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continuity of population surveillance and 
development of existing epidemiological 
programmes to include groups as young 
as possible. This will enhance the ability of 
dental public health strategists to respond 
swiftly by modifying interventions in 
the population.

The Scottish Dental Epidemiological 
Programme (SHBDEP) and successor 
National Dental Inspection Programmes 
(NDIP) have, since 1987, applied stand-
ardised British Association for the Study 
of Community Dentistry (BASCD) meth-
odology to successive comparative caries 
prevalence surveys among school children 
in their fi rst (Primary 1) and, from 2005,8 
last (Primary 7) elementary school years 
using dentists trained and calibrated to 
‘substantial agreement’ in the diagnosis 
of dental caries.9 These permit valid com-
parisons of geographic and longitudinal 
data from these surveys. The NDIP pro-
gramme protocols allow for local NHS 
Boards to carry out further supplementary 
dental inspections for additional discre-
tionary year groups as they feel neces-
sary within their populations. Following 
publication of the Scottish Dental Action 
Plan,10 the Childsmile National Oral Health 
Demonstration Programme was initiated 

INTRODUCTION
Dental caries remains one of the most 
prevalent chronic diseases of childhood.1–3 
The World Health Organization estimates 
that caries affects between 60-90% of 
school age children in developed countries 
and the vast majority of adults.4 In spite of 
dental health improvements, marked gra-
dients in the distribution of caries towards 
socio-economically disadvantaged groups 
and recent immigrants have remained 
evident.2,3 Additionally, a reversal in the 
decline of caries in young children was 
being reported by some countries by the 
late 1990s.5,6 Studies controlling for socio-
economic status in childhood and adult-
hood have found that adult oral health 
could be predicted by childhood den-
tal health.7 There is therefore a need for 

Objective  To report on the dental health of three-year-old children in Greater Glasgow, and to examine the amount of 
dental caries associated with deprivation in this young age group. Design  Dental inspections in nursery schools. Subjects 
and methods  The national inspection programme using BASCD criteria was extended to include an additional group of 
nursery attending three-year-olds in Greater Glasgow in 2006/7 and 2007/8. Caries experience was analysed by logistic 
regression models and ROC plots. Results  Fourteen percent of this population was sampled in 2006/7 and 19% in 2007/8 
(usable data n = 1,711 in 2006/7, 2,428 in 2007/8). Mean d3mft was 1.1 in 2006/7 and 1.0 in 2007/8. The prevalence of 
caries experience was 26% in 2006/7 and 25% in 2007/8 (33% and 32%, respectively, for children in deprived areas). The 
adjusted odds-ratio for caries experience for children living in the most deprived areas was 2.90 (2.31, 3.64), p <0.001. 
There was a high rate of caries in the upper anterior teeth. Conclusion  It was feasible to conduct large scale caries surveys 
of three-year-olds in a nursery setting. Poor dental health and inequality commence early in life. Caries prevention should 
be targeted toward deprived families from birth.

to develop an appropriate caries preven-
tive programme for children in Scotland 
commencing from earliest childhood.11 
Further strategic direction within Scotland 
emphasised the need to develop models of 
anticipatory preventive care instead of tra-
ditional reactive approaches if poor health 
due to chronic diseases is to be overcome.12 
Dental caries is one such chronic disease.

While much historical and contempo-
rary data had been accumulated describ-
ing the incidence and prevalence of caries 
among the fi ve-year-old school age group 
in Scotland, there was little reliable infor-
mation available with respect to the pre-
school age groups.1 Thus, in the Greater 
Glasgow and Clyde NHS Board area 
(NHSGGC) an additional discretionary 
year group, ie the ante-pre-school group 
of three-year-olds attending nursery, was 
added to the standard NDIP schedule of 
dental inspections in 2006/7. The exercise 
was repeated in 2007/8.

The NHSGGC area comprises the largest 
population group in Scotland, amounting 
to circa 25% of Scotland’s annual birth 
cohort. In addition to a metropolitan core, 
the NHSGGC area extends to suburban 
and rural communities and towns which 
provide ample access to a representative 
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• The three-year-old age group has never 
been researched in such detail before.

• The sample size is very large (over 4,000 
children), which creates accurate results 
that are useful for other researchers 
to use.

• Sets a baseline for government targets.
• Readers will be able to assess how much 

prevention will be required in the future.
• Includes the effects of deprivation on 

dental health.
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cross-section of socioeconomic groups 
and districts. Use of the Carstairs Index,13,14 
which comprises four area-based indica-
tors of SES aggregated at postcode sector 
level, has demonstrated a pervasive posi-
tive relationship between poor dental health 
and socio-economic disadvantage within 
Scotland’s child population.15,16 The updated 
Scottish Index of Multiple Deprivation 
(SIMD) (2006) contains 37 indicators of 
SES deprivation17 and is considered to 
have improved discrimination potential 
for some health outcomes when compared 
to the Carstairs Index. Furthermore, the 
geographic aggregation level for SIMD 
at the data-zone level is far smaller than 
that for the Carstairs Index. This type of 
measure has been developed in parallel 
to similar indices of multiple deprivation 
for use in England, Wales and Northern 
Ireland, respectively the IMD, Welsh IMD18 
and the ‘Noble Index’.19 These contempo-
rary composite indices provide measures 
which incorporate many dimensions of 
contemporary social circumstances and are 
considered to refl ect the totality of living-
conditions better than the historic indices 
for application at small area level within the 
different UK territories. While these types of 
measures have been the subject of debate in 
the medical literature, the SIMD has been 
recommended for all prospective analyses 
of Scottish health statistics.20

The reasons for NHSGGC undertaking a 
NDIP caries epidemiological survey in the 
additional discretionary three-year-old age 
group were:

To demonstrate the feasibility of 1. 
carrying out large scale dental 
epidemiological surveys in this 
age group while conforming to 
BASCD criteria
To inform on the potential health 2. 
opportunities which could arise from 
timing anticipatory interventions early 
in life to maximise their effectiveness
To identify any need for and to 3. 
facilitate targeting of interventions 
differentially to those groups and 
districts with the greatest dental 
health needs
To provide baseline information for 4. 
the Childsmile programme 
which addresses inter alia caries 
incidence and prevalence in this 
pre-school group
To prompt infants’ routine attendance 5. 

at primary care general dental 
practitioner services by providing 
information and advice to parent 
and carers.

The cohort from 2007/08 will be fi ve 
years old in 2010 when the national target 
of 60% of children with no obvious caries 
will be assessed. The aim of this particu-
lar study is to report on the dental health 
of three-year-old children in NHS Greater 
Glasgow and Clyde, and to examine the 
amount of dental caries associated with 
deprivation in this young age group.

SUBJECTS AND METHODS
Children in the Greater Glasgow area in 
the ante-pre-school year were inspected in 
the school years of 2006/07 and 2007/08. 
Sampling of nurseries was undertaken 
using standard BASCD criteria modifi ed 
for the age group, as described by Hinds 
and Gregory.21 Training and calibration 
of the three dentist examiners and their 
dental nurse scribes took place immedi-
ately before each survey. The agreement 
rates among the three examiners varied 
from 96% to 99% (using number of teeth 
as the denominator). Once the cohorts were 
assembled we excluded children whose 
third birthday fell before the beginning of 
March of 2007 and 2008 respectively or 
after the end of February of the following 
years, in order that this inclusion criterion 
matched that for entry to primary school at 
the age of 4.5-5.5 in the following August. 
This was done so that we could be certain 
of the number of similar children in the 
population at large. The age of the chil-
dren at the date of their NDIP examination 
was calculated.

The amount of caries experience was 
calculated for each tooth and subsequently 
the summary measures of d3mft, d3t, mt, 
and ft were calculated for each child. 
The d3mft threshold of caries diagnosis 
includes only those lesions which have 
obviously penetrated dentine, with or 
without pulpal involvement. With respect 
to diagnosis of d3mft at epidemiological 
survey, this follows the visual inspection 
of cotton wool dried teeth by a trained 
and calibrated dentist under standardised 
lighting conditions. Using each child’s 
home postcode, we assigned a Scottish 
Index of Multiple Deprivation (SIMD) score 
to the data. As this is a key fi eld in the 

analyses we excluded children from the 
cohort who did not have suffi cient post-
code information to enable this. We used 
the standard SIMD ‘quintiles’ (which are 
more accurately called ‘fi fths’ or ‘scores’) 
where ‘1’ represents the most deprived 
areas and ‘5’ represents the most affl uent 
areas. The overall size of the respective 
sample populations was obtained from the 
Information Support Services Department 
of NHS Greater Glasgow and Clyde. These 
population denominators were further bro-
ken down by SIMD scores.

Statistical methods
Population weights were calculated by the 
inverse of the probability of being sam-
pled. The probability of being sampled is 
the number of children examined, divided 
by the equivalent number of children in 
the population in each of the fi ve SIMD 
scores. Mean d3mft and the percentage of 
children with no caries were calculated 
in both un-weighted and weighted sur-
vey analyses, together with the attendant 
95% confi dence intervals. The odds of car-
ies experience were further analysed in a 
logistic regression model including param-
eters for age, SIMD and year of survey.

A Receiver Operating Characteristic 
(ROC) plot was produced with separate lines 
for models including year and age only, 
and also for year/age/SIMD together. The 
ROC plot is derived from the operational 
research fi eld and is used in the analyses of 
diagnostic tests in medicine.22 The y-axis 
plots sensitivity, while the x-axis plots 
‘1-specifi city’ and the resulting curve is 
a measure of coincidental sensitivity and 
specifi city. The greater the distance of the 
curve from the diagonal line, the greater 
the predictive potential of the explana-
tory variable under investigation (in this 
instance SES deprivation) for the outcome 
of interest (d3mft >0). The c-index, which 
is the area under the curve of the lines of 
the ROC plot, was calculated. Note that a 
variable with no predictive ability has a 
c-index of 0.5 and a variable with perfect 
predictive power has a c-index of 1.

Survey analyses of the percentage of 
children with decayed teeth (dt), miss-
ing teeth (mt) and fi lled teeth (ft) for each 
tooth type and position were undertaken 
and are presented in a graphical for-
mat. All analyses were carried out using 
SAS version 9.1 (SAS, Cary, NC), with 
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were sampled and a greater proportion of 
19% in 2007/8.

Mean d3mft changed little from year 
to year (1.1 in 2006/7 and 1.0 in 2007/8, 
Table 2). As expected, mean d3mft was 
lower in the least deprived areas (0.5 in 
2007/8) than it was in the most deprived 
areas (1.4 in 2007/8). In terms of the pro-
portion of children with no obvious caries 
experience, the fi gures were 74% in 2006/7 
and 75% in 2007/8 (Table 3).

Adjusting by age and SIMD, the odds of 
caries experience were similar in 2007/8 

versus 2006/7 with an odds-ratio of 0.92, 
95% confi dence interval = (0.80, 1.06), 
p = 0.256 (Table 4). However, the gap 
between those with d3mft >0 residing in 
the most deprived and the least deprived 
communities reduced slightly from 67% vs 
87% in 2006/7 to 68% vs 84% in 2007/8. 
The odds-ratio for caries experience in the 
most deprived children versus the least 
deprived children, adjusting for age and 
year, was 2.90 (2.31, 3.64), p <0.001. The 
ROC plot is shown in Figure 1. The curva-
ture of the lines is clear, and the extra effect 

survey analyses carried out using the 
SURVEYMEANS procedure.

RESULTS
There were 2,030 children inspected 
with usable data in 2006/7, and 2,797 in 
2007/8. This represents a coverage of 71% 
and 76% (respectively) of the rolls of the 
schools that were chosen for inspection. 
In 2007/08 for example, 657 (18%) of the 
children were absent on the day, 196 (5%) 
of the children refused to take part, and 18 
(0.05%) of the parents did not wish their 
children to take part (the pattern was sim-
ilar in 2006/07). After the children with 
missing SIMD information were excluded 
and the birthday fi lter was applied there 
were 1,711 and 2,428 in the two cohorts, 
respectively. In both of the school years 
sampled the average age of the children 
was 3.7 years with a standard deviation 
of 0.3 years, ranging from a minimum of 
3.0 years to a maximum of 4.3 years. The 
distribution of relative deprivation of the 
sampled subjects is shown on Table 1. In 
2006/7 there were 655 (38%) in the most 
deprived areas, and there were 1,068 (44%) 
in 2007/8. In 2006/7 14% of the population 

Table 1  Sampling fraction in each Scottish Index of Multiple Deprivation (SIMD) category

SIMD
2006/7 2007/8

n sampled (%) n in population (% sampled) n sampled (%) n in population (% sampled)

1 (most deprived) 655 (38%) 5,106 (13%) 1,068 (44%) 5,327 (20%)

2 259 (15%) 1,863 (14%) 414 (17%) 2,044 (20%)

3 247 (14%) 1,512 (16%) 296 (12%) 1,546 (19%)

4 194 (11%) 1,700 (11%) 237 (10%) 1,710 (14%)

5 (least deprived) 356 (21%) 2,449 (15%) 413 (17%) 2,423 (17%)

Total 1,711 (100%) 12,630 (14%) 2,428 (100%) 13,050 (19%)

Table 2  Weighted and un-weighted mean d3mft, and mean d3mft for those with d3mft >0

SIMD
2006/7 2007/8

Mean d3mft Mean d3mft if >0 (n) Mean d3mft Mean d3mft if >0 (n)

1 (most deprived) 1.5 4.5 (n = 216) 1.4 4.4 (n = 343)

2 1.4 4.4 (n = 81) 0.9 3.3 (n = 114)

3 0.9 4.1 (n = 56) 0.9 3.8 (n = 68)

4 0.7 3.2 (n = 42) 0.5 3.2 (n = 35)

5 (least deprived) 0.3 2.6 (n = 46) 0.5 3.1 (n = 65)

Un-weighted 1.1 4.1 (n = 441) 1.0 3.9 (n = 625)

Weighted (95% CI) 1.1 (1.0, 1.2) 1.0 (0.9, 1.1)

Table 3  Weighted and un-weighted % with no obvious experience of caries

SIMD
2006/7 2007/8

d3mft = 0 (%) d3mft = 0 (%)

1 (most deprived) 439 (67%) 725 (68%)

2 178 (69%) 300 (72%)

3 191 (77%) 228 (77%)

4 152 (78%) 202 (85%)

5 (least deprived) 310 (87%) 348 (84%)

Un-weighted 1270 (74%) 1803 (74%)

Weighted (95% CI) 74% (72%, 76%) 75% (73%, 77%)
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of deprivation in predicting caries is dem-
onstrated by the gap between the dotted 
and solid lines. The c-index of the model 
with just age and year is 0.58, rising to 0.64 
when SIMD is added to the model.

The breakdown of decayed (d3t), missing 
(mt) and fi lled teeth (ft) is presented for 
each tooth type and position separately in 
Figures 2 and 3 for the two year cohorts. In 
three-year-old children in Greater Glasgow 
there is a pronounced trend for the upper 
anterior teeth to be decayed (in addition 
to the molars). For example, in 2006/7 the 
upper right central incisor was decayed 
in 10% of the children studied, 95% 
CI = (9%, 11%), and in 2007/8 it was 8%, 
95% CI = (7%, 9%). The decrease from 10% 
to 8% was statistically signifi cant with an 
odds-ratio of 0.79, 95% CI = (63%, 98%), 
p = 0.031 (adjusted by age and SIMD).

DISCUSSION
While we have known the caries status of 
children in Primary 1 since the fi rst NDIP/
SHBDEP surveys in 1987,1 little was known 
about the prevalence of caries at the age of 
three years old. It was feasible to conduct 
large scale caries surveys in nursery set-
tings, using multiple examination teams 
calibrated with the age group and apply-
ing the standardised BASCD methodology. 
The three-year-old population examined 
was thus representative of the background 
SES distribution of three-year-olds. As 
expected, there was little overall change 
in d3mft metrics over a period as short as 
one year. Overall the levels of caries were 
very high, with 26% and 25% of children 
already experiencing some decay into the 
dentine or beyond by the age of three years 
in the 2006/7 and 2007/8 cohorts, respec-
tively. For children living in the most 
deprived areas (SIMD = 1), the prevalence 
of caries experience at the d3 level was 
33% and 32%, respectively.

Levels of childhood caries in other com-
munities worldwide are also a concern. A 
large cohort study of Italian four-year-olds 
found that 22% of the children suffered car-
ies experience.23 A similar rate was found 
in an urban Brazilian pre-school popula-
tion (23%).24 Similarly in the USA (using 
older data) it was found that for children 
aged two to fi ve years old the percentage 
of caries experience was 24% for whites, 
29% for blacks and a much higher 40% 
for Mexicans.25 Another US study found 

Table 4  Results of logistic regression model for risk of caries (variables are adjusted by 
each other)

Variable Contrast Odds-ratio 95% CI p

Age* 1 year risk 2.65 (2.04, 3.44) <0.001

Year 2007/8 vs 2006/7 0.92 (0.80, 1.06) 0.256

SIMD 

1 vs 5 2.90 (2.31, 3.64) <0.001

2 vs 5 2.46 (1.89, 3.20) <0.001

3 vs 5 1.75 (1.31, 2.32) <0.001

4 vs 5 1.31 (0.95, 1.81) 0.096

* Odds-ratio gives the extra risk associated with one year’s increase in age
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Fig. 1  ROC plot for models of dental decay in three year old children

Fig. 2  dt, mt and ft for each tooth separately - 2006/7
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experience by this age, with those children 
living in the most deprived communities 
having the highest prevalence of caries. 
This type of anticipatory care is advocated 
to improve child health and welfare out-
comes in Scotland12 and is likely to be most 
effective if it commences early in a child’s 
life-course as part of a ‘from birth’ strat-
egy. Complex intervention programmes are 
needed to support breast feeding, weaning 
and the use of fl uoride dentrifi ce from the 
time of fi rst eruption.

The study of ‘life-course’ with respect 
to general health outcomes increasingly 
recognises that both the intra-uterine 
period and the earliest years have lasting 
health effects on whole-life outcomes.31–33 
Interventions are easier to deliver to groups 
within a defi ned setting than similar inter-
ventions aimed at individuals dispersed 
within communities. Therefore, previous 
dental health promotion activity gener-
ally did not commence until infants had 
started to attend at school and, latterly, the 
nursery setting. Thus, to a great extent, 
timings of historic oral health interven-
tions in many areas (including NHSGGC) 
have been based on convenience rather 
than any evidence of the effi cacy of car-
ies prevention strategies within the life-
course, and little was understood about 

the balance of caries initiation before and 
after commencing nursery education at 
three years of age.

The ROC plot for the model includ-
ing SIMD as a predictor of dental caries 
shows a clear curvature away from the 
diagonal (c-index = 0.64). However, the 
line is nearer the diagonal than the top 
left corner. A ROC plot graphs sensitivity 
against 1-specifi city for each combination 
of risk factors in the model. Therefore, an 
extremely predictive model would go up 
the left hand axis and along the top line. 
This means that although deprivation can-
not be used to reliably predict caries in 
an individual three-year-old child, it does 
demonstrate that even at the age of three 
years, the effect of deprivation has already 
begun its course towards being the single 
greatest factor in predicting the occurrence 
of a child’s caries experience.

This study indicates that the determi-
nants of poor dental health and inequal-
ity commence early in life. There are 
various theories as to how inequalities 
in oral health arrive, which are usefully 
summarised by Patrick et al.34 and also 
by Sisson.35 Preventive interventions are 
therefore required to commence from 
birth, or even before birth. Comparing 
these data with future ROC plots will per-
mit assessment of the degree to which 
the association between deprivation and 
poor dental health is mitigated over time 
by local and national community-based 
health improvement programmes.

There is a distinctive pattern of caries 
in the children studied whereby the upper 
anterior teeth have high levels of caries for 
such a young age group. Also, there are 
very high levels of caries in the molars. 
Monitoring of the extent to which indi-
vidual teeth are affected by dental caries 
will permit assessment of the population 
impact of future clinical preventive inter-
ventions such as topical fl uoride varnishes 
and fi ssure sealant programmes. Nearly a 
third of three-year-old children in SIMD1 
are exhibiting caries in teeth which have 
only been exposed for one to three years. 
This highlights the need to target pre-
nursery children.

CONCLUSION
The occurrence of dental caries at d3mft 
level in NHS Greater Glasgow and Clyde 
is clinically apparent even at the age of 

a rate of 28% for pre-school children in 
Arizona.26 However, a national dataset 
from the NHANES cohort found that 42% 
of US children aged two to six years had 
caries experience.27 A study of low SES 
Brazilian children reported the caries expe-
rience for children at ages one, two, three, 
four and fi ve years, with the results given 
as 4%, 15%, 29%, 40% and 50%, respec-
tively.28 Some communities worldwide are 
reported to have extreme problems with 
caries experience, with prevalence rates as 
high as 85% in the Republic of Belarus for 
six-year-olds,29 and over 90% for Canadian 
aboriginal minority group children living 
on one reserve.30

While historically much dental health 
education coincided with children starting 
at school, in recent years there has been 
an emphasis on oral health promotion pro-
grammes based in the nursery setting. The 
information from the present study helps 
to establish the possibility of improving 
dental health at fi ve years of age from 
the initiation of intervention strategies 
before three years of age, as the founda-
tion of a whole life-course approach. There 
are strong indications that for a sizable 
minority it is necessary that interventions 
commence before the age of three years, 
as circa 25% of children already had d3mft 
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Fig. 3  dt, mt and ft for each tooth separately - 2007/8
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3.5 years in at least 25% of the popula-
tion. The disease is particularly prevalent 
in deprived communities. While many 
pre-school oral health improvement ini-
tiatives take place in the nursery setting, 
it is also essential that appropriate caries-
preventive approaches are implemented 
from birth, with more intensive support 
for those at increased risk of disease. 
These types of ‘directed population’36–38 
approaches are currently being developed 
and evaluated via Scotland’s Childsmile 
demonstration programme.
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