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INTRODUCTION 

Dental caries is a common disease in children (1, 2). Untreated dental caries can affect 

body weight, growth and quality of life in preschool children (3). Caries experience in 

early childhood has been linked to caries experience in the permanent dentition in 

several studies (4-7). The burden of dental caries lasts a lifetime because once the tooth 

structure is destroyed, it will usually require restoration and on-going maintenance 

throughout life. Early identification of children at risk of developing caries will make it 

possible to direct resources towards the parents, to enable them to make better and 

more healthy choices regarding their children’s dental care.  

 

 

Caries aetiology 

Historically, researchers have focused on biological and dietary effects on children’s oral 

health to explain caries development. In recent years, interest has increased in exploring 

children’s oral health outcomes using a broader framework, which incorporates 

psychosocial and environmental predictors as well as the biological and dietary effects (8-

10). These frameworks generally classify conditions associated with disease into five 

broad domains: genetics and biology, social environment, physical environment, health-

influencing behaviours and medical care (10, 11). These background variables are relevant 

to explain why some children, despite widespread use of fluoride and abundant 

information about caries prevention, develop carious lesions. To visualize the biological 

and environmental effects on caries development, caries models have been developed 

(12, 13), and later modified with increasing knowledge in the field (10) (Fig 1). The caries 

models give a description of how environmental factors can be considered the driving 

forces triggering the caries process, described by Keyes’ triad (14), to develop.  
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The caries model by Fisher-Owens and co-workers includes different levels of the 

environment that can affect caries development: child-level; family-level; and 

community-level (Fig 1).  

 

 

 
 

Figure 1. Caries model depicting environmental factors that can affect caries 

development in children (10). 

 

 

Caries prevalence in preschool children 

Caries prevalence in children has declined during the last 20 years (15-18). As caries 

prevalence declines in child populations, the distribution of dental caries is reported to be 

increasingly skewed, with a smaller proportion of the children having many lesions, and a 

greater proportion having no lesions (19). In Norway, the reported proportions of 5-year-
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olds with caries experience has decreased from 50% with caries experience in 1985 to 

19% with caries experience in 2010 (20) (Fig 2). 

Caries localization in the deciduous dentition has mainly been reported in 

populations with relatively high caries prevalence, and radiographs are seldom included 

(21-24). At the age of 5 years, localization of caries in the dentition has changed over the 

years from affecting smooth surfaces to predominately affecting pit and fissure surfaces, 

and shifted from anterior teeth to the molars (25, 26). In populations where caries 

prevalence in deciduous teeth is low, limited information is available to describe the 

severity and localization of caries in the dentition.  

 

 
 

Figure 2. Proportions of 5-year-olds in Norway without caries experience from 1985 to 

2010 (20). 
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Caries diagnostic criteria 

When reporting caries in a population, the choice of method with which caries lesions are 

registered will affect the reported caries experience. Several sets of caries diagnostic 

criteria have been developed for registration of caries. The use of different systems and 

different diagnostic thresholds can dramatically influence the reported caries experience 

and severity of dental caries (27, 28). 

When designing a study, choice of caries diagnostic criteria has to be made at an 

early stage. Information to be considered when choosing diagnostic criteria includes: the 

aims of the study, the sample size, whether an epidemiological or a clinical study, number 

of examiners, caries prevalence in the study population, and whether the dental 

examinations will be performed in a dental clinic using radiographs and explorer on dry 

teeth, or under field conditions with dental examinations outside the dental clinic.  

Several different caries diagnostic criteria have been used in the literature. In a 

review from 2004, 29 caries diagnostic criteria systems were included; 13 from the UK 

(England and Scotland), 3 were from the USA, 2 from the Netherlands, 2 from the World 

Health Organization (WHO), 4 from Denmark, 2 from Sweden, 1 from Norway, 1 from 

Switzerland and 1 from Canada (27). The review revealed substantial differences in 

reporting of caries experience.  

The caries diagnostic criteria described and recommended by WHO are widely 

used (29). The WHO index registers cavitated lesions, based on the belief that it is not 

possible to obtain reliable diagnoses at the non-cavitated stage, and that only cavitated 

lesions need restorative treatment (29). The national statistics describing the caries 

situation among children in Norway are based on the WHO criteria, and only lesions in 

need of restorative treatment are reported (30). 

Two caries diagnostic criteria are recently developed, the Significant Caries Index 

(SIC) and the International Caries Detection and Assessment System (ICDAS). The ICDAS 

criteria were introduced in 2007 and the aim was to develop one standard system for 

caries detection and assessment in caries research where caries was recorded at all stages 
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from the earliest enamel lesion through to cavitation. The ICDAS records caries on a six-

point scale (31). The SIC-index was introduced in 2000, with the intention on focusing 

attention on individuals with the highest caries scores in a population when caries 

distribution is skewed (32), and it reports caries experience in the one-third of the 

population with the highest caries experience. It is actually not an index, but rather is a 

form of data presentation to give a better picture of the situation in populations with 

skewed distribution. 

In Norway, the Public Dental Services uses a 5-graded index to register caries 

lesions where both enamel and dentine lesions are registered (30, 33, 34). Some previous 

studies from Norway, reporting caries data for 5-year-olds from selected dental clinics in 

Oslo and Bergen, have used a 5-graded index and shown a high frequency of enamel 

lesions (26, 35).  

 

 

Caries prevention 

Caries prevention is important in child oral care, and efforts towards prevention of dental 

caries should, according to law, be given higher priority in the Public Dental Services than 

restorative treatment (36). Caries prevention in children can be organized in different 

ways. The risk of developing caries has to be considered when planning preventive oral 

care for children.  

Risk is defined as the probability that a particular event will occur within a given 

period of time (37, 38). The term is used to express the probability that a particular 

outcome, often a disease, will occur following an exposure (39). In epidemiological 

research the terminology may be confusing as different definitions of risk terms are used.  

Risk factor – the term is defined as an environmental, behavioural or biological 

factor confirmed by temporal sequence, which, if present, directly increases the 

probability of a disease occurring. Risk factors are part of the causal chain, and are 

identified in longitudinal studies (40).  
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Risk indicator – the term is defined as a condition associated with a disease. Risk 

indicators are established in cross-sectional studies, in which correlations between 

various conditions and disease are investigated (37). A risk indicator may be a risk factor if 

validated in longitudinal studies (40).  

 

Preventive strategies 

In health promotion and caries prevention, two types of strategies may be used: 

population strategy and high-risk strategy (41).  

 

Population strategy 

Use of a population strategy implies offering standardized interventions to all individuals 

without considering the actual risk of disease development in the individual. In situations 

where the goal is to lower the prevalence of a disease, a population strategy will be 

beneficial (Fig 3). In situations where most of the individuals are without risk of disease, 

efforts and resources may be wasted.  

 

 
 

Figure 3. Population strategy, directing intervention towards all individuals.  
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High-risk strategy 

Use of a high-risk strategy to prevent disease implies offering interventions to individuals 

identified as being at risk of developing disease. In situations where disease prevalence is 

low, and parts of the population can benefit from intensified interventions, a high-risk 

strategy may be beneficial (Fig 4).  

 

 
 

Figure 4. High-risk strategy, directing intervention towards individuals with high risk of 

disease.  

 

 

As a consequence of the decrease in and polarisation of caries prevalence in preschool 

children, it has been proposed that individualized care to prevent caries development 

should be offered to children at high risk of developing caries, instead of targeting 

standardized caries preventive measures to the whole population (42). Both the 

population strategy and the high-risk strategies have strengths and weaknesses. Use of 

high-risk strategies is dependent on the possibility of identifying individuals at risk of 

disease (43, 44). It has been recommended that in prevention of caries, combining the 

two strategies is the optimal approach (44).  

 

Preventive strategies in the Public Dental Services 

In Norway, both population strategy and high-risk strategy are used in caries prevention 

in children. All children are offered regular, free, comprehensive dental care in the Public 
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Dental Services (population strategy), while the recall intervals are individualised (high-

risk strategy). This gives the opportunity to deliver intensified caries preventive efforts to 

families with children identified as being at risk of developing caries.  

When using a high-risk strategy in caries prevention, functional risk indicators 

must be identified. Although several studies have been published in recent years, there is 

limited knowledge regarding risk indicators for caries development in preschool children. 

The multifactorial nature of dental caries, and the fact that the disease is dynamic but not 

continuous, can progress and/or regress, makes studies on risk assessment complex. A 

multitude of variables influence the prediction at different times during the life of an 

individual (45), and make it difficult to construct risk models in which future caries 

experience can be accurately predicted (46).  

 

 

Caries risk indicators 

In a review article from 2004, 106 risk indicators were associated with caries 

development in children (47). Risk indicators may be classified according to levels as 

illustrated in Figure 1, page 2. 

 

Community-level  

Children’s oral health is likely to be better in a community that values good oral health 

(48). Cultural aspects and the neighbourhood may have implications for caries 

development (10, 49). The dental care system and amount of dental care available may 

affect oral health and the development of caries in preschool children.  

 

Child-level  

Research on risk indicators for caries in preschool children have focused on child oral 

health habits associated with caries development in children, child-level influences (Fig 1). 
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Visible plaque (50, 51), early colonisation by caries-related bacteria (52), the presence of 

mutans streptococci (53-56), frequent intake of sweetened drinks (51, 57, 58), infrequent 

tooth brushing (59), illness and use of antibiotics (60, 61) have all been associated with 

caries development in preschool children. Children with dental anxiety and behaviour 

management problems are reported to have more carious surfaces and more missed 

dental appointments than other children (62-65), and missing dental appointments has 

been associated with dental caries in children (66).  

 

Family-level  

This thesis focuses on risk indicators for caries development in children from pregnancy to 

the age of 5 years. In early childhood, family influences are important in child 

development. Table 1 gives an overview of European research from 1990 to 2010 dealing 

with parental factors as risk indicators for caries in preschool children. As shown in Table 

1, 50% of the studies are from the Nordic countries. Family level characteristics 

associated with caries risk in children included in this thesis are:  

� demographic factors of the family  

� parental oral health behaviours and attitudes  

� dental anxiety and dental attendance 

� maternal health and lifestyle in pregnancy and early childhood.  
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Table 1. European studies on parental factors as risk indicators for caries development in 
children from 1990 to 2010. 
 

Author Year Country Focus 
Ekman et al 1990 Sweden Immigrant status, parents dental status 
Petersen  1992 Denmark Education, Income 
Verrips et al 1992 The Netherlands Immigrant status 
Wendt et al 1992 Sweden Immigrant status, dental attendance 
Grindefjord et al 1993 Sweden Immigrant status, plaque, 
Paunio et al 1993 Finland Illness, antibiotics, diet, tooth brushing 
Verrips et al 1993 The Netherlands Immigrant status, education 
Grindefjord et al 1995 Sweden Immigrant status, education 
Kinirons et al 1995 UK Education, dental attendance 
Wendt et al 1995 Sweden Mental health, family interaction, life events 
Grindefjord et al 1996 Sweden Immigrant status, education,  
Wang  1996 Norway Immigrant status 
Wendt et al 1996 Sweden Illness, use of medication 
Freeman et al 1997 UK Dental attendance, attitudes 
Gibson et al 1999 UK Social class, tooth brushing, diet 
Wendt et al 1999 Sweden Immigrant status 
Mattila et al 2000 Finland Family-related factors 
Williams et al 2000 UK Parental and maternal smoking 
Vanobbergen et al 2001 Belgium Socioeconomic background 
Milsom et al 2003 UK Dental anxiety, dental attendance 
Sundby et al 2003 Denmark Immigrant status 
Pine et al 2004 UK Parental attitudes 
Stecksèn-Blichs et al 2004 Sweden Immigrant status, tooth brushing 
Stevens et al 2004 UK Mother-child interaction 
Skeie et al 2005 Norway Immigrant status 
Willems et al 2005 Belgium Socioeconomic background, neighbourhood 
Wogelius et al 2005 Denmark Dental attendance 
Poutanen et al 2006 Finland Parental influence 
Skeie et al 2006 Norway Parental attitudes 
Conway et al 2007 UK Immigrant status 
Poutanen et al 2007 Finland Parental influence 
Declerck et al 2008 Belgium Visible plaque and sugary drinks, education 
Leroy et al 2008 Belgium Parental smoking 
Menghini et al 2008 Switzerland Immigrant status, dental hygiene  
Skeie et al 2008 Norway Parental attitudes 
Stecksèn-Blichs et al 2008 Sweden Immigrant status 
Campus et al 2009 Italy Immigrant status, education, preterm birth 
Vanagas et al 2009 Lithuania Parental attitudes 
Wang et al 2009 Norway Dental attendance 
Christensen et al 2010 Denmark Socioeconomic background 
Christensen et al 2010 Denmark Immigrant status, education, income 
Elfrink et al 2010 The Netherlands Immigrant status, hypomineralization 
Ferro et al 2010 Italy Social class and immigrant status 
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Demographic factors of the family 

The social environment influences child development (67). Social conditions experienced 

in early childhood, such as parents’ educational level and socioeconomic status at child 

birth has been shown to be associated with child dental health (59). The influence of 

social conditions on dental health has been shown to be stronger for preschool children 

than older children (68).  

Parental educational level and national background has been connected with 

caries development in children in several studies (Table 1) (26, 69-84). Family income and 

father’s occupational status at child birth has been linked to preschool child oral health 

(59, 85, 86). Mother-child interaction (87), and family function (9) have, in some studies, 

been related to caries development in children. Studies of the association between 

maternal age at child birth and caries experience in the child have shown conflicting 

results (88-90). Few children in the family have been reported to be associated with less 

caries in children (68). Change in family status from a traditional two-parent family to 

single parent families may influence the parent’s ability to give the child appropriate oral 

care. A Finnish study showed that children living in families where relationships were 

complicated had higher risk of having caries experience at the age of 5 years (88). Limited 

information exists on the associations between family status and the probability of caries 

development in young children; this is particularly the case for studies including 

longitudinal data (47).  

 

Parental oral health behaviours, beliefs and attitudes 

Children are dependent on their environment to establish favourable health behaviours 

(67, 69), and young children’s dental health relies on the parents’ involvement. Oral 

health habits established during early childhood are maintained and associated with oral 

health conditions later in life (91).  

Parents’ own tooth brushing habits have been associated with caries experience in 

children (88, 92, 93). The age of the child when the parents’ start to brush the child’s 
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teeth (94-96) and parents’ own dental health (97) have all been shown to be associated 

with caries development in children.  

Frequent sugar intakes in children have been associated with caries development 

in many studies. Children’s dietary intake has been shown to be strongly associated with 

their mothers’ dietary intake (98) and with children’s own dietary habits developed early 

in life (99, 100). Limited information exists on parental dietary habits and caries 

development in preschool children.  

Behaviours usually, but not always, reflect established beliefs and attitudes (101). 

Attitudes towards the behaviours and social norms produce intentions that are said to 

determine behaviours (102). Parental attitudes towards oral health related behaviours 

may influence whether the behaviours will occur in children (49). In some studies, 

parental beliefs and attitudes towards oral health have been associated with caries 

development in children (103-106). Limited information exists on parental beliefs and 

attitudes towards oral health and caries experience in children.  

 

Dental anxiety and dental attendance 

Dental anxiety is associated with avoidance of dental treatment (107) and poorer dental 

health (108, 109). For both dental anxiety and behaviour management problems, pain 

and negative experiences with dental treatments are often considered as major reasons 

for avoiding dental care (110). It has been reported that a mother’s attitudes and beliefs 

about dental care are major determinants of whether or not she takes her child to the 

dentist (111). Mother’s dental anxiety and dental attendance pattern have bee proposed 

as predictors of preschool child dental health and for taking the child to the dentist (112), 

but the relationship is still unclear and needs to be further explored.  

 

Maternal general health and lifestyle 

The development of the child in utero has been used as explanation for risk of adult 

disease, such as cardiac disease, respiratory disease and diabetes (113). Development of 
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the foetus is influenced by several factors, including genetic endowment, nutrition and 

other biological influences, maternal health conditions and lifestyle.  

In addition to a biological explanation for disease in children, maternal health and 

lifestyle in pregnancy and early life may also influence mothers’ ability to take 

appropriate care of their children’s health, including oral health. Maternal weight has 

been shown to be associated with the child’s birth weight (114). Associations between 

child’s birth weight and dental caries have been explored in several studies, with 

conflicting results (115-117). In a recent study, maternal weight early in pregnancy was 

associated with caries increment during the teenage period (118). Maternal obesity in 

pregnancy and parental smoking have been shown to be related to respiratory health in 

early childhood (119, 120). An association between parental smoking and caries in 

primary teeth has been demonstrated in several studies (121-123). Knowledge regarding 

associations between maternal health and lifestyle in pregnancy and the child’s early life, 

and caries development in preschool age is limited.  

 

Dental health services for preschool children 

All children in Norway are, by law, offered free dental care, including preventive care, free 

of charge, in the Public Dental Services from birth. The first regular dental examination in 

the Public Dental services is at around age 3 years. Before 3 years old, preventive dental 

care is mainly given by primary care personnel, who are advised to give information about 

dental care for children to the parents as part of their general health care promotion 

(124).  

Primary health care personnel have information about the family and the child 

from pregnancy. Characteristics of the family that could serve as risk indicators for caries 

in preschool children are often known to the primary health care personnel. These 

characteristics could be used to identify children at risk of developing caries, before 

clinical caries occurs. There is little available knowledge about caries risk indicators in 

preschool children, and this limits the ability of primary health care personnel to give 
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preventive information and to refer risk children to dental personnel; this issue requires 

further study.   
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PURPOSE 

 

This work focuses on caries experience in 5-year-old children, and its associations with 

characteristics of parents and families during pregnancy and in early childhood. 

 

The main purpose was to explore aspects contributing to early identification of children at 

risk of developing caries. 

 

Specifically, the aims were: 

� To describe the caries situation among 5-year-old children in a low caries 

population in Norway, including the distribution and severity of caries at tooth and 

surface level;  

 

� To study associations between caries experience in 5-year old children and family 

characteristics such as: 

o parents’ education, national origin, oral health behaviours and attitudes, 

o dental avoidance behaviour and dental anxiety in parents and children, 

o structural characteristics of the family during pregnancy and in early 

childhood, and 

o maternal health and lifestyle during pregnancy and in early childhood. 
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MATERIALS AND METHODS 

Study design 

This thesis consists of studies using cross-sectional study design (Paper I and II) and 

longitudinal study design (Paper III and IV). An overview of the papers, samples, focus of 

interest, designs and study populations is shown in Table 2.  

 

 

Table 2. Papers, samples, focus of interest, designs and study populations in the thesis. 

 

 

Cross-sectional study 

Paper I and Paper II are based on data from a cross-sectional study of 5-year-old children 

in the county of Akershus.  

In Paper I, the distribution of caries experience in 5-years-old children was 

described, and associations between parents’ education, national background, oral health 

behaviours and attitudes, and caries experience in 5-year-old children were studied. 

In Paper II, associations between dental avoidance behaviour and dental anxiety in 

parents and children, and caries experience in 5-year-old children were studied. 

 

Paper Sample Focus of interest Design Study population (n) 

I 1 
Caries distribution, parents’ 
education and national 
background 

Cross-sectional 523 

II 1 Dental anxiety and dental 
attendance  Cross-sectional 523 

III 2 Structural characteristics of the 
family in early childhood Longitudinal 1366 

IV 2 Maternal health and lifestyle in 
pregnancy and early childhood Longitudinal 1366 
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Longitudinal study 

Paper III and Paper IV are based on data from prospective longitudinal observational 

study collected during the period from pregnancy until the child was 5 years old.  

In Paper III, associations between structural characteristics of the family in 

pregnancy and early childhood, and caries experience in 5-year-old children were studied. 

In Paper IV, associations between maternal health and lifestyle in pregnancy and 

early childhood, and caries experience in 5-year-old children were studied.  

 

 

Material 

In this thesis, 5-year-old children born in 2002 in the county of Akershus were studied. 

The sample (Sample 1) used in the cross-sectional studies was a random sample of 

children born in 2002 enrolled in the Public Dental Services in Akershus.  

The sample (Sample 2) used in the longitudinal studies consisted of children 

participating in the Mother and Child Cohort Study (MoBa) born in 2002 in Akershus and 

also participating in the Dental Study (Fig 5).  
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Figure 5. Overview of sampling procedure and study populations. 

 

 

Cross-sectional study - Sample 1 

Random sample of children  

In 2007, about 8% of the 5-year-old children enrolled in the Public Dental Services in 

Akershus were invited to participate in the cross-sectional study (Appendix 1a). Power 

calculation was performed based on a caries prevalence of 20%, precision of 0.05 (α = 

0.05) and a power of 80% (β = 0.20) suggesting a sample size of 275 children for bivariate 

analyses. To allow multivariable analyses and based on practical considerations, the 

target sample size was increased to approximately 500 children. The numbers selected in 

each of the 32 dental clinics in Akershus were proportional to the total numbers of 5-

year-olds enrolled in each clinic.  

A total of 536 children were selected randomly and invited to participate in 

connection with their scheduled clinical recall examinations. Twelve families with 13 

children refused to participate. The proportions of children with caries experience were 

not significantly different between non-participating and participating children (31% and 

34%, p = 0.82). The final sample in the cross-sectional study included 523 children. 



 

 
 

  Page 19  
  

Longitudinal study - Sample 2 

The Mother and Child Cohort Study (MoBa) 

The MoBa study is a prospective cohort study including more than 100 000 pregnancies 

recruited from 1999 to 2009 (125). The primary goal of the study is to identify 

environmental and genetic factors, or interaction among these, for diseases in pregnancy 

and childhood, aiming at prevention. Participants were recruited by postal invitation in 

connection with the routine ultrasound examination offered to all pregnant women in 

Norway at 17-18 weeks of gestation. The overall participation rate was 44%. The study 

was established in Western Norway in June 1999. In 2000, 7% of the pregnant women 

were invited to participate, and in 2006 about 71% of all pregnant women were invited to 

participate. In 2002, 34% of all pregnant women were invited to participate, and 46% of 

the invited women participated (126). Data were collected by questionnaires and by 

blood and urine samples during pregnancy and delivery.  

The longitudinal studies included in this thesis used questionnaire data based on 

quality-assured data files (version 3) released for research in 2007. The final sample 

included only children born in Akershus, 1607 children.  

 

The Dental study 

All children born in 2002 and enrolled in the Public Dental Services in Akershus were 

invited to participate in the Dental Study as part of their regular dental examination 

closest to the age of 5 years (Appendix 1a and 1b). All children in Norway are, by law, 

offered free regular and comprehensive dental care in the Public Dental Services from 

birth. In 2007, 96% of the 5-year-olds were enrolled in the services.  

The county of Akershus has more than 500 000 inhabitants, 11% of the Norwegian 

population. The dental health of the 5-year-olds in the county was slightly better than the 

national average in 2007 and 80% did not receive restorative treatment (20).  

Data were collected in 2007 and 2008, and 20% of the 7002 children enrolled in 

the Public Dental Services, did not participate in the study; they were mostly children 

whose parents refused to participate and children that did not show up for the routine 
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dental examination. Data on caries experience (d3-5mft) was obtained from 244 (18%) of 

the non-participating children. Caries experience was higher in these children (32% with 

d3-5mft > 0), than in the participating children (16% with d3-5mft > 0) (p < 0.001). The final 

sample included 5623 children. 

 

The MoBa study and the Dental study 

In Norway all residents have a unique 11-digit National Registration Number. This number 

is recorded in health registries and health records, and permits linkage between different 

registries. Of the 1607 children participating in the MoBa study, 1366 also participated in 

the Dental Study. The final sample in the longitudinal study included 1366 children with 

data both from the MoBa study and the Dental Study.  

 

 

Method  

The Methods used in this thesis were clinical dental examination of the children and 

questionnaire data.  

 

 

Cross-sectional study  

Clinical examination 

The clinical dental examinations were performed by one trained paediatric dentist (TIW). 

The examination was performed in fully equipped dental clinics using plane mirrors and 

sharp probes after the teeth had been dried with air. Two registration forms were 

completed by the examiner as part of the dental examination in the cross-sectional study 

(Appendix 2a and 2b). Bitewings were taken in accordance with the Public Dental 

Services’ standard routines (bitewings when visual inspection of approximal surfaces is 

impossible) and were used as an adjunct to the clinical caries registration.  
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Questionnaire 

Two questionnaires were completed by the accompanying parent at the time of the oral 

examination. The questionnaires contained sections about socioeconomic status, 

children’s oral health habits, dental anxiety and behaviour management problems 

(Appendix 3a). In addition the questionnaire included variables measuring parents’ oral 

health, oral health habits, dental anxiety and dental attendance (Appendix 3b).  

 

 

Longitudinal study  

Clinical examination 

The clinical dental examination of the children in the Dental Study was performed by 44 

dental hygienists as part of the regular dental recall examination in the Public Dental 

Services. The examinations were always performed in fully equipped dental clinics using 

plane mirrors and sharp probes after the teeth had been dried with air. Registration 

forms were completed by the examiner as part of the clinical examination (Appendix 2a). 

Bitewings were taken when indicated.  

 

 

Questionnaire 

Questionnaires were completed by the mothers during week 15, 22 and 30 in pregnancy, 

and when the child was 6, 18 and 36 months old as part of the MoBa study. The 

questionnaires in the MoBa study can be found at http://www.fhi.no. The questionnaires 

cover a variety of issues regarding parents and children, with detailed questions on 

health, socioeconomic status, nutrition, environmental exposures, and familial and 

psychological factors before, during and after pregnancy. Pregnancy and birth records 

from the Medical Birth Registry of Norway (127) are included in the MoBa database.  

In addition a questionnaire completed by the accompanying parent at the dental 

examination of the 5-year-old children was used. This questionnaire included information 
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about socioeconomic status, the children’s oral health habits, dental anxiety and 

behaviour management problems (Appendix 3a). 

 

 

Variables 

Caries experience 

The caries experience of the children at the age of 5 years was the dependent variable in 

the analyses.  

Caries was registered with the surface as the unit of measurement. Surfaces were 

given a code according to status: sound (s), decayed (d), filled (f) or missing due to caries 

(m). The clinical record was checked when there was doubt about whether a tooth was 

missing because of caries or dental trauma. Molars extracted or indicated for extraction 

due to caries were counted as five missing surfaces and incisors as four missing surfaces 

because only teeth with serious caries were extracted rather than filled in this population. 

Five caries grades were recorded (d1 to d5) (33). Grades d1 and d2 were enamel lesions 

and grades d3, d4 and d5 were dentine lesions. In the analyses, grades d1 and d2 were 

summed and categorised as enamel caries, and grades d3, d4 and d5 were summed and 

categorised as dentine caries. Using the same criteria, caries experience was also noted 

with the tooth as unit of analysis and the results are presented as decayed, filled and 

missed teeth or surfaces (dmft or dmfs).  

In Paper I, the term “caries” includes both enamel and dentin caries (d1-5mft) and 

the term “dentine caries” is used when only caries extending into dentine was included 

(d3-5mft). In Paper II, III and IV, only caries lesions extending into dentine (d3-5mft) were 

analysed and named caries.  

In the analyses of associations between caries experience and the independent 

variables, children were classified as having caries experience (d1-5mft > 0 or d3-5mft > 0) 

or not having caries experience (d1-5mft = 0 or d3-5mft = 0).  
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The independent variables 

The independent variables used to explore associations with caries experience were all 

related to the parents and the family during pregnancy and in early childhood, see Figure 

1, page 2. An overview of the independent variables in Papers I to IV is shown in Figure 6.  

 

 
 

Figure 6. Overview of dependent and independent variables included in Papers I to IV. 
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Intra and inter-examiner agreement 

Intra-examiner agreement of the main investigator (TIW) was measured using extracted 

teeth, radiographs and re-examination of 34 children after a 30-day interval. Cohen’s 

kappa for intra-examiner agreement was 0.61 (extracted teeth), 0.85 (radiographs) and 

0.88 (examination of children).  

Intra- and inter-examiner agreement in the Dental Study was measured using 20 

bitewing radiographs of deciduous molars including eight approximal surfaces in each 

radiograph. Caries in the radiographs was registered three times during the examination 

period with an interval of about 90 days. The registrations by the main investigator were 

regarded as the “gold” standard and compared with the registrations of the 44 dental 

hygienists’ to calculate inter-examiner agreement. The mean inter-examiner Kappa-value 

was 0.86, and the mean intra-examiner Kappa-value was 0.85.  

The obtained agreement (Kappa values) were defined as “substantial to almost 

perfect” according to the scale of Landis and Koch (128).  

 

 

Statistical methods 

The statistical analyses were performed using the Statistical Package for the Social 

Sciences (SPSS, Inc. Chicago, IL, USA, version 16). Inter- and intra-examiner agreements 

were calculated using Cohen’s kappa. Bivariate and multivariable logistic regression 

analyses were conducted with children’s caries experience as dependent variable. 

Multivariable logistics regression analyses were conducted to determine associations 

between the independent variables towards the presence of caries in the participants, 

controlled for the other variables included in the analyses. Results were reported using 

frequencies, odds ratios (OR), 95% confidence intervals (95% CI) and p-values (p). 

Spearman’s Rank correlation was used to test relationships between the independent 

variables before multivariable analyses were conducted. The level of significance was set 

at 5%. 
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Ethical considerations  

Written, informed consent was obtained from all parents (Appendix 1b). The investigation 

was approved by the Regional Committee for Medical Research Ethics and the Norwegian 

Social Science Data Services. The MoBa is also approved by the Norwegian Data 

Inspectorate.  
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SUMMARY OF RESULTS 

Paper I 

The purpose of this study was, firstly, to describe the caries situation among 5-year-old 

children in a low caries population, including the distribution and severity of caries at 

tooth and surface level and, secondly, to study associations between parents’ education, 

national origin, oral health behaviours and attitudes, and children having caries 

experience at 5 years of age.  

Caries experience was low; 34% of the children had caries experience (d1-5mft), 

and 18% of the children had dentin caries experience (d3-5mft). Caries experience was 

skewed; 10% of the children had five or more teeth affected by caries experience (d1-

5mft). For all children, the average number of deciduous teeth affected by caries (d1-5mft) 

was 1.3 (SD = 2.7), and the average number with dentine caries was 0.6 (SD = 1.9). The 

Significant Caries Index (SIC) was 3.9 (SD = 3.5) and, for dentine caries experience, the SIC 

was 1.9 (SD = 2.9). Both enamel caries and dentine caries experience were most frequent 

in the molars, and accounted for 85% of the total caries experience. Caries experience (d1-

5mfs) was most frequently registered in the occlusal surfaces of the second molars. The 

highest proportion of surfaces with dentine caries experience (d3-5mfs) was registered in 

the distal surfaces of the first molars, and the occlusal surfaces of the second molars. 

Surfaces with enamel caries constituted 49% of all surfaces with caries experience. 

The results from the multivariable analyses showed that having one or both 

parents of non-western origin (OR = 3.6), both parents (OR = 1.9) and one parent (OR = 

1.7) of low educational level was associated with a higher probability of having caries 

experience (d1-5mft > 0) at the age of 5 years. Education level had stronger associations 

with the probability of having caries experience in participants of non-western origin than 

in western children, indicating that the real high-risk group is children of non-western 

origin with parents with low education.  

Adjusted for the other variables included in the multivariable analysis, the 

following variables were associated with a higher probability of having dentine caries 
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experience (d3-5mft) at the age of 5 years: having one or both parents of non-western 

origin (OR = 4.8); both parents (OR = 3.0) or one parent (OR = 2.1) with low educational 

level; parental laxity about tooth brushing (OR = 2.8); parents who brushed their own 

teeth less frequently than twice a day (OR = 2.2); and, parents who had frequently 

consumed sugar (OR = 1.8). Parent-related factors explained 22% of the variance in the 

probability of having dentine caries experience (d3-5mft > 0) in the 5-year-olds. 

 

 

Paper II 

The aim of this study was to explore associations between dental avoidance behaviour 

and dental anxiety in both parents and children, and children having caries experience at 

5 years of age.  

In the bivariate analyses, having caries experience at the age of 5 years was 

associated with the child having missed one or more dental appointments, the child 

having behaviour management problems during previous dental visits, child dental 

anxiety and parents reporting not having their own dentist.  

Multivariable analysis was performed with parents’ dental attendance, the child 

having missed at least one dental appointment, child dental anxiety and behaviour 

management problems during previous dental visits entered as explanatory variables. 

Parents’ educational level and national origin were entered as control variables. The 

results showed that, having one or more missed dental appointments (OR = 4.0) and 

parents reporting behavior management problems before the age of 5 years (OR = 2.4) 

were associated with having caries experience at the age of 5 years. Variables included in 

the analyses explained 24% of the variance in the probability of having caries experience 

at the age of 5 years. 
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Paper III 

The purpose of this study was to explore associations between structural characteristics 

of the family during pregnancy and in early childhood and having caries experience at 5 

years of age with longitudinal data.  

The results showed that caries experience in the 5-year-old children was low; 89% 

had no caries experience (d3-5mft = 0). Caries experience was skewed, two-third of the 

children (62%) had one or two teeth with caries experience and 18% were severely 

affected by caries, with five or more teeth with caries experience. For all children the 

average number of teeth with caries experience was 0.3 (SD = 1.2) and, for children with 

caries experience, the mean was 2.7 (SD = 2.3) teeth. The SIC index was 0.9 (SD = 1.8). In 

the bivariate analyses, having caries experience at the age of 5 years was associated with 

having one or both parents of non-western origin (OR = 5.0), having had a change in 

family status from pregnancy to the age of 5 years (OR = 2.2), having a mother with low 

education (OR = 2.0) and having a young mother at child birth (OR = 1.9) 

Multivariable analysis were conducted to explore the associations between 

children having caries experience and mothers’ age at child birth, family status, family 

size, family income, mothers’ education and parents’ national origin. Gender and child 

age at dental examination were entered in the analysis as control variables. The results 

from the analyses showed that having caries experience at the age of 5 years was 

associated with having one or both parents of non-western origin (OR = 3.4), having had a 

change in family status from two parents to one parent from pregnancy to the age of 5 

years (OR = 2.0), and having mother with low education (OR = 1.9). 
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Paper IV 

The aim of this study was to explore associations between maternal health and lifestyle in 

pregnancy and early childhood and children having caries experience at 5 years of age.  

The results from the bivariate analyses showed associations between caries 

experience in children at the age of 5 and having one or both parents of non-western 

origin (OR =5.0), having mother defined as obese (OR = 2.4) or overweight (OR = 1.5), with 

low education (OR = 2.0), who smoked at child age 6 months (OR = 1.8), who smoked 

during pregnancy (OR = 1.6), who consumed more sugar than recommended (OR = 1.6) 

and having mother without allergy (OR = 1.4).  

Multivariable analysis was conducted to explore associations between children 

having caries experience and maternal health, maternal diet, maternal weight, maternal 

smoking, maternal physical activity, child birth weight, child born premature controlled 

for maternal education, parental origin and child age at dental examination. The results 

from the multivariable analysis showed that having a mother defined as obese (OR = 2.1) 

or overweight (OR = 1.6) and having a mother who consumed more sugar than 

recommended (OR = 1.6) were related to having caries experience at the age of 5 years, 

in addition to having parents’ of non-western origin (OR = 4.6) and having mother with 

low education (OR = 1.5).  
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DISCUSSION 

Methodological considerations 

This thesis included 5-year-old children from a low caries area, the county of Akershus. 

The caries prevalence of 5-year-old children in Akershus was, in 2007, slightly lower than 

the national average in Norway, 80% versus 76% 5-year-olds without caries experience 

(20).  

 

Cross-sectional study  

The study population in Paper I and Paper II included a random sample of children 

scheduled for recall examination in the Public Dental Services in 2007. The proportion of 

non-participants in this study was low (2%), and the majority explained the reason for 

non-participation to be lack of time to complete questionnaires and dental examinations. 

Based on the participation rate, the sample is considered to be representative of those 5-

year-old children in Akershus who were examined in the Public Dental Services in 2007.  

According to national statistics (20), 20% of children in the county of Akershus 

examined in 2007 had dentine caries experience, while dentine caries experience was 

registered in 18% of the children in the study population in Paper I and Paper II. As a 

result of needs-based recall-intervals longer than 12 months in the Public Dental Services, 

35% of the 5-year-olds were not recalled to the Public Dental Services in the calendar year 

2007. These results showed, as expected, a slightly higher caries prevalence in children 

scheduled for examination in 2007 compared with all 5-year-old children in the county of 

Akershus.  

 

Longitudinal study  

The study population in Paper III and Paper IV included children participating in the MoBa 

study and the Dental Study.  
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A total of 80% of the 5-year-olds enrolled in the Public Dental Services in Akershus 

participated in the Dental Study. Non-participants in this study were children that did not 

want to participate (3%), children that did not show up for the routine dental 

appointment (2%), and children that were not invited to participate by the dental 

personnel (15%). Reasons that children scheduled for routine examination were not 

invited are not known, but most likely include failure to notice, administrative practical 

reasons and lack of time. It has been documented that children that do not show up for 

dental appointments have higher caries experience than children that do show up (66), 

while there is no reason to assume that the majority of the non-participating children, the 

children that were not invited to participate, differed from the participating children. This 

indicates that caries prevalence of participants in the Dental Study may be slightly lower 

than in the 5-year-olds enrolled in the Public Dental Services.  

Caries prevalence among 5-year-old children from Akershus participating in the 

MoBa study and the Dental Study was lower than among 5-year-old children included in 

national statistics for Akershus in 2007, 89% versus 80% without caries experience (20). 

This is probably caused by higher participation in the MoBa by mothers that reported no 

smoking and used folic acid supplements before/during pregnancy, indicating healthier 

lifestyle behaviours, and lower participation by mothers with lower age at child birth than 

the Norwegian average (126). This is consistent with the general finding that attrition of 

study participants and low participation rate in prospective longitudinal studies may 

cause selection-bias and systematic errors in such studies (37). Typically, bias in 

longitudinal studies is found in the prevalence of exposure and outcomes, but bias is less 

in relative risk estimates of exposure-outcome associations. A recent analysis of 

exposure-outcome associations in the MoBa study reports no statistically significant 

differences in association between variables in the MoBa study and in the total 

population (126).  

Measures regarding prevalence in Paper III and Paper IV are therefore 

representative only for children participating in the MoBa study and the Dental Study and 

can not be generalized to a larger population. Results regarding exposure-outcome 

associations may be generalised to Norwegian children at the same age. 
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Clinical examinations 

The clinical data collection in the cross-sectional study was performed by one experienced 

dentist and the Kappa intra-examiner agreement was considered “substantial” to “almost 

perfect” according to the scale of Landis and Koch (128). 

The clinical data collection in the longitudinal study was performed by dental 

hygienists in the Public Dental Services as part of the routine dental examination of the 

children at the age of 5 years. The Public Dental Services has written guidelines regarding 

caries registration and the clinicians are regularly calibrated. The caries diagnostic criteria 

used in the Dental Study were identical to the criteria the personnel used in routine 

examinations. According to Landis and Koch, the Kappa values for registration of enamel 

and dentine caries lesions indicated “substantial” to “almost perfect” intra- and inter-

examiner agreement (128). In spite of the large number of examiners (44 dental 

hygienists performed examinations), the levels of intra-and inter-examiner agreement 

indicate reliable caries registration.  

While most national and international caries data in children are based on 

recordings only of dentine caries, information regarding both enamel and dentine caries 

is useful to give the total frequency of the caries disease in a population and to estimate 

the requirement for preventive dental services (129, 130). In this low caries population, 

enamel caries was found to constitute half of the total caries experience among the 5-

year-olds. This result is in line with previous findings in populations with higher caries 

prevalence (25, 35). This study showed that as the caries prevalence decreases, the 

proportions of enamel and dentine caries lesions remain constant and indicate that, by 

recording only dentine caries, a fairly reliable estimate of the total caries prevalence can 

be calculated.  

One aim in this thesis was to describe caries experience in 5-year-old children, and 

in Paper I both enamel caries and carious lesions extending into dentine were studied. In 

Papers II, III and IV, children with caries lesions extending into dentine were chosen as the 

risk group in the analyses. In some children, 16%, only enamel caries lesions were 

registered and these children, without dentine caries, were classified as having no caries 
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experience in the analyses in Paper II, III and IV. The results from Paper I showed that 

associations between caries prevalence and the independent variables were fewer and 

weaker when children who had enamel lesions only were included. This indicates that 

children with dentine caries are easier to identify than a large group with both enamel 

and dentine caries. The explanation could be partly that among children who have only 

enamel lesions, children with active enamel lesions, children with previously active 

lesions and children that had changed their oral health behaviours were included. 

Restorative dental treatment in preschool children is challenging, time consuming and 

may result in dental anxiety in the children. Enamel lesions are, in Norway, usually treated 

by non-restorative treatment; fluoride supplement and oral hygiene advice. In this thesis, 

the aim was to identify indicators associated with risk for development of caries requiring 

restorative treatment, that is, carious lesions extending into dentine, in the first 5 years of 

life. 

Bitewing radiographs were taken as an adjunct to clinical examinations in these 

studies, so that “all” carious lesions on approximal surfaces in molars were registered. 

Some of these lesions would have been missed without radiographs. This is in contrast to 

most other large scale epidemiological studies which do not include radiographs and care 

must be taken when comparing the present results with studies not including 

radiographs. 

 

 

Questionnaires  

Information from the parents was collected by questionnaires in the MoBa study and at 

the dental examinations. The longitudinal study design, with data collection several times 

during pregnancy and early childhood, reduces bias due to parents’ poor recollection of 

past events. Information was collected before the outcome, caries experience at the age 

of 5 years, was recorded and possible bias in the data because parents or examiners knew 

whether the child would develop caries or not (information bias) was reduced.  
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The validity of questions in the MoBa study has been tested previously. 

Statistically significant associations between exercise activities reported in the MoBa 

study and objectively measured physical activity have been found (131). The food 

frequency questionnaire used in the MoBa study have been shown to give reasonably 

valid intake estimates and it has been reported to be a valid tool by which to rank the 

mothers’ according to low and high intakes of energy, nutrients and food (132).  

The questionnaires filled in at the dental examination were pilot tested in parents 

and adjusted according to comments prior to data collection. The questions regarding 

attitudes to oral health behaviours have previously been validated and used in 

international studies (133), and dental anxiety in parents was reported using Corah’s 

dental anxiety scale, which has been widely used and psychometrically evaluated, 

including in Norwegian populations (134).  

 

 

Main results 

Caries prevalence and distribution 

In the cross-sectional study, the majority of the 5-year-olds, 82%, had no dentine caries 

experience (Paper I). This has major implications for the planning of dental services for 

children, including estimating the quantities and types of dental personnel necessary. 

Enamel caries was registered in 29% of the children, and enamel carious lesions i enamel 

constituted 50% of all registered caries lesions (Paper I). In 16% of the children, only 

enamel carious lesions were registered. This result indicates that preventive dental care 

targeted at preschool children and their families is required. The results showed that a 

relatively low proportion of children required restorative care and suggest that dental 

hygienists could provide most of the primarily preventive dental care for this child 

population (135, 136).  

Figure 7 depict the localisation of the caries experience in the dentition of 5 year 

old children in a low caries area (a version of Figure 2 in Paper I).  
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Figure 7. Caries localisation in the deciduous dentition of 5-year-old children.  

 

Previous studies have reported caries localisation in the deciduous dentition in 

populations with higher caries prevalence (21-24). This study showed that the major 

pattern of caries was similar in low and high caries populations. Further, in this low caries 

population, many teeth and surfaces never or very seldom had caries and the vast 

majority of the dentine caries lesions were one-surface lesions, mainly located on molars. 

The results indicated that the majority of the carious lesions were one-surface lesions, 

and that the molars accounted for 85% of the carious lesions (Paper I). These results have 

implications for the provision of preventive advice regarding brushing and flossing for 

children and their parents.  

Caries experience in the preschool population was highly skewed. While 82% had 

no dentine caries experience, children with dentine caries experience had on average 

three teeth with dentine caries experience (Paper I). This indicates that a only small 

proportion of children (about 20%), needs restorative dental care before the age of 5 

years. Increased knowledge regarding risk indicators for caries development in early 

childhood would help to identify these children at risk of developing caries before clinical 

caries develops.  
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Caries risk indicators 

In this thesis, it was shown that several family characteristics were associated with the 

presence of caries at the age of 5 years.  

 

Demographic factors of the family 

The results in this thesis showed that structural characteristics of the family in pregnancy 

and early childhood were associated with caries development in children before the age 

of 5 years (Paper I and Paper III).  

A social gradient in dental health in preschool children was demonstrated when 

social level was measured by parents’ education and national background. In addition to 

confirming the effect of educational level (51, 54, 68, 72, 73, 84, 86, 95, 112, 137-139), 

the results showed that, in non-western children, the association between parental 

education and caries was stronger than in western children, suggesting that the real high 

risk group is non-western children whose parents have low education (Paper I).  

Change in family status from pregnancy to when the child turned 5 years was 

found to be related to caries prevalence at the age of 5 years (Paper III). A change in 

family status, such as separation or divorce, causes emotional stress on the parents, and 

may lead to changes in daily routines. This may influence the parents’ ability to give the 

child appropriate dental care and so increase the risk of developing caries. Stability of 

family structure in early life seems, therefore, to be associated with caries development 

in preschool children. A Swedish study, including seven families with children who had 

developed caries before two years of age, showed that all families had experienced at 

least one life event that had put the family into crisis (9). A Finnish study showed that 

living in families where family relationships are complicated was associated with risk of 

developing caries in children (88).  

Many mechanisms have been suggested to mediate the association between 

social conditions and caries experience. Low educational level has been associated with 

reduced ability to adopt to health promoting behavior (140). It has been well documented 

that immigrant children have higher caries prevalence than other children (26, 54, 68, 71, 
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72, 74-82, 94, 97, 139, 141, 142) but the reasons for the high caries prevalence among 

non-western children are debated. A higher probability of developing caries among 

immigrant children has been associated with “cultural” differences in child rearing and 

immigrant parents’ beliefs and attitudes towards dental health (96). The strong and 

consistent finding of associations between educational level and national background and 

early development of caries indicate that among parents with immigrant background and 

low education intensified health promotion in early childhood are necessary.  

The results from this thesis showed that even in Norway, where the child dental 

service is comprehensive and individualized and the aim is to remove health inequalities 

in children, family conditions such as parental education level, parental background and 

family status are decisive for the development of caries in preschool children. 

 

Parental oral health behaviours, beliefs and attitudes 

Parental habits regarding tooth brushing and parental beliefs and attitudes towards tooth 

brushing were related to caries prevalence in children (Paper I).  

These results are consistent with the findings of previous studies which have 

reported that parental tooth brushing frequency (88, 92, 93) and that parental attitudes 

towards tooth brushing were associated with children’s caries status (103-106).  

Attitudes and beliefs can be considered as long-term individual characteristics 

which shape behaviours and can be acquired through primary socialisation (101, 102). 

Several conditions can influence the establishment and maintenance of beliefs and 

attitudes. These include knowledge in the field of interest, social and cultural background 

and society. Beliefs and attitudes are modifiable and can differ between individuals from 

the same background (101). Changing peoples’ beliefs and attitudes is considered 

complicated. There are several theoretical models explaining how beliefs and attitudes 

regarding health-related behaviours can be modified, but there is no consensus in the 

literature about which model to choose (101). Considering parental oral health 

behaviours and attitudes could be an important part of caries prevention in preschool 

children, as children develop their oral health behaviours on the basis of health habits in 
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the family (67, 69). Targeting preventive care based on parental oral health behaviours, 

beliefs and attitudes could be expected to improve the efficacy of the preventive advice 

given to preschool children and their families.  

 

Dental anxiety and dental attendance 

Caries prevalence in children at the age of 5 years was associated with missed dental 

appointments and behaviour management problems in early childhood (Paper II).  

When children do not attend for scheduled dental appointments, it is usually due 

to the parents not bringing the children to the dental service. This behaviour may reflect 

parents’ negative beliefs and attitudes toward dental care (111). It may also be due to 

ignorance of the dental care system for children or to a parent’s fear of the consequences 

of taking time off work. Missed dental appointments have been related to caries 

prevalence in older children (66, 143), and reported to be associated with dental 

treatments due to toothache in children (64). The results from this thesis signify the 

importance of establishing early contact with parents of children who do not show up for 

scheduled appointments to explore possible obstacles to bringing their children to the 

dental services. Strategies aimed at changing parental behaviours may represent an 

important part of caries prevention for preschool children. Focusing on prevention of 

further missed dental appointments in preschool children may be less resource 

consuming than performing more complicated dental treatments as a result of caries a 

few years later (144).  

The reasons for behaviour management problems in the dental situation are 

numerous (145), from immaturity in the child to more complex problems, such as a 

burdensome life or family situation (146). The findings support the importance of giving 

young children with behaviour management problems appropriate care including caries 

prevention, rather than waiting for child development and maturity (65). As the reason 

for behavioural management problems in preschool children may be caused by a 

burdensome family situation these children and their families require special support 

from the Public Dental Services to prevent further caries development in children.  



 

 
 

  Page 39  
  

Maternal general health and lifestyle 

Maternal weight close to the beginning of the pregnancy, maternal sugar consumption in 

pregnancy and frequent parental intake of sugar containing drinks at 5 years of age was 

associated with the risk of caries prevalence in 5-year-old children (Paper I and Paper IV).  

Sugar is important in caries development (14), and children’s sugar consumption is 

related to caries development (51, 57, 58). The Public Dental Services has routines 

regarding information for parents and children about children’s sugar consumption and 

risk of caries development as part of the dental examinations of children (147). The 

results from these studies indicate that the information given about sugar consumption 

and risk of caries development in children should also include information about maternal 

sugar consumption and the benefits of reducing this, particularly with respect to the 

reduced risk of caries development in children. Efforts towards reducing maternal high 

sugar consumption could start during pregnancy, to enable the mothers to change their 

habits before child birth, as the mothers are likely to introduce their dietary habits to the 

children (98).  

The relationship between maternal obesity and caries development in children 

may be linked with biological development and dietary habits. Maternal obesity during 

pregnancy has been considered to influence appetite control in children (148) and the 

probability of an increased number of meals which may influence caries development. 

Maternal obesity has been related to reduced possibility of breastfeeding, and thereby 

associated with high sugar consumption in children (149). This indicates that information 

given to the mothers during pregnancy regarding diet, dietary habits and sugar 

consumption should include information about the risk of caries development in 

preschool children.  

 

Clinical implications 

Such information could be used to identify children at risk of developing caries and opens 

the possibility of targeting preventive oral care to children at risk of developing caries and 

their families. Usually the primary health care personnel know the major caries risk 
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indicators associated with caries for 5-year-old children (education, national background, 

maternal weight and family situation) when the mother is pregnant or soon after the 

birth.  

Pregnant mothers with unfavourable oral health behaviours or with one or several 

of the family structural characteristics identified as risk indicators for caries should be 

referred for dental care, to enable oral health promoting activities to be instigated. Dental 

care for children younger than 3 years of age is in Norway partly provided by primary care 

personnel in general health care units. Further development of the collaboration between 

the Public Dental Services and primary care personnel in health care units, regarding 

dental care for children at risk of developing caries, could be ensured by establishing 

routines based on the risk indicators that have the potential to prevent caries 

development.  

Children that do not attend for to dental appointments and children who have 

behavioural management problems in early dental visits require special attention from 

the Public Dental Services. By offering these children and their families intensified 

preventive dental care caries prevalence in 5-year-old children could be reduced further.  
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Future research 

In this thesis, risk indicators for caries development in preschool children were identified. 

As a follow-up, a fields study has been initiated in the Public Dental Services in the county 

of Vestfold to use the identified risk indicators in primary care units for preschool children 

as criteria for referring children to the Public Dental Services. The number and 

characteristics of the children will be registered and the referred children will be given 

intensive preventive care.  

Collecting data on oral health in these 5-year-old children as they grow up will 

make it possible to see whether the indicators for caries at the age of 5 years persist as 

caries indicators during later childhood and adolescence. In addition, the material used in 

this thesis includes information that can be analysed further to learn more about dental 

health behaviours and how aspects of the Public Dental Services influence the dental 

health of preschool children.  
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CONCLUSIONS 

This thesis aimed at describing caries experience and distribution in the dentition of 5-

year-old children in a low caries population, and to explore associations between caries 

prevalence in 5-year-old children and parent-related factors during pregnancy and early 

childhood.  

The studies showed that:  

� more than 80% of the 5-year-old children had no dentine caries experience, and 

10% of the children had 5 or more teeth with enamel or dentine caries experience 

o caries experience was mainly registered in the molars, in the occlusal 

surfaces  

� A social gradient in caries prevalence in 5-year-old children in Norway was found 

o the real high-risk group was children of non-western origin with parents 

with low education  

o change in family situation before 5-years of age represented risk of caries 

development in preschool children 

� Parental tooth brushing habits and attitudes to tooth brushing in children were 

associated with caries prevalence in children 

� Missed dental appointments in children and behaviour management problems at 

early dental visits were related to caries prevalence in preschool children  

� Maternal weight and sugar consumption in pregnancy were associated with caries 

prevalence in preschool children  

 

The caries risk indicators identified in this thesis may increase the possibility to target 

preventive care at the children with the highest risk of dental caries. 

 

  



 

 
 

  Page 43  
  

REFERENCES 
 

 1.  Selwitz RH, Ismail AI, Pitts NB. Dental caries. Lancet 2007;369:51-9. 

 2.  Petersen PE. Global policy for improvement of oral health in the 21st century - implications 
to oral health research of World Health Assembly 2007, World Health Organization. 
Community Dent Oral Epidemiol 2009;37:1-8. 

 3.  Sheiham A. Dental caries affects body weight, growth and quality of life in pre-school 
children. Br Dent J 2006;201:625-6. 

 4.  Li Y, Wang W. Predicting caries in permanent teeth from caries in primary teeth: an eight-
year cohort study. J Dent Res 2002;81:561-6. 

 5.  Alm A, Wendt LK, Koch G, Birkhed D. Prevalence of approximal caries in posterior teeth in 15-
year-old Swedish teenagers in relation to their caries experience at 3 years of age. Caries Res 
2007;41:392-8. 

 6.  Skeie MS, Raadal M, Strand GV, Espelid I. The relationship between caries in the primary 
dentition at 5 years of age and permanent dentition at 10 years of age - a longitudinal study. 
Int J Paediatr Dent 2006;16:152-60. 

 7.  Powell LV. Caries prediction: a review of the literature. Community Dent Oral Epidemiol 
1998;26:361-71. 

 8.  Crall JJ, Edelstein B, Tinanoff N. Relationship of microbiological, social, and environmental 
variables to caries status in young children. Pediatr Dent 1990;12:233-6. 

 9.  Wendt LK, Svedin CG, Hallonsten AL, Larsson IB. Infants and toddlers with caries. Mental 
health, family interaction, and life events in infants and toddlers with caries. Swed Dent J 
1995;19:17-27. 

 10.  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;120:510-520. 

 11.  Bjertness E, Eriksen HM. Design of a socio-ecologic caries model and testing on 50-year-old 
citizens of Oslo, Norway. Acta Odontol Scand 1992;50:151-62. 

 12.  Eriksen HM, Bjertness E. Concepts of health and disease and caries prediction: a literature 
review. Scand J Dent Res 1991;99:476-83. 

 13.  Fejerskov O. Changing paradigms in concepts on dental caries: consequences for oral health 
care. Caries Research 2004;38:182-91. 

 14.  Keyes PH. Recent advances in dental caries research. Bacteriological findings and biological 
implications. Int Dent J 1962;12:443-64. 



 

 
 

  Page 44  
  

 15.  Hugoson A, Koch G, Helkimo AN, Lundin SA. Caries prevalence and distribution in individuals 
aged 3-20 years in Jönköping, Sweden, over a 30-year period (1973-2003). Int J Paediatr Dent 
2008;18:18-26. 

 16.  Marthaler TM. Changes in dental caries 1953-2003. Caries Research 2004;38:173-81. 

 17.  Pitts NB, Boyles J, Nugent ZJ, Thomas N, Pine CM. The dental caries experience of 5-year-old 
children in Great Britain (2005/6). Surveys co-ordinated by the British Association for the 
study of community dentistry. Community Dent Health 2007;24:59-63. 

 18.  Vanobbergen J, Martens L, Declerk D. Caries prevalence in Belgian children: a review. Int J 
Paediatr Dent 2001;11:164-70. 

 19.  Vehkalahti M, Tarkkonen L, Varsio S, Heikkila P. Decrease in and polarization of dental caries 
occurrence among child and youth populations, 1976-1993. Caries Res 1997;31:161-5. 

 20.  Statistics Norway. Dental status by age. Statistisk sentralbyrå. Available from: URL: 
http://statbank.ssb.no//statistikkbanken/default_fr.asp?PLanguage=1 [cited 2011 Feb 4]. 

 21.  Li SH, Kingman A, Forthofer R, Swango P. Comparison of tooth surface-specific dental caries 
attack patterns in US schoolchildren from two national surveys. J Dent Res 1993;72:1398-
405. 

 22.  Gizani S, Vinckier F, Declerck D. Caries pattern and oral health habits in 2- to 6-year-old 
children exhibiting differing levels of caries. Clin Oral Investig 1999;3:35-40. 

 23.  Vanobbergen J, Lesaffre E, Garcia-Zattera MJ, Jara A, Martens L, Declerck D. Caries patterns 
in primary dentition in 3-, 5- and 7-year-old children: spatial correlation and preventive 
consequences. Caries Res 2007;41:16-25. 

 24.  Elfrink MEC, Veerkamp JSJ, Kalsbeek H. Caries pattern in primary molars in Dutch 5-year-old 
children. Eur Arch Paediatr Dent 2006;7:236-40. 

 25.  Carvalho JC, Declerck D, Vinckier F. Oral health status in Belgian 3- to 5-year-old children. Clin 
Oral Investig 1998;2:26-30. 

 26.  Skeie MS, Espelid I, Skaare AB, Gimmestad A. Caries patterns in an urban preschool 
population in Norway. Eur J Paediatr Dent 2005;6:16-22. 

 27.  Ismail AI. Visual and visuo-tactile detection of dental caries. J Dent Res 2004;83 Spec No 
C:C56-C66. 

 28.  Pitts NB, Fyffe HE. The effect of varying diagnostic thresholds upon clinical caries data for a 
low prevalence group. J Dent Res 1988;67:592-6. 

 29.  WHO. Oral Health Surveys, Basic Methods. Geneva: World Health Organization; 1997. 

 30.  Helsedirektoratet (Norwegian Directorate of Health). Journalsystem for den offentlige 
tannhelsetjenesten.  1993.  



 

 
 

  Page 45  
  

 31.  Ismail AI, Sohn W, Tellez M, Amaya A, Sen A, Hasson H, et al. The International Caries 
Detection and Assessment System (ICDAS): an integrated system for measuring dental caries. 
Community Dent Oral Epidemiol 2007;35:170-8. 

 32.  Bratthall D. Introducing the Significant Caries Index together with a proposal for a new global 
oral health goal for 12-year-olds. Int Dent J 2000;50:378-84. 

 33.  Espelid I, Tveit AB, Mjör IA, Eriksen HM, Fjelltveit A, Øiestad V. Indekser for registrering av 
okklusalkaries og approksimalkaries [Systems for grading occlusal and approximal carious 
lesions]. Nor Tannlegeforen Tid 1990;100:658-63. 

 34.  Amarante E, Raadal M, Espelid I. Impact of diagnostic criteria on the prevalence of dental 
caries in Norwegian children aged 5, 12 and 18 years. Community Dent Oral Epidemiol 
1998;26:87-94. 

 35.  Raadal M, Amarante E, Espelid I. Prevalence, severity and distribution of caries in a group of 
5-year-old Norwegian children. Eur J Paediatr Dent 2000;1:13-20. 

 36.  Lovdata. Act related to dental health services. Lovdata. Available from: URL: 
http://www.lovdata.no/all/nl-19830603-054.html [cited 2010 Sep 24]. 

 37.  Rothman KJ. Epidemiology: an introduction. New York: Oxford University Press; 2002. 

 38.  Greenberg RS. Medical epidemiology. New York: Lange Medical Books/McGraw-Hill; 2001. 

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

 40.  Beck JD. Risk revisited. Community Dent Oral Epidemiol 1998;26:220-5. 

 41.  Rose G. Rose's strategy of preventive medicine. Oxford University Press; 2008. 

 42.  Burt BA. Prevention policies in the light of the changed distribution of dental caries. Acta 
Odontol Scand 1998;56:179-86. 

 43.  Hausen H, Karkkainen S, Seppa L. Application of the high-risk strategy to control dental 
caries. Community Dent Oral Epidemiol 2000;28:26-34. 

 44.  Milsom KM, Tickle M. Preventing decay in children: dare we risk the 'risk assessment' model 
in practice? Br Dent J 2010;209:159-60. 

 45.  Twetman S, Fontana M. Patient caries risk assessment. Monogr Oral Sci 2009;21:91-101. 

 46.  Hausen H. Caries prediction - state of the art. Community Dent Oral Epidemiol 1997;25:87-
96. 

 47.  Harris R, Nicoll AD, Adair PM, Pine CM. Risk factors for dental caries in young children: a 
systematic review of the literature. Community Dent Health 2004;21:Suppl-85. 

 48.  Watt RG. Emerging theories into the social determinants of health: implications for oral 
health promotion. Community Dent Oral Epidemiol 2002;30:241-7. 



 

 
 

  Page 46  
  

 49.  Adair PM, Pine CM, Burnside G, Nicoll AD, Gillett A, Anwar S, et al. Familial and cultural 
perceptions and beliefs of oral hygiene and dietary practices among ethnically and socio-
economicall diverse groups. Community Dent Health 2004;21:102-11. 

 50.  Wendt LK, Hallonsten AL, Koch G, Birkhed D. Oral hygiene in relation to caries development 
and immigrant status in infants and toddlers. Scand J Dent Res 1994;102:269-73. 

 51.  Declerck D, Leroy R, Martens L, Lesaffre E, Garcia-Zattera MJ, Vanden BS, et al. Factors 
associated with prevalence and severity of caries experience in preschool children. 
Community Dent Oral Epidemiol 2008;36:168-78. 

 52.  Alaluusua S, Malmivirta R. Early plaque accumulation - a sign for caries risk in young children. 
Community Dent Oral Epidemiol 1994;22:t-6. 

 53.  Grindefjord M, Dahllöf G, Nilsson B, Modéer T. Prediction of dental caries development in 1-
year-old children. Caries Res 1995;29:343-8. 

 54.  Grindefjord M, Dahllöf G, Nilsson B, Modéer T. Stepwise prediction of dental caries in 
children up to 3.5 years of age. Caries Res 1996;30:256-66. 

 55.  Pienihakkinen K, Jokela J, Alanen P. Assessment of caries risk in preschool children. Caries Res 
2004;38:156-62. 

 56.  Warren JJ, Weber-Gasparoni K, Marshall TA, Drake DR, Dehkordi-Vakil F, Kolker JL, et al. 
Factors associated with dental caries experience in 1-year-old children. J Public Health Dent 
2008;68:70-5. 

 57.  Karjalainen S, Soderling E, Sewon L, Lapinleimu H, Simell O. A prospective study on sucrose 
consumption, visible plaque and caries in children from 3 to 6 years of age. Community Dent 
Oral Epidemiol 2001;29:136-42. 

 58.  Rodrigues CS, Sheiham A. The relationships between dietary guidelines, sugar intake and 
caries in primary teeth in low income Brazilian 3-year-olds: a longitudinal study. Int J Paediatr 
Dent 2000;10:47-55. 

 59.  Peres MA, Latorre MRDO, Sheiham A, Peres KG, Barros FC, Hernandez PG, et al. Social and 
biological early life influences on severity of dental caries in children aged 6 years. 
Community Dent Oral Epidemiol 2005;33:53-63. 

 60.  Wendt LK, Jonsell R. Illness and use of medicines in relation to caries development and to 
immigrant status in infants and toddlers living in Sweden. Swed Dent J 1996;20:151-9. 

 61.  Paunio P, Rautava P, Helenius H, Alanen P, Sillanpaa M. The Finnish Family Competence 
Study: the relationship between caries, dental health habits and general health in 3-year-old 
Finnish children. Caries Res 1993;27:154-60. 

 62.  Klingberg G, Berggren U, Carlsson SG, Norén JG. Child dental fear: cause-related factors and 
clinical effects. Eur J Oral Sci 1995;103:405-12. 

 



 

 
 

  Page 47  
  

 63.  Milsom KM, Tickle M, Humphris GM, Blinkhorn AS. The relationship between anxiety and 
dental treatment experience in 5-year-old children. Br Dent J 2003;194:503-6. 

 64.  Wogelius P, Poulsen S. Associations between dental anxiety, dental treatment due to 
toothache, and missed dental appointments among six to eight-year-old Danish children: a 
cross-sectional study. Acta Odontol Scand 2005;63:179-82. 

 65.  Klingberg G, Vannas LL, Bjarnason S, Norén JG. Dental behavior management problems in 
Swedish children. Community Dent Oral Epidemiol 1994;22:201-5. 

 66.  Wang NJ, Aspelund GØ. Children who break dental appointments. Eur Arch Paediatr Dent 
2009;10:11-4. 

 67.  Christensen P. The health-promoting family: a conceptual framework for future research. Soc 
Sci Med 2004;59:377-87. 

 68.  Christensen LB, Twetman S, Sundby A. Oral health in children and adolescents with different 
socio-cultural and socio-economic backgrounds. Acta Odontol Scand 2010;68:34-42. 

 69.  Poutanen R, Lahti S, Tolvanen M, Hausen H. Parental influence on children's oral health-
related behavior. Acta Odontol Scand 2006;64:286-92. 

 70.  Grindefjord M, Dahllöf G, Ekström G, Höjer B, Modéer T. Caries prevalence in 2.5-year-old 
children. Caries Res 1993;27:505-10. 

 71.  Psoter WJ, Pendrys DG, Morse DE, Zhang H, Mayne ST. Associations of ethnicity/race and 
socioeconomic status with early childhood caries patterns. J Public Health Dent 2006;66:23-9. 

 72.  Verrips GH, Kalsbeek H, Eijkman MA. Ethnicity and maternal education as risk indicators for 
dental caries, and the role of dental behavior. Community Dent Oral Epidemiol 1993;21:209-
14. 

 73.  Ferro R, Cecchin C, Besostri A, Olivieri A, Stellini E, Mazzoleni S. Social differences in tooth 
decay occurrence in a sample of children aged 3 to 5 in north-east Italy. Community Dent 
Health 2010;27:163-6. 

 74.  Wang NJ. Dental caries and resources spent for dental care among immigrant children and 
adolescents in Norway. Int Dent J 1996;46:86-90. 

 75.  Elfrink ME, Schuller AA, Veerkamp JS, Poorterman JH, Moll HA, ten Cate BJ. Factors increasing 
the caries risk of second primary molars in 5-year-old Dutch children. Int J Paediatr Dent 
2010;20:151-7. 

 76.  Wendt LK, Hallonsten AL, Koch G. Oral health in pre-school children living in Sweden. Part III - 
A longitudinal study. Risk analyses based on caries prevalence at 3 years of age and 
immigrant status. Swed Dent J 1999;23:17-25. 

 77.  Sundby A, Petersen PE. Oral health status in relation to ethnicity of children in the 
Municipality of Copenhagen, Denmark. Int J Paediatr Dent 2003;13:150-7. 



 

 
 

  Page 48  
  

 78.  Stecksen-Blicks C, Kieri C, Nyman JE, Pilebro C, Borssen E. Caries prevalence and background 
factors in Swedish 4-year-old children - a 40-year perspective. Int J Paediatr Dent 
2008;18:317-24. 

 79.  Conway DI, Quarrell I, McCall DR, Gilmour H, Bedi R, Macpherson LM. Dental caries in 5-year-
old children attending multi-ethnic schools in Greater Glasgow-the impact of ethnic 
background and levels of deprivation. Community Dent Health 2007;24:161-5. 

 80.  Stecksen-Blicks C, Sunnegardh K, Borssen E. Caries experience and background factors in 4-
year-old children: time trends 1967-2002. Caries Res 2004;38:149-55. 

 81.  Wendt LK, Hallonsten AL, Koch G. Oral health in preschool children living in Sweden. Part II - 
A longitudinal study. Findings at three years of age. Swed Dent J 1992;16:41-9. 

 82.  Menghini G, Steiner M, Thomet E, Roos M, Imfeld T. Caries prevalence in 2-year-old children 
in the city of Zurich. Community Dent Health 2008;25:154-60. 

 83.  Gibson S, Williams S. Dental caries in pre-school children: associations with social class, 
toothbrushing habit and consumption of sugars and sugar-containing foods. Further analysis 
of data from the National Diet and Nutrition Survey of children aged 1.5-4.5 years. Caries Res 
1999;33:101-13. 

 84.  Willems S, Vanobbergen J, Martens L, De MJ. The independent impact of household- and 
neighborhood-based social determinants on early childhood caries: a cross-sectional study of 
inner-city children. Fam Community Health 2005;28:168-75. 

 85.  Schroth RJ, Cheba V. Determining the prevalence and risk factors for early childhood caries in 
a community dental health clinic. Pediatr Dent 2007;29:387-96. 

 86.  Petersen PE. Oral health behavior of 6-year-old Danish children. Acta Odontol Scand 
1992;50:57-64. 

 87.  Stevens A, Freeman R. The role of the mother-child interaction as a factor in nursing caries 
(ECC): a preliminary communication. Eur J Paediatr Dent 2004;5:81-5. 

 88.  Mattila ML, Rautava P, Sillanpää M, Paunio P. Caries in five-year-old children and associations 
with family-related factors. J Dent Res 2000;79:875-81. 

 89.  Abiola AA, Eyitope OO, Sonny JO, Morenike FO. Do maternal factors influence the dental 
health status of Nigerian pre-school children? Int J Paediatr Dent 2009;19:448-54. 

 90.  Hallett KB, O'Rourke PK. Pattern and severity of early childhood caries. Community Dent Oral 
Epidemiol 2006;34:25-35. 

 91.  Blinkhorn AS. Dental preventive advice for pregnant and nursing mothers-sociological 
implications. Int Dent J 1981;31:14-22. 

 92.  Okada M, Kawamura M, Kaihara Y, Matsuzaki Y, Kuwahara S, Ishidori H, et al. Influence of 
parents' oral health behaviour on oral health status of their school children: an exploratory 
study employing a causal modelling technique. Int J Paediatr Dent 2002;12:101-8. 



 

 
 

  Page 49  
  

 93.  Poutanen R, Lahti S, Seppa L, Tolvanen M, Hausen H. Oral health-related knowledge, 
attitudes, behavior, and family characteristics among Finnish schoolchildren with and 
without active initial caries lesions. Acta Odontol Scand 2007;65:87-96. 

 94.  Verrips GH, Frencken JE, Kalsbeek H, ter HG, Filedt Kok-Weimar TL. Risk indicators and 
potential risk factors for caries in 5-year-olds of different ethnic groups in Amsterdam. 
Community Dent Oral Epidemiol 1992;20:256-60. 

 95.  Vanobbergen J, Martens L, Lesaffre E, Bogaerts K, Declerck D. Assessing risk indicators for 
dental caries in the primary dentition. Community Dent Oral Epidemiol 2001;29:424-34. 

 96.  Skeie MS, Riordan PJ, Klock KS, Espelid I. Parental risk attitudes and caries-related behaviours 
among immigrant and western native children in Oslo. Community Dent Oral Epidemiol 
2006;34:103-13. 

 97.  Ekman A. Dental caries and related factors - a longitudinal study of Finnish immigrant 
children in the north of Sweden. Swed Dent J 1990;14:93-9. 

 98.  Oliveria SA, Ellison RC, Moore LL, Gillman MW, Garrahie EJ, Singer MR. Parent-child 
relationships in nutrient intake: the Framingham Children's Study. Am J Clin Nutr 
1992;56:593-8. 

 99.  Ismail AI. The role of early dietary habits in dental caries development. Spec Care Dentist 
1998;18:40-5. 

100. Rossow I, Kjaernes U, Holst D. Patterns of sugar consumption in early childhood. Community 
Dent Oral Epidemiol 1990;18:12-6. 

101. Conner M, Norman P. Predicting health behaviour: research and practice with social 
cognition models. Maidenhead: Open University Press; 2005. 

102. Bandura A. Health promotion by social cognitive means. Health Educ Behav 2004;31:143-64. 

103. Skeie MS, Espelid I, Riordan PJ, Klock KS. Caries increment in children aged 3-5 years in 
relation to parents' dental attitudes: Oslo, Norway 2002 to 2004. Community Dent Oral 
Epidemiol 2008;36:441-50. 

104. Pine CM, Adair PM, Nicoll AD, Burnside G, Petersen PE, Beighton D, et al. International 
comparisons of health inequalities in childhood dental caries. Community Dent Health 
2004;21:121-30. 

105. Freeman R, Breistein B, McQueen A, Stewart M. The dental health status of five-year-old 
children in north and west Belfast. Community Dent Health 1997;14:253-7. 

106. Vanagas G, Milasauskiene Z, Grabauskas V, Mickeviciene A. Associations between parental 
skills and their attitudes toward importance to develop good oral hygiene skills in their 
children. Medicina 2009;45:718-23. 

 



 

 
 

  Page 50  
  

107. Schuller AA, Willumsen T, Holst D. Are there differences in oral health and oral health 
behavior between individuals with high and low dental fear? Community Dent Oral Epidemiol 
2003;31:116-21. 

108. Hakeberg M, Berggren U, Gröndahl HG. A radiographic study of dental health in adult 
patients with dental anxiety. Community Dent Oral Epidemiol 1993;21:27-30. 

109. Agdal ML, Raadal M, Skaret E, Kvale G. Oral health and oral treatment needs in patients 
fulfilling the DSM-IV criteria for dental phobia: Possible influence on the outcome of 
cognitive behavioral therapy. Acta Odontol Scand 2008;66:1-6. 

110. Milgrom P, Mancl L, King B, Weinstein P. Origins of childhood dental fear. Behav Res Ther 
1995;33:313-9. 

111. Milgrom P, Mancl L, King B, Weinstein P, Wells N, Jeffcott E. An explanatory model of the 
dental care utilization of low-income children. Med Care 1998;36:554-66. 

112. Kinirons M, McCabe M. Familial and maternal factors affecting the dental health and dental 
attendance of preschool children. Community Dent Health 1995;12:226-9. 

113. Barker DJ. The origins of the developmental origins theory. J Intern Med 2007;261:412-7. 

114. Fleten C, Stigum H, Magnus P, Nystad W. Exercise during pregnancy, maternal prepregnancy 
body mass index, and birth weight. Obstet Gynecol 2010;115:331-7. 

115. Shulman JD. Is there an association between low birth weight and caries in the primary 
dentition? Caries Res 2005;39:161-7. 

116. Kay EJ, Northstone K, Ness A, Duncan K, Crean SJ. Is there a relationship between Birthweight 
and subsequent growth on the development of Dental Caries at 5 years of age? A cohort 
study. Community Dent Oral Epidemiol 2010;38:408-14. 

117. Saraiva MC, Bettiol H, Barbieri MA, Silva AA. Are intrauterine growth restriction and preterm 
birth associated with dental caries? Community Dent Oral Epidemiol 2007;35:364-76. 

118. Julihn A, Ekbom A, Modeer T. Maternal overweight and smoking: prenatal risk factors for 
caries development in offspring during the teenage period. Eur J Epidemiol 2009;24:753-62. 

119. Haberg SE, Stigum H, London SJ, Nystad W, Nafstad P. Maternal obesity in pregnancy and 
respiratory health in early childhood. Paediatr Perinat Epidemiol 2009;23:352-62. 

120. Haberg SE, Stigum H, Nystad W, Nafstad P. Effects of pre- and postnatal exposure to parental 
smoking on early childhood respiratory health. Am J Epidemiol 2007;166:679-86. 

121. Leroy R, Hoppenbrouwers K, Jara A, Declerck D. Parental smoking behavior and caries 
experience in preschool children. Community Dent Oral Epidemiol 2008;36:249-57. 

122. Williams SA, Kwan SY, Parsons S. Parental smoking practices and caries experience in pre-
school children. Caries Res 2000;34:117-22. 



 

 
 

  Page 51  
  

123. Shenkin JD, Broffitt B, Levy SM, Warren JJ. The association between environmental tobacco 
smoke and primary tooth caries. J Public Health Dent 2004;64:184-6. 

124. Helsedirektoratet (Norwegian Directorate of Health). Kommunenes helsefremmende og 
forebyggende arbeid i helsestasjons- og skolehelsetjenesten. Veileder til forskrift av 3.april 
2003 nr 450.  2004. Report No.: IS-1154. 

125. Magnus P, Irgens LM, Haug K, Nystad W, Skjaerven R, Stoltenberg C. Cohort profile: the 
Norwegian Mother and Child Cohort Study (MoBa). Int J Epidemiol 2006;35:1146-50. 

126. Nilsen RM, Vollset SE, Gjessing HK, Skjaerven R, Melve KK, Schreuder P, et al. Self-selection 
and bias in a large prospective pregnancy cohort in Norway. Paediatr Perinat Epidemiol 
2009;23:597-608. 

127. Irgens LM. The Medical Birth Registry of Norway. Epidemiological research and surveillance 
throughout 30 years. Acta Obstet Gynecol Scand 2000;79:435-9. 

128. Landis JR, Koch GG. The measurement of observer agreement for categorical data. 
Biometrics 1977;33:159-74. 

129. Drury TF, Horowitz AM, Ismail AI, Maertens MP, Rozier RG, Selwitz RH. Diagnosing and 
reporting early childhood caries for research purposes. J Public Health Dent 1999;59:192-7. 

130. Autio-Gold JT, Tomar SL. Prevalence of noncavitated and cavitated carious lesions in 5-year-
old head start schoolchildren in Alachua County, Florida. Pediatr Dent 2005;27:54-60. 

131. Brantsaeter AL, Owe KM, Haugen M, Alexander J, Meltzer HM, Longnecker MP. Validation of 
self-reported recreational exercise in pregnant women in the Norwegian Mother and Child 
Cohort Study. Scand J Med Sci Sports 2010;20:48-55. 

132. Brantsaeter AL, Haugen M, Alexander J, Meltzer HM. Validity of a new food frequency 
questionnaire for pregnant women in the Norwegian Mother and Child Cohort Study (MoBa). 
Matern Child Nutr 2008;4:28-43. 

133. Pine CM, Adair PM, Petersen PE, Douglass C, Burnside G, Nicoll AD, et al. Developing 
explanatory models of health inequalities in childhood dental caries. Community Dent Health 
2004;21:86-95. 

134. Kvale G, Berg E, Raadal M. The ability of Corah's Dental Anxiety Scale and Spielberger's State 
Anxiety Inventory to distinguish between fearful and regular Norwegian dental patients. Acta 
Odontol Scand 1998;56:105-9. 

135. Riordan PJ. Secular changes in treatment in a school dental service. Community Dent Health 
1995;12:221-5. 

136. Wang NJ. Variation in clinical time spent by dentist and dental hygienist in child dental care. 
Acta Odontol Scand 1994;52:280-9. 

 



 

 
 

  Page 52  
  

137. Grindefjord M. Prediction and develoopment of dental caries in young preschool children. A 
prospective study in southern Stockholm 1995; Thesis. 

138. Oliveira LB, Sheiham A, Bönecker M. Exploring the association of dental caries with social 
factors and nutritional status in Brazilian preschool children. Eur J Oral Sci 2008;116:37-43. 

139. Campus G, Solinas G, Strohmenger L, Cagetti MG, Senna A, Minelli L, et al. National 
pathfinder survey on children's oral health in Italy: pattern and severity of caries disease in 4-
year-olds. Caries Res 2009;43:155-62. 

140. Yen IH, Moss N. Unbundling education: a critical discussion of what education confers and 
how it lowers risk for disease and death. Ann N Y Acad Sci 1999;896:350-1. 

141. Hallett KB, O'Rourke PK. Social and behavioural determinants of early childhood caries. Aust 
Dent J 2003;48:27-33. 

142. Grindefjord M, Dahllöf G, Modéer T. Caries development in children from 2.5 to 3.5 years of 
age: a longitudinal study. Caries Res 1995;29:449-54. 

143. Skaret E, Raadal M, Kvale G, Berg E. Missed and cancelled appointments among 12-18-year-
olds in the Norwegian Public Dental Service. Eur J Oral Sci 1998;106:1006-12. 

144. Ridell K, Matsson L, Mejàre I. Background factors associated with endodontic treatment due 
to caries in young permanent teeth. Acta Odontol Scand 2007;65:219-23. 

145. Klingberg G. Dental anxiety and behaviour management problems in paediatric dentistry - a 
review of background factors and diagnostics. Eur Arch Paediatr Dent 2008;9 Suppl 1:11-5. 

146. Gustafsson A, Arnrup K, Broberg AG, Bodin L, Berggren U. Psychosocial concomitants to 
dental fear and behaviour management problems. Int J Paediatr Dent 2007;17:449-59. 

147. Norwegian Directorate of Health. Tenner for livet. Helsefremmende og forebyggende arbeid 
[Teeth for life. Health promotion and health prevention]. Oslo; 1999. Report No.: IK-2659. 

148. Armitage JA, Poston L, Taylor PD. Developmental origins of obesity and the metabolic 
syndrome: the role of maternal obesity. Front Horm Res 2008;36:73-84. 

149. Lande B, Andersen LF, Veierod MB, Baerug A, Johansson L, Trygg KU, et al. Breast-feeding at 
12 months of age and dietary habits among breast-fed and non-breast-fed infants. Public 
Health Nutr 2004;7:495-503. 

 
  



 

 
 

  Page 53  
  

APPENDIX 1  

1a. Invitation letter  

 



 

 
 

  Page 54  
  

1b. Informed consent 

 

  



 

 
 

  Page 55  
  

APPENDIX 2 

2a. Registration form used in clinical examination of the children 

 



 

 
 

  Page 56  
  

2b. Additional registration form used in the cross-sectional 

study 

 



 

 
 

  Page 57  
  

APPENDIX 3 

3a. Questionnaire to the parents 

 



 

 
 

  Page 58  
  

3b. Additional questionnaire used in the cross-sectional 

study 

 



 

 
 

  Page 59  
  

 

 

 

 

 



 

 

 

 



I





II





III





IV





1 
 

Maternal health and lifestyle and caries experience in preschool 

children. A longitudinal study from pregnancy to age 5 yr 

 

Authors 

Wigen, Tove I  

Wang, Nina J 

Department of Paediatric Dentistry and Behavioural Science  

Institute of Clinical Dentistry 

University of Oslo 

Norway 

 

Running title: Maternal lifestyle and caries in children 

 

Corresponding author 

Tove I. Wigen 

Department of Paediatric Dentistry and Behavioural Science 

Institute of Clinical Dentistry 

Box 1109, Blindern 

0317 Oslo 

Norway 

Phone +47 22 85 20 00 

Fax +47 22 85 23 86 

E-mail: wigen@odont.uio.no 

 

 



2 
 

Wigen TI, Wang NJ.  

Maternal health and lifestyle and caries experience in preschool children. A longitudinal study 

from pregnancy to age 5 yr 

Eur J Oral Sci;  

 

Abstract 

In this study, associations between maternal health and lifestyle in pregnancy and early 

childhood and caries experience in preschool children were explored. The study is based on 

the Norwegian Mother and Child Cohort study conducted by the Norwegian Institute of 

Public Health and on data from the Public Dental Services. A total of 1348 children were 

followed from pregnancy to age 5 yr. Clinical dental examination was performed at age 5 yr. 

Questionnaires were completed by the mothers during pregnancy and the first 18 months of 

life, and as part of the dental examination. The results from the multivariable logistic 

regression analysis showed that having a mother defined as obese (OR 2.1, CI 1.1-4.1), or 

overweight (OR 1.6, CI 1.0–2.6), having a mother with a diet containing more sugar than 

recommended (OR 1.6, CI 1.1-2.4), having one or both parents of non-western origin (OR 

4.6, CI 2.0-10.5) and having a mother with low education (OR 1.5, CI 1.0-2.3), were 

statistically significant risk indicators for caries experience at age 5 yr. In conclusion, 

maternal weight and sugar intake in pregnancy were associated with caries experience in 

preschool children. 
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consumption 
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Identification of children at risk of developing caries in early childhood is of interest in 

populations with low prevalence of dental caries. Identification of children can be performed 

by primary health care personnel that have contact with the families during pregnancy and in 

early childhood. It is well accepted that the environment can affect the carious process and 

caries development in children (1, 2). In a conceptual model, several levels of the 

environment have been described by Fisher-Owens and co-workers: child-level; family-level 

and community-level (3). At the family level, possible risk indicators are structural 

relationships in the family and maternal health and lifestyle. It is known that socio-

demographic factors such as parental national background and education (4-7), family status 

(8, 9), family income (7, 10) and maternal age at child birth (7, 8, 11) are associated with 

development of dental caries in young children. Knowledge regarding associations between 

maternal health and lifestyle in pregnancy and early childhood, and caries development in 

preschool age is scarce.  

Maternal lifestyle habits such as diet, physical activity, weight and smoking habits 

influence the children and the establishment of children’s oral health behaviours. Children’s 

dietary intake has been shown to be strongly associated with their mothers’ dietary intake 

(12), and the children’s own dietary habits developed early in life (13, 14). Relationship 

between parental intake of sugar-containing beverages and caries experience in 5-yr-old 

children has been shown (4). Maternal weight early in pregnancy has been associated with 

caries increment during the teenage period (15). Associations between birth weight and dental 

caries have been explored in several studies, with conflicting results (16-18). Association 

between parental tobacco smoking and caries in primary teeth has been demonstrated in 

several studies (19-21). 

In Norway, children are, by law, offered free dental care in the Public Dental Services. 

The first regular contact with the Public Dental Services is at age 3 yr. Caries prevalence in 
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preschool children is low and the caries experience is skewed (22). Identification of children 

at risk of developing caries should preferably be performed before clinical caries is visible so 

that preventive strategies may be put in place. We have previously demonstrated associations 

between parents’ oral health behaviours and access to dental care and caries experience in 

children in a cross-sectional study (4, 23), and associations between maternal education, 

parental national background and family status, and caries experience in preschool children in 

a longitudinal study (9). In this study, we explore associations between maternal health and 

lifestyle in pregnancy and early life and caries experience in preschool children using 

longitudinal data. Based on previous research, it was hypothesized that maternal general 

health and lifestyle in pregnancy and children’s early life were associated with caries 

experience in early childhood.  

 

Material and methods 

This study is based on the Norwegian Mother and Child Cohort Study conducted by the 

Norwegian Institute of Public Health (24, 25) and data from dental examination of 5-yr-old 

children (The Dental Study).  

The Mother and Child Cohort Study is a prospective pregnancy cohort study including 

more than 100 000 pregnancies recruited from 1999 to 2009. Participants were recruited by 

postal invitation in connection with routine ultrasound examination offered to all pregnant 

women in Norway at 17-18 wk of gestation; 44% of all invited pregnant women agreed to 

participate. Data were collected by questionnaires completed by each mother in pregnancy, 

and when the child was 6, 18 and 36 months old. The current study was based on quality-

assured data files (version 3) released for research in 2007, and included 1607 children born 

in 2002 in the county of Akershus.  
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All children born in 2002 enrolled in the Public Dental Services (PDS) in Akershus 

were invited to participate in The Dental Study as part of their regular dental examination, as 

close as possible to the age of 5 yr. In 2007, 96% of the 5-yr-olds were enrolled in the PDS. 

The county of Akershus has more than 500 000 inhabitants, making up 11% of the Norwegian 

population. The dental health of the 5-yr-olds in the county was slightly better than the 

national average with 80% without need of restorative treatment in 2007 (22). The data were 

collected in 2007 and 2008, and 5623 (80%) of the 7002 children enrolled in the PDS 

participated in the study.  

In Norway, each resident has a unique 11-digit National Registration Number. This 

number is recorded in health registries and health records, and permits linkage between 

different registries. Of the 1607 children participating in the Mother and Child Cohort Study, 

1366 also participated in The Dental Study. Eighteen children lacked data from Mother and 

Child Cohort Study questionnaires and were excluded from these analyses. The final study 

population consisted of 1348 children with data both from the Mother and Child Cohort Study 

and The Dental Study.  

The clinical dental examination of the children was performed by 44 dental hygienists 

as part of the regular dental recall examination in the PDS. The examination was performed in 

a fully equipped dental clinic using plane mirror and sharp probe after the teeth had been 

dried with air. Bitewings were taken when indicated in accordance with standard routines in 

the PDS (bitewings when visual inspection of approximal surfaces is impossible), and were 

used in 68% of the children as an adjunct to the clinical caries registration.  

Caries experience was registered as the sum of teeth recorded as decayed, filled or 

missing due to caries. Five caries grades were initially recorded both in clinical examination 

and in the radiographs (26), with the tooth surface as the unit of measurement. In this study, 
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the term “caries” was used to denote carious lesions extending into dentine. In the analyses, 

children were categorized as having or not having teeth with caries experience. 

Intra- and inter-examiner agreement in the dental study was tested using 20 bitewing 

radiographs of deciduous molars including eight approximal surfaces in each radiograph. The 

first author was previously calibrated (4), and the registrations by the first author were used as 

a standard and compared with the dental hygienists’ registrations. Intra- and inter-examiner 

agreement was calculated using Cohen’s kappa. The mean inter-examiner Kappa-value was 

0.86 (SD 0.10) and the mean intra-examiner Kappa-value was 0.85 (SD 0.12). Details on 

intra- and inter-examiner agreement have been described earlier (4, 9).  

Exposure data was obtained from questionnaires answered during pregnancy and the 

first 18 months of life, and from a questionnaire completed by the accompanying parent at the 

dental examination. The questionnaires included information about maternal health and 

lifestyle habits: whether mother had had any long lasting diseases, her diet, weight and height, 

physical activity and smoking habits.  

Maternal disease was reported if she had had any long-lasting chronic disease: asthma, 

allergy, diabetes, coronary disease, rheumatism, cancer, psychiatric disorders or other 

unspecified diseases. The diseases were categorized into allergy (including asthma), 

psychiatric disorders and somatic diseases. Maternal body mass index (BMI) was calculated 

as weight/height2 (kg/m2) on the basis of reported weight and height before pregnancy (27). 

BMI was categorized as normal (< 25), overweight (25-29) and obese (>29).  

Physical activity was reported four times in the period from three months before 

pregnancy until the child was 18 months old. How often the mother was physically active 

during work and in leisure time was registered. Physical activity was dichotomized into 

physically active once a week or more often and being physically active less than once a week 

at all four registrations. Maternal smoking was reported as smoking or not smoking at four 
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points in time: at the beginning of the pregnancy; during pregnancy and at child age 6 months 

and 18 months.  

Maternal diet was recorded by mothers completing a food frequency questionnaire in 

pregnancy. The information was used to calculate daily intake of nutrients (28, 29). In this 

study, intake of sugar, intake of fat and total energy intake were used to calculate the 

proportion of total energy intake from sugar and fat. In Norway, the health authorities have 

made recommendations on nutrition based on the Nordic Nutrition Recommendations (30). 

Intake of sugar should be less than 10% of total energy intake, and energy from fat in the diet 

should be less than 35% of total energy intake (31). Sugar in the diet in this study was 

dichotomized as less than 10% of total energy intake and 10% or more of total energy intake. 

Intake of fat was dichotomized as less than 35% of total energy intake and 35% or more of 

total energy intake. 

The child’s birth weight was dichotomized as less than 2500 g and 2500 g or higher. 

Preterm birth was defined as being born before wk 35 in pregnancy. 

Maternal education was reported in pregnancy including completed and ongoing 

education. More than 12 yr at school was defined as high education and 12 yr or less was 

defined as low education. National background was recorded according to mother’s and 

father’s country of birth. Mother’s and father’s national background were combined into one 

variable and dichotomized into both parents with western origin and one or both parents of 

non-western origin. Non-western origin included parents born in Asia, Africa, South America, 

Central America and Eastern Europe.  

The statistical analyses were performed using the Statistical Package for Social 

Sciences (SPSS, Inc. Chicago, IL, USA), version 16.0. Bivariate and multivariable logistic 

regression analyses were conducted with children’s caries experience as the dependent 

variable. Spearman’s Rank correlation was used to explore associations between the 
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independent variables before the multivariable analysis was conducted. Spearman’s rho was 

lower than 0.7 for all associations. Multivariable logistic regression using backward stepwise 

selection was performed. P-value for removal was set at p > 0.10. In the model, the key 

exposure variables: disease, smoking, physical activity, diet, birth weight and prematurity, as 

well as the background variables: education, national origin and child age at dental 

examination, were entered simultaneously. Results were reported using frequencies, odds 

ratios (OR) and 95% confidence intervals (CI).  

Four of the independent variables (smoking at child age 6 and 18 months and physical 

activity at child age 6 and 18 months) had 10% or more missing answers. Missing answers in 

these variables were replaced by multiple imputations to reduce the loss of cases in the 

multivariable analysis. The level of statistical significance was set at 5%. 

Written, informed consent was obtained from all parents. The investigation was 

approved by the Regional Committee for Medical Research Ethics, The Norwegian Social 

Science Data Services and The Norwegian Data Inspectorate.  

 

Results 

The caries experience in the 5-yr-old children was low, only 11% of the children had any 

caries experience. Details of caries experience have been presented earlier (9). The 

distributions of parents and children according to maternal health, maternal diet, maternal 

lifestyle and family characteristics are presented in Table 1.  

 

Bivariate analyses 

The results from the bivariate analyses are presented in Table 1. Statistically significant 

associations were found between caries experience in the children and having one or both 

parents of non-western origin (OR 5.0), having a mother defined as obese (OR 2.4) or 
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overweight (OR 1.5), with low education (OR 2.0), who smoked at child age 6 months (OR 

1.8), who smoked during pregnancy (OR 1.6), who consumed more sugar than recommended 

(OR 1.6) and having a mother with asthma or allergy (OR 1.4).  

 

Multivariable analysis 

The results of the multivariable logistic regression analysis, exploring associations between 

caries experience in the children and maternal health, maternal diet, maternal BMI, maternal 

smoking habits, maternal physical activity, maternal education, parental national origin, 

children’s birth weight, children born preterm, children’s age at dental examination, are given 

in Table 2.  

Maternal weight and amount of sugar in the diet were statistically significantly related 

to caries experience in the child at 5 yr of age, in addition to maternal education and parental 

origin. Children whose mother was defined as obese had a 2.1 times higher probability of 

having caries experience at the age of 5 yr than children whose mother was defined as being 

of normal weight. Children whose mother consumed more sugar in the diet than 

recommended had 1.6 times higher probability of having caries experience at the age of 5 yr 

than children whose mothers had consumed less sugar in the diet. Children having one or both 

parents of non-western origin had a 4.6 times higher probability of having caries experience at 

the age of five than children both of whose parents were of western origin, and children with 

mother with low education had 1.5 times higher probability of having caries at the age of five 

than children with mother with high education (Table 2). 

 

Discussion 

The aim of this prospective study was to explore associations between dental caries in 

children at the age of 5 yr and maternal health and lifestyle in pregnancy and early childhood. 



10 
 

The main results were that children with an obese or overweight mother, or one whose diet 

was rich in sugar early in pregnancy, had higher odds of having caries at age 5 yr than other 

children.  

This study was based on data from the Norwegian Mother and Child Cohort Study. 

The cohort study design with data collection several times during pregnancy and early 

childhood reduces bias caused by parents’ recall. The food frequency questionnaire used in 

this study produces reasonably valid intake estimates and is considered to be a valid tool by 

which to rank the mothers according to low and high intakes of energy, nutrients and food 

(28), and significant positive association between the measures of self-reported exercise 

activities and objectively measured physical activity has been found (32). Generally non-

participation among invited subjects and low participation in prospective studies may cause 

selection bias and systematic errors in prevalence results (33). However, analyses have shown 

no statistically significant relative differences in association measures between participants in 

the Mother and Child Cohort Study and the total population regarding exposure-outcome 

associations (34). Results regarding exposure-outcome associations may therefore be 

generalised to the Norwegian population.  

Maternal weight close to the beginning of the pregnancy was related to caries 

experience in children at 5 yr of age in this study. Maternal obesity has previously been 

associated with child obesity, and has also been linked to long-term detrimental consequences 

for child health, such as development of cardiac disease, obesity and diabetes later in life (35). 

One explanation of the link between maternal obesity and child obesity is the “developmental 

over-nutrition hypothesis”. This states that maternal glucose, free fatty acids and amino acid 

concentrations result in permanent changes in appetite control, neuroendocrine function and 

energy metabolism in the developing fetus, leading to adiposity in later life (36). Lack of 
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appetite control in children may influence dietary habits, leading to increased numbers of 

meals which again is associated with development of dental caries.  

In this study, maternal intake of sugar in pregnancy was related to caries experience in 

children at age 5 yr. Mothers whose diet is rich in sugar are likely to introduce the same diet 

to the children, leading to high sugar consumption in children (12). It has been shown that 

children whose diet is rich in sugar in early life may continue with a diet rich in sugar during 

childhood and adolescence (13, 14, 37). A study from Finland has shown that children with a 

diet rich in sugar exceeded the recommended sugar intake as early as the age 2 yr (37). An 

association between a diet rich in sugar in early childhood and caries experience at age 10 yr 

has been reported (38). The results indicate that information about maternal sugar intake 

during pregnancy and early childhood, and efforts towards changing maternal unhealthy diet, 

should be considered when planning preventive dental care for preschool children.  

Maternal smoking in pregnancy and at child age 6 months were statistically 

significantly related to caries experience in children in the bivariate analyses, but did not 

reach statistical significance in the final multivariable analysis. A low, but significant 

correlation between the smoking variables at different point in time, between smoking and 

maternal weight and between smoking and education was found in the analyses. One 

explanation may be that in this child population with low occurrence of caries, high education 

level among the mothers’ and few mothers who reported smoking, the study lacked the power 

to demonstrate an association between maternal smoking and caries experience. An 

association between mothers’ smoking habits and caries experience in preschool children has 

previously been shown in several studies (19-21). Five yr olds whose parents’ reported 

smoking received less help with tooth brushing, brushed less frequently and received more 

between-meals snacks and drinks at night than children who grew up in a smoke-free 

environment (19).  
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A reverse association between mothers who had allergies and caries experience in 

children was demonstrated in the bivariate analyses. This may be explained by such mothers 

being strict with the children’s diet to protect the children from developing allergy, and 

thereby lowering the caries risk of the children. This association was not statistically 

significant when controlling for the other variables in the multivariable analysis.  

Socioeconomic indicators such as education and national background are known risk 

indicators for caries development in preschool children (4-7). Education and national 

background influences lifestyle and general health and were included in the multivariable 

analysis. Even though education and national background were adjusted for in the analyses, 

maternal obesity and sugar consumption in pregnancy were related to caries experience in the 

child at age 5 yr. These analyses confirmed that caries experience in preschool children was 

associated with maternal education and national background.  

In conclusion, maternal lifestyle in pregnancy and the early childhood were associated 

with caries experience in children before age 5 yr. Obesity and a diet rich in sugar in the 

mother can be considered risk indicators for caries in preschool children, and could be 

included as risk appropriate indicators identifying children at risk of developing caries and 

could be used to target preventive dental care for children before age 5 yr.  
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Table 1. Description of independent variables for all children and children with caries 
experience. Bivariate logistic regression analyses with caries experience in children as the 
dependent variable. 
 
 
 
 

All children  
 

(n = 1348) 

Children  
with caries 
(n = 147) 

Bivariate logistic 
regression 

 
    %       (n) %     (n) OR 95% CI 
Maternal disease 
   Allergy 
        Yes 
        No 
   Psychiatric disorders 
        No 
        Yes 
   Somatic disease 
        No 
        Yes 
Maternal smoking 
   Pre pregnancy 
        No  
        Yes 
   During pregnancy 
        No 
        Yes 
   6 months after birth 
        No 
        Yes 
   18 months after birth 
        No 
        Yes 
Maternal physical activity 
   Pre pregnancy 
        Less than once a week 
        Once a week or more often 
   During pregnancy 
        Less than once a week 
        Once a week or more often 
   6 months after birth 
        Less than once a week 
        Once a week or more often 
   18 months after birth 
        Less than once a week 
        Once a week or more often 
Maternal diet 
   Sugar (% of energy intake) 
        < 10 
        ≥ 10 
   Fat (% of energy intake) 
        < 35 
        ≥ 35 
Maternal BMI 
        Normal 
        Overweight 
        Obese 
Child’s birth weight (g) 
        ≥2500 
        <2500 
Child born preterm 
        No 
        Yes 
Child’s age at dental examination (months) 
        48-59 
        60-71 
        72-80 
Maternal education  
        High  
        Low  
Parental origin 
        Both western 
        One or both non-western  

 
 

63   (846) 
37   (502) 

 
92 (1236) 
8   (112) 

 
77 (1032) 
23   (316) 

 
 

69   (893) 
31   (394) 

 
90 (1173) 
10   (134) 

 
88 (1015) 
12   (142) 

 
84   (898) 
16   (175) 

 
 

25   (319) 
75   (963) 

 
42   (528) 
58   (721) 

 
25   (172) 
75   (524) 

 
28   (285) 
72   (743) 

 
 

62   (791) 
38   (484) 

 
78 (1000) 
22   (275) 

 
70   (867) 
21   (261) 
9   (116) 

 
96 (1292) 
4     (53) 

 
98 (1287) 
2     (28) 

 
31   (419) 
65   (881) 
4     (48) 

 
65   (876) 
35   (468) 

 
96 (1294) 
4     (54) 

 
 

70 (103) 
30   (44) 

 
93 (137) 
7   (10) 

 
75 (110) 
25   (37) 

 
 

67   (98) 
33   (44) 

 
85 (120) 
15   (21) 

 
80   (90) 
20   (22) 

 
80   (83) 
20   (21) 

 
 

20   (27) 
80 (105) 

 
41   (53) 
59   (76) 

 
22   (15) 
78   (54) 

 
29   (28) 
71   (70) 

 
 

53   (72) 
47   (65) 

 
74 (102) 
26   (35) 

 
58   (73) 
25   (32) 
17   (21) 

 
94 (138) 
6     (9) 

 
97 (141) 
3     (4) 

 
35   (52) 
60   (88) 
5     (7) 

 
50   (73) 
50   (72) 

 
87 (128) 
13   (19) 

 
 
 

1.4 
 
 

0.8 
 
 

1.1 
 
 
 

1.1 
 
 

1.6 
 
 

1.8 
 
 

1.3 
 
 
 

1.3 
 
 

1.1 
 
 

1.1 
 
 

1.0 
 
 
 

1.6 
 
 

1.3 
 
 

1.5 
2.4 

 
 

1.7 
 
 

1.4 
 
 

0.8 
1.2 

 
 

2.0 
 
 

5.0 

 
 
 

1.0 – 2.1 
 
 

0.4 – 1.5 
 
 

0.8 – 1.7 
 
 
 

0.8 – 1.7 
 
 

1.0 – 2.7 
 
 

1.1 – 3.0 
 
 

0.8 – 2.1 
 
 
   

0.9 – 2.1 
 
 

0.7 – 1.5 
 
 

0.6 – 1.8 
 
 

0.6 – 1.5 
 
 
 

1.1 – 2.2 
 
 

0.9 – 1.9 
 
 

1.0 – 2.4 
1.4 – 4.1 

 
 

0.8 – 3.6 
 
 

0.5 – 4.0 
 
 

0.5 – 1.1 
0.5 – 2.8 

 
 

1.4 – 2.8 
 
 

2.8 – 8.9 
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Table 2. Multivariable logistic regression analysis of associations between caries experience 
in children and maternal health, maternal diet, maternal BMI, maternal smoking, maternal 
physical activity, children’s birth weight, children born preterm, maternal education, parental 
origin and children’s age at dental examination (n = 1043). 
 
 OR          95% CI  
Sugar (% of energy intake) 
        < 10 (ref) 
        ≥ 10 
Maternal BMI 
      Normal (ref) 
      Overweight 
      Obese 
Maternal education 
      High (ref) 
      Low 
Parental origin 
      Both western (ref) 
      One or both non-western 

 
 

1.6 
 
 

1.6 
2.1 

 
 

1.5 
 
 

4.6 

 
 

1.1 – 2.4 
 
 

1.0 – 2.6 
1.1 – 4.1 

 
 

1.0 – 2.3 
 
 

2.0 – 10.5 
ref = reference category 
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