urgent (95). This research highlights
various risk factors and risk indicators for preschool children. To have a greater
impact on caries preventive efforts, dental care needs to collaborate with other
health and social actors. The research shows that caries risk factors and risk
indicators exist to different extents and with different compositions and
groupings and must then also be handled in different ways.

Objective caries risk assessment analyses, especially in preschool children, are
essential as caries and its following consequences and treatment are hard to
uncomprehend in young ages. In addition, this group has little opportunity to
make their voice heard about importance of optimized caries risk assessment
due to their age and level of maturity and are therefore especially vulnerable.
For this age group it is important to have an aged-specified caries risk
assessment model. The caries risk assessment in young children is a help to
prioritize the children with the greatest need for dental care. With limited
resources, the dental care carried out is forced to be prioritized, and in addition,
the resources must be used cost-effectively.

In Paper I, the bacterial test was part of the routine visit at age 1. All data were
retrieved from dental journal records. The children underwent no additional
treatment (Papers [-11II).

In Papers I-I11, the security numbers on the files were removed and data were
anonymized before statistical analyses began.

In Paper 1V, data from two registries (SKaPa and SCB) were used. The data
contained information on the patient’s relatives, which is considered sensitive;
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this was taken into account and protected. Data were sent encrypted with
double authentication between researchers, SKaPa, SCB, and back to
researchers. SCB merged all data, replacing the Swedish personal identity
numbers with serial numbers. Thereafter, it was impossible to trace any
individual throughout the studies.

STRENGTHS AND LIMITATIONS

A limitation of Paper I was that the dropouts were not documented. It would
have been interesting to compare the caries experience of those children to the
included children in Papers II and III. As a strength, four dental professionals
participated in the work of the 1-year visits during 2001-2010. At the child’s
1-year visit the bacterial sampling and caries risk assessment were done by the
same person. In Papers II-IV, several therapists participated over the years,
which could be a disadvantage since stances on diagnosis and caries risk
assessment can vary between individuals, however, this is how reality looks
and can be considered realistic. Working with well-known county routines and
guidelines enables equivalent assessments as far as possible.

Experience of dentin caries was retrieved from the dental records of the clinical
examination and not of enamel lesions. This may be a limitation because
enamel lesions are a first sign of caries disease. In Papers I-III, all data were
collected from one PDS clinic, which, however, involved different socio-
economic and demographic areas. This can be a disadvantage as it reflects a
specific catchment area. In contrast, data were collected throughout one county
in Paper IV which included different socioeconomic and demographic areas.
A larger catchment area may be an advantage. However, there was no
metropolitan area in the county, which might be a limitation.

In Paper III, oral factors like gingival conditions, oral hygiene, and dietary
habits are not presented separately, since they were included in risk
assessment. In Paper IV, gingival conditions, oral hygiene, and dietary habits
could not be retrieved from the registries. An advantage would have been to
present the data in the caries risk assessment separately. The caries risk
assessment in Papers III and IV provides an overall assessment and not
information about specific risk factors, for example, diet or hygiene habits.
This is a limitation. Oral and dietary habits have a great impact on the
predictive ability of caries risk assessments in preschool children (131).
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CLINICAL ASPECTS

The knowledge that caries prevalence (deft > 0) at age 6 is increasing may be
a sign that the caries risk programs are not adapted to children and changing
societal circumstances. The used programs fail to detect some of the children
who are at risk of developing caries. One reason is that the caries risk programs
are not adapted for different ages, thus new programs tailored for different age
groups would be a great clinical benefit.

Caries risk assessment plays an important role in planning return visit intervals,
which today are based on the risk to the child's oral health. Children with a low
risk of developing caries may have a recall interval as long as 24 months.

In the perspective of the child, 24 months is a long time, especially if we rely
on a caries risk assessment that lacks factors which may affect oral health
development or if the child’s environment changes. In the short perspective,
there could be consequences for caries development in the primary dentition.
Even if the caries risk of the child is low, regular contact with dental care at
individualized intervals is important. The dental team has an important role
when meeting the children and the guardians, to note changes that may be
affecting the child’s overall well-being.

The R2 caries risk assessment relies on an algorithm-based program to and
deliver a proposal. A caries risk assessment done manually uses a combination
of assessment forms and clinician knowledge acquired through previous
experience of assessments. The gut feeling about caries risk that Mejare,
among others, previously touched upon is difficult to explain but is dependent
on professional experience, which is under development in those who have
worked for a shorter time in dental care. Public dental care and other actors
who meet children and families regularly are important for finding children
who are in the risk zone, for impaired health and quality of life, and then
providing family support measures. Here, a collaboration could be an
advantage. The Swedish National Board of Health and Welfare has
recommended special interventions for families living in vulnerable
socioeconomic areas (132).

Since the causes of caries disease are multifactorial and well-known, there is
strong evidence that caries risk assessments should include more than oral
elements (57). Nevertheless, it is common for risk programs to omit
information on social and environmental indicators, relevant to the risk of
developing caries disease for preschool children. This can be compared to the
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scenario where a doctor has a patient with breathing problems and fails to ask
about smoking, leaving out factors that are well known to affect breathing.

Caries risk programs should be general, that is, able to be used by dental
personnel who can and must diagnose caries. The programs should be easy to
learn, and users should be able to evaluate and validate their patient’s caries
risk better. It is also clear that different ages have specific risk factors and risk
indicators that affect caries disease. How to validate risk programs designed
for different age groups? Adopting a caries risk program that has been
evaluated in areas where caries prevalence, living situations, and culture differ
will fail to address the new situation, therefore validation should be done in the
region it will be used in.

Health economy

Health economic evaluation of the health benefits of caries risk assessment in
children are complicated to analyze. To counteract the development of caries,
the first step is to perform a caries risk assessment and thereafter interventions
are planned and performed.

The interventions that are planned and carried out vary both at the clinic and
at home. Because caries is a multifactorial disease, it is difficult to evaluate
which different interventions give the best results. This means that it becomes
complicated to make a cost analysis of the health benefits of the caries risk
assessment. Even though it is complicated, it is important that an analysis of
the health effects of the risk assessment is made. In order to evaluate
implemented measures after a performed caries risk assessment, randomized
studies can be carried out, but this entails ethical problems because different
treatments on children with a high risk of caries will then be carried out.
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6 CONCLUSION

This is the conclusion of the general aim:

An overall caries risk assessment should include environmental and
social factors and information from an oral examination. Anamnestic
questions at one year of age can replace salivary test to find the risk
factor mutans streptococci. Social factors have a higher impact on the
dental health of young children than on older children.

These are the conclusions of the Papers:

Paper I: Early colonization of mutans streptococci in 1-year-old
children is associated with siblings with caries, drinking other than
water between meals.

Paper II: Children with caries at age 3 years had presence of a high
level of mutans streptococci, siblings with caries, beverages other than
water between meals, and night meals, at one year of age.

Paper III: Children with caries at 6 years of age had presence of mutans
streptococci, siblings with caries, night meals, beverages other than
water between meals, at one year of age. Caries risk assessment at age
one has low sensitivity and high specificity to predict caries at age 6
years in a region with low caries prevalence.

Paper IV: A caries risk assessment based solely on oral factors at age
3 has limited ability to predict caries at age 6 years. Predictive ability
in younger children increases when social indicators are combined
with a caries risk assessment. In addition, caries risk assessments have
limited durability.
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/7 FUTURE PERSPECTIVES

Caries risk assessment is important in dental care for promoting dental health
and individualizing care. The risk assessment must also function as an
educational tool to visualize the assessment with risk factors and health factors
for the patient. The caries risk assessment that is carried out today in pediatric
dental care is mainly good but could be even better. The risk programs used
today in PDS clinics are primarily focused on the entire patient register from 0
to 100 years of age, with certain exceptions. Risk factors have different effects
at different ages, so caries risk programs need to be designed for specific ages.

Because caries is a multifactorial disease, factors outside the oral cavity, like
risk indicators, also need to be implemented in the caries risk programs. As the
child grows, the impact of individual variables will change. Caries risk
programs across Sweden vary. The variables in the caries risk programs will
also be weighted differently. This would be interesting to investigate and
analyze for which ages the programs are best suited. This thesis developed a
proposal for an extended version of the caries risk assessment tool, R2, which
would benefit from being tested for wider use.

It is also of interest to analyze what treatment the preschool children received
after the caries risk assessment, whether it was over-treatment or under-
treatment, and to see if this treatment changes the risk of caries, and how the
return visits are planned.

In Sweden, the counties are responsible for planning children’s dental care,
which can be carried out in both public and private dental care. Swedish
counties are governed by politicians, who select which patient groups are to be
prioritized. Children with acute problems, but also children in general, are one
prioritized group. Resources are not infinite, but they must be planned so that
those who need the most support will receive it, without avoiding the needs of
healthier groups.

When parents bring their children to dental care, they meet different staff
member and are naturally treated in different ways. Public dental care in
Sweden has various structures for the care of children and their families.
Something that would be interesting to study is parental perception of the
information provided in dental care when their children visit. The information
itself, but also how it is presented, is probably important for how it is received
by parents. This could be evaluated in a qualitative study from semi-structured
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interviewing of parents to preschool children, with varying caries experience,
who have visited PDS clinics.

61



Caries Risk Factors and Risk Indicators in Preschool Children

ACKNOWLEDGEMENTS

I would like to express my gratitude to all those who have encouraged and
helped me over the years, and for giving me the opportunity to experience the
scientific world: The University of Gothenburg, the Public Dental Service
in Kalmar County, and the Public Dental Service in Ostergotland County.

Special thanks to:

Barbro Hjérpe at the PDS reception "Vidablick", who encouraged me and let
me start the project for 1-year-old children.

Mats Bagesund, my pro-supervisor, for encouraging and supporting me to
start and continue with research. You were the one who first brought the idea
of doctoral studies into my world. You always listened to my questions and
concerns about diving deeper into risk assessments for the youngest children.

Nina Sabel, my main supervisor, I am so grateful for meeting you with all your
experience and knowledge and your amazing ability to inspire, encourage and
saying the right words. Having fun in your presence is not difficult!

Agneta Robertson, my co-supervisor, you are always giving invaluable
advice and ideas about research and writing, helping me see things from a
different perspective.

Jan Derks, for introducing me to the fantastic world of Stata and guiding me
pedagogically in my statistical questions.

The Swedish Quality Registry for Caries and Periodontal Diseases (SKaPa) for
providing access to the registry data, especially Ingela Kirkegaard, for data

support of data and your quick responses, always.

Peter Lingstrom, for taking me under your wing and helping me find Nina
and Agneta. I’'m so grateful!

Mats Fredrikson and Lars Brudin, my invaluable statisticians before I
understood a bit more about statistics.

Gail Conrod and Sandra Stihlberg, for language review along the way. So
many words there are!

62



Ann Ingemansson Hultquist

Yvonne Tweddie and Boje Ervenius in Kalmar County, for special support
with invaluable information.

Caroline Blomma, Flaureta Rexhaj, and Adnan Hajdarevic, my PhD
colleagues, for all the interesting discussions about dentistry, research issues,
and life.

My sister-in-law, Lotta Hultquist, for encouragement to read literature
outside of the scientific world, very far from PubMed, thank you Lotta!

My friends, Kerstin, Silvi, Carina, and Anna for all the wonderful memories
I have with you.

My beloved daughter and colleague, Ester, for all the fun dental discussions
and the nice painting of the front page. Love you!

Last but not least, thanks to Bjarne, my husband and colleague who has put
up with my absence and lack of attention over the past few years! Support on
many levels, making breakfast, dropping off and picking up and serving coffee,
but also helping me with the question of what my research should lead to! 1
hope my answers to your questions will show more presence going forward. |
am grateful for all your support!

I also want to thank our cat, Ackademus, for outstanding companionship and
keyboard support in the home office, sometimes a little bit too close!

63



Caries Risk Factors and Risk Indicators in Preschool Children

REFERENCES

10.

11.

12.

Klein H, and Palmer. Dental Caries in American Indian Children.
Public Health Bulletin. 1937;239:1-54.

Machiulskiene V, Campus G, Carvalho JC, Dige I, Ekstrand KR,
Jablonski-Momeni A, et al. Terminology of Dental Caries and Dental
Caries Management: Consensus Report of a Workshop Organized by
ORCA and Cariology Research Group of IADR. Caries Res.
2020;54(1):7-14.

Last JM. Making the Dictionary of Epidemiology. Int J Epidemiol.
2001;25(5).

Pitts NB, Baez RJ, Diaz-Guillory C, Donly KJ, Alberto Feldens C,
McGrath C, et al. Early Childhood Caries: IAPD Bangkok
Declaration. J Dent Child (Chic). 2019;86(2):72.

Tinanoff N, Baez RJ, Diaz Guillory C, Donly KJ, Feldens CA,
McGrath C, et al. Early childhood caries epidemiology, actiology,
risk assessment, societal burden, management, education, and policy:
Global perspective. Int J Paediatr Dent. 2019;29(3):238-48.
Gustafsson BE, Quensel CE, Lanke LS, Lundqvist C, Grahnen H,
Bonow BE, et al. The Vipeholm dental caries study; the effect of
different levels of carbohydrate intake on caries activity in 436
individuals observed for five years. Acta Odontol Scand. 1954;11(3-
4):232-64.

Horst JA, Tanzer JM, Milgrom PM. Fluorides and Other Preventive
Strategies for Tooth Decay. Dent Clin North Am. 2018;62(2):207-34.
Pitts NB, Twetman S, Fisher J, Marsh PD. Understanding dental
caries as a non-communicable disease. Br Dent J. 2021;231(12):749-
53.

Bissar A, Schiller P, Wolff A, Niekusch U, Schulte AG. Factors
contributing to severe early childhood caries in south-west Germany.
Clin Oral Investig. 2014;18(5):1411-8.

Jin L], Lamster 1B, Greenspan JS, Pitts NB, Scully C,
Warnakulasuriya S. Global burden of oral diseases: emerging
concepts, management and interplay with systemic health. Oral Dis.
2016;22(7):609-19.

Kazeminia M, Abdi A, Shohaimi S, Jalali R, Vaisi-Raygani A, Salari
N, et al. Dental caries in primary and permanent teeth in children's
worldwide, 1995 to 2019: a systematic review and meta-analysis.
Head Face Med. 20206;16(1):22.

Uribe SE, Innes N, Maldupa I. The global prevalence of early
childhood caries: A systematic review with meta-analysis using the
WHO diagnostic criteria. Int J Paediatr Dent. 2021;31(6):817-30.

64



Ann Ingemansson Hultquist

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

WHO. Global oral health status report Towards universal health
coverage for oral health by 2030. 2024.

Phantumvanit P, Makino Y, Ogawa H, Rugg-Gunn A, Moynihan P,
Petersen PE, et al. WHO Global Consultation on Public Health
Intervention against Early Childhood Caries. Community Dent Oral
Epidemiol. 2018;46(3):280-7.

Anil S, Anand PS. Early Childhood Caries: Prevalence, Risk Factors,
and Prevention. Front Pediatr. 2017;5:157.

Zaror C, Matamala-Santander A, Ferrer M, Rivera-Mendoza F,
Espinoza-Espinoza G, Martinez-Zapata MJ. Impact of early
childhood caries on oral health-related quality of life: A systematic
review and meta-analysis. Int J Dent Hyg. 2022;20(1):120-35.
Shaghaghian S, Bahmani M, Amin M. Impact of oral hygiene on oral
health-related quality of life of preschool children. Int J Dent Hyg.
2015;13(3):192-8.

Peres MA, Macpherson LMD, Weyant RJ, Daly B, Venturelli R,
Mathur MR, et al. Oral diseases: a global public health challenge.
Lancet. 2019;394(10194):249-260.

Bittencourt JM, Martins LP, Paiva SM, Pordeus IA, Bendo CB.
Psychosocial associated factors of early childhood caries and oral
health-related quality of life: Structural equation model approach. J
Dent. 2023;133:104506.

WHO. Expert Consultation on Public Health Intervention against
Early Childhood Caries 2016. Available from:
https://iris.who.int/bitstream/handle/10665/255627/WHO-NMH-
PND-17.1-eng.pdf?sequence=1.

WHO. Oral health surveys. Basic Methods. 2013.

Drury TF, Horowitz AM, Ismail Al, Maertens MP, Rozier RG,
Selwitz RH. Diagnosing and reporting early childhood caries for
research purposes. A report of a workshop sponsored by the National
Institute of Dental and Craniofacial Research, the Health Resources
and Services Administration, and the Health Care Financing
Administration. J Public Health Dent.1999;59(3):192-7.

Koch G, Helkimo AN, Ullbro C. Caries prevalence and distribution
in individuals aged 3-20 years in Jonkoping, Sweden: trends over 40
years. Eur Arch Paediatr Dent. 2017;18(5):363-70.

Sun IG. The factors that influence oral health-related quality of life in
young adults. Health and quality of Life Outcomes. 2018;16:187.
Socialstyrelsen. National Board of Health and Welfair. Caries
prevalence in Swedish children 2023. 2023.

WHO. Country Work 2016. Available from: https://who-
sandbox.squiz.cloud/en/health-topics/disease-prevention/oral-
health/country-work.

65



Caries Risk Factors and Risk Indicators in Preschool Children

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

National Board of Health and Welfare. Caries Prevalence in children
2021. Available from:
https://www.socialstyrelsen.se/globalassets/sharepoint-
dokument/artikelkatalog/statistik/2023-6-8593.pdf.

National Board of Health and welfare. Caries prevalence in 2015.
https://www.socialstyrelsen.se/globalassets/sharepoint-
dokument/artikelkatalog/statistik/2017-2-20.pdf

National Board of Health and Welfair. Karies hos barn och
ungdomar. En ldgesrapport for &r 2008 2008. Available from:
www.socialstyrelsen.se/globalassets/sharepoint-
dokument/artikelkatalog/statistik/2010-3-5.pdf.

National Board of Health and Welfair. Caries prevalence 2018. 2018.
Region Ostergotland Uppfoljning av tandhilsan hos barn och unga i
Ostergdtland 1994-2022 2023.

Featherstone JD. Dental caries: a dynamic disease process. Aust Dent
J.2008;53(3):286-91.

Loesche WJ. The specific plaque hypothesis and the antimicrobial
treatment of periodontal disease. Dent Update. 1992;19(2):68, 70-2,
4.

Theilade E. The non-specific theory in microbial etiology of
inflammatory periodontal diseases. J Clin Periodontol.
1986;13(10):905-11.

Marsh PD. Microbial ecology of dental plaque and its significance in
health and disease. Adv Dent Res. 1994;8(2):263-71.

Pitts NB, Zero DT, Marsh PD, Ekstrand K, Weintraub JA, Ramos-
Gomez F, et al. Dental caries. Nat Rev Dis Primers. 2017;3:17030.
Beck JD. Risk revisited. Community Dent Oral Epidemiol.
1998;26(4):220-5.

Burt BA. Concepts of risk in dental public health. Community Dent
Oral Epidemiol. 2005;33(4):240-7.

Dahlgren GW. Policies and strategies to promote social Equity in
Health 1991. Institute for Future Studies.

Ng MW, Chase 1. Early childhood caries: risk-based disease
prevention and management. Dent Clin North Am. 2013 57(1):1-16.
Kirthiga M, Murugan M, Saikia A, Kirubakaran R. Risk Factors for
Early Childhood Caries: A Systematic Review and Meta-Analysis of
Case Control and Cohort Studies. Pediatr Dent. 2019 15;41(2):95-
112.

Leong PM, Gussy MG, Barrow SY, de Silva-Sanigorski A, Waters
E. A systematic review of risk factors during first year of life for
early childhood caries. Int J Paediatr Dent. 2013;23(4):235-50.
Selwitz RH, Ismail Al Pitts NB. Dental caries. Lancet.
2007;369(9555):51-9.

66



Ann Ingemansson Hultquist

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Grindefjord M, Dahllof G, Nilsson B, Modeer T. Prediction of dental
caries development in 1-year-old children. Caries Res.
1995;29(5):343-8.

Bankel M, Robertson A, Kohler B. Carious lesions and caries risk
predictors in a group of Swedish children 2 to 3 years of age. One
year observation. Eur J Paediatr Dent. 2011;12(4):215-9.

Grindefjord M, Dahllof G, Nilsson B, Modeer T. Stepwise prediction
of dental caries in children up to 3.5 years of age. Caries Res.
1996;30(4):256-66.

Johansson I, Holgerson PL, Kressin NR, Nunn ME, Tanner AC.
Snacking habits and caries in young children. Caries Res.
2010;44(5):421-30.

Holgerson PL, Vestman NR, Claesson R, Ohman C, Domellof M,
Tanner AC, et al. Oral microbial profile discriminates breast-fed
from formula-fed infants. J Pediatr Gastroenterol Nutr.
2013;56(2):127-36.

Florio FM, Klein MI, Pereira AC, Goncalves BR. Time of initial
acquisition of mutans streptococci by human infants. J Clin Pediatr
Dent. 2004;28(4):303-8.

Grindefjord M, Dahllof G, Modeer T. Caries development in children
from 2.5 to 3.5 years of age: a longitudinal study. Caries Res.
1995;29(6):449-54.

Grindefjord M, Dahllof G, Wikner S, Hojer B, Modeer T. Prevalence
of mutans streptococci in one-year-old children. Oral Microbiol
Immunol. 1991;6(5):280-3.

Grindefjord M, Dahllof G, Ekstrom G, Hojer B, Modeer T. Caries
prevalence in 2.5-year-old children. Caries Res. 1993;27(6):505-10.
Fejerskov N, Kidd. Dental Caries The Disease andlIts Clinical
Management. Third Edition uppl: Wiley Blackwell; 2015. s. 53.
Lynch RJ. The primary and mixed dentition, post-eruptive enamel
maturation and dental caries: a review. Int Dent J. 2013 Dec;63 Suppl
2(Suppl 2):3-13.

Laitala M, Alanen P, Isokangas P, Soderling E, Pienihakkinen K. A
cohort study on the association of early mutans streptococci
colonisation and dental decay. Caries Res. 2012;46(3):228-33.

Dye BA. The Global Burden of Oral Disease: Research and Public
Health Significance. J Dent Res. 2017;96(4):361-3.

Featherstone JDB, Crystal YO, Alston P, Chaffee BW, Domejean S,
Rechmann P, et al. A Comparison of Four Caries Risk Assessment
Methods. Front Oral Health. 2021;2:656558.

Hooley M, Skouteris H, Boganin C, Satur J, Kilpatrick N. Parental
influence and the development of dental caries in children aged 0-6

67



Caries Risk Factors and Risk Indicators in Preschool Children

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

years: a systematic review of the literature. J Dent. 2012;40(11):873-
85.

National board of Health and welfare Munhélsoutveckling hos
smabarn. 2022.
https://www.socialstyrelsen.se/globalassets/sharepoint-
dokument/artikelkatalog/ovrigt/2022-6-7991.pdf

Julihn A, Soares FC, Hjern A, Dahllof G. Socioeconomic
Determinants, Maternal Health, and Caries in Young Children. JDR
Clin Trans Res. 2018;3(4):395-404.

Andre Kramer AC, Petzold M, Hakeberg M, Ostberg AL. Multiple
Socioeconomic Factors and Dental Caries in Swedish Children and
Adolescents. Caries Res. 2018;52(1-2):42-50.

Anderson M, Dahllof G, Warnqvist A, Grindefjord M. Development
of dental caries and risk factors between 1 and 7 years of age in areas
of high risk for dental caries in Stockholm, Sweden. Eur Arch
Paediatr Dent. 2021;22(5):947-57.

Fernando S, Speicher DJ, Bakr MM, Benton MC, Lea RA, Scuftham
PA, et al. Protocol for assessing maternal, environmental and
epigenetic risk factors for dental caries in children. BMC Oral
Health. 2015;15:167.

Urquhart O, Tampi MP, Pilcher L, Slayton RL, Araujo MWB,
Fontana M, et al. Nonrestorative Treatments for Caries: Systematic
Review and Network Meta-analysis. J Dent Res. 2019;98(1):14-26.
Featherstone JD, Shariati M, Brugler S, Fu J, White DJ. Effect of an
anticalculus dentifrice on lesion progression under pH cycling
conditions in vitro. Caries Res. 1988;22(6):337-41.

Boustedt K, Dahlgren J, Twetman S, Roswall J. Tooth brushing
habits and prevalence of early childhood caries: a prospective cohort
study. Eur Arch Paediatr Dent. 2020;21(1):155-9.

Fernandez CE, Fontana M, Samarian D, Cury JA, Rickard AH,
Gonzalez-Cabezas C. Effect of Fluoride-Containing Toothpastes on
Enamel Demineralization and Streptococcus mutans Biofilm
Architecture. Caries Res. 2016;50(2):151-8.

Yazdani R, Mohebbi SZ, Fazli M, Peighoun M. Evaluation of
protective factors in caries free preschool children: a case-control
study. BMC Oral Health. 2020;20(1):177.

Olczak-Kowalczyk D, Gozdowski D, Turska-Szybka A. Protective
Factors for Early Childhood Caries in 3-Year-Old Children in
Poland. Front Pediatr. 2021;9:583660.

Boustedt K, Roswall J, Twetman S. Free sugars and early childhood
caries development: a prospective cohort study. Eur Arch Paediatr
Dent. 2022;23(5):829-33.

68



Ann Ingemansson Hultquist

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

&l1.

82.

&3.

Feldens CA, Vitolo MR, Maciel RR, Baratto PS, Rodrigues PH,
Kramer PF. Exploring the risk factors for early-life sugar
consumption: A birth cohort study. Int J Paediatr Dent.
2021;31(2):223-30.

Featherstone JD. The caries balance: contributing factors and early
detection. J Calif Dent Assoc. 2003;31(2):129-33.

WHO. Breastfeeding 2024. Available from:
https://www.who.int/health-topics/breastfeeding

Saethre HB, Wang NJ, Wigen TI. Prolonged breastfeeding and dental
caries in preschool children. Acta Odontol Scand. 2023;81(7):549-
54.

Panchanadikar NT, S A, Muthu MS, H S, Jayakumar P, Agarwal A.
Breastfeeding and its Association with Early Childhood Caries - An
Umbrella Review. J Clin Pediatr Dent. 2022;46(2):75-85.

Tham R, Bowatte G, Dharmage SC, Tan DJ, Lau MX, Dai X, et al.
Breastfeeding and the risk of dental caries: a systematic review and
meta-analysis. Acta Paediatr. 2015;104(467):62-84.

Vestman NR, Timby N, Holgerson PL, Kressirer CA, Claesson R,
Domellof M, et al. Characterization and in vitro properties of oral
lactobacilli in breastfed infants. BMC Microbiol. 2013;13:193.
Shrestha SK, Arora A, Manohar N, Ekanayake K, Foster J.
Association of Breastfeeding and Early Childhood Caries: A
Systematic Review and Meta-Analysis. Nutrients. 2024;16(9).
Duijster D, Sheiham A, Hobdell MH, Itchon G, Monse B.
Associations between oral health-related impacts and rate of weight
gain after extraction of pulpally involved teeth in underweight
preschool Filipino children. BMC Public Health. 2013;13:533.
Sabel N, Ylander LO, Stahlberg SE, Robertson A. Dental caries and
oral health-related quality of life in Preschoolers - introducing the
Swedish version of the early childhood oral health impact scale
(ECOHIS). Acta Odontol Scand. 2023;30:1-7.

Firmino RT, Gomes MC, Clementino MA, Martins CC, Paiva SM,
Granville-Garcia AF. Impact of oral health problems on the quality
of life of preschool children: a case-control study. Int J Paediatr Dent.
2016;26(4):242-9.

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(7):509-14.

Lam PPY, Chua H, Ekambaram M, Lo ECM, Yiu CKY. Does Early
Childhood Caries Increase Caries Development among School
Children and Adolescents? A Systematic Review and Meta-Analysis.
Int J Environ Res Public Health. 2022;19(20).

69



Caries Risk Factors and Risk Indicators in Preschool Children

&4.

85.

86.

&7.

88.

9.

90.

91.

92.

93.

94.

95.

96.

97.

98.

ZoulJ,Du Q, Ge L, Wang J, Wang X, Li Y, et al. Expert consensus
on early childhood caries management. Int J Oral Sci. 2022;14(1):35.
Drummond BK, Meldrum AM, Boyd D. Influence of dental care on
children's oral health and wellbeing. Br Dent J. 2013;214(11):E27.
Seligman LD, Hovey JD, Chacon K, Ollendick TH. Dental anxiety:
An understudied problem in youth. Clin Psychol Rev. 2017;55:25-
40.

Kastenbom L, Falsen A, Larsson P, Sunnegardh-Gronberg K,
Davidson T. Costs and health-related quality of life in relation to
caries. BMC Oral Health. 2019;19(1):187.

Hoglund M, Bagesund M, Shahnavaz S, Wardh I. Evaluation of the
ability of dental clinicians to rate dental anxiety. Eur J Oral Sci.
2019;127(5):455-61.

Astrém N. Early-life course factors and oral health among young
Norwegian adults. Community Dent Oral Epidemiol. 2021;49:55-62.
Evans RW, Feldens CA, Phantunvanit P. A protocol for early
childhood caries diagnosis and risk assessment. Community Dent
Oral Epidemiol. 2018;46(5):518-25.

Antunes LAA, Ornellas G, Fraga RS, Antunes LS. Oral health
outcomes: the association of clinical and socio-dental indicators to
evaluate dental caries in preschool children. Cien Saude Colet.
2018;23(2):491-500.

SBU.Karies — diagnostik, riskbeddmning och icke-invasiv
behandling. 2007.

Domejean S, Banerjee A, Featherstone JDB. Caries
risk/susceptibility assessment: its value in minimum intervention oral
healthcare. Br Dent J. 2017;223(3):191-7.

Jorgensen MR, Twetman S. A systematic review of risk assessment
tools for early childhood caries: is there evidence? Eur Arch Paediatr
Dent. 2020;21(2):179-84.

Loken SY, Wigen TI, Wang NJ. Recall intervals in children are
individualized and extended. Acta Odontol Scand. 2019;77(6):468-
73.

Tellez M, Gomez J, Pretty I, Ellwood R, Ismail Al. Evidence on
existing caries risk assessment systems: are they predictive of future
caries? Community Dent Oral Epidemiol. 2013;41(1):67-78.

Mejare I, Axelsson S, Dahlen G, Espelid I, Norlund A, Tranaeus S, et
al. Caries risk assessment. A systematic review. Acta Odontol Scand.
2014;72(2):81-91.

Senneby A, Neilands J, Svensater G, Axtelius B, Rohlin M.
Threshold values affect predictive accuracy of caries risk assessment.
Acta Odontol Scand. 2019;77(4):315-27.

70



Ann Ingemansson Hultquist

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

Twetman S. Caries risk assessment in children: how accurate are we?
Eur Arch Paediatr Dent. 2016;17(1):27-32.

Hansel Petersson G, Twetman S, Bratthall D. Evaluation of a
computer program for caries risk assessment in schoolchildren.
Caries Res. 2002;36(5):327-40.

Bratthall D, Hansel Petersson G. Cariogram--a multifactorial risk
assessment model for a multifactorial disease. Community Dent Oral
Epidemiol. 2005;33(4):256-64.

Holgerson PL, Twetman S, Stecksen-Blicks C. Validation of an age-
modified caries risk assessment program (Cariogram) in preschool
children. Acta Odontol Scand. 2009;67(2):106-12.

Birpou E, Agouropoulos A, Twetman S, Kavvadia K. Validation of
different Cariogram settings and factor combinations in preschool
children from areas with high caries risk. Int J Paediatr Dent.
2019;29(4):448-55.

Hansel Petersson G, Akerman S, Isberg PE, Ericson D. Comparison
of risk assessment based on clinical judgement and Cariogram in
addition to patient perceived treatment need. BMC Oral Health.
2016;17(1):13.

Hansel Petersson G, Fure S, Bratthall D. Evaluation of a computer-
based caries risk assessment program in an elderly group of
individuals. Acta Odontol Scand. 2003;61(3):164-71.

Petersson GH, Isberg PE, Twetman S. Caries risk assessment in
school children using a reduced Cariogram model without saliva
tests. BMC Oral Health. 2010;10:5.

Gao X, Di Wu I, Lo EC, Chu CH, Hsu CY, Wong MC. Validity of
caries risk assessment programmes in preschool children. J Dent.
2013;41(9):787-95.

Andas CA, Hakeberg M. Who chooses prepaid dental care? A
baseline report of a prospective observational study. BMC Oral
Health. 2014;14:146.

Featherstone JD, Domejean-Orliaguet S, Jenson L, Wolff M, Young
DA. Caries risk assessment in practice for age 6 through adult. J
Calif Dent Assoc. 2007;35(10):703-7, 10-3.

Featherstone JD, Crystal Y, Chaffee B, Zhan L, Ramos-Gomez F. An
Updated CAMBRA Caries Risk Assessment Tool for Ages 0 to 5
years. Journal of the California Dental association. 2019;47:37-47.
Featherstone JDB, Crystal YO, Alston P, Chaffee BW, Domejean S,
Rechmann P, et al. Evidence-Based Caries Management for All
Ages-Practical Guidelines. Front Oral Health. 2021;2:657518.
Domejean S, White JM, Featherstone JD. Validation of the CDA
CAMBRA caries risk assessment--a six-year retrospective study. J
Calif Dent Assoc. 2011;39(10):709-15.

71



Caries Risk Factors and Risk Indicators in Preschool Children

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

AAPD. Guideline on Caries-risk Assessment and Management for
Infants, Children, and Adolescents. Pediatric Dentistry. 2014;35:157-
64.

Yoon RK, Smaldone AM, Edelstein BL. Early childhood caries
screening tools: a comparison of four approaches. J Am Dent Assoc.
2012;143(7):756-63.

Enerback H, Lingstrom P, Moller M, Nylen C, Bresin CO, Ros IO, et
al. Validation of caries risk assessment methods in orthodontic
patients. Am J Orthod Dentofacial Orthop. 2020;158(1):92-101 e3.
Agouropoulos A, Birpou E, Twetman S, Kavvadia K. Validation of
Three Caries Risk Assessment Tools for Preschool Children From
Areas with High Caries Prevalence. Pediatr Dent. 2019;41(5):391-9.
Colak H, Dulgergil CT, Dalli M, Hamidi MM. Early childhood caries
update: A review of causes, diagnoses, and treatments. J Nat Sci Biol
Med. 2013;4(1):29-38.

WHO. Global oral health status report. 2023.

Jeevarathan J, Deepti A, Muthu MS, Rathna Prabhu V,
Chamundeeswari GS. Effect of fluoride varnish on Streptococcus
mutans counts in plaque of caries-free children using Dentocult SM
strip mutans test: a randomized controlled triple blind study. J Indian
Soc Pedod Prev Dent. 2007;25(4):157-63.

Havsed K, Hansel Petersson G, Isberg PE, Pigg M, Svensater G,
Foresight Research C, et al. Multivariable prediction models of caries
increment: a systematic review and critical appraisal. Syst Rev.
2023;12(1):202.

Grieshaber A, Haschemi AA, Waltimo T, Bornstein MM, Kulik EM.
Caries status of first-born child is a predictor for caries experience in
younger siblings. Clin Oral Investig. 2022;26(1):325-31.
Fisher-Owens SA, Gansky SA, Platt LJ, Weintraub JA, Soobader
MJ, Bramlett MD, et al. Influences on children's oral health: a
conceptual model. Pediatrics. 2007;120(3):e510-20.

Christian B, Armstrong R, Calache H, Carpenter L, Gibbs L, Gussy
M. A systematic review to assess the methodological quality of
studies on measurement properties for caries risk assessment tools for
young children. Int J Paediatr Dent. 2018 Nov 9.

Wikepedia. Folktandvarden. Available from:
https://sv.wikipedia.org/wiki/Folktandv%C3%AS5rden.

Tottie L. Fluortandkrédmen. en uppfinning med stor betydelse for
tandhélsan och svensk forskning. Tandlékartidningen. 2013;14:66-9.
Wikepedia. Fluorid Lady. Available from:
https://sv.wikipedia.org/wiki/Fluortant.

Nordiska Museet. Lordagsgodis. Available from:
https://www.nordiskamuseet.se/utforska/livet-i-norden/lordagsgodis/.

72



Ann Ingemansson Hultquist

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

Folayan MO, Coelho E, Ayouni I, Nguweneza A, Al-Batayneh OB,
Daryanavard H, et al. Association between early childhood caries and
parental education and the link to the sustainable development goal
4: a scoping review. BMC Oral Health. 2024;24(1):517.

Park YH, Kim SH, Choi YY. Prediction Models of Early Childhood
Caries Based on Machine Learning Algorithms. Int J Environ Res
Public Health. 2021;18(16).

Karhade DS, Roach J, Shrestha P, Simancas-Pallares MA, Ginnis J,
Burk ZJS, et al. An Automated Machine Learning Classifier for
Early Childhood Caries. Pediatr Dent. 2021;43(3):191-7.

Qu X, Zhang C, Houser SH, Zhang J, Zou J, Zhang W, et al.
Prediction model for early childhood caries risk based on behavioral
determinants using a machine learning algorithm. Comput Methods
Programs Biomed. 2022;227:107221.

National Board of Health and Welfare. Nationella riktlinjer for
tandvérden. 2022. Available from:
https://www.socialstyrelsen.se/globalassets/sharepoint-
dokument/artikelkatalog/nationella-riktlinjer/2022-9-8114.pdf.
Twetman S, Fontana M, Featherstone JD. Risk assessment - can we
achieve consensus? Community Dent Oral Epidemiol.
2013;41(1):e64-70.

Harris S, Welbury. Child protection and the dental team: Department
of Health; 2009. Available from: https://www.east-
ayrshire.gov.uk/Resources/PDF/C/Childprotectionandthedentalteam-
v1-4-Nov09.pdf.

Nationella riktlinjer for tandvard. 2021.
https://www.socialstyrelsen.se/globalassets/sharepoint-
dokument/artikelkatalog/nationella-riktlinjer/2022-9-8115.pdf
Aiuto R, Dioguardi M, Caruso S, Lipani E, Re D, Gatto R, et al.
What Do Mothers (or Caregivers) Know about Their Children's Oral
Hygiene? An Update of the Current Evidence. Children (Basel).
2022;9(8).

FN. Convention on the Rights of the Child 2024. Available from:
https://www.unicef.org/child-rights-convention.

UN. Goal 3: Good health and well-being Agenda 2030 2015.
Available from: https://www.government.se/government-policy/the-
global-goals-and-the-2030-Agenda-for-sustainable-
development/goal-3-good-health-and-well-being/.

Davidson T, Bergstrom EK, Husberg M, Moberg Skold U. Long-
Term Cost-Effectiveness through the Dental-Health FRAMM
Guideline for Caries Prevention. Int J Environ Res Public Health.
2022;19(4).

73



