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Abstract
Objective: Inequalities in child oral health are a global challenge and the intersection 
of socioeconomic factors with educational additional support needs (ASN), including 
children with intellectual disabilities or autism, have thus far received limited atten-
tion in relatively small clinical studies. We aimed to address this evidence gap by in-
vestigating oral health and access to preventive dental services among children with 
ASN compared to the general child population.
Methods: Cohort study linking data from six Scotland- wide health and education da-
tabases compared: dental caries experience and tooth extraction via general anaes-
thetic; receipt of school- based dental inspection; access to primary care and hospital 
dental services; and access to the Childsmile national oral health improvement pro-
gramme between children with a range of ASN (intellectual disabilities, autism, social 
and other) and their peers for the school years 2016/17– 2018/19 (n = 166 781).
Results: Children with any ASN had higher rates of caries experience than those with 
no ASN, however, after adjustment for socioeconomic deprivation, sex, year, and school 
type only those with a social or other ASN remained at increased risk. Rates of tooth 
extraction under general anaesthesia in hospital were higher among children with intel-
lectual disabilities (aRR = 1.67;95% CI = [1.16– 2.37]). School- based dental inspection 
access improved for children with intellectual disability and/or autism from 2016/17 on-
wards, although higher rates of child refusal on the day were observed in these groups 
(no ASN refusal: 5.4%; intellectual disability: 35.8%; autism: 40.3%). Children with any 
ASN were less likely to attend primary dental- care regularly, and in those who attended, 
children with intellectual disability or autism were less likely than their peers to receive 
prevention (fluoride varnish, oral- hygiene instruction, or dietary advice). Childsmile 
nursery- supervised toothbrushing programme access among children with any ASN was 
similar to children with no ASN and children with intellectual disability (aRR = 1.27;95% 
CI = [1.12– 1.45]) or autism (aRR = 1.32;95% CI = [1.19– 1.45]) were more likely to receive 
support from Childsmile dental health support worker.
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1  |  INTRODUC TION

Inequalities in child oral health are a global public health challenge.1– 3 
In the UK caries prevalence is 2– 3 times higher among children from 
the most deprived compared to those in the least deprived com-
munities.4 Relatedly, poor access to preventive dental services is a 
global issue for children living in poverty or those in marginalized 
groups.1 These marginalized groups include children with special or 
additional education needs and disabilities, including intellectual dis-
abilities, Autism Spectrum Disorders, and other educational support 
needs.

Educational additional support needs (ASN) for children in rela-
tion to education and learning have long been internationally recog-
nized5 and are defined in Scottish legislation to cover physical and 
intellectual disabilities, learning difficulties, health conditions, fam-
ily circumstances, and social/emotional factors.6 The World Health 
Organization (WHO) defines intellectual disabilities as impairments 
in adaptive functioning, social functioning, and intellectual function-
ing (IQ < 70), requiring a need for daily support, with the onset in 
the developmental phase (<18 years)7. Autism Spectrum Disorders 
(henceforth autism) is defined as a diverse group of conditions that 
are characterized by some degree of difficulty with social interac-
tion and communication and atypical patterns of activities and be-
haviours, such as difficulty from one transition to another.8 Poorer 
life expectancy and general health are increasingly recognized 
among people with intellectual disabilities and autism.9

Recent systematic reviews on oral health of children with intel-
lectual disabilities and/or autism identified a high number of rela-
tively small and limited quality studies, which were equivocal on 
whether those children had a greater burden of dental disease than 
children with neither intellectual disabilities or autism.10– 12 Further 
systematic reviews have identified reduced access to dental services 
among disabled children, including those with intellectual disabili-
ties and autism.11,13 Oral health among children with more generally 
defined educational ASNs does not seem to be reported, and the in-
tersection of oral health inequalities associated with socioeconomic 
and educational ASNs (including children with intellectual disabili-
ties or autism) has thus far received limited attention.

Scotland offers a unique opportunity to examine inequalities in oral 
health and access to preventive dental services associated with chil-
dren with educational ASNs at the population level. Child oral health 

is monitored annually via the National Dental Inspection Programme 
(NDIP) which involves dental inspections in school and follow up in pri-
mary dental care services.14 There is a national Childsmile oral health 
improvement programme involving multiple universal and targeted 
interventions in education, community, and dental settings.15 Primary 
and secondary care dental services for children have population cov-
erage and are free at the point of care via the National Health Service 
in Scotland (NHS Scotland). Moreover, data on these preventive den-
tal services and educational ASN are held on routine administrative 
national education and health service databases,16,17 and secure NHS 
Scotland data linkage infrastructure is in place to enable population- 
wide, individual child- level data linkage with oral health and dental 
service databases. Here, we aimed to investigate the oral health, and 
access to preventive dental services among children with educational 
ASNs including children with intellectual disabilities and children with 
autism, compared to the general child population, taking into account 
socioeconomic factors.

2  |  METHODS

2.1  |  Study design and participants

Three birth cohorts of children who were born between 1 January, 
2011, and 1 February, 2014, were tracked from birth until their first 
year at primary/elementary school (2016/17, 2017/18, 2018/19) 
using individual child level data securely linked across six national 
administrative, education and health databases. Ethical approval was 
obtained from the University of Glasgow Ethics Committee (Project 
number MVLS200150076). This study received approval from the 
NHS National Services Scotland Privacy Advisory Committee and 
Public Benefit and Privacy Panel (PBPP) Approval no.1617- 0302 
Amendment Approval 2019 09 04.

2.2  |  Databases

1. The Education Pupil Census (held by the Scottish Government)17 
provides data on additional support needs (ASN) of each pupil 
in each school year.

Conclusions: We have identified inequalities in oral health and dental care for children 
with different ASN in Scotland with both a greater burden of disease among some 
groups and higher complexity of care; compounded by reduced and variable access 
to preventive dental services. Further efforts are needed to develop and improve 
preventive care pathways for children with ASN and integrate oral health to wider 
healthcare systems for these children to mitigate against oral health inequalities.

K E Y W O R D S
additional educational support needs, autism, children, dental caries, dental services, 
intellectual disabilities, oral health
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Individual child- level data from the Pupil Census were then 
linked across five health/administrative databases held by Public 
Health Scotland:

2. National Dental Inspection Programme (NDIP) database14 in-
cludes an annual survey of oral health outcomes on all Primary 
1 school- year (approximately 5 years old) children attending local 
authority schools. The dental inspection involves a simple as-
sessment of the mouth and teeth of each child undertaken 
by trained and standardized primary care dental teams within 
primary schools.

3. Scottish Morbidity Records (SMR01— hospital admission and 
SMR00— hospital outpatients)18 specifically for tooth extractions 
under general anaesthesia.

4. Management Information and Dental Accounting System 
(MIDAS)16 collates information on all child primary care dental 
practice appointments and treatments in Scotland (including 
Childsmile prevention items- fluoride varnish applications, diet 
and toothbrushing advice).

5. Childsmile intervention database holds data on (a) timing and 
frequency of (i) fluoride varnish applications at nursery/school 
(ii) home- based support visits from Dental Health Support 
Workers; (b) parent/carer consent/class lists indicating child- 
level participation in the nursery- supervised toothbrushing 
programme.19

2.3  |  Data linkage process

The Pupil Census database was linked at the individual level using 
probabilistic matching (on date of birth, sex and postcode) to the 
Community Health Index (CHI), Scotland's list of all unique patient 
identifiers by National Records Scotland (NRS) and provided with a 
pseudonymised study specific identifier. NRS provided Public Health 
Scotland this list of CHI numbers alongside a study- and database 
specific linkage identifier. Public Health Scotland used the CHI num-
bers to extract corresponding records from each of the five health/
administrative databases detailed above. The ‘pay- load’ health data 
from each of these extracts along with linkage identifiers were up-
loaded into the National Safe Haven along with the Pupil census data 
(with date of birth, sex and postcode removed). A linkage agent then 
replaced the linkage identifiers from the health databases with the 
pseudonymised study specific identifier allowing individuals to be 
linked across the six databases.

2.4  |  Definition of ASN status

For this study, ASN categories were (i) Intellectual Disability; (ii) 
Autistic Spectrum Disorder (autism); (iii) ASN associated with 
social issues— 'Social ASN’ (Interrupted learning, English as an 
additional language, Looked after, More able pupil, Communication 

support needs, Young carer, Bereavement, Substance misuse, 
Family issues, Risk of exclusion, Not disclosed/declared, Other) 
and (iv) ‘Other ASN’ (Dyslexia, Other specific learning difficulty, 
Other moderate learning difficulty, Visual impairment, Hearing 
impairment, Deafblind, Physical or motor impairment, Language or 
speech disorder, Social, emotional & behavioural difficulty, Physical 
health problem, Mental health problem). This study used any ASN 
recorded in the first school year ‘primary 1’ (~5- year- olds) as this 
was when the primary outcome measure of caries experience was 
reported. The control group was the children with no recorded 
ASN on the Pupil Census.

2.5  |  Outcome measures

2.5.1  |  Primary outcomes (oral health)

1. Dental caries experience (yes/no) in primary 1 (~5 years) as 
measured by the presence or absence of obvious caries ex-
perience which was determined clinically by the presence of 
decay (caries into dentine), missing (extracted due to decay) 
or filled deciduous teeth following recognized criteria. National 
Dental Inspection Programme database (1 in list above).

2. Hospital admission for tooth extraction under general anaesthetic 
(from birth to 5 years) (ever/never). SMR01 and SMR00 database 
(2 in list above).

2.5.2  |  Secondary outcomes (access to preventive 
dental services)

1. Regular attendance (at least once a year from birth to 5 years) 
at NHS primary dental care General Dental Service (GDS) and/
or Public Dental Service (PDS). GDS are ‘high street’ dental 
practices providing routine dental services, and the Public Dental 
Service (PDS) are community health centre based dental services 
providing dental care to communities where there is no GDS 
provision, for example rural and remote areas or to patient 
groups with complex special care needs. MIDAS database (3 
in list above).

2. Participation in the National Dental Inspection Programme in the 
first year of primary school (P 1 aged ~5 years) (child participation 
in participating schools; child non- participation in participating 
schools; child attended a non- participating school). National 
Dental Inspection Programme database (1 in list above).

3. Access to Childsmile oral health improvement programme in-
terventions (from birth to 5 years) (ever/never): Childsmile pre-
vention at primary dental care (fluoride varnish, toothbrushing 
support and dietary advice); nursery supervised toothbrushing; 
fluoride varnish application in nursery/school; home/community 
oral health support by trained dental health support workers. 
Childsmile intervention database (4 in list above).
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2.6  |  Covariates and confounders

Age of child / cohort year (2016, 2017, 2018), sex (Male/Female), 
area- based socioeconomic status (derived from the Scottish Index 
of Multiple Deprivation SIMD [2012,2016]) which is based on home 
postcode and uses 38 indicators to rank areas across Scotland— 
categorized into fifths from SIMD- 1 the 20% most deprived to SIMD- 5 
the 20% least deprived20; and school provision (mainstream, special 
school or mixed provision) were considered possible confounding 
variables and were considered in the multivariable models.

2.7  |  Statistical methods

Analyses of outcome measures used data from the school years 
2016/17– 2018/19 due to (a) incomplete coverage of the NDIP in 
special schools prior to 2016 and (b) the need for five full years 
of data from birth for access to services and Childsmile interven-
tions (Childsmile programme started in 2011). The four ASN groups 
(Intellectual disability, Autism, Social, Other) were categorized and 
univariable and multivariable models were produced for each out-
come measure according to ASN category. Multinomial logistic re-
gression models were used for the three- category response NDIP 
outcome (child participated in participating school; child did not par-
ticipate in participating school; child attended a non- participating 
school). For all other binary outcomes including the primary out-
comes of caries experience at ~5 years (yes/no) and hospital admis-
sion for tooth extraction under general anaesthetic (ever/never from 
birth to 5 years), and secondary outcomes regarding access to pre-
vention, Modified Poisson regression models with a log link function 
and robust standard errors were used. All models were presented 
unadjusted and then adjusted for sex, cohort year, school provision 
and SIMD fifth (based on quintile cut points). We reran all the models 
stratified for cohort year and found negligible differences between 
the individual cohort year results and the results from the pooled 
cohorts for all outcomes. All linked data were pseudonymised and 

analysed using RStudio v1.2.1335 within the National Safe Haven 
hosted by Public Health Scotland.

3  |  RESULTS

There were 56 848 children in the school year cohort of 2016/17, 
55 914 in the year 2017/18 and 54 019 in the year 2018/19 resulting 
in a total of 166 781 children. All primary and secondary outcome 
variables were then linked to these children's baseline data.

3.1  |  Oral health outcomes

For the school years 2016/17– 2018/19, caries experience in chil-
dren aged ~5 years was higher in all four ASN groups compared 
to the group who had no ASN (Table 1), however after adjust-
ment, only those children recorded as having a social ASN had a 
substantive increased risk of caries experience (aRR = 1.42; 95% 
CI = [1.38– 1.46]) with those categorized as ‘other’ ASN slightly less 
so (aRR = 1.17; 95% CI = [1.13– 1.21]). Children with intellectual dis-
ability had much higher rates of hospital admission for tooth extrac-
tion under general anaesthetic than those with no ASN, and this 
association remained after adjustment in the multivariable model 
(aRR = 1.67; 95% CI = [1.16– 2.37]).

3.2  |  Access to preventive dental services

3.2.1  |  Regular attendance at NHS primary 
dental care

Children in all ASN groups, in particular those children with a social 
ASN, intellectual disability and autism were less likely to attend pri-
mary dental care (both general and public dental service) regularly 
than those with no ASN. (Table 2).

TA B L E  1  Primary outcomes: Caries experience at ~5 years and hospital admission for tooth extractions under general anaesthetic (birth 
to 5 years) according to ASN status.

Caries experience by ~5 years Tooth extraction under GA

% (n/N) RR [95% CI] aRR [95% CI] % (n/N) RR [95% CI] aRR [95% CI]

ASN status

No ASN 27.9 (33 863/121362) 1 (ref) 1 (ref) 1.7 (2393/144885) 1 (ref) 1 (ref)

ID 30.9 (278/898) 1.11 [1.01– 1.22] 1.02 [0.91– 1.13] 4.1 (57/1392) 2.48 [1.88– 3.19] 1.67 [1.16– 2.37]

Autism 30.2 (356/1178) 1.08 [0.99– 1.18] 0.94 [0.86– 1.03] 2.4 (42/1738) 1.46 [1.06– 1.96] 1.12 [0.79– 1.53]

Social 46.5 (3056/6571) 1.67 [1.62– 1.71] 1.42 [1.38– 1.46] 2.6 (222/8491) 1.58 [1.38– 1.81] 1.24 [1.08– 1.42]

Other 35.5 (2503/7054) 1.27 [1.23– 1.31] 1.17 [1.13– 1.21] 2.3 (195/8426) 1.40 [1.21– 1.62] 1.24 [1.07– 1.44]

Total 29.2 (40 056/137063) 1.8 (2909/164932)

Note: Unadjusted and adjusted risk ratios and 95% confidence intervals.
Abbreviations: 95% CI, 95% confidence intervals; aRR, adjusted risk ratio– adjusted for sex, SIMD fifth, school provision, cohort year; GA, general 
anaesthetic; ID, intellectual disability; RR, risk ratio.
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3.2.2  |  Participation in the National dental 
inspection programme (NDIP)

Children with intellectual disability (aOR = 3.92; 95% CI = [3.36– 
4.57]) or autism (aOR = 3.90; 95% CI = [3.46– 4.40]) attending 
schools participating in the NDIP were much less likely to receive 
a dental inspection than their peers with no ASN, and children with 
a social or other ASN attending participating schools were slightly 
less likely to receive a dental inspection (Table 3). Post hoc analysis 
of these data indicated that the main reason for this in children with 
intellectual disability and autism was ‘child refusal’ on the day of the 
dental inspection whereas in those with no ASN it was ‘being absent’ 
on the day of the dental inspection (No ASN ‘child absent’: 74.2% vs. 
Intellectual disability ‘child absent’ 46.2% vs. autism ‘child absent’: 
39.3%) (No ASN ‘child refusal’: 5.4% vs. intellectual disability ‘child 
refusal’: 35.8% vs. autism ‘child refusal’: 40.3%).

3.2.3  |  Access to Childsmile interventions

Among children who had ever attended primary dental care in their 
first 5 years, those children with intellectual disability (aRR = 0.94; 

95% CI = [0.87– 1.02]) or autism (aRR = 0.93; 95% CI = [0.87– 0.99]) 
were less likely to receive prevention (dietary advice or toothbrush-
ing support or fluoride varnish application) at these visits than chil-
dren with no ASN (Table 2).

Children with a social ASN were less likely to receive nursery 
supervised toothbrushing than those with no ASN (aRR = 0.89; 95% 
CI = [0.86– 0.92]) whereas those children with intellectual disability 
or autism had similar access to the nursery supervised toothbrushing 
programme than those with no ASN (Table 4).

Home/community- based oral health support from Childsmile's 
Dental Health Support Workers was more targeted towards children 
with intellectual disability (aRR = 1.27; 95% CI = [1.12– 1.45]) and 
autism (aRR = 1.32; 95% CI = [1.19– 1.45]) than children with social 
or other ASN, or those with no ASN (Table 4).

4  |  DISCUSSION

To the best of our knowledge, we have collated and analysed the 
largest population cohort investigating oral health and dental care 
among children with educational ASNs including intellectual disabili-
ties and autism.

TA B L E  2  Secondary outcomes: Regular attendance and prevention at NHS primary care according to ASN status.

Regular attendance at GDS/PDS Diet, toothbrushing advice, FVA at GDS/PDSa

% (n/N) RR [95% CI] aRR [95% CI] % (n/N) RR [95% CI] aRR [95% CI]

ASN status

No ASN 42.3 (61 263/144885) 1 (ref) 1 (ref) 83.9 (107 843/128498)

ID 28.6 (398/1392) 0.68 [0.57– 0.70] 0.76 [0.67– 0.86] 76.5 (900/1177) 0.91 [0.85– 0.97] 0.94 [0.87– 1.02]

Autism 28.2 (490/1738) 0.67[0.58– 0.70] 0.71 [0.64– 0.78] 77.2 (1128/1461) 0.92 [0.87– 0.97] 0.93 [0.87– 0.99]

Social 20.4 (1731/8491) 0.48[0.45– 0.49] 0.51 [0.49– 0.54] 82.9 (5427/6545) 0.99 [0.96– 1.02] 0.98 [0.96– 1.01]

Other 34.0 (2867/8426) 0.80 [0.76– 0.82] 0.82 [0.79– 0.85] 81.5 (5943/7293) 0.97 [0.95– 1.00] 0.97 [0.95– 1.00]

Total 40.5 (66 749/164932) 83.6 (121 241/144974)

Note: Unadjusted and adjusted risk ratios and 95% confidence intervals.
Abbreviations: 95% CI: 95% confidence intervals; aRR, adjusted risk ratio– adjusted for sex, SIMD fifth, school provision, cohort year; FVA, fluoride 
varnish application; GDS/PDS, general/public dental service; ID, intellectual disability; RR, risk ratio.
aOnly in those ever attending GDS/PDS.

TA B L E  3  Secondary outcomes: Participation in the National Dental Inspection Programme according to ASN status.

Child nonparticipation in NDIP School nonparticipation in NDIP

% (n/N) OR [95% CI] aOR [95% CI] % (n/N) OR [95% CI] aOR [95% CI]

ASN status

No ASN 6.7 (9748/146106) 1 (ref) 1 (ref) 5.5 (8081/146106) 1 (ref) 1 (ref)

ID 27.1 (397/1466) 5.56 [4.93– 6.26] 3.92 [3.36– 4.57] 8.8 (129/1466) 2.18 [1.81– 2.62] 1.54 [1.21– 1.95]

Autism 24.7 (447/1811) 4.69 [4.20– 5.23] 3.90 [3.46– 4.40] 6.0 (109/1811) 1.38 [1.13– 1.68] 1.16 [0.94– 1.43]

Social 9.6 (839/8729) 1.58 [1.46– 1.70] 1.44 [1.34– 1.56] 10.3 (895/8729) 2.03 [1.89– 2.19] 2.00 [1.86– 2.15]

Other 10.6 (918/8669) 1.66 [1.54– 1.78] 1.57 [1.46– 1.69] 5.3 (461/8669) 1.00 [0.91– 1.11] 0.97 [0.88– 1.07]

Total 7.4 (12 349/166781) 5.8 (9675/166781)

Note: Unadjusted and adjusted odds ratios and 95% confidence intervals.
Abbreviations: 95% CI: 95% confidence intervals; aOR, adjusted odds ratio– adjusted for sex, SIMD fifth, school provision, cohort year; ID, intellectual 
disability; NDIP, national dental inspection programme; OR, odds ratio.
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We found dental caries experience prevalence to be consider-
ably higher among children with other and social ASN compared to 
their peers with no ASN. Children with intellectual disabilities or au-
tism had slightly higher levels of caries experience than those with 
no ASN. After adjustment for area- based socioeconomic depriva-
tion, children with intellectual disabilities or autism were no more 
likely than children with no ASN to have caries experience, while 
caries experience among those with other ASN or social ASN re-
mained higher. Our findings in part contrast with previous system-
atic reviews, which were equivocal on whether caries prevalence in 
children with intellectual disabilities and/or autism differs from their 
peers with neither diagnosis; 12,13 as we show that differences exist 
but that these are explained by socioeconomic circumstances. The 
social ASN group in our study includes children looked after by the 
state, a group previously shown to have substantially higher caries 
prevalence relative to the general child population.21 Our finding 
that even after adjusting for socioeconomic deprivation children 
within the social ASN group had higher rates of caries than other 
children further supports this.

Children with ASN had greater levels of dental hospital admis-
sions for tooth extractions under general anaesthesia, which is often 
the treatment provided for gross dental caries or dental abscesses 
and indicates a failure of preventive dental care and high level of 
treatment need.22 Even in our young (up to 5- year- olds) cohort we 
observed much greater risks for these hospital admissions among 
children with ASN –  particularly among those with intellectual dis-
abilities, ahead of all other ASN groups. Children with intellectual 
disabilities are also more likely to be directed to dental treatment 
under general anaesthesia, which may be due to concerns (from both 
parents/carers and dental professionals) that they would not toler-
ate routine dental treatments, however, it is also recognized that 
more anaesthetic complications can occur in people with intellectual 
disabilities.23

When examining overall access to primary care dental services 
we observed that, children with any type of ASN were between 
around 20% and 50% less likely than their peers to regularly attend 
dental services. While the literature indicates there are numerous 
barriers in access to dental services hindering the treatment of chil-
dren with disabilities13 and data showing un- met treatment needs in 
children with intellectual disabilities,11 access to routine and regular 
dental services (where preventive care can be delivered) among chil-
dren ASN has not been quantified at the population level until now. 
The lowest levels of regular dental service access were observed in 
children with social ASN, which is again in keeping with previous 
analyses in looked after children.21 Barriers to accessing dental ser-
vices are likely to be complex and multidimensional reflecting home 
circumstances, behaviour and service- side factors.13

National Dental Inspection Programme dental inspections 
undertaken in schools are a statutory right for all children in pub-
lic schools in Scotland; they are an important preventive dental 
service— assessing children's oral health and ensuring primary den-
tal care follow- up dependent on need.24,25 Prior to 2016/17, NDIP 
had not routinely included special schools. While there has been an TA
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improvement in NDIP coverage of special schools since 2016/17, 
we found that relative to children with no ASN, children with in-
tellectual disabilities and social ASN were less likely to be offered 
a dental inspection and that children with intellectual disabilities or 
autism were much less likely to receive a dental inspection within 
participating schools. The main reasons for these differences were 
child absence on the day of inspection, and for children with intel-
lectual disabilities or autism also child refusal on the day. School 
absence and dental related anxiety are recognized issues in these 
groups26– 28; and there is interesting work ongoing to improve school 
participation29 although work in relation to dental care acceptance 
seems more limited, sporadic, or at early stages of development.30,31

The Childsmile programme evaluation has shown positive 
findings with substantial reductions in population dental caries 
particularly related to the supervised toothbrushing in nursery 
(kindergarten) settings.32 However, our findings show that the 
reach of the supervised toothbrushing component among children 
was lower among children with social ASN compared to children 
with no ASN, but for the other ASN groups was broadly similar to 
children with no ASN, which reflects its near universal coverage 
with most nurseries across the country participating under opt- 
out parent/carer consent. In terms of receiving oral health preven-
tive care (fluoride varnish, oral hygiene instruction and diet advice) 
in dental practice, those children with intellectual disabilities or 
autism who had attended practice were less likely to receive pre-
vention than their peers with no ASN, while those with social or 
other educational ASN were no more or less likely than children 
with no ASN. This could reflect the particular challenges of de-
livering dental care, even relatively simple prevention to children 
with intellectual disabilities or autism which have been widely 
identified particularly for dental treatment.13

Our study has some strengths and limitations. The recording 
of educational ASNs data at school in Scotland is considered to 
be high quality, although there may be some under- ascertainment 
of children with complex health needs unable to attend school. 
Children attending private schools (estimated at 5% of school-
children) are also not included. These data are also lacking details 
on the severity of these ASNs.33 Our health data sources were 
routine administrative health service data, which also have some 
limitations in the detail of data, although this is offset by high 
population coverage, quality and completeness. The NDIP dental 
caries outcome data (at the level of presence vs absence of ob-
vious caries experience) employed in this study from the ‘basic’ 
inspections produce very similar findings with data those from the 
obvious caries experience (d3mft) detailed epidemiological infor-
mation, which is collected on a 20% subsample of the population 
by trained and calibrated examiners using the British Association 
of Community Dentistry (BASCD) criteria.14,34 The population- 
levels of obvious decay experience in 5- year- olds from the basic 
inspections were 30.6% (2016) and 28.9% (2018) and from the de-
tailed epidemiological inspections were 30.1% (2016) and 29.6% 
(2018).14 The methods of linkage of education and health records 

via probabilistic matching is considered robust and previously val-
idated as 99% accurate.35 We performed a thorough analysis, and 
for caries outcome adjusted for key confounders including socio-
economic circumstances and age.

5  |  CONCLUSIONS

We have found inequalities in the oral health and dental care for 
children with different ASN in Scotland— with a greater burden of 
disease, particularly among children with social ASN, and higher 
levels of hospital admissions for dental extractions under general 
anaesthesia among those with intellectual disability observe. These 
inequalities are compounded by reduced and variable access to pre-
ventive dental services, which could mitigate these challenges.

Our hope is that a greater understanding of the child oral health, 
dental care access and oral health improvement programme reach 
among children with educational ASNs will lead to further develop-
ment of prevention pathways for children most at risk of poor oral 
health— ultimately leading to reduction in these health inequalities.

AUTHOR CONTRIBUTIONS
DIC, AS, and LM conceived the idea of this study. DIC, AS, LM, DC, 
and AH designed the study. JK and DIC prepared data requests and 
study approvals and data sharing agreements. JK and RS undertook 
data management. RS with AS performed analysis and prepared fig-
ures and tables. DIC and AS prepared first draft of the manuscript. 
All authors critically reviewed and approved final version of the 
manuscript.

ACKNOWLEDG EMENT
The authors acknowledge the support of the electronic Data 
Research and Innovation Services (eDRIS) in Public Health Scotland 
(PHS) and the Indexing Team in National Records Scotland along 
with the data providers in the Dental Team in PHS.

FUNDING INFORMATION
Baily Thomas Charitable Fund (No. 4998- 7964). The study funder 
had no role in study design, data collection, data analysis, data inter-
pretation or writing of the report.

CONFLIC T OF INTERE S T
All authors declare no competing interests.

DATA AVAIL ABILIT Y S TATEMENT
We applied for approval to access, link and analyse the study data 
within the NHS national safe haven environment and undertook in-
formation governance training. The data generated, linked and ana-
lysed during the study are not publicly available. The data controllers 
for all health data is Public Health Scotland, and for education data 
is the Scottish Government and researchers can apply to access 
[via respective emails: phs.edris@phs.scot]. The data controller for 

 16000528, 2023, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cdoe.12805 by N

H
S E

ducation for Scotland N
E

S, E
dinburgh C

entral O
ffice, W

iley O
nline L

ibrary on [06/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

mailto:phs.edris@phs.scot


    |  501SHERRIFF et al.

all education data is the Scottish Government and researchers can 
apply to access data [via email: asu_schools_data_access@gov.scot].

ORCID
David I. Conway  https://orcid.org/0000-0001-7762-4063 

R E FE R E N C E S
 1. Peres MA, Macpherson LMD, Weyant RJ, et al. Oral diseases: a 

global public health challenge. Lancet. 2019;394(10194):249- 260.
 2. Kassebaum NJ, Smith AGC, Bernabé E, et al. Global, regional, and 

National Prevalence, incidence, and disability- adjusted life years 
for Oral conditions for 195 countries, 1990- 2015: a systematic 
analysis for the global burden of diseases, injuries, and risk factors. 
J Dent Res. 2017;96(4):380- 738.

 3. Watt RG, Mathur MR, Aida J, Bönecker M, Venturelli R, Gansky SA. 
Oral health disparities in children: a canary in the coalmine? Pediatr 
Clin North Am. 2018;65(5):965- 979.

 4. National Dental Epidemiology Programme for England. Oral 
Health Survey of 5- Year- Olds 2019. Public Health England; 2020 
https://assets.publi shing.servi ce.gov.uk/gover nment/ uploa ds/
syste m/uploa ds/attac hment_data/file/87349 2/NDEP_for_Engla 
nd_OH_Survey_5yr_2019_v1.0.pdf

 5. UNESCO. The Salamanca Statement and framework for action on 
special needs education adopted by the World Conference on Special 
Needs Education: Access and Quality. UNESCO; 1994.

 6. Scottish Government. Additional Support for Learning: Statutory guid-
ance. Scottish Government; 2017 https://www.gov.scot/publi catio 
ns/suppo rting - child rens- learn ing- statu tory- guida nce- educa tion- 
addit ional - suppo rt- learn ing- scotl and/pages/ 3/. Accessed October 
17, 2022.

 7. World Health Organisation. The ICD- 10 Classification of Mental and 
Behavioural Disorders. Clinical Descriptions and Diagnostic Guidelines. 
World Health Organisation; 1992. Accessed October 17, 2022.

 8. Hodges H, Fealko C, Soares N. Autism spectrum disorder: defini-
tion, epidemiology, causes, and clinical evaluation. Transl Pediatr. 
2020;9(Suppl 1):S55- S65.

 9. Kinnear D, Rydzewska E, Dunn K, et al. Relative influence of in-
tellectual disabilities and autism on mental and general health in 
Scotland: a cross- sectional study of a whole country of 5.3 million 
children and adults. BMJ Open. 2019;9(8):e029040.

 10. Zhou N, Wong HM, Wen YF, McGrath C. Oral health sta-
tus of children and adolescents with intellectual disabilities: 
a systematic review and meta- analysis. Dev Med Child Neurol. 
2017;59(10):1019- 1026.

 11. Robertson MD, Schwendicke F, de Araujo MP, et al. Dental caries 
experience, care index and restorative index in children with learn-
ing disabilities and children without learning disabilities; a system-
atic review and meta- analysis. BMC Oral Health. 2019;19(1):146.

 12. Lam PP, Du R, Peng S, McGrath CP, Yiu CK. Oral health status of 
children and adolescents with autism spectrum disorder: a sys-
tematic review of case- control studies and meta- analysis. Autism. 
2020;24(5):1047- 1066.

 13. da Rosa SV, Moysés SJ, Theis LC, et al. Barriers in access to dental 
services hindering the treatment of people with disabilities: a sys-
tematic review. Int J Dent. 2020;2020:9074618.

 14. National Services Scotland. National Dental Inspection Programme. 
National Services Scotland; 2018 https://www.scott ishde ntal.
org/wp- conte nt/uploa ds/2018/10/2018- 10- 23- NDIP- Report.pdf. 
Accessed October 17, 2022.

 15. Macpherson LM. Childsmile: the child oral health improvement 
programme for Scotland. Prim Dent J. 2015;4(4):33- 37.

 16. Public Health Scotland. Dental Statistics Registration and 
Participation. Public Health Scotland; 2020 https://publi cheal 

thsco tland.scot/publi catio ns/denta l- stati stics - regis trati on- 
and- parti cipat ion/denta l- stati stics - regis trati on- and- parti cipat 
ion- stati stics - as- at- 30- septe mber- 2020/. Accessed October 17, 
2022.

 17. Scottish Exchange of Educational Data (ScotXed) Unit. School Pupil 
Census. Scottish Government; 2021 https://www.gov.scot/publi 
catio ns/scott ish- excha nge- of- data- schoo l- pupil - censu s/. Accessed 
October 17, 2022.

 18. ISD Scotland. Hospital Dental Service. Public Health Scotland; 2020 
https://www.isdsc otland.org/Healt h- Topic s/Denta l- Care/Hospi 
tal- Denta l- Servi ce/. Accessed October 17, 2022.

 19. PHS. Child smile Programme. PHS; 2022 https://beta.isdsc otland.
org/topic s/denta l- care/child smile/. Accessed October 17, 2022.

 20. National Services Scotland. Scottish Index Multiple Deprivation. 
Deprivation Guidance for Analysts. National Services Scotland; 
2017 https://www.isdsc otland.org/Produ cts- and- Servi ces/GPD- 
Suppo rt/Depri vatio n/SIMD/_docs/PHI- Depri vatio n- Guida nce.pdf 
Accessed October 17, 2022.

 21. McMahon AD, Elliott L, Macpherson LM, et al. Inequalities in the 
dental health needs and access to dental services among looked 
after children in Scotland: a population data linkage study. Arch Dis 
Child. 2018;103(1):39- 43.

 22. Olley RC, Hosey MT, Renton T, Gallagher J. Why are children still 
having preventable extractions under general anaesthetic? A ser-
vice evaluation of the views of parents of a high caries risk group of 
children. Br Dent J. 2011;210(8):E13.

 23. Choi J, Doh RM. Dental treatment under general anesthesia 
for patients with severe disabilities. J Dent Anesth Pain Med. 
2021;21(2):87- 98.

 24. National Health Service (Scotland) Act. 1978. https://www.legis la-
tion.gov.uk/ukpga/ 1978/29/contents. Accessed October 17, 2022.

 25. Education (Scotland) Act. 1980. https://www.legis lation.gov.uk/
ukpga/ 1980/44/contents. Accessed October 17, 2022.

 26. John A, Friedmann Y, DelPozo- Banos M, Frizzati A, Ford T, 
Thapar A. Association of school absence and exclusion with 
recorded neurodevelopmental disorders, mental disorders, or 
self- harm: a nationwide, retrospective, electronic cohort study 
of children and young people in Wales, UK. Lancet Psychiatry. 
2022;9(1):23- 34.

 27. Kim JA, Szatmari P, Bryson SE, Streiner DL, Wilson FJ. The preva-
lence of anxiety and mood problems among children with autism 
and Asperger syndrome. Autism. 2000;4(2):117- 132.

 28. Stein LI, Lane CJ, Williams ME, Dawson ME, Polido JC, Cermak SA. 
Physiological and behavioral stress and anxiety in children with au-
tism spectrum disorders during routine oral care. Biomed Res Int. 
2014;2014:694876.

 29. Directorate SGL. Included, Engaged and Involved Part 1: Promoting 
and Managing School Attendance. Scottish Government; 2019 
https://www.gov.scot/publi catio ns/inclu ded- engag ed- invol ved- 
part- 1- posit ive- appro ach- promo tion- manag ement - atten dance 
- scott ish- schoo ls/pages/ 4/. Accessed October 17, 2022.

 30. Isong IA, Rao SR, Holifield C, et al. Addressing dental fear in chil-
dren with autism spectrum disorders: a randomized controlled 
pilot study using electronic screen media. Clin Pediatr (Phila). 
2014;53(3):230- 237.

 31. National Institute for Health and Care Research. P. D.ToothPASTE– 
EmPowering fAmilies of young children with autiSm to esTablish 
good oral hEalth habits. 2021. https://fundi ngawa rds.nihr.ac.uk/
award/ NIHR2 02284. Accessed October 17, 2022.

 32. Kidd JB, McMahon AD, Sherriff A, et al. Evaluation of a national 
complex oral health improvement programme: a population data 
linkage cohort study in Scotland. BMJ Open. 2020;10(11):e038116.

 33. Fleming M, McLay JS, Clark D, et al. Educational and health out-
comes of schoolchildren in local authority care in Scotland: a retro-
spective record linkage study. PLoS Med. 2021;18(11):e1003832.

 16000528, 2023, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cdoe.12805 by N

H
S E

ducation for Scotland N
E

S, E
dinburgh C

entral O
ffice, W

iley O
nline L

ibrary on [06/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

mailto:asu_schools_data_access@gov.scot
https://orcid.org/0000-0001-7762-4063
https://orcid.org/0000-0001-7762-4063
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/873492/NDEP_for_England_OH_Survey_5yr_2019_v1.0.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/873492/NDEP_for_England_OH_Survey_5yr_2019_v1.0.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/873492/NDEP_for_England_OH_Survey_5yr_2019_v1.0.pdf
https://www.gov.scot/publications/supporting-childrens-learning-statutory-guidance-education-additional-support-learning-scotland/pages/3/
https://www.gov.scot/publications/supporting-childrens-learning-statutory-guidance-education-additional-support-learning-scotland/pages/3/
https://www.gov.scot/publications/supporting-childrens-learning-statutory-guidance-education-additional-support-learning-scotland/pages/3/
https://www.scottishdental.org/wp-content/uploads/2018/10/2018-10-23-NDIP-Report.pdf
https://www.scottishdental.org/wp-content/uploads/2018/10/2018-10-23-NDIP-Report.pdf
https://publichealthscotland.scot/publications/dental-statistics-registration-and-participation/dental-statistics-registration-and-participation-statistics-as-at-30-september-2020/
https://publichealthscotland.scot/publications/dental-statistics-registration-and-participation/dental-statistics-registration-and-participation-statistics-as-at-30-september-2020/
https://publichealthscotland.scot/publications/dental-statistics-registration-and-participation/dental-statistics-registration-and-participation-statistics-as-at-30-september-2020/
https://publichealthscotland.scot/publications/dental-statistics-registration-and-participation/dental-statistics-registration-and-participation-statistics-as-at-30-september-2020/
https://www.gov.scot/publications/scottish-exchange-of-data-school-pupil-census/
https://www.gov.scot/publications/scottish-exchange-of-data-school-pupil-census/
https://www.isdscotland.org/Health-Topics/Dental-Care/Hospital-Dental-Service/
https://www.isdscotland.org/Health-Topics/Dental-Care/Hospital-Dental-Service/
https://beta.isdscotland.org/topics/dental-care/childsmile/
https://beta.isdscotland.org/topics/dental-care/childsmile/
https://www.isdscotland.org/Products-and-Services/GPD-Support/Deprivation/SIMD/_docs/PHI-Deprivation-Guidance.pdf
https://www.isdscotland.org/Products-and-Services/GPD-Support/Deprivation/SIMD/_docs/PHI-Deprivation-Guidance.pdf
https://www.legislation.gov.uk/ukpga/1978/29/contents
https://www.legislation.gov.uk/ukpga/1978/29/contents
https://www.legislation.gov.uk/ukpga/1980/44/contents
https://www.legislation.gov.uk/ukpga/1980/44/contents
https://www.gov.scot/publications/included-engaged-involved-part-1-positive-approach-promotion-management-attendance-scottish-schools/pages/4/
https://www.gov.scot/publications/included-engaged-involved-part-1-positive-approach-promotion-management-attendance-scottish-schools/pages/4/
https://www.gov.scot/publications/included-engaged-involved-part-1-positive-approach-promotion-management-attendance-scottish-schools/pages/4/
https://fundingawards.nihr.ac.uk/award/NIHR202284
https://fundingawards.nihr.ac.uk/award/NIHR202284


502  |    SHERRIFF et al.

 34. Pine CM, Pitts NB, Nugent ZJ. British Association for the Study 
of community dentistry (BASCD) guidance on the statistical as-
pects of training and calibration of examiners for surveys of child 
dental health. A BASCD coordinated dental epidemiology pro-
gramme quality standard. Community dent health. 1997;14(Suppl 
1):18- 29.

 35. Wood R, Clark D, King A, Mackay D, Pell J. Novel cross- sectoral 
linkage of routine health and education data at an all- Scotland level: 
a feasibility study. Lancet. 2013;382:S10.

How to cite this article: Sherriff A, Stewart R, Macpherson 
LMD, et al. Child oral health and preventive dental service 
access among children with intellectual disabilities, autism and 
other educational additional support needs: A population-
based record linkage cohort study. Community Dent Oral 
Epidemiol. 2023;51:494-502. doi: 10.1111/cdoe.12805

 16000528, 2023, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cdoe.12805 by N

H
S E

ducation for Scotland N
E

S, E
dinburgh C

entral O
ffice, W

iley O
nline L

ibrary on [06/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/cdoe.12805

	Child oral health and preventive dental service access among children with intellectual disabilities, autism and other educational additional support needs: A population-based record linkage cohort study
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Study design and participants
	2.2|Databases
	2.3|Data linkage process
	2.4|Definition of ASN status
	2.5|Outcome measures
	2.5.1|Primary outcomes (oral health)
	2.5.2|Secondary outcomes (access to preventive dental services)

	2.6|Covariates and confounders
	2.7|Statistical methods

	3|RESULTS
	3.1|Oral health outcomes
	3.2|Access to preventive dental services
	3.2.1|Regular attendance at NHS primary dental care
	3.2.2|Participation in the National dental inspection programme (NDIP)
	3.2.3|Access to Childsmile interventions


	4|DISCUSSION
	5|CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENT
	FUNDING INFORMATION
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


