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ORIGINAL ARTICLE

Early childhood caries risk assessment in 1-year-olds evaluated at 6-years of age

Ann Ingemansson Hultquista,b, Lars Brudinc,d and Mats Bågesunde,b

aV€astervik Public Dental Service, Kalmar County Council, Kalmar, Sweden; bDepartment of Biomedical and Clinical Sciences, Link€oping
University, Link€oping, Sweden; cDepartment of Clinical Physiology, Region Kalmar Council, Kalmar, Sweden; dDepartment of Medical and
Health Sciences, Link€oping University, Link€oping, Sweden; eCenter for Orthodontics and Pediatric Dentistry, Norrk€oping, Sweden

ABSTRACT
Objectives: The aim was to identify caries risk factors in 1-year-olds predicting dentine caries in 6-
year-olds.
Materials and methods: Caries risk assessment was performed in 804 one-year-olds. Their parents
answered a questionnaire, regarding family factors, general health, food habits and oral hygiene.
Clinical examinations and caries risk assessments at 1, 3 and 6 years of age were performed. Simple
and multiple regression analyses were used for identification of caries-associated factors.
Results: Caries risk was found in 5% of the 1-year-olds, and 12% of the 3-year-olds. Dentine caries
was found in 3% of the 3-year-olds and in 16% of the 6-year-olds. Caries risk assessment was associ-
ated with caries at 6 years of age (OR¼ 5.1, p< .001). Multiple logistic regression analysis found the
following variables associated with caries at 6 years of age: Caries in sibling (OR¼ 2.1, p¼ .012),
Beverage other than water (OR¼ 2.1, p< .001), Night meal (OR¼ 1.9, p¼ .002), Presence of mutans
streptococci (MS) (OR¼ 1.6, p¼ .033) and Male gender (OR¼ 1.5, p¼ .053). An overall caries risk assess-
ment was more reliable than any single caries risk factor.
Conclusions: Caries risk assessment for 1-year-olds in a region with low caries prevalence has limited
accuracy to predict dental caries at 6 years of age. Caries risk often changes over time and should be
reassessed on a regularly basis. The presence of MS in 1-year-olds did not increase the prognostic
accuracy at 6 years of age.
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Introduction

Dental caries is still one of the most common preventable
diseases during childhood with prevalence in some countries
exceeding 90% in 3–5-year-olds [1–3]. It is caused by several
interacting factors [4] and is clearly a public health problem
in both developing and industrialized countries [3,5–8]. In
Sweden, there has been a decreasing caries prevalence
among children for decades [9,10], but this trend now seems
to be broken. Recently published statistics from The Swedish
National Board of Health and Welfare showed that the pro-
portion of caries-free 6-year-olds has decreased from 79 to
73 percentage points from 2011 to 2017, and was still in
2018 (73%) at the same level as in 2005 [11]. The proportion
of caries-free Swedish 3-year-olds has not changed since
2005 and was still 95% in 2018 [11]. Caries is known to have
a negative effect on children’s quality of life due to pain, dis-
comfort, infection, and the ability to chew and eat [12–16],
and obviously affects both oral and general health [12,17].
Early identification of individuals with a high caries risk is
important in helping clinicians plan and perform caries pre-
ventive programmes, minimize negative dental experience

and subsequent dental fear [14,15], increase oral health-
related quality of life [4,18] and general health [12,17], and
provides a long-term economic gain for both society and
individuals [19,20].

Variables directly or indirectly related to risk for disease
are either named risk indicators or risk factors. Some confu-
sion exists regarding this nomenclature and there is no con-
sensus at the present time [21]. Some authors include
environmental and behavioural as well as biological variables
in the term risk factors [22], while others have defined risk
indicators as characteristics or exposures that co-exist with
an increased possibility to develop a disease, while risk fac-
tors are characteristics or exposures playing an essential role
in the development of a disease. Risk indicators are useful in
identifying groups at risk [23], while risk factors are more
important when identifying individuals at risk. The use of
microbiological screening to improve the prediction of caries
risk has been used in research studies among pre-school chil-
dren [24–27], but the method is rarely used in clinical praxis.
Studies have been carried out to find methods for aiding
clinicians in identifying children with caries risk. Even if some
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efforts have been made to identify health factors contribu-
ting to the avoidance of caries [28], most studies focus on
pathogenic factors – how risk factors influence future caries
development.

The use of caries risk assessment is not uniform and sev-
eral standardized, computerized or individual approaches
have been used to identify individuals at risk for dental car-
ies [28–34]. Some clinicians also tend to rely on the presence
of dental caries as the most reliable indicator of future caries
[30,33–36]. A project was started at a Public Dental Clinic in
Norrk€oping, Sweden, to screen 1-year-olds regarding caries-
related risk factors/indicators. In a previous study, we pre-
sented the results from the two-year follow-up of the initial
caries risk assessment for 1-year-olds [27]. We found it
important to follow the children for another three years
(until the age of 6 years), since the development of dental
caries could be a relatively slow process [37,38], and because
the influence of different caries risk indicators may differ dur-
ing a longer time perspective [38]. The aims were: (1) to
identify separate risk factors/indicators in 1-year-olds predict-
ing dentine caries at the age of 6 and (2) to analyse the sen-
sitivity and specificity of a caries risk assessment performed
by dental professionals in relation to caries prevalence (deft)
at age 6.

The hypothesis was that caries risk assessment performed
at 3 years of age is more reliable than if performed on 1-
year-olds, when predicting dentine caries at age 6, as verified
by larger AUC (area under the curve) in the ROC (receiver
operating characteristics) curve.

Materials and methods

The Regional Ethics Board at Link€oping University, Link€oping,
Sweden, approved the study (Dnr: M126-06, Dnr: 2011/465-
31 and Dnr: 2018/344-32).

Study population

A total of 1013 one-year-old children, living in the catchment
area of the Public Dental Clinic, were examined between
2002 and 2010. The social background of the population liv-
ing in the region served by the Public Dental Clinic, where
the study was performed, was considered to be representa-
tive for the region. The catchment area included both urban
and rural areas with different kinds of residential areas with
a mixture of villas, attached houses, condominium apart-
ments and rental apartments. The overall caries prevalence
at the clinic was 7% for the 3-year-olds and 26% for the 6-
year-olds in 2002. Of the original cohort, 804 were included
in the study at the age of 6. Reasons for exclusion were:
moved from district (24), chose private dentist (182), no-
show for examination at 3 years of age (2) and blocked den-
tal record (1). Analysis of the dropout group (209) was per-
formed to compare with the children included in the study.

A retrospective cohort study design was used. The chil-
dren were followed from 1 to 6 years of age. All 1-year-olds
from 2002 to 2010, living in the catchment area of the public
dental clinic in Norrk€oping, Sweden, were invited by regular

mail to participate. A total of 1013 children were examined
at the age of one. The parents of the 1-year-olds received a
questionnaire (Supplementary Appendix 1) on caries-associ-
ated factors. The parents were asked not to brush their child-
ren’s teeth the morning of the visit. Children who did not
show up or whose parents had not completed the question-
naire were excluded from the study. At the visit, parents
received information on oral health, including how to avoid
dental caries.

The clinical examination comprised a visual inspection of
the teeth, an assessment of visible dental plaque, and collec-
tion of a bacterial sample with a Quick-StickVR (Dentsolv AB,
Saltsj€o-Boo, Sweden). If a tooth – preferably an upper incisor
– had erupted, a bacterial sample was taken from the buccal
surface close to the marginal gingival sulcus. If no tooth had
erupted, the bacterial sample was taken – in a similar way as
from the teeth – from the tongue and cheek on one side of
the mouth. Plaque on the Quick-StickVR was transferred to an
incubation strip and cultivated according to the manufac-
turer’s instructions for the DentocultVR Strip Mutans test
(Orion Diagnostica, Espoo, Finland). The sample was incu-
bated in a heat chamber (model; Memmert GmbH,
Hannover, Germany) at the clinic for 48 h at 37 �C before
analysis. A dental hygienist/dental assistant assessed the
number of adherent colonies according to a chart supplied
by the manufacturer and assigned a score between 0 and 3
to indicate low to high levels of mutans streptococci (MS).
An MS score of 0 included all MS bacterial samples with less
than 104 CFU/ml [26].

Only one dental professional, a dental hygienist or a den-
tal assistant, was present at each visit and examined the
child. Four experienced dental professionals were involved in
the examinations during the study period. The four exam-
iners were well trained in the examination procedures and
bacterial sample evaluation. Assessment of caries risk fol-
lowed the recommendations of the €Osterg€otland County
Council caries risk programme, including medical-, familial-
or social factors and visual plaque (Supplementary Appendix
2). Caries risk was considered present if the child was
expected to develop dental caries during the coming years.
The overall caries risk assessment performed at the age of
one year was evaluated based on clinical and anamnestic
findings including responses from the questionnaire
(Supplementary Appendix 1). The caries risk was assessed in
two categories as ‘no risk’ or ‘risk’. If the child was assessed
as having a caries risk a caries preventive programme, with
further information to the parents, was implemented.

Examination at 3 years

At 3 years of age, the children were invited for a dental
examination at the Public Dental Clinic. A dental hygienist or
dentist recorded the findings from this dental examination in
the clinic’s electronic patient file system. The clinical examin-
ation took place in the dental chair without an X-ray examin-
ation. The clinician diagnosed dentine caries (d3) using visual
tactile inspection with a dental mirror and a dental explorer,
according to the criteria by Koch [39]. The caries experience
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was registered using the deft (decayed/extracted-due-to-car-
ies/filled primary-teeth) index. Enamel caries was not regis-
tered. The caries risk assessment performed at 3-years-age
was graded into either ‘no risk’ (0), ‘low risk’ (1) or ‘moderate
to high risk’ (2–3) (Supplementary Appendix 2). Risk 2 (mod-
erate risk) and 3 (high risk) were merged before statistical
analysis. If the child was assessed as having a caries risk an
individual caries preventive programme was implemented.

Teeth with dentine caries were treated with glass-iono-
mer- or composite fillings. Teeth with deep caries lesions
affecting the pulp were extracted. Enamel caries was treated
with fluoride varnish and caries-preventive information
(depending on anamnestic findings) regarding food habits,
tooth-brushing routines and use of fluoride tooth-paste. The
children had regular dental check-ups from the age of
3 years, performed with a varying interval between 12 and
18 months – based on an individual assessment of caries
risk. Children with high caries risk were offered additional vis-
its at the dental clinic to check up oral hygiene and to evalu-
ate if given recommendations regarding food habits and
additional caries preventive recommendations had been fol-
lowed, and to motivate parents/guardians and child to hold
on to the given recommendations.

Examination at 6 years

At the age of 6, the same procedure was used as at the
examination at 3 years of age – except that two dental bite-
wing-X-rays were sometimes taken on individual indications,
according to the dental care guidelines of the organization.
Dentine caries in permanent teeth were excluded from the
material to avoid confounding influences from mineralization
disturbances such as MIH at this early age [40].

Children who had been assessed at the Public Dental
Clinic at the age of one, and who were examined in the
Public Dental Service in €Osterg€otland County at the ages of
3 and 6, were included in the study. Children, whose families
had moved from the county, or who had chosen a private
dental clinic, or for other reasons had not been examined in
the Public Dental Service in €Osterg€otland County during the
year of their 3rd and 6th birthday, or whose dental records
from the visit to the Public Dental Clinic at ages 3 and 6
were incomplete, were excluded from the study.

Statistics

For statistics, we used MedCalc for ROC-curve analysis
(MedCalc Statistical Software version 19.2.1, MedCalc
Software Ltd, Ostend, Belgium) and Statistica for all other
analyses (Statistica v.12 StatSoft Inc., Tulsa, OK). Simple and
multiple logistic regression analyses were used to identify
caries risk factors at age one associated with dentine caries
prevalence (deft > 0) at the age of 6. The significance level
was set to 5%. The ROC analyses were performed using a
non-parametric method according to DeLong et al. [41].

Results

A total of 804 children (410 boys, 394 girls) (79% of the 1013
children examined at baseline) were assessed at the ages of
1, 3 and 6 years. A dental hygienist or dental assistant
assessed 39 (4.9%) of the 1-year-olds to be at risk of devel-
oping dental caries during the coming years. MS was present
in 250 (31%) of the 1-year-olds. At 3 years of age, a dentist
or dental hygienist assessed 100 (12.4%) of the children to
be at risk for developing caries. None of the one-year-olds
were diagnosed with dental caries. The distribution of den-
tine caries (deft) at 3 and 6 years of age is shown in Table 1.
At the age of 3, 25 (3.1%) of the children (18 boys, seven
girls) were diagnosed with dentine caries lesions. At the age
of 6, 127 (16%) of the children (75 boys, 52 girls) were diag-
nosed with dentine caries (deft > 0) in the primary dentition.
The mean± SD caries prevalence (deft) at 3 years was
0.10 ± 0.73. The mean± SD caries prevalence (deft) at 6 years
was 0.48 ± 1.50.

Analysis of the 209 drop-outs showed that ‘Beverage other
than water’ was more common among drop-outs than
among the 804 participants (p¼ .005). No other variables
from the simple logistic regression analysis (Table 2) – male
gender (p¼ .716), night meal (p¼ .351), presence of MS
(p¼ .653), caries in sibling (p¼ .866), breast-feeding
(p¼ .255), disease (p¼ .963), tooth brushing (p¼ .748) or car-
ies risk assessment (CRA1) at the age of 1 year (7.2% for
drop-outs and 4.9% for included) (p¼ .246) – differed signifi-
cantly between the drop-outs and the participants according
to Chi2-test with Yates’s correction.

Outcome of risk assessment at 1 year

The answers from the questionnaire at the 1-year examin-
ation are presented in Table 2. Seven (18%) of the 39 one-
year-olds, who were considered at risk of developing caries,
had developed dentine caries at age 3. Eighteen (46%) of
the 39 one-year-olds, who were considered at risk of devel-
oping caries, had developed dentine caries until the age of
6. The 39 one-year-olds assessed to have caries risk included
only 18 (14%) of the 127 children who developed caries until
the age of 6. Of the 764 children who had been assessed ‘no
risk’ at one-year-age were 109 (14%) diagnosed with dentine
caries at the age of 6.

Results from simple and multiple regression analyses are
presented in Table 2. In the multiple regression analysis, five

Table 1. Frequency distribution of dentine caries (deft) at the age of 3 and
6 years (N¼ 804).

Deft at 6 years

Deft at 3 years 0 1 2 3 4 5 �6 Total

0 676 49 21 11 8 4 10 779
1 0 0 1 1 0 0 3 5
2 1 0 2 3 0 1 2 9
3 0 0 0 1 0 0 2 3
4 0 0 0 0 2 1 0 3
5 0 0 0 0 0 1 0 1
�6 0 0 0 0 0 0 4 4
Total 677 49 24 16 10 7 21 804
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variables at 1 year showed statistically significant association
to dentine caries at the age of 6 years. From these five varia-
bles, we formed an index built upon the summary of the
regression coefficients (log odds ratio including MR1_MS).
MR1_MS¼Gender�(0.398)þNight meal�(0.631)þBeverage
other than water�(0.732)þPresence of MS�(0.459)þCaries in
Sibling�(0.660), where Gender was 0 for girl and 1 for boy,
Night meal, Beverage other than water, Presence of MS and
Caries in sibling was 0 for no (including no sibling) and 1 for
yes. Although MS was statistically significant in the multiple
logistic regressions, the influence was clinically negligible
(see ROC-curve, Figure 1). Hence, corresponding index
excluding MS was (MR1): MR1¼Gender�(0.395)þNight
meal�(0.642)þBeverage other than water�(0.810)þCaries in
Sibling�(0.691). At the age of 3, none of the 25 children
who had a chronic disease at the age of 1 year were diag-
nosed with dentine caries, while two (8%) had caries at
6 years of age. Separate variables used in the 1-year-ques-
tionnaire showed only weak correlation to dentine caries at
6 years of age with a lower OR than the overall caries risk
assessment performed at 1 year of age (CRA1) (OR¼ 5.1,

p< .001) (Table 2). A total of 28 (72%) of the 39 one-year-
olds, who were assessed to have a caries risk, were not con-
sidered to have any caries risk when assessed at 3 years of
age. Of the remaining 11 (28%) of the 39 with caries risk at
both 1 and 3 years of age, seven (58%) were diagnosed with
dentine caries at 3 years of age, and nine (75%) up to 6 years
of age.

Of the 248 one-year-olds, who were assessed not to have
any caries risk, and who did not present any caries risk varia-
bles at the examination at 1 year of age, 13 (5%) had devel-
oped dentine caries at 3 years of age and 27 (11%) had
developed dentine caries at 6 years of age.

Caries risk assessment and dentine caries at 3
and 6 years

A total of 52 (52%) of the 100 children with an assessed car-
ies risk at the age of 3 had developed dentine caries at the
examination at 6 years of age.

Table 2. Results from simple (left) and multiple (right) logistic regression analysis of the associations between variables – from the questionnaire (Supplementary
Appendix 1), MS scores and caries risk assessments at 1 year of age (CRA1) – and dental caries experience (deft > 0) at 6 years of age (N¼ 804).

Caries at 6 years
Simple logistic regression

Multiple logistic regression

Variable Total n (%) OR (95% CI) p Value OR (95% CI) p Value

Gender
Female 394 52 13.2 1.00 1.00
Male 410 75 18.3 1.47 (1.00–2.16) .049 1.49 (1.00–2.22) .053

Night eater
No 548 68 12.4 1.00
Yes 255 59 23.1 2.12 (1.44–3.13) <.001 1.88 (1.26–2.82) .002

Beverage other than water
No 575 70 12.2 1.00
Yes 221 55 24.9 2.39 (1.61–3.55) <.001 2.07 (1.37–3.11) <.001
Missing 8

Presence of MS at 1 year
No 554 73 13.2 1.00 1.00
Yes 250 54 21.6 1.82 (1.23–2.68) .003 1.56 (1.04–2.36) .033

Caries in sibling
No 332 41 12.3 1.00 1.00
Yes 94 26 27.7 2.71 (1.55–4.74) <.001 2.13 (1.19–3.80) .012
No siblings 378 60 15.9 1.34 (0.87–2.05) .301 1.18 (0.76–1.84) .313

Mutans score >2 at 1 year
No 738 107 14.5 1.00 –
Yes 66 20 30.3 2.56 (1.46–4.51) .001 – –

Breast-feeding at 1 year
No 714 107 15.0 1.00 –
Yes 90 20 22.2 1.62 (0.95–2.78) .079 – –

Tooth brushing at 1 year
Noa 43 10 23.3 1.00
Yes 761 117 15.4 0.60 (0.29–1.25) .173

Chronic disease (asthma, diabetes, etc.)
No 780 125 16.0 1.00
Yes 24 2 8.3 0.48 (0.11–2.06) .320

Number of teeth at age 1 year
0 491 70 14.3 1.00
9 or more 279 45 16.1 1.16 (0.77–1.74) .484
Missing 34

Sibling
No 368 56 15.2 1.00
Yes 436 71 16.3 1.08 (0.74–1.59) .680

Caries risk assessment at age 1 year (CRA1)
No 764 109 14.3 1.00
Yes 39 18 46.2 5.15 (2.66–9.99) <.001
Missing 1

aSeven of the 43 children, who had not started tooth brushing at the age of 1 year, had no erupted teeth at that time.
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Of the 25 (3%) children, who had been diagnosed with
dentine caries at 3 years of age, 16 children (64%) had devel-
oped further dentine caries from 3 to 6 years of age.

At examination of the 6-year olds’ 18 children had more
than two decayed teeth (deft > 2), even if they had been
assessed as having no caries risk at 3 years of age. Five of
these 18 had been assessed to be at risk as 1-year-olds. Two
of the children with dentine caries at 3 years of age were, in
any case, not assessed to have a caries risk at 3 years of age,
according to the dental records.

In our study, 15% (117 children) changed risk group
between the ages of 1 and 3. Forty-three (48%) of the 89
children, whose caries risk had increased (from ‘no risk’ to
‘risk’) between 1 and 3 years of age, had dentine caries at
6 years of age, and 11 (39%) of the 28 children, whose caries
risk had decreased (from ‘risk’ to ‘no risk’) between 1 and
3 years of age, had dentine caries at 6 years of age. Sensitivity
and specificity for risk assessment performed at 1 (CRA1) and
3 years of age (CRA3), are presented in Figure 1. AUC for the
four different methods (Figure 1) used for caries risk assess-
ment showed the highest value for caries risk assessment at
3 years age (CRA3) with AUC 0.677 and slightly close was
MR1_MS (0.672), for significant variables from multiple logistic
regression analysis (Table 2). Almost the same value was seen
for MR1 (0.665), for significant variables from multiple logistic
regression analysis without bacterial test. The caries risk

assessment at 1 year age (CRA1) had the lowest value (0.557).
Pairwise comparison of ROC curves showed a significant differ-
ence between CRA1–CRA3 (p< .0001), CRA1–MR1_MS
(p< .0001) and CRA1–MR1 (p¼ .0002), while the difference
between CRA3–MR1_MS (p¼ .87) and MR1_MS–MR1 (p¼ .47)
was not significant.

Discussion

In our study, we found that a caries risk assessment per-
formed at 3 years of age had a higher accuracy than caries
risk assessment performed at age 1 (Figure 1). Among the
children who developed caries before the age of 6 years,
14% had been identified with caries risk at 1 year and 52%
at the caries risk assessment at 3 years of age, indicating
that a regular re-assessment of caries risk is necessary to
increase the sensitivity of the assessment, which is in agree-
ment with the conclusions from several other studies [32,34].

Our finding that single caries risk factors (Table 2) had a
weaker predictive value (OR) than an overall caries risk
assessment where several factors were weighted together
(OR¼ 5.1) is in accordance with previous findings by
Pienih€akkinen et al. [42] and a review by Twetman [34].

With the exception of the variable ‘Beverage other than
water’, the drop-outs did not differ from the included group
of children regarding any of the analysed variables from the
1-year assessment, why the excluded children were not
expected to have caused any severe bias to the analyses.

The permanent teeth with diagnosed dentine caries at 6
years of age were not included in this study (four children),
since caries in permanent teeth are not included in the def-
inition of early childhood caries (ECC) [43], and since caries
in permanent teeth at this early age is often due to mineral-
ization defects such as MIH [44] that would confuse the
evaluation of the caries risk assessments.

Caries prevalence varies both internationally and nation-
ally, but also in different areas partly due to socio-economic
factors [45]. In Sweden, the proportions of dentine caries-free
3- and 6-year-olds varied between 91–98% and 59–82%,
respectively, in 2017 [11]. In the County/Region of
€Osterg€otland, the equivalent figures were 94% for 3-year-
olds and 72% for 6-year-olds [11]. The national and regional
data correspond well to the prevalence found in the present
study, where 3% of the 3-year-olds and 16% of the 6-year-
olds were diagnosed with dentine caries in the primary den-
tition. Compared to other countries, the prevalence of caries
was low at the clinic where our study was performed [46].

Caries risk assessment

The results from another Swedish County/Region presented
in 2009 by Holgerson et al. [31], where 2-year-olds were
assessed with Cariogram and evaluated regarding caries at
7 years of age, showed a higher sensitivity (46%) but lower
specificity (88%) than what was found in our study (14% and
97%, respectively). Cariogram is, anyhow, primarily designed
for adults [47], why that method can possibly be devel-
oped further.
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Figure 1. Receiver operating characteristic (ROC) curve describing the accuracy
of four different methods used for caries risk assessment (CRA) at the ages of 1
(CRA1) and 3 years (CRA3) and from a multiple regression analysis of risk factors
(Gender, Night meal, Beverage other than water, and Caries in Sibling) (Table 2)
at 1 year evaluated with (MR1_MS) and without (MR1) mutans Streptococci test
(MS). Two different cut-off values – no caries risk and caries risk – were used
for caries risk assessment performed at the age of 1 year (CRA1). Three different
cut-off values – no caries risk (0), low caries risk (1) and moderate to high caries
risk (2–3) – were used for the caries risk assessment performed at the age of
3 years (CRA3). CRA1 was performed by a dental hygienist or a dental assistant,
while CRA3 was performed by a dentist or a dental hygienist according to a
regional CRA protocol (Supplementary Appendix 2).
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The conclusion by Twetman [34] – that a combined
weighting of several caries risk factors is better than using
individual factors and that there is no reliable method,
model, programme or technique for predicting future caries
– is in agreement with the results from our study where sep-
arate caries risk factors had lower OR than an overall caries
risk assessment including several factors performed on 1-
year-olds by dental professionals. Therefore, we found it rele-
vant that our study was designed locally according to factors
expected to be caries-related risk factors/indicators among
the pre-school children in the area. A large number of risk
factors and -indicators could be used for the ECC risk assess-
ment [48]. Since excessive questionnaires are known to cause
drop-outs [49], we used a short questionnaire of caries-
related variables expected to be relevant in the local clin-
ical setting.

The caries risk assessments at 1 and 3 years of age were
designed in a similar way as described by several authors,
who have used a weighting of several risk factors but also
the clinician’s experience or ‘gut-feeling’ in the caries risk
assessment [33–35,50,51]. There might be a difference
between caries risk assessment performed by dentists, dental
hygienists and dental assistants. We did not evaluate this
possible difference, but since the caries risk assessments
were performed in the same way – using the same caries
risk manual (Supplementary Appendix 2) – for all partici-
pants, we consider the risk for bias – due to the different
staff categories involved in the study – as limited. The risk
assessment performed on 1-year-olds identified only 18% of
the 3-year-olds with dentine caries, but as much as 46% of
the 6-year-olds with dentine caries, which could be due to
the gradual long term process to develop a caries lesion
[30,52]. The individual caries preventive measures imple-
mented during the time of the study might also have influ-
enced these results.

The AUC for the CRA3 (at 3 years of age) was larger than
the AUC for the CRA1 (at age 1) (Figure 1), why the hypoth-
esis that ‘caries risk assessment performed at 3 years of age
is more reliable than if it is performed at 1 year of age pre-
dicting caries at 6 years of age, as verified by a larger AUC in
the ROC’, was accepted. We could conclude that significant
caries risk factors from the multiple regression analysis
(MR1_MS) (Table 2) were not significantly better if MS was
included. This showed that including the MS-bacterial test in
the caries risk assessment at the age of 1 year did not
increase the accuracy of the caries risk assessment when
evaluated at the age of 6 years. The diagnosis of dental car-
ies has been suggested as the single best predictor for new
caries lesions [33,35,53,54], a statement that was not possible
to verify with our study design, since the caries risk assess-
ment performed at the age of 3 included the knowledge of
possible dental caries and no separate risk factors were regis-
tered at 3 years of age.

Our finding that two children, who were diagnosed with
dentine caries at the age of 3 without being assessed to
have any caries risk, shows that the caries risk assessment
was not optimized at the age of 3. A possible reason for bias
is the possibility of an inadequate adherence to the

guidelines regarding caries diagnostics or caries risk assess-
ment, or that the registrations in the dental records were
incorrect, but since the material includes a considerable
number of patients, we consider the possible influence for
bias due to this reason as limited. Grindefjord et al. [24]
showed – in her study of one-year-olds and follow-up after
2.5 years – that caries risk assessment, which included varia-
bles such as socio-demography, dietary habits and the inci-
dence of MS had a sensitivity of 87% and a specificity of
83%, which was a higher value for sensitivity, but a lower
value for specificity than we found (28% and 97%, respect-
ively) after a 2-year-follow up of caries risk assessments per-
formed at 1 year of age. A reason for these differences may
be that the study by Grindefjord et al. [24,55] was conducted
in an area with a 50% immigrant background and high caries
prevalence at the age of 3 (30%) while the caries prevalence
among the 3-year-olds in the catchment area of the clinic
where our study was performed was considerably lower
(3–7%). Another similar study made in Finland between 1989
and 1993 among 2- to 5-year-olds with higher caries preva-
lence showed a sensitivity of 32% and a specificity of 98%
[42], which is close to the results of our study of 1- to 6-
year-olds (14% and 97%, respectively). The incidence of MS
at low age has previously been found to have high validity
for future caries incidence [13,24,48], which we also found in
our study regarding the presence of MS at 1 year of age and
caries at 3 years of age with a sensitivity of 56% and a speci-
ficity of 70%.

In the study by Grindefjord et al. [24], the presence of MS
at 1 year showed a lower sensitivity (13%) and a higher spe-
cificity (97%) for caries at 3 years of age, as compared to our
study (56% and 70%, respectively). However, Grindefjord
et al. [24] used a different bacteriological test, which could
have contributed to the differences. In our study, the sensi-
tivity and specificity (including bacterial test at 1 year) eval-
uated at 6 years (43% and 71%, respectively) was similar to
what was found at 3 years age.

Caries

Due to the fear that the registration of enamel caries was
often incomplete in the dental records, we decided to
include only dentine caries in our study protocol in order to
avoid bias from inadequate caries registration. Enamel caries
has been found to be a risk factor for ECC, but dentine caries
is, anyhow, found to be the strongest risk factor for ECC in
high-income countries [48].

The caries prevalence found among the 3- (3%) and 6-
year-olds (16%) in our study was lower than in most other
districts in the County Council (6% and 25%, respectively)
and Sweden (2–6% and 15–31%, respectively) during the
time of the study (2013) [56], which must be considered
when interpreting the results.

Holgerson et al. [31] followed 2-year-old children for five
years and Petersson et al. [32] followed 10- and 11-year-olds
for two years, and both found that about 50% of the chil-
dren changed their risk group. In our study, only 15% (117
children) changed risk group between 1 and 3 years of age.
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The reason for these differences could be that our first risk
assessment was performed already at 1 year of age, and the
new risk assessment only 2 years later. Establishment of
interproximal contacts during the first years of life – due to
eruption and mesialization of posterior teeth – could also
increase the susceptibility to dental caries with the subse-
quent change of risk group as a consequence. We did, any-
how, not evaluate the influence of interproximal contacts in
our study. The low caries prevalence in our study has prob-
ably influenced this difference regarding changed risk groups
in other studies. Since many children change their risk group
and many of the children are not identified by the methods
frequently used today, there is a reason for early and regular
re-assessment of the caries risk among children, which is
supported by several other authors [32,34]. The new caries
risk assessment performed at 3 years of age had a better
accuracy for dentine caries development until 6 years of age
than the risk assessment made at 1 year of age.

Bias/limitations

The previously mentioned method for caries diagnosis [39]
was the method most closely resembling the generally used
method as described in the regional dental care programme.
The more than 60 dentists and dental hygienists participat-
ing in the examinations were not calibrated, due to the
retrospective study design. This is a possible factor for bias,
which should be considered when interpreting the results of
the study. The regional clinical guidelines, that were used by
the clinicians in the present study, anyhow, included clear,
well-established and well-known internationally accepted cri-
teria for diagnosis of dentine caries, and since dentine caries
lesions often are easier to detect than enamel caries, and
since the examiners were well trained according to the
methods, we consider the risk for bias – due to methodo-
logical diversity regarding the diagnosis of dentine caries
[57] – as limited.

The dental personnel should always be aware of the risk
that the parents’ answers in a questionnaire might have
been modified to satisfy the dental personnel, thereby reduc-
ing the reliability of the assessment of both caries risk and
adherence to a caries preventive programme. Since both
standardized and individually designed caries preventive pro-
grammes existed and were known to the dental staff at the
clinic, risk patients received individualized preventive care at
the clinic during the time of the study. Therefore, the direct
correlation between risk factor/variable and dentine caries
could hardly be distinguished with the present study design.
To exclude preventive care would, however, not have been
an option due to ethical reasons. The amount of preventive
dental care was not evaluated in this study, whereby the
results should be regarded with caution, considering the
possible limitations of the study design.

There are differences between residential areas in the
county council, but also differences between districts in a
city, regarding the occurrence of dental caries, markedly
influenced by socio-economics. Socio-economics and residen-
tial area may change over time, and this could have

influenced the results. The family could also have moved
from the district during the study period. Other changes –
such as the number of children in the family [58], first-time
parents and a general change in society’s view of dental care
– might have influenced the commitment to their child’s oral
health. These latter factors are to some extent known to
influence the caries risk [59], but were not evaluated in the
study, which should be considered when applying the results
from our study in a clinical setting. Hypomineralization in pri-
mary teeth has been found to increase the risk for dentine
caries [60], but was not registered in the present study. This
should be considered when interpreting the results.

Since our study was extended during a long period of
time, the perception of risk factors/indicators may have
changed over the years due to e.g. changing attitudes
towards oral hygiene habits, exposure time for risk factors/
indicators, caries incidence and progression time, food hab-
its, and exposure to fluoride, etc., whereby this might have
influenced the results.

Conclusions

In a region with low caries prevalence, a caries risk assess-
ment performed at 1 year of age has limited accuracy to pre-
dict dental caries at 6 years of age. Bacterial test (MS) at
1 year of age did not increase the accuracy of caries risk
assessment to predict dental caries at 6 years of age.
Reassessment of caries risk should be done on a regular
basis, since several caries risk indicators/factors change over
time. Further prospective longitudinal studies of caries devel-
opment and caries risk assessment in different geographical
regions and among subgroups with different socio-economic
conditions will be valuable for dental clinicians and deci-
sion-makers.
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