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ABSTRACT

Objectives Child dental caries is a global public health
challenge with high prevalence and wide inequalities.

A complex public health programme (Childsmile) was
established. We aimed to evaluate the reach of the
programme and its impact on child oral health.

Setting Education, health and community settings,
Scotland-wide.

Interventions Childsmile (national oral health
improvement programme) interventions: nursery-based
fluoride varnish applications (FVAs) and supervised daily
toothbrushing, community-based Dental Health Support
Worker (DHSW) contacts and primary care dental practice
visits—delivered to the population via a proportionate
universal approach.

Participants 50379 children (mean age=>5.5 years,
SD=0.3) attending local authority schools (2014/2015).
Design Population-based individual child-level data

on four Childsmile interventions linked to dental
inspection survey data to form a longitudinal cohort.
Logistic regression assessed intervention reach and

the independent impact of each intervention on caries
experience, adjusting for age, sex and area-based Scottish
Index of Multiple Deprivation (SIMD).

Outcome measures Reach of the programme is defined
as the percentage of children receiving each intervention
at least once by SIMD fifth. Obvious dental caries
experience (presence/absence) is defined as the presence
of decay (into dentine), missing (extracted) due to decay or
filled deciduous teeth.

Results 15032 (29.8%) children had caries experience.
The universal interventions had high population reach:
nursery toothbrushing (89.1%), dental practice visits
(70.5%). The targeted interventions strongly favoured
children from the most deprived areas: DHSW contacts
(SIMD 1: 29.5% vs SIMD 5: 7.7%), nursery FVAs (SIMD
1:75.2% vs SIMD 5: 23.2%). 0dds of caries experience
were markedly lower among children participating in
nursery toothbrushing (>3 years, adjusted OR (aOR)=0.60;
95% CI 0.55 to 0.66) and attending dental practice (>6
visits, aOR=0.55; 95% Cl 0.50 to 0.61). The findings were
less clear for DHSW contacts. Nursery FVAs were not
independently associated with caries experience.
Conclusions The universal interventions, nursery
toothbrushing and regular dental practice visits were
independently and most strongly associated with reduced

Strengths and limitations of the study

» This is the first population-wide data linkage cohort
study to evaluate the reach and impact of a complex
public health intervention.

» There is evidence of effectiveness of oral health im-
provement interventions for children including flu-
oride toothpaste and professionally applied fluoride
varnish; however, the evidence of combining these
into a complex oral health improvement programme
delivered via a proportionate universal approach has
not previously been evaluated.

» The study uses routine administrative data, which
have some limitations in the variables available, in-
cluding a lack of information on intermediate indi-
vidual behaviours.

» The outcome data available, the presence or ab-
sence of obvious dental caries experience, collected
by trained and standardised dental inspection teams
and available at the population level show a high
level of agreement with detailed decay, missing,
and filled teeth (dmft) index scores collected by cal-
ibrated dental inspection teams on a much smaller
sample of children.

» The study strengths are in the robust data linkage
approach, where there were no concerns about the
quality and completeness of the data linkage, re-
sulting in a cohort with population-wide coverage of
outcome and intervention data.

odds of caries experience in the cohort, with nursery
toothbrushing having the greatest impact among children
in areas of high deprivation.

INTRODUCTION

Oral health is a global public health challenge
with oral diseases estimated to be the most
prevalent condition in the world." Untreated
dental caries (tooth decay) of the deciduous
teeth affects 8% of the global child popula-
tion, with greatest prevalence in those under
Byears of age.” In Scotland, at the beginning
of the 21st century, dental caries in 5year olds
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was among the worst in Europe, with 60% affected, wide
inequalities identified and no improvement observed in
the previous decade.”

A 2002 Scottish Government consultation resulted in
fluoridation of the public water supply being ruled out,*”
but with a realisation that a traditional health education
approach for oral health improvement was both inef-
fective and could potentially widen inequalities.” The
resultant national oral health strategy established demon-
stration pilot projects which developed into the national
child oral health improvement programme—Child-
smile.” The Childsmile programme is described in detail
elsewhere®—briefly, it is a multicomponent preventive
programme operating at upstream (policy), midstream
(community) and downstream (clinical) levels. It follows
a proportionate universal approach—delivering both
universal interventions to all children and additional
targeted interventions focused on children predicted to
be at higher risk of dental caries from the most socio-
economically deprived backgrounds, with the twin aims
of improving child oral health and reducing associated
inequalities in the population.”'” Childsmile’s main focus
has been on preschool children (aged up to byears). The
four main interventions of the programme for this age
group are (1) dental health support worker (DHSW)
home and community contacts (targeted from birth to
children and their parents/carers in greatest need as
identified by health visitors, for prevention advice, to
help facilitate attendance in primary care dental prac-
tice, and to link families with community assets); (2)
nursery (kindergarten) fluoride varnish applications
(FVAs) (targeted to children from the of age 3years
from the more deprived communities, applied twice per
year by extended duty dental nurses); (3) primary care
dental practice visits (available from birth for all chil-
dren attending where toothbrushing instruction, diet
advice and FVAs are offered); and (4) nursery-supervised
toothbrushing (universal to all preschool establishments
in Scotland, including daily toothbrushing with fluoride
toothpaste and distribution of toothbrush/toothpaste
packs for home use). Following piloting, these inter-
ventions were collectively rolled out nationally from
2010/2011.

A monitoring and evaluation strategy for the Child-
smile programme was developed based on recommended
approaches for the evaluation of complex interventions."'
A theory-based approach to evaluation, incorporating a
logic model, guided the development of studies to gather
process and outcome measures. The evaluation plan
included an ecological evaluation of nursery-supervised
toothbrushing,' * an embedded randomised controlled
trial of nursery fluoride varnish'* and an individual child-
level data linkage study using the emerging NHS Scotland
infrastructure (this present study).'”

Several Cochrane reviews show effectiveness of the
fluoride-based interventions'® 17; however, the evidence in
relation to the proportionate universal delivery of combi-
nations of these interventions at the population level is

untested. Here, we developed a cohort using data linkage
methods of routine administrative data to assess the
reach of the Childsmile programme (with its universal
and targeted interventions) by area-based socioeconomic
deprivation and to undertake an analysis of the impact of
the Childsmile interventions on dental caries outcomes
among Primary 1 children (age range 4-6years old) in
2014,/2015 in Scotland (the first cohort of children to be
born into the nationally rolled-out programme) by the
overall population and then by area-based socioeconomic
deprivation.

METHODS

Information governance approval

Information Governance approval was granted by the
NHS Scotland Public Benefit and Privacy Panel for Health
and Social Care.

Patient and public involvement
Patients were not involved in the design, analyses and
interpretation of this study.

Databases

Individual child-level data were linked from five databases
held by NHS National Services Scotland (NSS) [now
Public Health Scotland]: (1) Childsmile Dental Health
Support Worker (DHSW) database'®—held information
on DHSW contacts with families; (2) Childsmile Nursery
Fluoride Varnish database®—had information on
nursery FVAs; (3) Management Information and Dental
Accounting System (MIDAS)"*—collated information on
all child and adult primary care dental practice appoint-
ments and treatments in Scotland (including Childsmile
practice prevention items); (4) Childsmile Nursery
Toothbrushing database'®—collected information on
parent/carer consent indicating child-level participation
in the nursery-supervised toothbrushing programme; and
(5) National Dental Inspection Programme (NDIP) data-
base*’—which included an annual survey of oral health
outcomes on all Primary 1 (P1) school-year (approxi-
mately 5years old) children attending local authority
schools. The dental inspection involved a simple assess-
ment of the mouth and teeth of each child undertaken
by trained and standardised primary care dental teams
within primary schools. Dental caries experience of the
deciduous dentition was recorded.?” The child’s sex was
ascertained from the NDIP database and age at inspec-
tion derived. In addition, the area-based Scottish Index
of Multiple Deprivation 2009 (SIMD)*' level was linked
to the child’s home postcode at the time of their dental
inspection.

Cohort inclusion criteria

Our longitudinal cohort included all children in P1 at
local authority schools in the 2014/2015 school year (July
2014—June 2015) who underwent an NDIP dental inspec-
tion and were aged between 4 and 6years of age and whose
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Records in dataset

57,282

51,483
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Figure 1

128 (<1%)

4,859 (8%)

95 (<1%)

836 (2%)

1,104 (2%)

Records excluded

False Link to CHI number

Incomplete or missing oral health inspection data

Repeat inspection

No SIMD data

Outwith age 4-6 years of age on inspection date

Additional false links and improbable intervention
dates

Flow chart of records excluded from the 2014/2015 P1 National Dental Inspection Programme (NDIP). CHI,

Community Health Index; SIMD, Scottish Index of Multiple Deprivation.

record could be reliably linked across datasets. Details of
the linkage procedure can be found elsewhere.”* This
cohort was initially seeded via probability matching®
with the Community Health Index (CHI) which is NHS
Scotland’s unique patient identifier number. As the CHI
number is held on all the other national level health data-
sets in NSS, we then linked the children in our cohort to
their corresponding records in the Childsmile interven-
tion datasets.

Data management

Prior to obtaining the datasets for our study, NSS
removed the personal identifiable variables (CHI
number, forename, surname and home postcode) from
the datasets. The CHI numbers were replaced with
study-specific pseudo anonymised IDs that allowed all
the records belonging to an individual across all the
datasets to be linked without the need for personal
identifiers.

We undertook a series of data cleaning procedures and
excluded NDIP records for a variety of reasons (figure 1).
To assess data completeness and linkage success, where
possible, the total number of children in the linked
cohort receiving each intervention type and the outcome
of their NDIP inspection were compared with appro-
priate published reports which had been based on single
databases.?* %

The vast majority of the 52579 children that received a
dental inspection in 2014/2015 were in the linked cohort
(n=52386, 99.6%). During the NDIP data cleaning
process, exclusions were minimal, but there were more
children excluded with no inspection from the most
deprived areas SIMD 1 (n=1358; 10.1%) than from the
least deprived areas SIMD 5 (n=615; 6.3%)%; however,
the incidence of dental caries within the cohort remained
representative of the population.25

Outcome and intervention data definitions

The reach of each of the programme interventions was
measured descriptively by the proportion of the child
population receiving each intervention on at least one
occasion or having consented to nursery-supervised
toothbrushing by SIMD deprivation fifth.

The impact of the interventions on dental caries
(defined as ‘caries experience’ throughout) was
measured by the presence or absence of obvious caries
experience which was determined clinically by the pres-
ence of decay (caries into dentine), missing (extracted
due to decay) or filled deciduous teeth—following
recognised criteria,”® although due to the nature of
the basic NDIP dental inspection being undertaken
(rather than a detailed epidemiological assessment) a
dmft score was not available. This outcome measure
was available in all children in the cohort for the school
year 2014/2015 from the NDIP database.”’ SIMD was
categorised as fifths, with SIMD 1 representing the 20%
most deprived areas and SIMD 5 the 20% least deprived
areas.

We derived appropriate categories for each of the
four Childsmile interventions. The number of times
(from birth to outcome) a targeted family received a
DHSW contact (DHSW Contacts), the number of times
a targeted child received a nursery FVA between the age
of 3years and outcome (Number of Nursery FVA), and
the number of Primary Care Dental Practice Visits inter-
ventions a child received between birth and the outcome
were calculated. Children in the cohort who were not
enrolled at a nursery targeted for the FVA intervention
or were not identified by a health visitor as requiring a
DHSW Contact were categorised as ‘Not targeted’ for
these interventions. Nursery-Supervised Toothbrushing
participation was captured using the parent/carer annual
consent forms—categorised as the number of years the
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child was consented to participate in toothbrushing prior
to the cohort outcome endpoint.

Statistical analyses

Programme reach

Difterences in the reach (gradient across SIMD groups) of
each intervention by area-based deprivation (SIMD) were
tested using logistic regression of reach with SIMD fifths
treated as a continuous variable. This provides the OR
for ‘reach’ according to a one-unit change in the SIMD
indicating whether there was a significant increasing or
decreasing trend in those children with at least one dose
of a component across the deprivation groups.

Caries experience

Logistic regression was used throughout to model the
binary endpoint caries experience and a series of steps
were taken in the modelling process. In the first instance,
unadjusted ORs and 95% CIs for caries experience were
calculated for each potential confounder available in
the datasets (age, sex, SIMD) and each of the four inter-
ventions individually. A main effects analysis was then
conducted to establish the associations between each
of the four Childsmile interventions (individually) and
caries experience adjusting only for the confounders
(Model 1). Model 2 then assessed the independent
effects of each intervention, adjusted for the confounders
and all other interventions. In addition, interaction terms
were added to the models to test whether the impact of
the interventions on caries experience were modified by
the confounders (ie, were any of the interventions having
a greater impact in particular groups). Where statisti-
cally significant (p<0.05) interactions were observed, the
results of Model 1 and Model 2 were partitioned by the
interacting variable.

This work was undertaken within NHS Scotland’s
National Safe Haven®” and reported following best prac-
tice guidance.”?’ All statistical analyses were undertaken
using SAS Enterprise Guide V.5.1 (SAS Institute).

RESULTS

The cohort included 50379 children (84.7% of the
5-year-old population estimate in 2015) with an outcome
measure of caries experience (yes/no) from the NDIP
dental inspection data (2014/2015), of which 29.8%
(n=15032) had caries experience (table 1). The distri-
bution of caries experience by both the potential
confounders and the exposure levels of each Childsmile
intervention are reported in online supplemental table
1. The majority (n=43165, 85.7%) of children in the
cohort were 5years old (mean age=5.5, SD=0.3), and as
expected, caries experience increased with age: from
26.5% (n=788) in 4year olds to 32.9% (n=1397) among
6year olds. Of the cohort, 50.9% (n=25643) were males
with caries experience slightly higher among this group
(n=7903, 30.8%) in comparison with females (n=7129,
28.8%). The odds of caries experience in children living
in the most deprived areas (SIMD 1) was more than four
times greater than those living in the least deprived areas
(SIMD 5) (OR=4.39, 95% CI 4.10, 4.70).

Reach of the programme according to area-based deprivation
The percentage of children in the cohort reached by
each of the four interventions according to SIMD fifth
is presented in figure 2 and the ORs (95% CI) for reach
(gradient) of each intervention by SIMD are presented
in online supplemental table 2. Of the cohort, 17.4%
(n=8753) were reached by the (targeted) DHSW contacts

Table 1 Unadjusted and adjusted ORs and 95% Cls for caries experience according to potential confounders
Total number of Caries
children in cohort experience OR 95%ClI P value
n=50379 n=15032 (29.8%)
SIMD
1 (most deprived) 11777 5310 (45.1) 4.39 (4.10 to 4.70) <0.001
2 10092 3549 (35.2) 2.90 (2.70 to 3.11) <0.001
3 9609 2597 (27.0) 1.98 (1.84 t0 2.13) <0.001
4 9876 2154 (21.8) 1.49 (1.38 to 1.61) <0.001
5 (least deprived) 9025 1422 (15.8) - Referent -
Age
4 2974 788 (26.5) 0.85 (0.78 to 0.93) <0.001
5 43165 12847 (29.8) - Referent -
6 4240 1397 (32.9) 1.16 (1.08 to 1.24) <0.001
Sex
Female 24736 7129 (28.8) 0.91 (0.87 to 0.94) <0.001
Male 25643 7903 (30.8) - Referent -

SIMD, Scottish Index of Multiple Deprivation Index.
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intervention with a strong decreasing trend across the
SIMD distribution (most to least deprived) (OR for
slope=0.67; 95%CI 0.65 to 0.68). Almost one-third
(n=3475/11777, 29.5%) of those children living in the
20% most deprived areas received a DHSW contact in
contrast to just under one-tenth (n=695/9025, 7.7%)
in the least deprived areas. Similarly, for the (targeted)
nursery FVA intervention, where 48.9% of the cohort
(n=24613) had at least one nursery FVA in the study
period, a strong decreasing trend in reach was observed
across the SIMD distribution (most to least deprived)
(OR for slope=0.58; 95% CI 0.57, 0.58). Three-quarters
(n=8859, 75.2%) of those living in the 20% most deprived
areas received at least one nursery FVA, compared with
23.2% (n=2092) in the least deprived areas.

Within the cohort (n=35537), 70.5% of children had a
(universal) primary care dental practice visit, with a flat
gradient across the SIMD distribution (OR for slope=1.01;
95% CI 1.00 to 1.03) with only a very small absolute differ-
ence between least and most deprived fifths: 0.4% (SIMD
1: n=8119, 68.9% vs SIMD 5: n=6254, 69.3%). There
was a high level of reach across the population for the
(universal) nursery-supervised toothbrushing interven-
tion (89.1% n=44868). The decreasing trend by SIMD
was considerably weaker (OR for slope=0.75; 95% 0.73
to 0.77), and the absolute difference between most and
least deprived fifths of SIMD was much smaller (SIMD 1:
n=11103, 94.3% to SIMD 5: n=7466, 82.7%) than for the
targeted interventions.

Impact of the interventions on caries experience

The associations between each of the interventions and
caries experience are presented in table 2. The main
results, adjusted for confounders (age, sex, SIMD) and all

other interventions, are described here (Model 2). The
results of Model 1 (adjusted for confounders only) are
presented in the tables for comparison purposes.

DHSW contacts intervention

Relative to those targeted and not reached for a DHSW
contact, children receiving only one contact had 31% lower
odds of caries experience (aOR=0.69; 95% CI 0.60 to 0.80);
however, there was insufficient evidence for an association
with two or more contacts (aOR=0.95; 95% CI 0.79 to 1.15).
This effect of DHSW contacts on caries experience after the
Model 2 adjustment had attenuated slightly from Model 1
but did not change the overall results.

Nursery FVA intervention

Children targeted for nursery FVAs, in comparison to
children receiving zero applications, had no reduction in
the odds of caries experience regardless of the number
applied (five applications, aOR=0.97; 95% CI 0.89 to
1.06). This effect of Model 2 had attenuated in compar-
ison to Model 1.

Primary care dental practice intervention

The odds of caries experience reduced as the number
of primary care dental practice visits increased from
three (Model 2). Those attending =6 times experienced,
on average, a 45% reduced odds of caries experience
(aOR=0.55; 95% CI 0.50 to 0.61), compared with those
who never attended. There was very little change in the
effect of the primary care dental practice visits in compar-
ison to those observed for Model 1.

Nursery-supervised toothbrushing intervention
Compared with those who did not participate in the
nursery-supervised toothbrushing intervention (Model
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Figure 3 Unadjusted and adjusted ORs and 95% Cls for caries experience according to nursery-supervised toothbrushing
and nursery fluoride varnish applications (FVAs) by SIMD. Model 1 adjusted for Scottish Index of Multiple Deprivation Index
(SIMD), sex and age. Model 2 adjusted for sex, age and the three other Childsmile Interventions.

2), there was a reduction in the odds of caries experience
as the number of years of participation increased with
those participating for >3 years’ relative to not consented
having substantial reduced odds of caries experience
(aOR=0.60; 95% CI 0.55 to 0.66). This effect was slightly
strengthened in comparison to Model 1.

There were no significant interactions observed with
age or sex and all four interventions on caries experi-
ence, nor with SIMD and DHSW contacts or primary care
dental practice visits. Figure 3 depicts that the impact of
the nursery-supervised toothbrushing intervention on
caries experience was modified by SIMD (p<0.001), with
the odds of caries experience lower for those in SIMD
1 (Model 2) who participated in this intervention for >3
years (aOR=0.49; 95% CI 0.39 to 0.60 vs those with no
consent) in contrast to those in SIMD 5 who participated
for the same amount of time (aOR=0.70; 95% CI 0.56 to
0.88 vs those with no consent) (see online supplemental
table 3).

There was also an interaction between SIMD and
nursery FVA on caries experience (p=0.014), although
it was weaker than that observed for SIMD and nursery-
supervised toothbrushing (figure 3). A reduction in the
odds of caries experience was only observed for children
living in SIMD 2 (Model 2) after receiving five or more
varnishes (aOR=0.80; 95% CI 0.67 to 0.95) (see online
supplemental table 4).

DISCUSSION
We have demonstrated that it was possible to create
a study cohort via data linkage of routine administra-
tive datasets, and to undertake an initial evaluation of a
complex public health intervention.

The four Childsmile interventions examined here are
largely being delivered as envisaged in the Childsmile

strategy”’ *' with respect to their differing targeted and

universal aims. This demonstrates a good example of
proportionate universalism, where the intensity of inter-
ventions across the socioeconomic gradient is propor-
tionate to need. There was near universal coverage
observed for the nursery-supervised toothbrushing
intervention in keeping with findings that nearly all the
nurseries nationally (establishment level) in 2015 were
participating in the programme.24 There were no socio-
economic inequalities observed with the reach of the
primary care dental practice intervention which may in
part be explained by findings that DHSWs were effective
at getting targeted children from more deprived areas
into a dental practice earlier than expected.”” The Child-
smile programme health boards implemented the level of
targeting in the fluoride varnish intervention in nurseries
in slightly different ways.24 It was therefore important, at
the national population level, to assess the proportion
reached across the SIMD distribution, as well as focusing
on the most deprived areas. Targeting of the DHSW inter-
vention was often determined on a judgement made by a
health visitor based on an individual family’s need. There-
fore, there could be children/families targeted that did
not live in areas of high deprivation. Nevertheless, there
was an expectation that there should be a general trend
in reach of the DHSW intervention towards reaching chil-
dren from the more deprived areas. However, with only
30% of children from the most deprived areas receiving
the DHSW intervention, there is room for improving the
targeting approach in the programme.

Overall, nursery-supervised toothbrushing, dental prac-
tice visits and (to a lesser degree) DHSW contacts were all
independently associated with a reduction in caries expe-
rience, but there was insufficient evidence for an inde-
pendent association of the nursery FVA intervention with
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caries experience. The nursery-supervised toothbrushing
intervention appeared to have the greatest impact in chil-
dren from the 40% most deprived areas.

These results support findings from our earlier
ecological study that suggested that Childsmile nursery-
supervised toothbrushing was driving the reduction
in the population trends of dental caries.'* Our results
provide new evidence to support the impact of nursery-
supervised toothbrushing in reducing risk associated with
caries experience, with it being strongest for children
from the most deprived communities where it was also
apparent with only 1year of participation. Children living
in the 40% least deprived areas only had a significant
reduction in odds of caries experience after more than
3years of participation when compared with their non-
participating peers. One possible explanation for this is
that children living in the most affluent areas are more
likely to already be regularly toothbrushing at home® **
and as a result may have been at a lower risk of caries
experience to begin with. Children who were regular
attenders at Childsmile dental practices had significantly
less caries experience than irregular or non-attenders and
this did not differ by area-based socioeconomic level as
observed in other studies.” *® Regular dental attendance
is also associated with other oral health behaviours such
as good oral hygiene and diet.” * In this study, frequent
dental attendance seems to be a marker for better oral
health and could be associated with motivated, enabled
and health conscious parents/carers, rather than being
genuinely causal in reducing caries risk. The alterna-
tive explanation that regular dental attendance could
also have a role to play in ensuring that children have
no dental caries (through their delivery of preventive
interventions) cannot be ruled out. However, the limited
evidence of effectiveness of chairside advice-based inter-
ventions casts some doubt on the role of dental teams
in driving oral health improvement, for example, there
remains limited trial or systematic review evidence on the
preventive effect of diet or toothbrushing advice,”” and
even the effectiveness of practice-delivered FVAs is being
questioned.” Furthermore, there was very little evidence
that FVAs within the nursery setting reduced odds of
caries experience after adjustment for the other three
interventions. Although systematic reviews of fluoride
varnish show a clear caries preventive effect in children,'®
a more recent review is beginning to cast doubt over fluo-
ride varnish effectiveness and cost-effectiveness.” As the
impact attenuated following adjustment with the other
interventions, it is plausible that there was little to no
benefit for receiving fluoride varnish over and above the
almost universal coverage and caries preventive impact of
nursery-supervised toothbrushing, or the other interven-
tions, particularly for those living in the most deprived
fifth. Our previous work has demonstrated the initial
success of DHSWs in increasing earlier dental practice
attendance in children from more deprived areas.”
However, the findings of this study are more difficult to
interpret. A single contact conferred a reduced odds of

caries experience;, two or more had little impact. This
could be due to DHSWs correctly identifying the most
vulnerable families in terms of needing more intensive
support (more contacts), but their efforts being unable
to mitigate and reduce the odds of dental caries by 5years
of age.

To our knowledge, this was the first population-level
cohort study to evaluate a complex public health inter-
vention using routine administrative data. There have
been several studies to date examining epidemiological
questions or the impact of single interventions (eg, medi-
cations).* Internationally, there have been many develop-
ments in data linkage cohorts for longitudinal follow-up,
disease surveillance, service evaluation or policy model-
ling purposes.*' ** Our study used routine administrative
databases, the limitations of which are recognised® as
they are established for other purposes, and therefore the
variables available are more limited. These are more than
offset by the large population coverage, and in our case
because all the datasets had robust quality and complete-
ness procedures. The NDIP basic inspection data had
good population coverage providing presence or absence
of caries experience collected by trained and standardised
examiners, this has less detail than detailed epidemiolog-
ical inspection data which includes dmft scores collected
by calibrated examiners—although these data would only
be available on a small sample (20%) of children. The
NDIP reports show high level of agreement between the
basic and detailed inspection caries prevalence data.”
Moreover, the linkage process with intervention datasets
was robust with a high linkage rate, which did not exclude
many records from those expected in published reports
providing a cohort representative of the population.*

CONCLUSIONS

In this first population-wide data linkage cohort study to
evaluate the reach and impact of a complex public health
intervention, we found that the Childsmile programme
was delivered largely as envisaged in terms of targeted and
universal elements across the population. The universal
interventions of nursery-supervised toothbrushing (for
>3 years) and primary care dental visits (when at a high
frequency n26) were independently and most strongly
associated with reducing the odds of dental caries in
the child population. Nursery-supervised toothbrushing
had the greatest impact among children in areas of high
deprivation. These findings should inform the develop-
ment of new strategies for improving population child
oral health.
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