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Abstract

Dental caries is the most common chronic disease of childhood, worldwide and in
Scotland. There has been a continuous steady improvement in the dental health
of young children in Scotland since 2003. However, a clear gradient across all
levels of deprivati on remains, with those at the lower end of the socioeconomic
spectrum suffering the greatest burden of caries. Childsmile is the national oral
health improvement programme for young children in Scotland that involves a
range of active interventions commenc ing from infancy. One of the key

challenges Childsmile faces is in tackling oral health inequalities .

This study aimed to explore the feasibility of conducting a cohort study among
preschool children, following them up one year later, to examine factors
associated with dental caries and their role in explaining socioeconomic

inequalities in caries.

A dental examination was carried out according to the British Association for the
Study of Community Dentistry criteria , saliva & plaque samples collected and
heights & weights measured according to the Royal College of Paediatrics &
Child Health guidelines in nursery/school settings . Parents completed
guestionnai r es habimal dieh,early feedimgihdbits dosal hygiene
practices, use of dental ser vices; and on their own attitudes & beliefs around
oral health and socioeconomic position (SEP) Binary logistic regression was used
to produce odds ratios and 95% Confidence Intervalsfor caries experience
according to putative risk factors and socioeconomic position ( SER; and to
estimate the relative index of inequality (RII) for caries experience by SEP and

attenuation by the aforementioned factors.

Consent was obtained for 219 children (35%) and complete data (clinical and
guestionnaire) was available for 165 children (75%)in Sweep 1. One hundred and
seventy five children (80%) were examined a year later in Sweep 2, of which 144
(66%) had complete data in Sweep 1. Mean[SD] age of the children at baseline
was 4.8 [0.4] years and 47 were girls. The prevalence of caries experience was
35.8%at baseline and 47.7%at follow -up and showed a strong social gradient

with both area - and individual -based measures of SEP.The level of S.mutansin



saliva and six other variables relating to current diet, early fe eding habits, oral
hygiene practices, use of dental services and SEPwere found to be
independently associated with caries experience at follow -up. All measures of
SEP demonstrated high RIls for caries experience. Despite some attenuation in
the RII after adjustment for relevant risk factors, the socioeconomic gradient in
caries persisted, suggesting that perhaps other more distal factors may be

important in causing inequalities.

It was feasible to recruit a large number of preschool children and their parents
from the most deprived areas of Glasgowvia nursery schools and collect clinical
and questionnaire data that were of sufficient quality —over time across
educational establishments. There is a strong socioeconomic gradient in the
prevalence of carie s, partially attenuated when adjusted for some important risk
factors. Explaining the socioeconomic gradient is key to addressing oral health
inequalities. The findings from this pilot study will be used to design a larger

birth cohort study to robustly in vestigate modifiable risk factors of caries,
identi fy ©0caus,asddesignanditest potentinlsintesvéntions to
improve oral health of children overall and tackle and reduce oral health

inequalities in the future .
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ChaptemtXoducti on

The dental health of children in Scotland has shown continuous improvement in
the past decade. Data from the National Dental Inspection Programme (NDIP)
showsa sustained increase in the proportion of five -year-olds with no obvious
decay experience, rising from 45% in 2002/3 to 68% in 2013/14 and a decrease in
the mean number of decayed, missing and filled teeth (d smft), falling from 2.8
in 2002/03 to 1.3 in 2013/ 14 (NDIP, 2014. Similar tr ends have been observed
among three-year-olds from the Greater Glasgow and Clyde NHS BoardMcMahon
et al., 2011 ). Furthermore, this improvement has been evident across the
socioeconomic spectrum (McMiahon et al., 2011, NDIP, 2019. The relative
improvements in the caries rates across all social groups have largely been
attributed to the nati onal child oral health improve ment programme, Childsmile
(Macpherson et al., 2013). Childsmile adopts a life-course approach commencing
in infancy with interventions applied universally, but in proportion to the level

of disadvantage (Macpherson et al., 2010a, Marmot et al., 2010 ). Despite these
improvements, large inequalities persist, with only 53% ofthe five -year-olds in
the most deprived areas showing no obvious decay experience compared to 83%
in the least deprived (NDIP, 2014. A clear gradient across all levels of

deprivation remains (NDIP, 2014)

Dental caries has a complex multi factorial aetiology with the role of diet, oral
hygiene, cariogenic bacteria and fluoride well establ ished. However, the
mechanism by which these factors act indirectly or interactively is not well
understood. A systematic review of risk factors for caries in children called for
more high quality, longitudinal studies using validated tools that took into
account the impact of parental attitudes and beliefs across socioeconomic
groups (Harris et al., 2004 ). Most studies on caries have almost exclusively
focussed on either biological or behavioural factors (Watt, 2007). Studies that
explain social gradients in health behaviours and the complex interlinking causal
pathways which vary with time to understand6 causes of the cause
(Marmot and Bell, 2011). With the pathways between the various social factors
not teased out, risk factors remain isolated, obscuring how they relate to one
another and to caries (Watt, 2007, Sheiham et al., 2011).
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Someefforts are underway in Australia, employing a longitudinal design and a
multi disciplinary team to investigate risk factors in the development of caries in
children to inform interventions (de Silva-Sanigorski et al., 2010). However
Scotland is unique with in its phase of improving oral health and evidence-based
interventions, which comprise the Childsmile programme (Macpherson et al.,
20104). All children have the opportunity for daily-supervised toothbrushing in
nurseries, fluoride toothpaste distributed for home use and targeted fluoride
varnish programmes, home-support & clinical caries prevention interventions .
Nevertheless, the prevailing gap in dental health between the most and least
deprived identifies a need to investigate the independent effects and interaction

of risk factors implicated.

This thesis aims to explore the feasibility of conducting a cohort study among
young Scottish children, following them up one year later, to examine factors
associated with dental caries and their role in explaining socioeconomic
inequalities in dental h ealth. Methods, tools, experiences and data collected
from this study will be used to design a larger cohort study that will  inform and
evaluate the contribution of Childsmile interventions to oral health
improvement, and reduction in oral health inequalities in Scotland into the

future.



17

Chaptdeirt rature Revi ew

21Li terature search strategy

An initial search was carried out on Ovid Medline 1996 -2010 and Embase 1996
2010 to get an overall breadth of the dental caries inequalities literature using

the search terms

i.  [dental or oral or dental caries and infant* or toddler* or pre?school or
young child*]

ii.  [inequalit* or deprivation or deprived or disparit* or under privileged or
poverty or socio?economic* or social class or low income*]

iii. i and ii were combined

A similar strategy using terms [aetiology* or etiolog or cause* or risk or diet or
sugar* or sweet* or fizzy or life?style or oral hygiene or tooth?brushing or fluorid*
or behavio?r*] were combined with the prev ious search to explore literature on
risk factors ; and inequalities related to risk factors in dental caries.  Sudies were
limited to English language; and studies on fluorosis were excluded. Full texts of
relevant studies assessed through titles and abstracts were accessed through the
University of Glasgow library. Permanent alerts were set up for relevant authors
using Ovid AutoAlert. The Cochrane library was searched for relevant systematic
reviews and the bibliography of relevant papers were also u sed to identify
papers missed through database searches. Additionally, d ental public health

textbooks and Google were used to undertake searches in the grey literature.

22Dent al Cari es

221The di sease process

Dent al ctlemprocess of tosth dgécay 6 (Johnson, 1991, characterised by
localized demineralization and destruction of the hard tissu es of the tooth
(enamel, dentine and cementum) (Fejerskov and Kidd, 2008). It is caused by an
imbalance in favour of demineralization in the demineralization -reminerali zation

cycle with in the oral cavity (Ismail, 2004).
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Consumption of fermentable carbohydrates enable acidogenic bacteria in the
oral cavity to produce organic acids, including lactic, formic, acetic, and
propionic acids (Hicks et al., 2004 ). Some oral cariogenic species also synthesize
intracellular polysaccharides that may be metabolized in the absence of
exogenous carbohydrates for continued acid production (Balakrishnan et al.,
2000). The acids produced lower the plaque p H to a point below the critical

value of enamel dissolution (demineralization) resulting in diffusion of calcium
and phosphate ions. Tooth enamel demineralizesat a pH bel ow t he
the critical pH for demineralization varying between 5.2 to 5.5 among
individuals (Dawes, 2003. The rate of demineralization depends on the absolute
pH decrease as well as the length of time the pH remains below the critical pH.
Demineralization initially presents asa white -spot lesion that is non -cavitated
(i.e. macroscopically has intact enamel) , but f urther exposure to reduced plaque
pH results in sub-surface enamel softening (Featherstone, 2008) to form a
carious cavity, showing a distinct discontinuity in the surface integrity
(Fejerskov, 2006).

Remineral i zati on is the bodyds -sudatewmnona l repai
cavitated carious lesions (Featherstone, 2008). Calcium and phosphate ions
primarily from saliva an d other topical source s diffuse into the porous tooth
surface and, with the help of fluoride , deposit a new veneer in a non-cavitated
lesion (Featherstone, 2004). Additionally, fluoride binds to hydroxyapatite
crystals to form fluoroapatite, which is relatively resistant to demineralization

and also stimulates remineraliz ation (Featherstone, 2004). Other factors that
help remineraliz ation by increasing the pH of the oral environment include the
absence of substrate for bacterial metabolism, lowering the percentage of
bacterial plaque, an increased rate of salivary secretion, an increased buffering
capacity of saliva, antib acterial components of saliva and rapid food clearance
(Hicks et al., 2004).

The cycle of demineraliz ation-remineraliz ation occurs numerous times daily in
the oral cavity following intake of fermentable carbohydrates. The
demineralization process may reverse through remineralization to completely
heal the demineralized dental tissue or stop to preserve the damaged tissue
(Ismail, 2004).
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222Nomencl ature and definition

The term 06de nbétcaalrisessenl @ describe thersigns and symptoms

of a bacteria -mediated transmissible disease of multifactorial aetiology (Harris

et al., 2004 ). With more evolving understanding of the disease process, it has

been defined as a 0c onthatincteases incdéveriyamele as e
tooth destr uct isabrclinica, rsgHsurface dhangemat ihe

molecular leveltole si ons wi t h dent (Salwitkz et al.n2007 ). freme n t
terms are used to identify both the disease process and the carious lesion

(cavitated or non -cavitate d) that is formed as a result of the process (Fejerskov,

2006).

Dental caries in primary teeth of young children before they begin school is

commonly referred to as early childhood caries . Various terms and definitions

have been used in the past to describe dental cari es in primary teeth of young

children, i ncluding é6nursing bottl e morsinghd, 6
bot t | e synrdurosrierdg dar i esd, 06 rbottlp baries 6(tsmaill e n
and Sohn, 1999. After drawing criticism for the inconsistencies and failure to

refl ect t he &atwdofthefdisease and misrélafing the causal

behaviour exclusively to improper feeding practices , the Centre for Disease

Control and Prevention (CDC) workshop (1994) proposed the term, Early

Childhood Caries (BECC)to describe all forms of caries in infants and pre school

children up to 71 months of age (Drury et al., 1999 ).

The term, ECCfaces objections in it not describing the characteristics of the
condition, its rampant nature, risk factors, prevention  (Vadiakas, 2008 and for
it not being universally understood by parents (Narvey and Shwart, 2007).
Additionally, agreement is yet to be reached on a universal case definition for
epidemiological studies of ECC and those used have varied across
epidemiological studies making international epidemiological d ata comparison
difficult . Cases in this body of work were defined as the presence of visual caries
into dentine (d 3 diagnostic threshold d See Section 2.2.3.2.1) as used
throughout the National Dental Inspection Programme (NDIP) and British
Association for Study of Community Dentistry (BASCD)surveys (Pitts et al.,
1997). This convention ensured comparability with other surveys within  the UK

and specifically excluded all carioussur f aces wi tbr O0@whr bo@anspp
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enamel. As the case definition of ECCproposed by the National Institute of
Dental and Craniofacial Research (NIDCR)Drury et al., 1999 ) to standardize the
collection and reporting of data in research projects includes non-cavitated
lesions (including lesions in enamel presenting as demineralized white spots),
which were not measured in this body of work, this thesis will use the term

0 dent al whermaddressm@ caries in young (preschool and primary school)

children throughout the review and when reporting results.

223Measur ement of dent al cari es

Dental caries is a dynamic disease, which clinically manifests in a number of
forms (Featherstone, 2008). It is first observed as

which left unchecked advances to involve the dentin e and later the pulp. The

disease at the enamel and dentinel evel may poawtaeddt obnon

A

0 a

Ocavitatedo ;6foirllieddiArestededd or Or emovec

measurement involves quantifying, g rading and recording defined stages of the
caries process (Pitts, 2004). Epidemiological quantification of the occurrence of
such a dynamic disease in the population is governed by various criteria (See
section 2.2.3.2 .1) for the conditions under which caries is judged to be present.
Dental caries requires to be measured by intensity and not by prevalence alone,
since the latter cannot discriminate between degrees of severity.  Caries
experience, constituting past and present caries activity (treated or untreated)

per individual is measured using the DMF index.

2.2.3.1 DMF/dmf index

The Decayed, Missing, Filled (DMF)index is the key measure of caries experience
in dental epidemiology (Broadbent and Thomson, 2005. The index is applied to
a Tooth as a whole- designated as DMFT, or applied per tooth Surface-
designated as DMFS A DMFT/S score for an individual is the arithmetic sum of
the number of teeth/surfaces of teeth that are decayed (D), missing due to

caries (M) and filled due to caries (F).

The DMF index when used for permanent teeth is alw ays written in uppercase
|l etters; the equivalent i ndé@éixdexfamdits t he

modifications, written in lowercase letters. T h edcdmponent of the def index

proi
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emphasises the exclusion of teeth that may have naturally exfoliated or are
missing from trauma and only include teeth that are extracted due to caries
(Cappelli and Mobley, 2008).

Modifications of the def index include

(a) dmf for use in children before ages of exfoliation,

(b) dmf applied only to the primary molar teeth  after nine years

(c) the df index in which missing teeth are ignored , often used after exfoliation

begins.

In the case of the mixed dentition when children are between six and ten years,

DMF and def scores are computed separately and not added together.

The dmf/DMF is a cumulative caries experience index that indicates the total
lifetime caries experience and its sequel of an individual . It is calculated for 20
primary teeth or 28 permanent teeth, excluding the third molars or according to
the World Health Organization (WHQ, modification for 32 permanent teeth
(World Health Organization, 1997). Epidemiological studies of dental caries
commonly present caries prevalence and severity as a population percentage
with dmft=0 and as mean dmft value of all members of the population

respectively .

Limitations

In spite of its widespread use and universal acceptance , owing to its simplicity

and reliability when examiners have been trained (Fejerskov and Kidd, 2008),

the DMFdmf index has well -documented limitations (Spencer, 1997, Broadbent

and Thomson, 2005. As amissing tooth makes it necessary to allocate a number

of surfaces as having been decayed researchers have been cautioned against
estimation errors when computing DMFS score- assigning the maximum value for
the 6Md component of DMFS | emadivn gl utad 6V el
experience. However,assi gni ng a mini mum Vv antcausesf or
an underestimation (Broadbent and Thomson, 2005. Broadbent and Thomson

(2005) suggestassigning the same number of affected surfaces as recorded at

the most recent examination before the tooth was lost to account forthe 6 Mo
component in longitudinal studies with short follow up period; and three

surfaces for cross sectional studies (Broadbent and Thomson, 2005).
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Additionally, overestimation is likelywith t h &6 éc omponent as it
assumption that all filled surfaces were carious prior to the filling. However,

evidence show wide variation in dentists' treatment decisions (Bader and

Shugars, 1993 Bader and Shugars, 1997.

While mean dmf scores are frequently used to summarize severity of caries in a
population, issues may arisewhen the sample of individual scores is positively
skewed. Thiscan obscure6t ai | s & of , makidgith® mean émi value n
not accurately reflect the burden of disease as a population descriptor (Campus
et al., 2003, Armfield, 2005). This is so especially in developed countries where
the typical dmf distribution is posi tively skewed and has a high proportion of

zero scores (Marthaler, 2004, Armfield, 2005, Ditmyer et al., 2011 ). The use of
the Significant Caries index (Bratthall, 2000 ), zero-inflated Poisson and zero-
inflated negative -binomial modelling have been recommended in over coming the
skew (Ditmyer et al., 2011 , Lewsey and Thomson, 2004. Further limitations of
the dmf index include its inability to account fo r sealed teeth and its limited use
for estimating treatment needs , as crite ria used to diagnose caries in
epidemiological surveys are usually different from those used by dentists in
formulating a p a tsitreatmend plan (Fejerskov and Kidd, 2008, Honkala et
al., 2011). Assessing treatment needs for a population based only on DMFT,
without radiographs has shown to underestimate the n eed for restorative c are by

as much as 449%particularly due to early p roximal caries (Becker et al., 2007).

2.2.3.2 Caries detection criteria

Caries detection involves an objective method of determining wh ether or not
disease is present (Pitts and Stamm, 2004). With progress in the understanding
of the caries process, t he original dmf index that scores &donly at the level of
cavitation has led way to various caries detection systems which record caries at
various stages, from the earliest enamel caries through to cavitation ; under
varying examination conditions . The degree of generalizability of the
epidemiological caries data available on a global basis depends on the diagnostic
thresholds and criteria employed , as they show a significant impact on the

estimates of caries prevalence and severity.
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2.2.3.2.1 Caries diagnostic thresholds & Detection criteria for recording caries
dDiagnostic thresholddis a term that describes the cut -off level used in making a
decision of what is classified as &iseaseddo r 6 s @itts) 20@4). The caries
diagnostic threshold has been excellently represented in the form of an iceberg
by Pitt s (2004 (Appendix A). Clinically detectable lesions are graded from &6
enamel caries lesions with intact surface sto 6 g5 lesions extending into the
pulp. The peak of the iceberg represent s gross or frank dentine caries- the dg
and more limited d 3, caries into dentin e lesions. Resting below is less extensive
d,- cavitated enamel lesions and further limited d i1- white - or brown- spot

enamel caries lesions with intact surface.

Caries epidemiological studies have traditionally r ecorded caries at t he ds (caries
into dentin e) diagnostic threshold . It includes dzand d4 grades of lesion and
excludes other less extensive d, and d; lesions; and early signs of caries. This
threshold is followed by the WHO criteria (World Health Organization, 1997),
Radike criteria in the USA(Radike, 1968) and diagnostic criteria for surveys in
the UK (Pitts et al., 1997 ). In the USA,and other countries that adopt the WHO
criteria (World Health Organization, 1997), epidemiological recordin g of caries
at the ds level takes place only at macroscopic cavitation. However, in 1992 the
British Association for the Study of Community Dentistry criteria for assessing
caries in the UKwere amended to also include visual caries at the ds level (non-
cavitated dentin e lesions) (Pitts et al., 1994 ). The proportio n of the population
cl assi fi ed aisstudiesahere elaga afe coleetéd and/or reported at
the ds threshold warrants caution. It has been suggested the term o obvious
caries experiencebbe used as usi ngmistakealycorwey fr eed n

complete absence of disease (Pitts et al ., 1997).

The rationale for recording only dentinal lesions at the ds threshold has primarily

been justified on the grounds of better examiner reproducibility as differences

in clinical opinion may be marked in the case of non-cavitated lesions (World

Health Organization, 1997). It has also been rep orted that clinic al examination
ofnon-cavi tated | esions under o6field condit
a O0dental oper at or yidconsistdnidatdn (BuntalP97y. esul t i |
Furthermore, some early carious lesions may not always progress (lesion arrest)

or even reverse and recording these lesions may overestimate caries experience
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in a population (Neilson and Pitts, 1991). However, the need for detecting and
measuring non-cavitated enamel lesions has been argued and proposed over
many years for better e stimates of disease, improving possibility for successful
preventive intervention , assessing change in cariesstatus and predicting future
caries (Ismail and Sohn, 1999 Ismail, 2004). It is recomme nded that non-
cavitated lesions are detected and monitored in studies that involve the natural

history of caries and its treatment - clinical tri als (Pitts and Stamm, 2004).

More recent systemsdeveloped for recording caries, like the International Caries
Detection and Assessment System (ICDAS)ecord caries at various levels of
severity from early enamel lesions to those involving the pulp (Ismail et al. ,
2007). This system requires cleaning of the tooth surface (using toothbrush or
prophylaxis cup) and the use of compressedair to dry teeth prior to visual
inspection, which is difficult under field conditions . While the ICDAcriteria has
been feasibly applied in epidemiological survey s of dental caries in young
children and clinical trials (Braga et al., 2009), the mean examination time has
been reported to be almost twice as long as when using the WHO criteria (World
Health Organization, 1997). Although inter examiner reliability has been

reported to be higher using the WHO criteria, the ICDAS has given acceptable
kappa valuesin the primary dentition (Braga et al., 2009, Ismail et al., 2009 ).
Someother approaches to caries measurement differentiate between actively
progressing and inactive carious lesions (Ekstrand et al., 1998 , Nyvad et al.,
1999).

This body of work focussed on caries in the primary dentition of young children.
The review from this point forward will reveal the literature in relation to  caries
in young children, particularly five to six years of age for which representative

data is available .

224Prevalaemdcesevérident alt karpreismamy
dent i-Gli oma |

Although there have been numerous epidemiological surveys conducted in young
children below the age of five to six years worldwide, few can be considered
national with large samples re presentative of the popu lation. Additionally, t he

epidemiological data on the dental health of younger age groups (two to four -
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year-olds) have not been documented to the same extent as the dental health of
school-childre n, mainly due to the difficulty in examining (Tinanoff and Reisine,
2009) and accessing these age groups for data collection (Vadiakas, 2008.
Furthermore, available data are often grouped into broad age categories and
direct comparison of the num bers reported across studies/surveys is difficult due
to varying caries diagnostic criteria, calibration proced ures, examination

conditions and indicator age groups in individual countries.

Most studies reviewed in the following sub -sections were epidemiological data

that collected data at the ds threshold within their definition. However, given

the diversity in reporting caries among youngchildren, t he defdemal t i on
cariesd and diagnostic threshold as described in the study will be quoted if

otherwise.

2.2.4.1 Geographic

The extent of epidemiological data on the dental health of young children varies
widely between countries. While som e countries have repeated cross-sectional
data of representative samples, many others have little or out -dated data (Pitts
et al.,, 2011). Overall, dental caries stands as the most common chronic disease
of childhood (Gussy et al., 2006, Centers for Disease Control and Prevention,
2012). The highest rates are reported from a few developing countries,
particularly those of the South East Asian continent like Thailand and Macau,

with caries affecting more than 85% of the five to six -year-olds and showing a
high severity (mean dmft) of 6.0 and 4.5 respectively (World Health
Organization, 2012). Small areas of high prevalence have also been reported

with in developed western countries . According to the most recent Australian
Child Dental Health survey, caries affects 67% of the five to six -year-olds in the
northe rn territory with a dmft of 3.8  (Mejia et al., 2012 ). AcrossEurope, there is
wide betwee n-country variation in caries prevalence reported, with some of the
highest rates recorded in Central and Eastern Europe, and generally lower rates
in Western European countries (Marthaler, 2004). In the United States, the
prevalence of dental caries was reported to be 40%among five -year-olds in the
National Health a nd Nutrition Examination Survey (NHANES)Vargas et al.,
2014).
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2.2.4.2 Race/Ethnicity

Significant variation in the distribution of caries by race/ethnicity = have been
noted from some countries, with native (indigenous) young children suffering
from poorer dental health (Parker et al., 2010 ). The majority of these studies
are reported from the USA while 26% ofthe non-Hispanic white young children
showed caries experience, that percentage increased to 43% amongMexican
American children and 29%among non-Hispanic black children in the NHANES
(Vargas et al., 2014). Minority children have also presented increasing severity of
the disease; the dft in the NHANESeing 0.7 for non-Hispanic whites, 1.0 for
non-Hispanic blacks and 1.7 for Mexican-Americans (Vargas et al., 2014). Similar
variation in dental health status has been reported from regional studies of
California; with Hispanic Asian and Latino children, independent of
socioeconomic position, showing the highest prevalence of caries (30%)
compared to their peer non-Hispanic whites (13%)(Shiboski et al., 2003). The
American Indian and Alaska Native (Al/AN) children demonstrate the highest
prevalence of caries ever documented in the US(Douglass et al., 2003): the
prevalence in a recent community -based sample of five -year-olds from the
population was 75% with a mean dmft of 5.7 (Phipps et al., 2012). Other studies
using convenience or state level samples have demonstrated similar higher levels
among Al/AN young children than their counterparts from other racial/ ethnic
backgrounds (Tang et al., 1997, Hardison, 2006, Klejka et al., 2011 ). It has also
been documented that the families of these children live  relatively isola ted,
with lower levels of edu cational attainment and in greater deprivation (Phipps
et al., 2012 ). However, an investigation of the underlying causes and how much

of it might possibly be socioeconomically related remains unexplored.

Other countries reporting s imilar findings include Australia, New Zealand and
Canada(Peressini et al., 2004, Parker et al., 2010, Christian and Blinkhorn,
2012). Aboriginal five -year-olds in Australia and Canadaare recognised as
having, on average, more than twice the caries experience as other non-
Aboriginal children (Jamieson et al., 2007, Schroth et al., 2007 ), with caries
levels in some communities being five times (Australian Institute of Health and
Welfare, 2011b, Christian and Blinkhorn, 2012) and a mean dmft over three
times (4.3 compared to 1. 9) that of non-Indigenous children of the same age

(Jamieson et al., 2007). Similar findings have been reported among first
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generation infants born to migrant mothers in  European countries (Ferro et al.,
2007). Social exclusion of minority people has been theorized as one possible
explanation of the observed significant differences by race/ethnicity (Marmot,
2005).

2.2.4.3 Socioeconomic position (SEP)

Regardless of the case definition used, there is overwhelming evidence of caries
levels being higher in socioeconomically deprived children, irrespective  of
race/ethnicity or culture , in both developed and developing countries (Bernabé
and Hobdell, 2010, Marmot and Bell, 2011).

Among developed countries, dental caries in children have been reported to be
closely associated to income inequality (Bernabé and Hobdell, 2010, Do et al.,
2010). In the US young children from disadvantaged backgrounds suffer more
than twice the caries experience of their more affluent peers: 39.7% compared
to 17.2%, when SEPwas measured by parental educational attainment (Dye et
al., 2004). Additionally, c hildren living below the poverty line (annual income of
$17,000 for a single family of four) have presented with increasing severity of
the disease and these differences follow into adolescence (Bagramian et al.,
2009). The greatest difference in caries prevalence among SEP groups in NHANES
[l were seen in children showing six or more carious surfaces, 11%of all children
below the poverty line compared to 2 % ofthose above the poverty line .
Similarly, five to six -year-olds from deprived areas of Australia show a higher
prevalence of caries (54.399 than their affluent peers (39.3%) with a mean dmft
of 2.6 and 1.5 respectively (Australian Institute of Heal th and Welfare, 2011a).
Comparable findings have been reported in New Zealand (Thomson et al., 2004)
and some European countries (Campus et al., 2009, Oulis et al., 2012), with
children from deprived backgrounds carrying a disproportionate burden of caries

experience.

225 Annual caries preval end& Sa atdli ers

In the UK, dental epidemiological surveys are regularly undertaken and

documented to establish the state of the dental health of children, and examine



28

trends over time . These surveys use the visual examination method developed by
BASCDhat assess caries at the dzthre shold (Pitts et al., 1997 ).

2251 The Chil drenbés Dent al Heal th Survey

The Childrends Dental Health Sudecerenglyi n

by the Office for National Statistics (ONS) (formerly the Office for Population
Censuses and Surveys (OPCS)he survey commissioned by the four Unite d
Kingdom Health Departments has been carried out since 1973 in England and
Wales and since 1983in the whole of the UK including Scotland and Northern
Ireland (Pitts et al., 2006 ). However, Scotland did not participate in the most
recent survey of 2013. The survey provides information on the dental health of
children in the United Kingdom with a representative sample of children aged 5,
8, 12 and 15 years of age attending Local Authority and independent schools in
the UK. In addition, it provides information on children's oral hygiene,
experiences of dental care and treatment ; and measures changes in oral health

since previous surveys(Pitts et al., 20 06).

2.2.5.2 UK annual caries prevalence studies of children coordinated by
BASCD

The British Association for the Study of Community Dentistry (BASCD) in
association with the National Health Service (NHS) co-ordinates annual caries
prevalence studies of children in the UK It includes data from Scotland,
collected under the National Dental Inspection programme (NDIP)(See Section
2.2.5.3). They commenced in 1985/6 across Wales and parts of England (Dowell,
1988), followed by Scotland in 1987 and Northern Ireland in 1994 (Nugent, 1997).
Whilst the ONS surveys examinea relatively small er number of children once in
10 years and report data on a range of oral health indicators at country level,
the BASCD surveyseport the prevalence and severity of dental caries from
examining larger numbers of five to six and 11 to 12-year-old children annually.
Consequently, they provide detail at a local and regional level (Pitts et al.,
2007). However, limited comparison of results is possible with Scotland since
2007/8 following the introduction of positive parental consent (opt -in) in
England and Wales(Davies et al., 2011).

t
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2.2.5.3 National Dental Inspection programme (NDIP)

Since 1987, caries prevalence surveys have been undertaken in Scotland, first by
the Scottish Health Boards' Dental Epidemiological Programme (SHBDEP#and
then in 2003 by the National Dental Inspection programme (NDIP). The NDIP
collects dental data annually using a Basic Inspection intended for all children of
five and eleven years of age attending Local Authority schools and a Detailed
Inspection for a representative sample of one of the aforementioned specific age
groups in alternate year s (NDIP; 2014. Passive parental consent (opt-out)

underpins participation in the NDIPsince its beginning.

The detailed inspection determine s caries experience at the ds/ D; threshold,
levels of oral hygiene and additionally illustrates the impact of deprivation on
dental health (NDIP, 2019. The data can also be used for evaluating existing
oral health improvement initiatives and  highlighting areas requiring further
work. The NDIP programme protocol allows local NHS Bbards to undertake
supplementary dental ins pections for additional age groups asnecessary within
the population . Consequently, the Greater Glasgow and Clyde NHS Board
(NHSGGChas added an additional age group, three -year-olds attending nursery,
to the standard NDIP schedule of dental inspections since 2006/7 (McMahon et
al., 2011).

226 Prevaleemdcesevérident alt lcmrriineasr yi n
dent -rtKb@8cotl and

Pitts & Topping (2005) reviewed the UK dental health trends among five -year-
olds from 1973 to 2004 and concluded significant statistical and clinical

reductions in caries from 1973 to 1983, that slowed in the 1990s and halted by
2003. However, a pattern of true continuous stead y progress in dental health has
been reported in Scotland since 2003 (Davies et al., 2011, NDIP, 2019. In
England and Wales, the consent arrangements for the surveys changed in 2007/8
and the resultant response bias renders datasets not directly comparable with

the Scottish data (Davies et al., 2011).
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2.2.6.1 Scotland in recent years

In Scotland, throughout the time of SHBDEP, more than 50% of the five -year-olds
showed obvious caries experience, the highest being 61.8% in 1993and the
lowest being 54.9% in 1999 with mean dsmft of 3.20 and 2.55 respectively (Pitts
et al.,, 2000, NDIP, 2019. Improvements in dental health over this period had
slowed down and the distribution of caries was markedly skewed, indicating
regional geographic and socioeconomic inequality (Sweeney et al., 1999, Pitts et
al., 2000). In its final report in 2000, the Grampian Health Board showed a mean
dsmft of 1.89, whilst that of Glasgowwas 3.51 (Pitts et al., 2000 ).

Scotland has come a long way since then with b oth the prevalence and severity
of dental caries among five-year-olds having significantly reduced over time
(NDIP, 2014. The proportion of five -year-olds with obvious caries experience,
has fallen from 55.4%in 2002/03 to 32% in 2013/14 and the respective mean
dsmft, declining from 2.8 to 1.3 (NDIP, 2014. Identical t rends have been
reported among three -year-olds in Greater Glasgow with those showing obvious
caries experience being 26% in 2006/7 and 17% in 2009/10 and a mean dzmft of
1.1 and 0.4 respectively (McMahon et al., 2011). Additionally , this improvement
has been evident across the socioeconomic spectrum (McMahon et al., 2011,
NDIP, 2014. The relative improvem ents in caries rates across all socioeconomic
groups have largely been attributed to the Scotland -wide child oral health
improvement programme, Childsmile (See Section 2.3.9.1) (Macpherson et al.,
2013). However, a gradient in the distribution of caries towards
socioeconomically deprived children persist s. A recent study also reported better
dental health among five-year-olds in remote and rural areas of Scotland when
compared with those living in cities (Levin et al., 2010 ). The prevalence of
caries in cities was 46.5% andin remote rural areas was 34.7%,with a mean
dsmft of 2.2 and 1. 4 respectively. Nonetheless, this difference became non -

significant aft er adjusting for area -based deprivation.

Despite dental h ealth improvements, m ore than a quarter of Scottish five -year-
old children still suffer from caries and the distribution is skewed towards those
from deprived backgrounds. Although largely preventable, it remains the most
prevalent chronic disease of childhood compared to obesity and asthma (ISD

Scotland, 2013a). Individuals remain susceptible to the disease throughout
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dentate life and for those affected , it inflict s a considerable social and economic

burden with implications for public health policy.

2271 mpact ofncahildren

Caries affects the wellbeing and quality of life in children by causing pain,
disturbed speech and eating patterns and absence at school (Sheiham, 2006). It
has also been shown to affect nutrition and growth, particularly among young
children (Floyd, 2009, Watt and Rouxel, 2012). Furthermore, premature loss of
primary teeth can affect the permanent occlusion , impacting appearance, self -

esteem and confidence.

Cariesinflicts a significant burden on health ¢ are services with a total of £65
million spenton childre n 6 s d e nin Scdétland ia 20&3 (ISD Scotland,2013c).
Treatment for severe caries may involve ex traction of teeth , which remains the
most common reason for Scottish children to be admitted to hos pital for an
elective procedure. While there has been a reduction in  general anaesthetics
usedor dental extractions in the past few years, 1810 children aged up to four
years have been reported to have had teeth extracted under general anaesthesia
(GA)in 2010/ 11 (ISD Scotland, 2013. Children referred for dental care under GA
due to caries have been shown to have a high need for re treatment (MacCormac
and Kinirons, 1998). In addition, such extractions can lead to risks of GA ,
development of dental anxiety and phobia s, resulting in poorer dental

attendance in adulthood (Hosey et al., 2006, Nunn, 2006). In the longer run,
children who experience caries are likely to develop further new carious lesions

in both the primary and permanent d entitions (Ismail et al., 2009 ).

228Ri sk fhaotodsent al cari es
2.2.8.1 The terminology

Risk factors are defined as environmental, behavioural, or biological factors
confirmed by temporal sequence, that when present, directly increase the
probability of a disease andwhen absent or removed reduce the pro bability of
the diseaseoccurring (Beck, 1998). They are either part of the causal chain or

expose the host to the causal chain (Beck, 1998, Burt, 2005). Strictly speaking, a
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risk factor must establish that the exposure has occurred before the outcome.

Thus, prospective studies are necessary to establish risk factors for dental

caries, while a cross-sectional study canonlyprovi de evi dence of o6r
i ndi c aTheoterrs @isk indicator s & used to differentiate factors thata re

putative risk factors (Beck, 1998). Although the definition does not specify

whether a risk factor has to be modifiable, general usage implies it does (Burt,
2005.Thet er m, O6demographic ricaklfactobas&grp
char act er idtenibees dsediforn moe-modifiable risk factors that are

social and demographic characteristics of age, gender, and race/ethnicity (Beck,

1998).

2.2.8.2 Caries risk factor models for children

Conceptual models describe various potential influences on dental health and
help in understanding the wide r determinants that cause disease . Several
theoretical models have been proposed conceptualizing the influences o n the
dental health of young children (Holst et al., 2001 , Pine et al., 2004b, Fisher-
Owens et al., 2007, Seow, 2012. All models suggest a multilevel approach to
describing the complex causal pathways between social structure and health,
interlinking material, psychosocial and behavioural pathways (See section

2.3.6 .1). The comprehensive model, based on athorough review of major
population and oral health literatures by Fisher-Owenset al. (2007) depicted the
complex interplay of an extensive list of factors acting at multiple levels

including the effect of time on the oral health of children. The model included
child, family and co mmunity -level influences, incorporating five key domains,
namely: genetic and biological factors, health behaviours, dental/medical care
social and physical environment (Figure 2-1). However, t he model does not
specify pathways by which factors are linked to child oral health . The authors
called for testing the model empirically , acknowledging the necessity of perhaps
simplifying the model. An adequately powered prospective cohort study with a
conceptual disease model combining qualitative and quantitative research
methods and sophisticated statistical modelling techniques (multile vel
modelling, path analysis or structural equation modelling ) has been advocated in
disentangling the mechanism underlying the social gradient in caries (Newton
and Bower, 2005, Al eksej ynien) et al ., 20009
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Conceptual model depicting the multilevel influences on oral health (Fisher-Owens et al., 2007)
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2.2.8.3 Risk factors for dental caries among young children

Ris factors for dental caries are multiple and interrelated which makes the
disease complex and the literature extensive . Those factors implicated in the
initiation and progression of dental caries in young children have been reviewed
systematically (Harris et al., 2004 ) and in a number of other narrative reviews
(Gussy et al., 2006, Vadiakas, 2008 Selwitz et al., 2007 ).

While the main factors involved in the disease initiation and progression are
cariogenic bacteria, fermentable carbohydra tes, a susceptible tooth/ host and
time, a systematic review of risk factors associated with caries in chi Idren under
six years of age found 106 factor s related to caries r isk (Harris et al., 2004) . The
numerous factors were categorised under oral flora, dietary, infant feeding, oral
hygiene, socio-demographic and other factors . The risk of caries thus being
sensitive to the interaction of multiple facto rs translating a complex disease

aetiology (Harris et al., 2004) .

Athorough review of the literature on all of the risk factors and caries is beyond
the scope of the present body of work . However, risk factors that have shown
consistent evidence will be reviewed briefly in the following sub -sections in the
order they are hypothesized to appear in a conceptual model, beginning with
proximal child-level influences followed by family -level influences (Figure 2-1)
(Fisher-Owens et al., 2007).

2.2.8.3.1 Early Colonization by Cariogenic Bacteria

The oral cavity of a new-born is a sterile environment, but within two daysit
begins to get colonized by various microbial species (Pearce et al., 1995).
Colonization is thought to be due to direct transmission from the main carer,
usually the mother (Li et al., 2005 ).

Mutans Streptococci
The presence of mutans streptococci, namely Sreptococcus mutans (S. mutans)

and Sreptococcus sobrinus (S.sobrinus) in plaque and saliva have been used as
an indicator of caries risk (Parisotto et al., 2010) . S mutans has been associated
with initiating dental caries , while S. sobrinusis thought to progress the lesion
(Parisotto et al., 2010) .
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A systematic review of risk factors associated with caries in children under  six
years of age found consistent evidence of a young child being most likely to
develop caries if they acquire d S. mutans at an early age (Harris et al., 2004 ). A
second systematic review investigated S. mutans count in plague and saliva as a
risk factor fo r caries in young children, aged two to five years (Thenisch et al.,
2006). In contrast to the Harris et al. (2004 ) review, a quantitative synthesis and
meta-analysis (where possible) was carried out . The results showed a pooled risk
ratio and [95% confidence interval (CI)] of 2.11 [1.47 to 3.02], indicating higher
salivary S. mutans counts to be associated with a consid erable increase in caries
risk. A more recent systematic review that investigated the relationship between
S. mutans and childhood caries concluded it as a strong &isk indicator dfor caries
in young children (Parisotto et al., 2010 ). However, all of the reviews called for
well -designed longitudinal st udies to confirm m utans streptococci levels as a
arisk factor & Parisotto et al., 2010 ) in childhood caries using validated measures
(Harris et al., 2004 , Thenisch et al., 2006 ), with appropriate adjustment for

potential confounders (Thenisch et al., 2006 ).

Poor socioeconomic conditions have been identified as a risk factor for early
colonization with S. mutans (Li et al., 2005 ). Additionally, young children (five
to six-year-olds) from poorer socioeconomic backgrounds have been shown to
have cariogenic bacteria ( mutans streptococci (MS) and lactobacillus species
(LB)) at levels significantly higher than their more affluent peers (Boyce et al.,
2010). The counts of these bacteria were found to substantially mediate the

social gradient in caries (Boyce et al., 2010) .

Other bacterial species
Molecular-based studies of caries have documented caries in the absence of S.

mutans (Becker et al., 2002, Aas et al., 2008). Additionally , S. mutans have
been detect ed in the absence of caries (Radford et al., 2000 ; Wan et al., 20 01).
A variety of bacterial species other than S. mutans present in the oral cavity can
produce acids from fermentable carbohydrates , such as S. gordonii, Veillonella
spp., Actinomyces spp., Bifidobacterium spp., S. mitis, S. oralis and S.
anginosus(Becker et al., 2002 ). These studies highlight the complexity in the

oral microflora associated with caries initiation and progression.
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Limited studies have investigated how the immune system deals with the
complex microflora associated with caries in young children (Malcolm, 2013).
Antimicrobial peptides together with other innate and adaptive immune
mediators like secretory immunoglobulin (s IgA) in saliva may act as a protective

factor against cariogenic bacteria (Malcolm, 2013).

2.2.8.3.2 Oral Hygiene Practices and the Role of Fluorides

Reduced frequency of toothbrushing is known to be a key behavioural risk factor

in caries. It is recommended that children brush their teeth  at least twic e daily
using a fluoride toothpaste as soon asteeth erupt (SIGN, 2014 as fluoride
controls the initiation and progression of caries (Marinho et al., 2003). Other
significant risk indicators wit h respect to oral hygiene practices that have shown
associations to caries in young children include higher age at commencement of
regular tooth brushing (Sheehy et al., 2008), unsupervised toothbrushing (Marinho
et al., 2003 ), rinsing with water after brushing (Sjogren et al., 1995) and the use

of a non-fluoridated over a fluoride toothpaste (Marinho et al., 2003 ).

Interactions between oral hygiene and diet are known to affect bacterial
cariogenic potential. Harris et al. (2004) point to the interact ion between the
two factors so that if there is a balance between t he deleterious effects of s ugar
consumption and the benefit of toothbrushing with fluoride toothpaste, the
development of caries may be controlled. This is in line with the findings of a
systematic review of observational studies from 1980 to 2000, investigating the
relationship between dental caries and sugar consumption (Burt and Pai, 2000).
The review found that t he relationship between dental caries and total sugar
consumption or frequency of sugar consumption was less strong particularly

when there was adequate fluoride expos ure (Burt and Pai, 2000).

In Scotland, toothbrushing frequency has been reported to differ by gender and
SEP, with girls (74%among girls vs 63%among boyg and family affluence (80% in
the least deprived areas vs 55% in the most deprived) associated with a higher
frequency of tooth brushing (Maes et al., 2006, Bradshaw et al., 2008, Masson et
al., 2010). Younger children have also been reported to brush their teeth more
frequently than older children (76% in three to seven -year-olds vs 63% in 12 to
17-year-olds) (Bradshaw et al., 2008, Masson et al., 2010). This may be credited
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to the Childsmile core component that promotes toothbrushing at home, in
nurseries and some schools. Socioeconomic inequalities in toothbrushi ng may no
longer be so evident among this youngest age group as a reduction in absolute
inequalities have been reported, with the mean d smft reducing by 1.71 in the
most deprived children and by 0.43 in the least deprived after the roll out of the

toothbrushing programm e (Macpherson et al., 2013).

The Role of Fluorides

Fluoride has a protective effect on teeth, through its ability to remineralize
enamel and modify the metabolism of plaque bacteria by inhibition of acid
production and reduction of extracellular polysaccharides (Bowden, 1990).
Cochrane reviews have demonstrated the effectiveness of brushing with  fluoride
toothpaste for preventing caries among children and its effective use as part of
a dental public health programme (Marinho et al., 2003, Walsh et al., 2010b),
with additional effectiveness in high caries incidence populations from
supervised brushing, higher frequency of use and higher concentrations of
fluoride ( Walsh et al., 2010). It is recommended that children use a toothpaste
with fluoride concentrations of 1000 to 1500 ppm, with children at increased risk
of developing caries advised to use a toothpaste with higher concentrations of
fluoride (SIGN, 2014).

Additional benefits have also been demonstrated in relation to using other forms
of topically applied fluoride preparations like gels, varnishes and mouth  -rinses,
in combination with fluoride toothpaste in children (Marinho et al., 2003a). A
recent systematic review of randomised controlled trials has confirmed the
substantial caries preventive effect of fluoride varnishes in children , in both
permanent and primary dentition (Marinho et al., 2013). Consequently, the SIGN
(2014) guidelines recommend fluoride varnish applications at least twice yearl y
in all children. The Scottish Government (2010) set a Health Improvement,
Efficiency, Access to Services andTreatment (HEAT) target aiming to ach ieve at
least two applications of fluoride v arnish per year in 60% of three and four -year-
olds in each SIMDquintile by March 2014 The overall levels of Scottish three and
four-year-olds receiving at least two fluoride varnish applications in 2013 were
20% and 266 respectively (ISD Scotland, 2013a)
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There has been some debate over potential risks of fluorosis among young
children (Stookey, 1994). However, a recent Cochrane rev iew, assesing the risks
of fluoride toothpastes among children under six years of age found no evidence
for frequency and amount of fluoride to othpaste used and fluorosis. Weak, but

0 unr e levidebck ef an increased risk of fluorosis was found for starting the
use of fluoride tooth paste in children under 12 months of age . Given the caries-
preventive effects of fluoride toothpastes to increase with increasing
concentrations of fluoride concentration, t he review recommended use of
toothpastes with fluorid e concentrations <1000 ppm among young children when
the development of fluorosis was a prime concern (eg: when residing in an area

with fluoridated water supply) (Wong et al., 2011).

2.2.8.3.3 Diet

Diet, particularly those rich in  sugars plays an important role in the aetiology of
dental caries as it determines the level of bacterial activity in the plaque (Watt
and Rouxel, 2012).

Types of sugars

The term 6sugarsd includes al/l mono and
sucrose, glucose, fructose, maltose and lactose (Moynihan, 1998). In the UK,

dietary sugars are classified as intrinsic sugars (sugars within the cellular

structure of foods ) as in fruits and vegetables, and extrinsic sugars (sugars

located outside the cell structure) ; including Milk sugars and Normilk extrinsic
(NME)sugars(Department of Health, 1989 ). NMES include fruit juices, honey and

added sugars (table sugars and recipe sugars)

Nornrmilk extrinsic (NME) sugars

NMES aremore readily metabolised by oral b acteria than intrinsic su gars and
milk sugars; and are implicated as a causative factor in dental caries, obesity
and diabetes (Department of Health, 1989 , Watt and Rouxel, 2012).
Consequently, The Department of Health (1989 ) and more recently , the revised
Scottish Dietary Goals (The Scottish Government, 2013) recommend no more
than 11% of total energy intake (approx. 33 g per day for young children (Watt
and Rouxel, 2012)) shall come from NMES However, a systematic review of the

literature from 1995 to 2006 , looking at the harmful effects of sugarintake on a
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number of health condition s, gave mixed evidence and no clear associations
between NMES and most chronic health conditions. The reviewers did not
support a single quantitative sugar guideline covering all health issues (Ruxton et
al., 2009).

Relationship betweersugarsand dental caries

Anderson et al. (2009) systematically reviewed papers published from 1856-2007
to determine any relationship between sugar consumption a nd dental caries. Out
of the 31 valid studies that were included in the final analysis, six studies
showed a positive significant association between sugar qua ntity and dental
caries, and 19 provided evidence of an association between frequency of sugar
consumption and dental caries. It was concluded that the relationship of sugars

to caries is present for frequency, but weak. More recently, a systematic review
and meta-analysis, to inform the updating of the WHOsugar consumption
guidelines, analysed all available published data from 1950 relating to the
amount of sugar consumption and levels of dental caries for both adults and
children. The review iden tified é@moderate quality evidenced supporting a
relations hip between the amount of sugar intake and the development of d ental
caries across age groups. Furthermore, they recommended limiting intake of
NMESo <5% energy intake to reduce the risk of caries (Moynihan and Kelly,
2014). However, this recommendation did not follow a reliable ev idence of
effect from intervention studies. The evidence backing the recommendation
came from three Japanese population surveys, published in 1959 and 1960,
showing lower caries levels in children who consumed less than five percent of
energy intake in the form of sugar. Additionally, all three studies were in
populations with low fluoride exposure . Although meta-analysis was limited, the
analysis indicated a large effe ct size for the impact of sugar intake on dental
caries; standardized mean difference for DMFTbeing 0.82 (95% CI 0.67 t00.97),
and when measured as caries prevalence the risk ratio being 7.15 (95% CI 2.82 to
8.14) (Moynihan and Kelly, 2014). Nevertheless, Ruxton et al. (2009)6 s
systematic review (as described previously) found that the combination of sugar
amount/frequency, fluoride exposure, and food adhesiveness were more reliable

predictors of caries risk than the amount of sugar alone.



NMESntake among children in Scotland

There is a high intake of NMES among Scottish children. The latest survey of
sugar intake among children in Scotland (Sugar Survey)commissioned by the
Food Sandards Agency Scotland (FSAS)n 2010 found a high mean intake of
NMESMasson et al., 2012). Fifteen percent of daily food energy was derived
from NMES amonghree to seven -year-olds; considerably higher than the
recommended population averages (Masson et al., 2012). The same survey in
2006 showedchildren who reported having received treatment for dental decay
had significantly h igher intakes of NMES(Massonet al., 2010 ). Additionally, it
showed self-reported treatment for dental decay to increase with increasing
deprivation in both sexes aged three to 17 years (Sheehy et al., 2008). The
Growing Up in Scotland (GUS)study of four to five -year-olds reported similar
findings, with younger mothers, single mothers, mothers with less educational
qualifications and those with lesser household incomes , more likely to report
their children eating sugary snacks and soft drinks (Bradshaw et al., 2008).
However, the concurrent association of socio -economic position with the risk of
developing dental caries, considering all of the behavioural risk factors, has

been understudied.

The relationship between diet and dental caries in young childrenis complex
and confounded by many variables, such as mutans streptococci, oral hygiene
behaviours, fluoride exposure and modified by socio economic circumstances.
Although evidence suggests most of the risk factors being socially patterned,
fewer studies have studied how the interactions between different risk factors
change along the socioeconomic spectrum. In addition to the frequency and
amount consumed; physical consistency of the food that influences the oral
clearance rate, intake pattern (in between snacking) and timing are other
important factors associated with caries (Marshall et al., 2005, Marshall et al.,
2007).

Other dietary factors

40

Snacking increases thenumbers of eating events in a day which in turn has been

associated with higher rates of dental caries, particularly when snacks are high
in NMES(NHS Health Scotland, 2012. In Scotland, analysis of 156 children aged

five to 17 years who completed a 4 -day non-weighed diet diary in the Sugar



41

Intake Survey 2006 showed the median number of snacks per day was two, with

98% of children havingasnackand 77 % snacking O6biscuits,
which are high in NMES(Macdiarmid et al., 2009 ). Frequent snackers had higher

daily intakes of NMES with thirty nine percent of the NMES intake accounted for

by snacking and this did not vary by sex, age, body mass index (BM) and

socioeconomic circumstances (measured by SIMD See section 2. 3.2.2)

(Macdiarmid et al., 2009 ).

The GUS study offour to five -year-olds reported a quarter of the children (23%)
eating crisps at least once daily (Bradshaw et al., 2008). Al t h o uigpdand c
savoury snac #lss8thanone percenbto NMES intake, children in
the Sugar Surveyaged three to 17 years, with medium/ higher intake of these
snackswere reported to have significantly high er risk of having received
treatment for decay (Sheehy et al., 2008). These foods are sticky and leave
residue on teeth that pr olongs exposure to carbohydrate. Notwithstanding this,
children from more deprived areas have been reported to derive a higher
proportion of energy from crisps and savoury snacks than children from less

deprived areas (Sheehy et al., 2008).

2.2.8.3.4 Early feeding practices

While breastfeeding is well evidenced to provide numerous health benefits to
infants and mothers (Salore et al., 2013 ); prolonged on-demand and night time
breastfeeding has been reported to be a potenti al risk factor for caries in young
children (Harris et al., 2004 ). However, systematic reviews that investigated the
risk of developing caries in infants with continuation of breastfeeding beyond six
months have shown no evidence of an independent association (Valaitis et al.,
1999, White, 2008). The evidence is inconsistent, and is primarily based on
cross-sectional studies and a few longitudinal studies that have failed to
adequately measure and control for confounding variables such as oral hygiene
practices, fluo ride use and dietary factors (White, 2008). On the contrary to
prolonged breastfeeding, some studies also show early weaning from
breastfeeding, relating to earlier introduction to solid foods to be associated

with earlier acquisition of m utans streptococci (Wan et al., 2001, Seow, 2012.



42

Frequent and/or prolonged exposure to sugars using a bottle in bed, or during
the day is implicated as one of the major risk factors of caries among infants
(Petersen, 2003). During sleep, there is a reduction in salivary flow, thus
decreasing salivary neutralization capacity that in turn cause food stagnation
and prolonged exposure to fermentable carbohydrates. Other notable risk
factors associated with bottle use cited in the literature include  the use of the

bottle beyond 12 months and sweetened contents in bott les (Vadiakas, 2008.

2.2.8.3.5 Use of dental services

The use of dental services appears to be an important factor in predicting dental
caries in young children (Harris et al., 2004 ). Childsmile aims to identif y young
children at highest risk of caries and encourage dental attendance from six
months of age for primary dental care (Macpherson et al., 2010a). Additionally,
it helps the child to get accustomed to visiting a dental practice, alleviating

dental anxiety.

Dental registrati ons of three to five -year-olds in Scotland is now at 92%;
nonetheless, registration of infants up to two -year-olds remains low at 47%(ISD
Scotland, 2013b). This is of concern because evidence suggestsyounger age at
first dental visit and regular attendance to be associated with lower levels of
caries (Al Ghanim et al., 1998). Children who were reported to be treated for
decay in the Sugar Surveywere more likely to have been older when they first
attended the dentist and attended the dentist for the first time because of
trouble with their teeth  (Sheehy et al., 2008). Children with higher rates of
caries have also been reported to be more likely to have fewer routine annual
dental check-ups and have parents who do not regularly visit a dentist (Hooley
et al., 2012).

Families engaged in the early years of Childsmile Practice (See Section
2.3.9.1.2 ) have been reported to have a failure to attend rate of 32% , with
highest failure to attend rates concentrated in areas of deprivation  (Deas et al.,
2010). Dental attendance pattern has been found to be a factor contrib uting to
the socioeconomic gradient in dental health among Singaporianyoung children,
with SEP affecting dental attendan ce both directly and indirectly (Gao et al.,

2010). The indirect effect of SEP on dental attendance is demonstrated to be
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through parental knowledge, a ttitudes including anxiety (Milsom et al., 2003)
and beliefs regarding the importance of anticipatory dental attendance
(Finlayson et al., 2007, Gao et al., 2010). Positive parental attitudes which are
asciated with better dental attendance (Tickle et al., 2000 ) and better dental
health among children have been shown to be held by higher socio-economic
groups (Skeie et al., 2010, Van den Branden et al., 2012).

2.2.8.3.6 Parental knowledge, attitudes and beliefs

Parents play a central role in the early years of children by the choices they
make for their children and in shaping health promoting behaviours (Hooley et
al., 2012). Parental knowledge, attitudes and beliefs about dental health have
been shown to predict oral health related behaviours like diet, tooth brushing
and routine dental attendance ; and in turn dental caries in their children (Pine
et al., 2004a). Parental attitudes and beliefs around oral health have been more
closely associated with caries experience in young children than parental reports
of toothbrushing practices or sugar -shacking habits (Pine et al., 2004a). Negative
atti tude s towards diet among parents were relate d to caries increment between
ages three and five, with children whose parents ha d a negative attitude at both
ages experiencing the highest risk of caries (OR = 6.0, 95% CI12.7d13.4]) (Skeie
et al., 2008 ). Parents of young children in the UK havebeen reported to have
varying knowledge and attitudes towards dental health based oneducation,

ethnicity and area of residence (Williams et al., 2002 ).

Parental self-efficacy

Parental self-efficacy is the pa r e nbelief@n their perceived ability to
effectively implement actions required to prevent caries in their children . This
concept is thought to determine behaviours (Pine et al., 2004b, Finlayson et al.,
2007). It has been measured in relation to important behavioural risk factors like
tooth -brushing and diet, encapsulating ideas around parental knowledge,
logistical barriers and a bility to control and discipline the child (Pine et al.,
20044, Finlayson et al., 2007).

Higher parental self-efficacy has beenassociated with more frequent
tooth brushing (by parent and child ), more frequent visits for a dental check-up
(Finlayson et al., 2007) and lower sugar intake (Litt et al., 1995 ). The most
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significant variable predictinga chi | d& s c a riniadagge iaternatonal e n c €
study involving 17 countries wasp a r e percsied ability to perform

tooth brushing for theirchild and not the chil dds brushin
Furthermore, this effect persisted in children from deprived socioeconomic

backgrounds (Pine et al., 2004a). Nonetheless, there is no clear evidence that

traditional oral health promotion approaches of health education and

development of parenting skills may reduce caries in children from deprived
backgrounds (Watt, 2007).

Ownership
Ownershipisaconcept rel ated-ef 6 i ¢gvateits éuatésabaseds e | f

onthetheoryof 61 ocus o fLoQy & s the extendto which parents
believe it is their responsibility to  prevent caries in their children . A person is
deter mined to have an external LoC, when one's health is beli eved to depend on
luck, fate, chance or the influence of other persons . They have an internal LoC,

when they believe that health is determined by one's own behaviour.

A clear linear association has been demonstrated between parental LoC and

child's caries status, with increased internal parental LoC showing a higher

probability for children to have no caries, independent of sociodemographi c

variables of parents (Lennhov § e . Amdnglgw in2otn@ Bfrican-American
families in Detroit, maternal levels of dental fatalism al most tri pl ed t
risk of caries and showed a higher two -year caries increment among young

children (Ismail et al., 2009 ). Fatalistic beliefs have also been reported in the

UK, in Wales, with more than a quarter of the parents inastudyb el i eteothn g 0
decayrunsinf a mi landacdpting &ental decay as bad luckd (Karki et al.,

2011).

2.2.8.3.7 Socioeconomic circumstances

There is overwhelming evidence of a strong association between socioeconomic
circumstances and caries among young children, with disproportionate rates of

caries found among children from deprived backgrounds (Reisine and Psoter,

2001, McMahon et al., 2010, NDIP,2014, Campus et al., 2009, Oulis et al., 2012,
Thomson et al., 2004). Sudies that explore the relationship of caries

prevalence/ incidence with SEP were systematically reviewed (from 1990 up to

2000) by Reisine & Poster(2001). St udi es i n the review wer
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sectional surveys that used one or more indicators to measure SEP including -
education completed, total family income in the past year, occupation, p  overty
status, Medicaid recipient, eligibi lity for Head Start, and/or eligibility  for the
special supplemental nutrition p rogramme for Women, Infants and Children
(WIC) They note a consistent and statistically significant inverse relationship
between SEPand caries in children under six years. The relationship was weaker

but still significant among older children.

A lifecourse study of a birth cohort analysing social mobility identified childhood
SEP parental occupation) at five years of age to predict adult caries risk
(Thomson et al., 2004). Those with persisent high SEP and upward social mobility
showed significantly reduced caries risk compared to those with low SEP in
childhood through to a dulthood. The de ntal health of five -year-olds have also
been highly correlated with maternal levels of education  (Finlayson et al., 2007,
Wigen et al., 2011) and neighbourhood deprivation (Ismail et al., 2009 ), both
with potential to explain oral health related atti  tudes and behaviours (Parkes
and Wight, 2011).

Earlier acquisition of cariogenic bacteria, greater intake of NMES, inadequae
oral hygiene practices, poor parental self -efficacy, and irregular dental
attendance pattern have all been suggestedas possiblereasonsfor high caries
rates among children from disadvantaged backgrounds (Arora et al., 2011 ).
However, the underlying pathways that account for socioeconomic inequalities

in caries remains largely unexplored.

The Role of stress

It has been suggested that the relationship between low SEP and caries in young
children may be influenced by parental stress (Sisson, 2007. Evidence supports
chronic stressto potentially influence health promoting behavioural decision
making and additionally affect the immune response (Sisson, 2007, Boyce et al.,
2010).

Salivary cortisol has beenused as a surrogate measure of stress to explain SE
inequalities among young children aged five to six years of age (Boyce et al.

2010). Low SEP (parental level of education), higher salivary cortisol levels in
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children and increased levels of cariogenic bact eria were each signific antly and
independently associated with caries. In addition, low SEP was associated with
higher salivary cortisol levels, increased levels of cariogenic bact eria and a
higher prevalence of caries (Boyce et al., 2010). The authors proposed two,
social and psychobiological pathways through which lower SEP was associated
with increased levels of salivary cortisol and cariogenic bacteria. However,
findings from multilevel modelling analysis and structural equation modelling
among low income families have reported parental stress along with parental
self-belief in implementing regular twice daily toothrushing as pr otective against
caries (Litt et al., 1995 , Finlayson et al., 2007)

2.2.8.3.8 Immigrant background

Ethnic origin is not a variable routinely collected in the UK and Scottish oral
health surveys. Watt and Sheiham (1999) argue that it may no longer be relevant
in the UK and may divert attention from more relevant socioeconomic variables.
However, Conway et al. (2007) reported five-year-old Pakistani children in
Glasgowshowing higher dsmft levels than white Scottish children, with only 25%
of the Pakistani children showing no obvious decay experience compared to 48%
of white children. These differences persisted after controlling for

socioeconomic deprivation . This echoes the findings from several other European
countries (Grindefjord et al., 1996 , Ferro et al., 2007 , Wigen and Wang, 2010Q.
Although a part of the difference in dental status among children of immigrant
background is shown to reflect differences in SEP (Gao et al., 2010), results from
some studies show that after controlling for parental SEP , oral health behaviours
and attitudes, preschool children of non-western background have higher caries
experience th an their western peers (Conway et al., 2007, Wigen and Wang,
2010). Greater caries experience among immigrant children has been associated
wi th ©6cul t uesaniclild rdaring ined memigcant parent sd
and beliefs towards dental health (Adair et al., 2004 ).

2.2.8.3.9 Age & Gender

Caries experience varies with time due to the add itive effect of dental tissues
being exposed to the oral environment . It is thus recommended that reporting  of
caries incidence/prevalence be age restricted and any analyses adjusted for the

effect of age on caries experience (Levin, 2005).
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Varying assogation s between gender and caries in young children have been
reported, from no relationship in developing countrie s (Al Ghanim et al., 1998)
to a significant relationship in developed countries - boys showing a higher caries
experience (Dasanayake et al., 2002). Data on gender is routinely collected in
UK caries surveys andonly used to adjust for potential confounding effects .
However, the relationship of gender to caries is complex due to interactions

with other risk factors, particularly b ehavioural (Dasanayake et al., 2002). As
previously reported in Section 2.2.8 .3.2 gender inequality in d aily toothbrushing
frequency have been reported among Scottish children (Levin and Currie, 2009,

Masson et al., 2010) and various other European countries (Maes et al., 2006).

2.2.8.3.10 Family structur e, marital and smoking status

Family structural characteristics have been assaiated with caries experience

among young children, with negative risk indicators beingmot her s young
household overcrowding (Rodrigues and Sheiham, 2000 and having had a change

in marital status from pregnancy to five years of age (Mattila et al., 2000 ). Five-
year-old children living in one -parent families were twice (OR2.0, 95% CI 1.1 to

3.4) aslikely to experience caries than children from two -parent families (Wigen

et al., 2011).

Sudies have also suggesed maternal smoking as a significant risk indicator in
caries risk among young children, withc h i | d rtobatd® smoke exposure
measurement ranging from parental s elf-report s of smoking status (Williams et
al., 2000) to measuring serum cotinine levels (Aligne et al., 2003 ). Maternal
smoking is reported to be signifi cantly higher in single parent households (Leroy
et al., 2008 ) and substantially attenuating the socioeconomic gradient in the UK
(Williams et al., 2000 ).

While the above risk factors have been strongly associated with caries, only with
additional data on SEP have they predicted the gradient in caries. Clearly there
is difficulty in interpreting the interaction  between the various risk factors

above (younger maternal age, marital status and maternal smoking) which may

stem from low SEP While low SEPis a strong predictor of smoking ; overcrowding
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and marital st atus have been used as a proxy measure of SEP(Galobardes et al.
2006b).

23Socioeconomic position and I

231Def i nition

A variety of terms have been used in the health literature to describe
socceconomic conditions, incdturdatnigf iOcatcii @an
6soci oeconomic statusd a(Gdlobardesatal. 026070 N 0 mi
To a large extent, the wide range reflect their roots in various disciplines and

historical concepts (Lynch and Kaplan, 2000). However, these terms have often

been used interchangeably in spite of their differing theoretica | backgrounds and
therefore, interpretations (Galobardes et al., 2007). Lynch and Kaplan (2000)
suggestedt he use of the term, ©ac omwmdhmsocid@dand mi c
economic factors that influence what position(s) individuals or groups hold

within the structure of a society @ This thesis will follow the sa me consensus ¢
using tl®ct ermod o mM(SEP) mihes thanithe comonly used

p hr aseaoeconomicstat uwshdi ch has be élordistincgonsed t o 0
between two different aspects of socioeconomic position: i) actual resources,

and ii) status, meaning pr e s t i(Kyiegér et al., 1997 ). In addition, the phrase
6socioeconomic circumstancesd will -be wus:
and area-level indicators of socioeconomic positi on, which seems to more fully

reflect the multidimensional complex construct of social and economic factors

covering class, status, relative income etc.

232Measures of socioeconomic positi

Various measures of socioeconomic circumstances used in the health literature
have been thoroughly reviewed by several authors (Krieger et al., 1997 , Lynch
and Kaplan, 2000, Galobardes et al., 2006b, Galobardes et al., 2006a,
Galobardes et al., 2007). This section will discuss the major individual - and
composite area-based measures of socioeconomicposition, which are used in
epidemiological research, and the measures of SEP that will be used in this body

of work.
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2.3.2.1 Individual-level measures of SEP

Individual -level measures of SEP used in health research measure some formof
individual wealth or asset and to some extent are correlated because they all
measure aspects of the underlying socioeconomic stratification, a cting at various
stages of the life course (Galobardes et al., 2007). However, comparing
measures between countries and cultures is often difficult as leve Is may be

country or culturally specific.

2.3.2.1.1 Education

Education is one of the most frequently used measure of SEP(Galobardes et al.,
20064). It at tempts to capture the knowledge-associated assets of an individual
and can in part measure early life SEP in a life course approach. It can be
measured as a categorical variable based on definite educati onal levels achieved
and/or as a continuous variable based on the number of years in formal
education. The strengths of education as a measure of SEP include itsrelative
simplicity of measurement in self -administered questionnaires, its relevance to
people regardless of age, gender, ethnicity or working status, relative ly less
stigmatisation (compared to income) and that it remains broadly stable over a

life course (Krieger et al., 1997 , Galobardes et al., 2006a). However, limitations
involve the potential of obscuring social mobility as more individuals in recent
years have higher years of education compared to the older cohorts (Galobardes
et al., 2006a ). When considering the span of educational levels, the range for
income and/or wealth is far -reaching, thus making it a relatively less sensitive
measure in assessing the magnitude of socioeconomic inequalities in health
(Krieger and Fee, 1994). This measure of SEP may pose some challenges in
international studies due to differences between educational systems in various

countries.

The importance of measuring parental educational level as a measure of
childhood SEP affecting health has been emphasised (Krieger et al., 1997) . More
specifically, educational attainment has been attributed to the acquisition of
health related knowledge, a ttitudes and beliefs, | ifestyle behaviours and optimal
use of health services (Galobardes et al., 2006a), parental characte ristics highly

associated with health (Finlayson et al., 2007 ).
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2.3.2.1.2 Occupational- based measures
Occupation-based measures aretraditionally used for measuring SEP inthe UK,
where social stratific ation has historically been conceptualized in terms of

occupation (Galobardes et al., 2007).

There are various indicators based on occupation, with most studies using the
current or th e longest held occupation as a measure of adult SEP. The oldest and
the best known official measure of soci al class in the UK until 2001 was the
British Registrar Ge nwhiclasumngarizedoccupatibnso!| as s
represent 00 %199%)i al gradeso0do

Galobardes et al. (2006b) outlines the limitations of the RGSC for its weak
theoretic al basis, considering the subjectivity of assigning individuals into
categories based on prestige. In addition, it does not take into account

continuous changes in the occupational structure, such as the reduced number

of people working in unskilled and se mi-skilled manual occupations, or the
increased number of working women. It also struggles with categorizing groups
outside the active labour force (non-retired unemployed, homemakers, retired
adults etc.) and its limited recognition of differences between individuals in the
same occupation group in terms of both education and income (Krieger et al.,
1997). Nevertheless, the RGSC has widely been used to describe socioeconomic
inequalities in health mainly due to its past widespread use in the UK in many
censuses and surveys over a long period and its adaptations used in many
European countries, making comparability between studies easier (Galobardes et
al., 2006b).

Due to the limitations discussed above, in 2001 the Office for National Statistics
in the UK adopted the UK National Statistics socioeconomic classification (NS
SEC)as its official occupation classification (Table 2 -1) (2005). The NS SECs
based on the Goldthorpe Schema (Erikson and Goldthorpe, 2002) and measures
employment relations and conditions of occupations as opposed to skill and

social standing. It can be derived based on the level of detail of the employment
status available (full, reduced and simplified) as a categorical measure.
Additionally, there are procedures for classifying the unemployed (2005). While
there is an order to the occupational groups in the NS-SEC classification, it is not

in a strict hierarchical order.
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One of the strengths to using NS-SEC is its theoretical base, which may help in
the development of causal narratives to explain a part of the frequently

observed socioeconomic gradient in health.

Table 2-1: The National Statistics Socio-economic Classification Analytic Classes

1 Higher managerial and professional occupations
11 Large employers and higher managerial
occupations
1.2 Higher professional occupations

Lower managerial and professional occupations

Intermediate occupations
Unskilled

Small employers and own account workers

Lower supervisory and technical occupations

Semiroutine occupations

Routine occupations

©| 0 N| O O | W DN

Never worked and long-term unemployed

There are various other occupational social classification schemes detailed by
Lynch and Kaplan (Lynch and Kaplan, 2000 and Galaborades et al. (2006b).

However, most have not been updated regularly.

2.3.2.1.3 Income

Galobardes et al. (2006a) considersincome as the most direct measure of
material circumstances with a cumulative effect over the life course, measured
through direct reporting of monthly or yearly income. However, it  is considered
t o be a dmslieatorsas individgal8 may be reluctant to provide such
information. This measure also has limitations of being most likely to change

over a time period and might only partly capture SEP, as it does not include
assets, inherited wealth etc. It is more difficult than education to be compared
acrosscountries. Furthermore , income for young and older adults may be a less
reliable indicator of their true SEP as it varies with age. To be comparable

across households, t is recommended that h ousehold rather than individual
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income is collected along with family size and number of dependents under the

reported income .

2.3.2.1.4 Benefits claimant

Individuals claiming/entitled to certain  benefits or whose income is fully derived
from benefits may be used as an indicator of low income and therefore low SEP .
The main strength of this measure is the availability of robust sources for this

data that are regularly updated; for e.g. The Department for Work and Pensions.
However, this measure only gives a picture about those at one end of the
socioeconomic spectrum. In addition, only those who claim benefits may be
identified and not those who are eligible for benefits. They are also arbitrary
indicators of low income that do not have a scientific definition , but projecting

rules defined by the Government (Shaw et al., 2007).

2.3.2.1.5 Housing tenure

Housing tenure is a marker of material circumstances (Galobardes et al. 2006a)
and differences in housing tenure have show n patterns of inequalities in health
in Scotland previously (Macintyre et al., 1998 ). It is measured by checking if the
housing of the individual is owned (owned/ being bought with a mortgage), or
rented from a private or so cial landlord (Galobardes et al. 2006a). Although it
has the advantage of being relatively easy to collect, it has limitations of area
spedificity, consequently proving difficult to compare across studies (Shaw et
al., 2007).

2.3.2.1.6 Other measures

A vast number of othe r measures of individual SEP exists; they include: a range

of country -specific occupational indices , housing conditions, household

amenities (Galobardes et al. 2006a), indicators of wealth (Lynch and Kaplan,

2000)etc. Ot her o6 pr oxyd me aSERdesrbeddy Galobardaseti d u a |
al. (20064a) include: number of siblings , marital status and some health measures

(e.g. i nfant or maternal mortality)

2.3.2.2 Area-based measures (Indices of deprivation)

Area-based measures utilise data from census or other administrative databases

to aggregate the data at a small area level (Galobardes et al., 2006b) and
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classify individuals by the socioeconomic properties of the ir area of residence
(usually based on postcode). However, there is a potential for miscla ssifying

individuals, as all individuals in an area may not necessarily be of the same SEP.

2.3.2.2.1 Carstairs index

The Carstairs score and its deprivation categories (DEPCAT)has been a
commonly used indicator of deprivation in Scotland which is calculated from
various census variables Overcrowding, male unemployment, car ownership and
low social class (IV & V). Geographical areas are based on postcode sectors with
an average population of 5,000. A DEPCAT score is calculated for each postcode
sector, classified from DEPCAT 1 (most affluent) to DEPCAT 7 (most deprived)
(Carstairs and Morris, 1990).

2.3.2.2.2 Scottish Index of Multiple Deprivation

The Scottish Executive,inresponse t o t he AugMeasuring 003 r e
Deprivation in Scotland: DevelopingalLong-Ter m St rdevelapedy e

Scottish Index of Multiple Deprivation (SIMD) which identifies small area
concentrations of multiple deprivation across Scotland. The SIMD 2009 used in

this body of work combines 38 indicators across sevendomains, namely: income,
employment, health, education, skills and training, housing, geograph ic access
and crime at t he |Dataeohesaré groops af2®1 censuse s 0
output areas and have populations of between 500 and 1,000 residents with
arguably similar social characteristics. SIMD ranks are divided into quintiles, with
quintile 1 covering the most deprived 20% of Scottish postcode areas (The

Scottish Government, 2009b). Criticisms against SIMD arise from the use of an
area-based measure to identify individuals as some who are materially
disadvantaged live in areas that are not particu larly deprived in terms of SIMD

and vice-versa (Shaw et al., 2009). SIMD 2009 has now been superseded by SIMD
2012 However, it is considered appropriate to use the SIMD most close to data

collection.

233Choi cSE®f i ndi cator

SEP is a multdimensional construct that has been measured in numerous ways
across studiesdue to strengths and limitations of each measure. Thus, the

inclusion of multiple measures of SEP is recommended and those chosen should
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be based upon their conceptual links with the health outcome (Shavers, 2007%.
Additionally, it helps with validation and avoids residual confounding. The
correlation between the measures education, occupation and income in
developed countries was found to be relatively weak (0.3 8.6) suggesing that
each measure explains a different aspect of SEPwhich contributes diff erently to
health inequalities (Braveman et al., 2005). It is recommended that , where
possible, both individual - and area-based measuresare used as each appears to
have a role in explaining the degree and causal mechanism of dental health

inequalities (Thomson and Mackay, 20043.

234Socioeconomic iimaduadal i ti es

Health inequality is defined as variations in health status across individuals in a
population (Gakidou et al., 2000). Social and economic differences within a
population i s known to cause a gradient in health status worldwide , with those
from lower socioeconomic position experiencing poorer health (Marmot and Bell,
2011). These inequalities influenced by SEPare shaped by education,

occupation, income, gender and ethnicity (Marmot and Bell, 2011).

In Scotland, inequalities have long been credited to relative deprivation in the
city of Glasgow(McLoone and Boddy, 1994. The socio-economic composition of
Glasgow differs from Scotland, as a whole. Glasgow is the most economically
disadvantaged area, with almost half (45.3%) of the 15% most deprived
datazones in Scotland (The Scottish Government, 2009b). Marmot and Bell (2011)
took Glasgow as an example of stark health inequities , describing men living in
the most disadvantaged part o f G| a s g o wramatcalll \wovse health than
t he | ndi a.nThaunexplagngdepétterns of poor health and low life
expectancy compared to the rest of equally deprived former industrial cities

such as Birmingham, Liverpool and Manchester has been conceptualized as due

to some unknown 'Glasgow effect' (Walsh et al., 2010a). Gray and Leyland (2009

showed that part of t hatributaBd tasegpoesonanicf ect 0

factors.


http://en.wikipedia.org/wiki/Liverpool
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235Soci oeconomic i nequalsi aimesngi ®Scoe
yourcdhi |l dr en

Although Schou and Uitenbroek (1995 demonstrated th e stronger association
between caries and SEP than toothbrushing behaviour and sugar consumption,
Sweeney et al. (1999) using the Carstairs 1991 score were the first to show the
full extent of the socioeconomic inequality among five -year-olds in Scotland.
Children from the most disadvantaged DEPCAT category showed mean gmft
scores of 4.87 compared to 1.48 in the most advantaged DEPCAT category and
the percentages with obvious caries experience were 80.2% and 37.6%
respectively (Sweeney et al. 1999). The linear gradients in the distribution of

the disease acrossthe seven DEPCAT categories emphased the need for dmulti -
agency working, precise and intensive focusing on the target group, and
consumer involvementd f or i mp (Soeereeyret al. t1999). Successive
SHBDEP and NDIP reportare in line with these findings. Socio-economic
inequality in the prevalence and mean dsmft reduced over time from 1993 to
2003 (Levin et al., 2009 ). However, inequality in the amount of disea se
experience for those affected increased. In 2003, the odds of a child in D EPCAT
7 showing caries were 4.60 (95%CIl,3.47 to 6.14) compared to peersin DEPCATL
(Levin et al., 2009) .

Marked improvements have been evident across the socioeconomic spectrum
since 2003, with the extent of disease continuing to fall in those most affected

by caries (NDIP, 2014. The SiC* decreasing from 11.6 to 9.0 through 1993 -94 to
2007-08 and from 13.0 to 9.8 for Glasgow (Blair et al., 2013 ). However, large
inequalities persist with only 53% ofthe five -year-olds in the most deprived
areas showing no obvious decay experience compared to 83 %in the least
deprived (NDIP, 2014. Children from the most deprived quintile (SIMD 1) are yet

to meet the 2010 National Target of 60% with no obvious decay experience.

236 Expl anats ommisoedoinncengucal i ti es

Sisson (2007 reviewed contemporary explanations for inequalities in oral health ;

namely materialist, behavioural, psychosocial and the life course perspective.

! The SiC is calculated as the mean dmft in the third (33%) of children with the highest caries experience (dmft). The SiC
index has been modified to use alternative cut offs of 25%, 20% and 10% (SiC*, SiC*®and SiC').
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The materialist explanation considers how materialist aspects like cost of
treatment, cost of accessing treatment and purchasing health promoting food s
and products may be limited to individuals from lower socioeconomic
backgrounds. An alternative behavioural and psychosocial theory proposesthe
likelihood of people from lower socioeconomic circumstances suffering from
poorer health due to engagingi n 6 heal t h damaandhigberlbvelh a v i ¢
of psychological stress respectively (Sisson, 20073. The life course perspective is
the most recent theory and is thought to provide the best explanation for
socioeconomic inequalities in oral health as it combines materialist, behavioural
and psychosocialfactors over time in understanding causation. Socioeconomic
and biological factors during childhood have been demonstrated to be
significant ly related to caries experience in adolescence (Nicolau et al., 2003 )
and adulthood (Thomson et al., 2004). This suggestsa need for longitud inal,
multi factorial design ed studies to investigate risk factors in the development of
caries in Scottish children in the current age of improving oral health , to inform
interventions that tackle the determinants of inequalities from infancy (or

earlier) .

2.3.6.1 Socioeconomic explanations of dental caries risk- Interaction
between the materialist and behavioural theories

Whilst a number of studies indicate that oral health -related be haviours explain
part of the SE disparities in oral health outcomes in adolescents (Mashoto et al.,
2010, Jung et al., 2011) and adults (Sanders et al., 2006b, Donaldson et al.,
2008) worldwide, only one study has been conducted among young children
(Slade et al., 2006). Although the results showed strong associations between
oral health outcome and behaviours, behaviours did not fully account for the
socio-economic gradient in oral health . None of the studies have attempted to
fully explain the socioeconomic gradient by including explicit variables on all
important oral health -related behaviours while using validated measures. It is
suggested that SEPhas a direct effect on oral -health outcomes, independent of
the proximal determinants of oral -health-related behaviours. An analysis of
youngc hi | d(ore andl a half to four and a half years of age) data from the
National Diet and Nutrition Survey indicated the strength of association between
SEP and caries to exceed that of sugar consumption and toothbrushing (Gibson

and Williams, 1999). It is unknown if bringing material, behavioural and
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psychosocial factors together in a longitudi nal study will fully explain the SE

inequalities in oral health (Sisson, 2007).

23 7Measur ement of socioeconomic hea

A wide variet y of measures have been used to quantitatively measure

socioeconomic inequalities in health and the choice of measure primarily

depends on the research question (absolute or relative inequalities) and the

available data (individual - or area-based measures and the level of measurement

of variables) (Mackenbach and Kunst, 1997. This section will review common

summary measures of health inequality under the headings6 si mpl e measur
and O6sophi st i dMdackerbachmedKsnsty 199%)0

2.3.7.1 Simple Measures

Range

Rangeis the most commonly used measure of health inequality and involves
comparing the experience between the lowest and highest socioeconomic
groups. This may be presented in the form of the range (Absolute Range), taking
the difference in outcome between the lowest and highest socioeconomic
(reference) groups, but more often presented as the relative difference or ratio
between the reference group and the other (Relative Range). However, the
range ignores the experience of the in -between socioeconomic groups and does
not represent inequalities well when there is no clear linear gradient between

the lowest and highest socioeconomic groups

Population attributable risk (PAR)

PARIis a measure of reduction in disease if the study population were to have
the rate of those in the reference group. Itis expressed as afraction or
proportion between the overall diseaserate and the rate in the reference group.
The main limitation of PAR s its inapplicability in comparative studies where the
reference socioeconomic group may not represent the same proportion of
individuals to the comparative populations . PARapplied to Scottish

epidemiolo gical data of five -year-olds suggested that overcoming relative
deprivation would have reduced 22.8%o0f the caries experience in the population
in 2007/08 (Blair et al., 2013)
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2.3.7.2 Sophisticated (complex) measures

These include numerous tests from statistics and income economics . The

Od d 6 s (O@Riig tiheaatio of the odds of a health outcome in  the reference
group to the odds of the health outcome in the other group . However, it has
been cautioned against use when the frequency of the health outcome is higher

than 0.20 due to the OR overestimating the size of the relation (Regidor, 2004)

Receiver Operating Characteristic (ROC)curve pl ot s t he sensi ti vi
s p e c i ffar anieXposuie to predict presence or absence of disease. The c-

index is the area under ROCcurve (Altman and Bland, 1994). A c value of 0.50

indicates no predictive ability where as a variable with perfect predictive power

has a c value of 1.0. ROC plots have been usedto examine microbial carriage

(Radford et al., 2001 ), prior caries experience and to determine the extent of

varying oral health due to deprivation (McMahon et al., 2010).

Slope index of inequality (SII) and Relative index of inequality (RII) are
regression based methods that involve calculating the mean health status of
each socioeconomic group and then ranking groups by their SEP Sllis
interpreted as the absolute difference in health by moving from the lowest
socioeconomic group to the highest. The Sl can be divided by the mean | evel of

health to estimate relative differences - called the RII.

Sll and RII are appropriate to measure how health varies with increasing SEP as
opposed to comparisons between SEPgroups. These indices take into account
the differences in the proportions of the population in the different categories

of a SEPvariable, thus enabling direct comparison between SEPvariables
(Mackenbach and Kunst, 1997. RIl is considered useful for making comparisons

between geographic regions or cohorts.

Recently Sllwas applied to Scottish epidemiological data of five -year-olds from
1993/94 to 2007/08. A downward trend in Sl demonstrated improvements in
absolute inequality (Blair et al., 2013) . These findings echoed with deciduous

caries inequality trends observed in Australia (Do et al., 2010).
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The Concentration index is calculated as twice the area between the
concentration curve and the line of equality . The concentration curve models
the cumulative distribution of a health outcome against the cumulative
proportion of individuals by SER ranked from lowest to highest. This curve is
then compared to the line of equality . If the concentration curve coincides with
the line of equality , all individuals have the same level of health. If the curve is
under the diagonal, health is concentrated in persons o f higher SER and vice-
versa (Regidor, 2004).

238Approaches to address inequality

Universal population approach es or targeted individual approach es ontheir own

are considered inadequate for improving dental health and reducing inequalities

(Shaw et al., 2009). Instead a combination of the two approaches 6 di r ect ed
population approach® h as b e e n Thstojogstietbéepd.opor ti onat e
uni v er stetedgy propdsed for tackl ing health inequalities by which actions

are applied universally, but with the scale and intensity matched to the level of
disadvantage (Marmot et al., 2010 ). This essentially acknowledges health

inequalities as a gradient over extreme diffe rences between the well off and

worst off. Another key recommendation has been prioritising investment in

prevention and health promotion from early years (Marmot et al., 2010 ).

There is some evidence that interventions focusing on individual behaviour
(individualistic approach) alone may have limited e ffect in reducing inequali ties
or even increase them, due to greater uptake among more affluent groups
(Schou and Wight, 1994 . These narrowly focused preventive and educational
6downstr eamd havetheenciteiped if @ms 6vi cti mouved ami n
simplifying the problem, by neglecting the wider circumstances in which people
live and behaviours are learnt (Watt, 2007). Consequently, Watt (2007),
following on fr om the WHO (1986) Ottawa Charter and the more recent WHO
Commission on Social Determinants of Health (2008), advocates a more
Oupstr ea modaeceelop poblicdhealth strategies and policies which address
the underlying social determinants of oral diseases(Watt, 2007). A combination
of both upstream and downstream interventions has b een suggestedto best
address inequalities (Scottish Governement, 2008). The combination ensures

that the root causes of inequalities are addressedwhile those who are victims to
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health-compromising behaviours are supported. The common risk factor (CRF)
approach has also been recommended to addressthe shared risk factors
(behavioural-shared risk and common social determinants) associated with
various chronic health conditions (like cardiovascular diseases, obesity and oral
diseases)(Watt and Sheiham, 2012). The prevalence of most chronic health
conditions is highest among the deprived and adopting the CRF approach means
reducing inequalities, and creating supportive environments for promoting

health in the whole population . It also avoids duplication, increasing

effectiveness and efficiency of health promotion.

2.3.8.1 Other chronic health condition with shared risk factors

Some risk factors associated with dental caries; hamely diet and socioeconomic
position overlap with that of the obesity epidemic (Spiegel and Palmer, 2012).
Childhood obesity is an important predictor of adult obesity and o ther chronic
diseases including heart disease, certain cancers, type -2 diabetes and stroke.
Additionally, it has important social and psychological consequences. The
prevalence of obesity and overweight in children in the UK remains one of the
highest amongst industrialised countries, and the most recent figures for
Scotland report 14.9 % of P1 children overweight, obese and severely obese (ISD
Scotland, 2013a). Additionally , data from the Child Health Surveillance
Programme (CHSP (ISD Scotland, 2013a)and the 2011 Scottish Health Survey
indicate obesity to be strongly associated with deprivation (SIMD), although it
did not follow any particular pattern  (The Scottish Government, 2012). Results
from recent systematic reviews are equivocal of a re latio nship between the two
conditions for the primary dentition (Hayden et al., 2013). There is a need to
understand the relationship between dental caries and obesity and any potential
pathways of the association if one exists, so that common approaches to
prevention can be identified (Sheiham and Watt, 2000).

239Pol i cy <Sccmottd xatnd

The Scottish Office Home and Health Department published in its Health
Education in Scotland- A national Policy Statement (1991) the first dental health
target for Scottish children of 60% of children to have no obvious decay

experience by 1995. Later on, publications of White Papers on Health (The



61

Scottish Office, 1999, Scottish Executive, 2003) emphasised new approaches
towards child health improvement with an emphasis on reduction of health
inequalities by focusing on early years interventions. The key policy document
that has influenc ed oral health in children within Scotland in recent years is the
Action Plan for Improving Oral Health and Modernising Dental Services in
Scotland (also calledthe 6 Scot t i sh Dent/(&dottisAExecutvey Pl ano
2005). This action plan outlined a range of oral health improvement measures in
children and a number of ambitious mile stones to achieve, including the three
times unachieved target of 60% of children to have no obvious decay experience,
this time by 2010. This target was met for five-year-olds for Scotland as a whole
in 2010 (Macpherson et al., 2010b), with a Il NHS boardsmeeting the target in
2012 (Macpherson et al., 2012).

2.3.9.1 Childsmile

Childsmile is the Scottish national oral health improvement programme for

children, initiated in 2006 in response to the Scottish Dental Action Plan

(Scottish Executive, 2005). It is based around the principles of the WHO Ottawa

Charter for health promotion (World Health Organization, 1986) ( kuilding

healthy public policy § Gcreating supportive environments § Gstrengthening

community actiong Gevelo pi ng per s onal-orientatind Headtl® , and ¢
servicesd ) ; indormeéd by published clinical guidelines (SIGN, 2000 SIGN,

2005) and previous pilot oral health improvement programmes in Scotland (Blair

et al., 2006 ).

Childsmile aims to improve the oral health of Scottish children and reduce
inequalities both in dental health and in access to de ntal services from infancy
through a universal and targeted approach (Macpherson et al., 2010a, Marmot et
al., 2010). Childsmile consists of four components- Childsmile Core, Childsmile

Practice, Childsmile Nursery and Childsmile School (Macpherson et al., 2010a).

2.3.9.1.1 Childsmile Core

The Core component is universal: every child in Scotland is provided with
fluoride toothpaste and toot hbrusheson at least six occasions until the age of 5

years. The Core programme also includes provision for the daily-supervised
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toothbrushing of every three and four -year-old in all nu rseries and additionally
to targeted Primary-1 and Primary-2 children attending schools in the 20% most

deprived areas in each Health Board in Scotland (Macpherson et al., 2010a).

2.3.9.1.2 Childsmile Practice

The Practice component focusesonchil dr ends or al thhaedhklpsh f r o
to link families to Pri mary Care Dental Services by six months of age. All children
are invited to take part in the Practice Programme. Families are risk assessedby
health visitors around eight weeks old to determine whether they need

additio nal support from a Dental Health Support Worker (DHSW) (Macpherson et
al., 2010a). DHSWyuyisit these families in their homes to facilitate attendance at
Childsmile dental practices , reinfor ce oral health messages and link families to
other community activities that support oral health.  Parents are encouraged to
take their child to a dental practice at least every six months, where
toothbrushing demonstrati ons and dietary advice are given. Children over two
years are able to receive fluoride varnish applications and fissure sealants at the
dental practice. Fissure sealants seal off the pit and fissure surfaces of the teeth
that are particularly susceptible to caries. Dental practices are paid by the NHS

to provide these preventive interventions (Scottish Government, 2011).

2.3.9.1.3 Childsmile Nursery and Childsmile School

This component of Childsmile provides fluoride varnish applications, delivered
by Extended Duty Dental Nurses (EDDNsjrained through Childsmile in targeted
nurseries and schools (located in the 20% most deprived areas in each Health
Board) and identify children with dental care needs to facilitate dental

attendance.

2.3.9.2 Evaluation of complex health interventions

Childsmile is a complex intervention involving multiple aims, interacting
components, targets, processes and outcomes and stakeholders; informed by
evidence, theories of change and relying on multiple behaviours from those
delivering or receiving the intervention. A dditionally, there is local tailoring

within NHS boards influencing its delivery and possible effectiveness (Craig et



63

al., 2008, Macpherson et al., 2010a, Turner et al., 2010 ). Addressng its
complexity, Childsmile has been subject to a comprehensive evaluation
(Childsmile Research andEvaluation Team (CERT), 2009 following the Medical
Research Council(MRC)guidance (Craig et al., 2008). The MRC guidance suggests
developing interventions syste matically using the best available evidence and
theory, then to tes t them using a phased approach starting with a series of pilot
studies targeted at each of the uncertainties in the design, and mov ing on to an
explorator y and then a definitive evaluation (Figure 2-2). T he results should be
disseminated widely, with further research to facilitate and monitor the process

of implementation (Craig et al., 2008) .

Feasibility and piloting
Testing procedures
Estimating recruitment and

retention
Development Evaluation
Identify evidence base Assessing effectiveness
Identify/develop theory Understanding change process
Modelling process & outcomes Assess cost effectiveness

Implementation
Dissemination

Surveillance and monitoring
Long term follow -up

Figure 2-2: Elements of development and evaluation process of a complex intervention
(Adapted from Craig et al., 2008)

24Cohort studi es

2411 ntroducti on

A well-designed cohort study is a vital method for evaluating causality in
epidemiology asit can indicate the temporal framework of exposure and

outcome, providing strong scientific evidence (Level Il evidence). Although the
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need for a large sample size and potentially long fol low-up duration might have
cost and time implications, ¢ ohort studies are particularly advantageous in
establishing risk factors asexposure is always assesed prior to disease
development (Song and Chung, 2010. In addition, incidence and relative risk
can be assessed inthe exposed andthe unexposed They also have the powert o
examine rare exposures and examine multiple disease outcomes simultaneously.
A prospective cohort study is the ideal design to test causal life -course
hypotheses (Nicolau et al., 2007 ). Although biases from loss to follow -up; and
those from outcome information being influ enced by knowledge of exposures are
inevitable limitation s of cohort studies, b aseline data on t hose lost to follow -up
can be compared with those remaining in the cohort for evaluating effect of

attrition on estimates (Song and Chung, 2010)

242Cohort

stu
young chil

dies exploring risk fa
dr en

A thorough consideration of the literature on all cohort studies exploring risk

factors for dental caries in young children is beyond the scope of this section.

Numerous factors have been associated with caries develop ment in young

children, but there are few quality longitudinal studiesc onf i r mi ng O6r i s
(Harris et al., 2004). This section will briefly review and systhesize results from

major cohort studies that were thought to be generaliziable and/or relevant to

the population under study , assessed multiple risk factors , used multivariable

statistical analysis and had an acceptable attitrition rate.

Grindefjord et al. (1995 ) assessed risk factors for dental caries development
among 692 Swedishtwo and half -year-olds. They found 92% of those with caries
at baseline develope d new lesions during the one-year period and high sugar
consumption, mot her 6 s a attairomertt j immigrant background and
mutans streptococci coloniza tion at baseline were assodated with caries
development and progression at three and a half years (Grindefjord et al.,

1996). The four risk factors w ere found to be cumulative ; with the probability of
caries developing by three and a half years estimated to be 80% Another study
of 289 Swedish children examined at one, two and three years of age, and their
parents interviewed about the children's oral hygiene and dietary habits at one

and two years of age highlighted the balance between sugar consumption and
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oral hygiene practices in caries development (Wendt et al., 1996 ). Children
engaged in caries-risk dietary behaviour like frequent consumption of a sugary
drink at one year of age showed an increased likelihood of no caries experience
at three years when strict oral hygiene practices (including the use of fluoride
toothpaste ) were observed at two years of age. Similar findings were reported
among 135Finnish children followed up prospectively from three to six years of
age (Karjalainen et al., 2001). The combination of sweet intake more than once
a week and the presence of visible plaque at three years gave 1.7 fold increase
in caries risk at six years as compared to children with neither habit (Karjalainen
et al., 2001) . These two risk factors have shown to have a significant positive
correlation with the mutans streptococci levels in plaque (Habibian et al., 2002) .
In a cohort study of 163 Englishinfants, children who did not brush regularly by
12 months of age and those who ate/drank more frequently during the day were
more likely to show mutans streptococci in their plaque at 12 months of age
(Habibian et al., 2002 ).

Litt et al. (1995 ) employing a multidimens ional model followed 184 low income
Connecticut three to four -year-olds for a year to evaluate caries development .
The study collected interview data from parents regarding sociodemographics,
dent al knowl edge, ,ord hyyiehdmactises qradisome infana k e
feeding practice s in addition to collecting saliva samples from children to assess
S. mutans levels. The study found baseline S. mutans levels strongly predictive

of caries at five years of age, and baseline S. mutans levels strongly predicted
by sugar intake levels, which in turn was predicted by ethnicity and parental
self-efficacy . Negative parental atti tudes towards diet have been related to
caries increment between ages three and five , with children of parents with
negative attitude at both ages experien cing the highest risk of caries ( OR = 6.0,
95% CI [2.7 t013.4]) (Skeie et al., 2008) . While dental attitudes improved in
parents over a two yearso period, children of mothers with low educational
attaintment and immigrant status maintained negative dental attitudes (Skeie et
al., 2010).

A longitudinal study of 642 lowa children collected c aries risk factor data from
one to five -year-olds and examined children for caries from four to seven years

of age (Marshall et al., 2003 ). The study found that older a ge at dental
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examination, lower family inco me, less frequent toothbrushing and higher non
diet soft -drink consumption were facto rs associated with caries. ldentical
findings were found when 128 six months olds from low SEPin lowa were
followed up after a year (Warren et al., 2009) . However, socioeconomic position
was not found to be associated with caries in this study, possibly due to reduced

variation in SEP in the sample.

Whilst there are no longitudinal data on the dental health of young children in
the UK, a number of birth cohort studies are ongoing starting from the National
Survey of Health & Development (NSHD)in 1946. Noteworthy are the more
recent Avon Longitudinal study of Parents and Children (ALSPAC)(Golding, 1990)
and the Millenium Cohort Study (Plewis and Ketende, 2006). The ALSPAQas
followed more than 14 ,000 children of Avon (England) since 1991 from thei r
mot her sd pr e g n.aDancdn€600,ousing the ahtm from ALSPAG
examined 10% of the samge for caries status at two and a half, three and a half
and five years of age. Children who lived in council or rented property and

whose mothers were educated only up to O -level standard were more likely to
show caries. A strong association between the f requency of consumption of
chocolate at six months and 15 months and caries experience at five years was
also shown. Although multivariable analyes was not pursued in this study
(Duncan, 2000), the ALSPAC have shown poor dietary habits @iet based on high-
fat and sugar content, p rocessed and convenience foods) at four and seven years
of age significantly more likely among children with mothers of low educational
attaintment and where the child had more siblings (Northstone and Emmett,
2005). These findings are in line with the GUS study , a large-scale longitudinal
survey tracking Scotlandds children and 1
their teens since 2005. The GUS study offour to five -year-olds found indicators
of socioeconomic circumstances associated with eating patterns and
toothbrushing frequency (Bradshaw, 2008). Children from the lowest income
households were twice as likely to report lower frequency of brushing compared
to those in the highest income households (Bradshaw, 2008). In a large cohort
(1,500) study of infants examined and sampled annually from one to four years

of age in Dundee, caries prevalence has been shown to increase with age and
social deprivation . Social deprivation (measured as DEPCATand lactobacilli

were correlated, independently of caries status, amongthree and four-year-
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olds. Correlations between mutans streptococci and deprivation were found

among two -year-olds with enamel lesions and in three -year-olds with dentine

lesions (Radford et al., 2000, Radford et al., 2001 ). Consequently, a risk

assessment modelwas developed, which showed that the two significant risk

factor s at age one year for the child having at least three carious teeth at age

four years waslliving in councilhousing and t he heal t h ofthesi t or
c hi Irigsk @fscaries (sensitivity=65%, specificity=69%) (MacRitchie et al., 2012).
However, there is limited evidence that the use ofCa caries risk assessment tool

aids caries prevention.

The most recent UK-wide Birth Cohort, Life Study aims to recruite over 80,000
babies and their families from a wide range of backgrounds and follow them

from their pregnancies to adulthood (Dezateux et al., 2013) . The study will
collect a large amount of data- social, environmental, behavioural and biological
samples. The study is promising in that it can explore the interplay between
various factors and the mechanisms gerating through the | ifecourse. In
addition, the stud y has implications for genetic studies which may partly explain
the increased predisposition of individuals from deprived backgrounds to

develop chronic diseases, through as yet unknown mechanisms.

243Summar y

In summary, a combination of socioeconomic factors [family income (Fontana et
al., 2011), maternal education (Grindefjord et al., 1995, Grindefjord et al.,

1996, Wigen et al., 2011), neighbourhood disadvantage (Ismail et al., 2009)],
immigrant status (Grindefjord et al., 1996, Wigen et al. 2011), dental health
beliefs and fatalism (Ismail et al., 2009), sugar consumption (Karjalainen et al.,
2001), oral hygi ene factors (Grindefjord et al., 1995, Wendt et al. 1996,
Radrigues and Sheiham, 2000) and nutans streptococci levels (Warren et al.,

2009) feature as significant risk factors for childhood caries.

Comprehensive cohort studies are yet to be undertaken to reveal the relative
importance of each risk factor and the extent of the relationship between each
other. The above is not a comprehensive review of all cohort studies, but all  of
the studies reviewed above except one (Litt et al ., 1995) have carried out

analysesat one level, thus neglecting the sequence of direct and indirect
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influen ces and interaction patterns . This also means that all risk factors are
treated equally, often underestimating the effect of the wider determinants of
caries. There is clearly a lack of focus on the causal pathways between the
various risk factors for caries in young children, which may suggest new
explanations for the gradient in caries . Furthermore, relatively fewer studies
have been carried out on you ng children under three years of age on a large
birth cohort. Complex concepts like SEP have not beenmeasured
multidimensionally, which means the wider social determinants which impact on
dental health remain under -studied. Consequently, the development o f caries in
very young children and the mechanisms underlying the socioeconomic

inequalities in the dental health of young children remains less understood.

There is a scarcity of well designed cohort studies, conducted in very young
children initiated as early in life as possible . In order to understand the natural
history of caries development and to identify which biological, behavioural,
psychosocial and socioeconomicfactors in early life may increase risk or protect
against caries, it is crucial that a longitudinal study on a birth cohort is
designed. Such a study will need to be large by design to test multiple
associations, interactions and directions of effect, whilst adjusting for putative

confounding factors.

244 | mportance of pilot studies

The MRCexplicitly recommends the use of feasibility and pilot studies for
avoidance of problems associated with sample size calculation, recruitment and
retention , acceptability and compliance that impede evaluations ( Craig et al.,
2008). Additionally, they can test and validate measures, assesstime and budget
problems and potential perso nnel and data management issues (van Teijlingen
and Hundley, 2001). However, caution must be exercised when interpreting pilot
studies results when making assumptions about the numbers required w hen the
evaluation is scaled up as effects may be more variable and response rates lower

when the intervention is rolled out across wider settings (Craig et al., 2008).
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25Summary of Literature review

Dental caries is the dissolution of tooth surface caused due to acids produced by
bacteria after fermenting sugar (Hicks et al., 2004). Caries in young children is a
major public health problem worldwide, with recent studies reporting an

increase in caries prevalence and a skewed distribution in many developed
countries (Bagramian et al., 2009). It stands as the most common chronic disease
of childhood , worldwide and in Scotland (Centers for Disease Control and
Prevention, 2012, ISD Scotland, 20133. It has a significant impact on childrend s
general health, future oral health and quality of lif e, and results in a substantial

economic burden for the health service (Sheiham, 2006).

Data from oral health inspections of young children in Scotland show a
continuous steady improvement in dental health since 2003 (NDIP, 2019.
Despite these improvements across Scotland there is a significant number of
childre n experiencing caries, with those at the lower end of the socioeconomic
spectrum suffering the greatest burden of disease (NDIP 2014. The relative
improvements in the caries rates across all social groups have largely been
attributed to the nati onal child oral health improve ment programme, Childsmile
(Macpherson et al., 2013). Childsmile adopts a life-course approach commencing
in infancy offering a range of interventio ns- some applied universally, others in
proportion to the level of disadvantage (Macpherson et al., 2010a, Marmot et
al., 2010).

A wide range of risk factors have been found to be associated with caries in
young children from the extensive literature available (Harris et al., 2004) , with
strong evidence of a young child being most likely to develop caries if they
acquire S. mutans at a young age (Parisotto et al., 2010) . However, li mited
studies have completely acknowledged the competing behaviour and interplay of
a number of factors (diet, oral hygiene practices, fluoride, parental attitudes &
beliefs and socioeconomic factors) that directly/indirectly influences the level
of bacter ial activity and in turn the development of caries . While family and
broader socio-demographic influences on oral health have had an increased
focus of attention , little resea rch has examined how biological, behavioural and

psychosocial factors interact to determine the onset and progression of caries in
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young children. There is a shortage of high quality studies using a longitudinal
design (Harris et al., 2004) carried out in the youngest age groups using
validated tools. Consequently, the development of c aries in very young children

remains less understood.

There is substantial evidence of socioeconomic inequalities in dental health
commencing from childhood , worldwide and in Scotland (Reisine and Psoter,
2001; NDIP, 2014. Although various theories have been discussed to explain how
inequalities form (Sisson, 2007) there is limited knowledge about the
mechanisms that sustain the gradient . Whilst a number of studies have
empirically tested the extent to which the socioeconomic gradient in oral health
was explained by behaviours in adults and adolescents, only one study has been
conducted among young children (Slade et al., 2006). Although behaviours did
not fully account for the socio-economic gradient in oral health , none of the
studies included explicit variables on all important oral health -related
behaviours while using validated mea sures. There is speculation that material,
behavioural and psychosocial factors need to be taken into account in a

longitudinal study in explaining the SE inequalities in oral health (Sisson, 2007).

There is a need for preventive interventions to commenc e early in life, which
requires a thorough understanding of the causes of the disease, and how these
interact with socioeconomic factors in the youngest age group. In order to
estimate the precise extent of the relation between specific  risk factors and
caries and their interaction with socioeconomic circumstances , a coherent
disease model is required that evaluate both upstream and downstream factors .
This model should also permit multivariabl e analyses to control for confounders
and interactions and allow direction of effects to be modelled . Only with such a
disease model will it be possible to investigate the relation between the
occurrence of a determinant and dental caries, and to estimate the extent of

this relation. In addition, it remains unknown h ow Childsmile interventions
delivered at different times through childhood impact on these relationships and
disease outcomes. This requires a longitudinal study design collecting data at
the individual level prospectively. Cohort studies have to be large by design to
test associations and directions of effect, whilst adjusting for  putative

confounding factors. The MRC recommendsa feasibility and piloting phase to
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test the methods and procedures before using them on a large-scale to avoid

methodological and logistical problems and adequately power future cohorts .

This study aims to explore the feasibility of building a cohort of Scottish young
children to design a larger cohort study that will inform and evaluate the
contribution of Childsmile interventions to oral health improvement and

reduction of oral health inequalities in Scotland in to the future.
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ChapteRes3earch Aims and Ob

3.1 Ai ms

To assess the feasibility of recruiting and following up a cohort o f preschool
children and collecting data to investigate behavioural, biological and social

factors associated with dental caries.

320bjectives

1. To develop procedures and pilot tools and methodologies to be used in a
large cohort study within Childsmile in t he future, and identify challenges
associated with such a study. In particular

i.  To assess recruitment, consent and participation metrics

ii.  To assess the feasibility of undertaking a detailed oral examination
and plaque and saliva collection in nursery and s chool settings

iii. To assess the feasibility of measuring heights and weights in
addition to oral health assessment within nursery and school
settings

iv.  To determine the response rate and completeness of
guestionnaires completed by parents

2. To produce Standard Operating Procedures for successful methods

3. To produce statistical models for associations between biological,
behavioural and social factors and dental caries

i.  Risk models
ii.  Models explaining socio-economic gradient
4. To use these models to consider sample size requirements for a cohort

study.
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ChapteMetdhods and Materi al

41Study design

A longitudinal cohort study design was used to collect data prospectively on

children aged four to five years followed -up one year later.

42Hypot heti cal pat hway

The study design, data collection and data analyses were driven by a

hypothetical pathway. The hypothetical pathway shown in Figure 4-1 considered
the multiple influences on caries, adapted from Fisher-Owens et al. (2007).
Pathways were hypothesized based on previous findings from studies utilising
sophisticated statistical techniques like structural equation modelling  in other
populations (Litt et al., 1995 ; Gao et al., 2010; Qiu et al., 2014) .

This hypothetical pathway ackno wledges the influence of the social drivers in
dental health inequal ities, the causes of the causes, as th e key cause of caries.
These social factors that are distal (farther in the pathway) to the  outcome,
pattern the more proximal influences on dental health such as oral health
related behaviours through intermediary psychosocial pathways (Petersen,
2003).

According to the conceptual model in Figure 4 -1, biological and behavioural
factors may be considered as proximal risk factors, whereas social fact ors (SEP)
may be considered a distal risk factor . The relationship of oral health related
behaviours with socioeconomic position on one hand and caries on the other
suggests that oral health related behaviours may play an important role in the
observed sodoeconomic inequalities in caries. The biological, behavioural,
psychosocial and socioeconomic factors of interest will hence be collected in

Sweep 1 and the main outcome measure, caries experience at Sweep 2.
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Figure 4-1: Hypothetical pathway related to the development of caries in young children
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43St udgampl esamplé& sseitztei ng

A random sample of Local Authority nursery schools within Glasgow City, who
previously participated in the NDIP in 2009/2010 were stratified by the Scottish
Index of Multiple Deprivation (SIMD) and caries prevalence. All children in the
preschool year of nursery (aged four t o five years typically) and their parents
were eligible to participate in the study. The sample size for this pilot cohort
study was approximately 200 preschool children and their parents. This was
considered a reasonable sample size on which to conduct th e pilot study over
two academic years, with a single researcher and limited funding, whilst
ensuring a reasonable amount of variation in key measures. Based on a
recruitment rate of 40% from previous Childsmile study experience (Tsakos et
al., 2012), to re cruit 200 families, 600 families were to be invited . In addition,
based on anaverage preschool nursery class roll of 40, we estimated the need to

approach 14 nursery schools.

44Et hi cal approval

441Research Ethics Committee approv

The Research EthicsCommittee (REC) application was completed online using
the Integrated Research Application System (IRAS) The application was sent to
the West of Scotland REC, along with the study protocol, participant invitation
letter, participant information leaflets (PIL), consent forms and draft versions of
the questionnaires that were developed for the purpose of the study. Foll owing
a meeting with REC 4 at the Glasgow Royal Infirmary in December 2010,
attended by the principal supervisor and the author; ethical approval was
granted with minor amendments for the conduct of a longitudinal study (REC
reference - 10/S0704/1/62 ). The minor amendments included changes to the
wordings of the PIL and format of the consent form . The ethical application
included details of how informed signed consent was to be sought from parents

and information on the inclusion and exclusion criteria fort he study.

Inclusion Criteria
1. Attendance at a local authority nursery school that has undergone NDIP
2009/2010
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2. Based in pre-school year

3. Positive consent from parent (return of signed consent form )

Exclusion Criteria
1. No positive consent from parent

2. Known chronic illness.

On liaison with the NDIP team coordinator, Dr Yvonne Blair after the first sweep
(Sweep 1) of data collection it was apparent that not all of the participants in
this study were sampled to undergo a detailed NDIP dental exam in the primary
school year (2012) and will therefore have no outcome data in Sweep 2. A major
amendment was thus applied for in December 2011. This amendment described
a change in the Sweep 2data collection process, from record-linking to the
National Dental Inspection programme (NDIP) databasesto carrying out a clinical
dental examinati on within primary schools by the primary researcher . The
committee gave a favourable opinion and approval was granted the same month
(REC refaence- 10/S0704/1/62).

Permission wasalso sought from the Education Services of the Glasgow City
Council to approach nurseries within Glasgow City and invite them to take part
in the study.

442Sponsorship

Dr Debra Stuart from the University of Glasgow , Clinical Trials Unit acted as the

Research Gvernance Sponsorfor the study.

443Fundi ng

The study was funded by Childsmile; funded by the Scottish Government. Some
minor costs (e.g. printing and postage of participant information packs ) were

borne by the Univ ersity of Glasgow.



77

444Recruitment and Consent
4.4.4.1 Sweep 1- Nursery Phase: Cross-sectional (Marchi June 2011)

Based on an averag preschool class size of 40, head teachers at 14 nursery

schools within Glasgow City were sent letters inviting their nursery to take part

in the study and to attend a meeting at the Glasgow Dental Hospital and School

(GDHS) The Head t eacher shenatuee eftthe siugly amckwhdta i n e
would be involved. All nurseries were offer ed a contribution towards their funds

as a token of appreciation (incentive) . Following the meeting, names, dates of

birth and postcodes of all preschool children from each nursery was requested.

Figure 4-2 outlines the recruitment and data collection processthat was

involved in Sweep 1

Information packs were delivered (by hand) to head teachers/assigned (March-
June 2011) at the nurseries requesting distribution to all preschool children. The
information pack contained a n invitation letter and a participant information
leaflet (Pack 1- Appendix B) addressed to the parent/guardian of each child
based in the preschool year of the selected nurseries. This pack invited potential
participants to take part and briefly explained what they would be asked to do.

A week later a consent form and prize draw slip (Pack 2= Appendix C) were
handed out by the nursery -staff in sealed envelopes addressed to the
parent/guardian of each preschool chi Id in the participating nurseries, which
was to be returned to the nursery if they chose to take part. Children whose
parents signed and returned the signed informed consent forms were included in
the study. Parents/guardians were given a period of 2 weeks to return consent
forms before a reminder leaflet was sent. Additionally, the head teachers at
nurseries discussed participation with parents/guardians - some by sending text

messages, others verbally.

On return of the cons ent form, through the nursery, three questionnaires were

sent to the childds parent/ guadracdisarstalnacre
guestionnai r ¢afletanu dfreeepost retardenvelope (Pack 3

Appendix D), requesting completion and return to the nursery. The leaflet

offered to provide help in completing questionnaires either face -to-face with

the researcher or over the phone. If help was needed, parents were asked to



contact the researcher us ing the contact details that were given on the leaflet.
A visit was arranged to the nursery school after agreeing with the nursery-staff

for data collection and questionnaire collection.
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Letter & information leaflets
(IL) to Head Teacher

I

If interest expressed, follow -up
telephone call from researcher,
organize meeting

|

Pack 1 to potential participants
through Head Teacher/Nursery

11 week

Pack 2 to potential
participants

¢ !

Positive consent Negative consent/ No
response
Questionnaires sent Do not participate
through nursery

'

NURSERY VISIT:
1 Dental examination
1 Anthropometric measures
1 Saliva/plaque sample
collection
1 Collection of completed
guestionnaires

'

Data linked to NDIP and CS

databases

ANALYSIS

Figure 4-2: Flow diagram of the recruitment and data collection procedures in Sweep 1
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4.4.4.2 Sweep 2- Primary School Phase: Longitudinal (April-June 2012)

Destination primary sc hools (53 primary schools) for all children who had
parental consent were traced from nursery records and crosschecked & the
Glasgow Education Services.Figure 4-3 outlines the follow -up and data

collection procedures that were involved in  Sweep 2

All children who had a signed parental consent (n=219) were contacted for
follow -up a year later (April- June 2012). Of particular focus were children who
had complete data (clini cal and questionnaire data) in Sweep 1 One of the
following routes were used to follow -up children:
1 Inviting the parent and child for a data collection session organized at the
GDHS
1 Visiting the c hild at their respective primary schools (located within
Glasgow City only)
7 Offering home visits for those parent -child dyads who had difficulty

commuting to the Dental hospital or had relocated out with Glasgow city.

Head teachers at 32 primary schools within Glasgow City were sent emails
introducing the study and requesting an opportunity to examine participating
children in the primary -1 year who were a part of the study. This was followed
up by a phone call from the researcher to explain the nature of the study and

what would be involved.

Information packs were sent by post to head teachers at the schools, requesting
distribution to participating children. The information pack contained a letter

and a participant information leaflet ( Pack 1) addressed to the parent/guardian
of each child based in the primary -1 year of the schools. This pack in formed
parents about the follow -up data collection and briefly explained what they
would be asked to do. It was made clear to parents that their participation was
voluntary and they may withdraw from the study at any time. A week later, the

children were seen by the researcher at their schools for data collection.

On the day of data collection, another pack ( Pack 3) was distributed to the
children. This pack conta ined a covering letter, 6 h e legflét , three

guestionnaires and a postage paid envelope addressed to the parent/guardian.
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The letter requested questionnaire completion and return to the ~ GDHSusing the
postage paid envelope. The leaflet offered to provide help in completing the
guestionnaires either face -to-face with the researcher or over the phone. If help
was needed, parents were asked to contact the researcher us ing the contact

details that were provided on the leaflet.

Attempts were made to follow -up children at the remaining 21 primary schools
over the phone. T he parent and child were invited for a scheduled data
collection session organized at the GDHSor offered home visits. Parents were
given the flexibility to choose a day and time of their choice ; and offered travel
reimbursements by bus or train if they chose to attend the organized event at
GDHS.



Letter & information leaflets
to Head Teacher by Email

|

Follow-up telephone call from
researcher, explai n study, organize
date for data collection

v

Pack 1 posted to Head Teacher
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1 Anthropometric arent an ome
measures child OR visit
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1 Sallva{plaque sample GDH over
collection - the phone
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|
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child to parent

Data collected as above,
along with questionnaires

Data linked to Childsmile databases

¢

ANALYSIS

Figure 4-3: Flow diagram of the follow up recruitment and data collection procedures in
Sweep 2
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45Data Coll ecti on

451Devel opment of Questionnaires

Two questionnaires, OAdpendiXxE)& oduAb dSu tu dyo WCrt
f a mi(Appeddix F) were developed for self -administration by

parents/ carers of preschool children. Both questionnaires were constructed

in consultation with the literature  and experts in the various fields and where
possible, questions previously used in established population health surveys in
Scotland were included (The Scottish Government, 2009a). Questionnaire
items comprised a combination of open -ended (e.g. age at first dental visit );
and closed questions with pre-defined response categories to which

parents/ carers were asked to respond by ticking a box. The questionnaires
were piloted in December 2010 . Following some minor changes to the
wordings after the pilo tin December 2010, the questionnaire s were usedin
March 2011 (Sweep 1) and again in April 2012 (Sweep 2.

4.5.1.1 About Your Study Child questionnaire

This questionnaire was designed to gather data pertaining to the child taking
part in the study. It was comprised of 24 questions, grouped into four
domains: oral hygiene practic es, early feeding habits ; use of child dental

services, and parental attitudes and belief s around oral health (Appendix E).

4.5.1.1.1 Oral hygiene practices

This section of the questionnaire asked seven questions around oral hygiene
practices that have previously appeared to show consistent association with
caries in preschool children (Harris et al., 2004 ). The questions included -
daily tooth brushing frequency, age at start of regular toothbrushing,

tooth brushing just before bedtime and parental assistance/supervision at
tooth brushing time. A further three questions were adapted from Conway et
al. (2005); a question on rinsing behaviours after tooth brushing and two
dphotograph menusd from which the parents were asked to indicate the
quantity and brand of toothpaste used. The photographic menu was
constructed using nearly all brands of toothpaste s that were available for
children in Scotland, and common family toothpastes in 2010/2011. This was

used to assess if the toothpaste used at home contained the recommended
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minimum concentration of fluoride for pres chool children (1000 parts per

million).

4.5.1.1.2 Use of dental services

This section of the questionnaire asked
of dental services. The questions were adapted from those used in

established surveys (Survey of sugar intake among children in Scotland, 2008)
including age at first dental visit, the reason for first visit and frequency of

routine check up.

4.5.1.1.3 Early feeding habits

This section of the questionnaire aimed to explore early feeding practices as
an infant in relation to the child taking part in the study. Six questions

around early feeding practices previously known to be related to caries
experience were adapted from established surveys(The Avon Longitudinal
Study of Parents and Children (ALSPAC), 200Y. The questions included if the
child was ever breast fed, age at which bottle use was stopped, age at
weaning, frequency of night time bottle feeding at two & four years of age
and the frequency with which the amount of sugar intake was restricted at

home.

4.5.1.1.4 Parental attitudes and beliefs

After reviewing th e literature, a measure developed by health psychologists ,
based upon validated theoretical models of behaviour change , including the
Theory of Planned Behaviour, Health belief Model and Health Locus of
Control (Pine et al., 2004b), that was tested for validity and reliability inth e
population (Dundee, Scotland), was identified (Adair et al., 2004 ). However,
the questionnaire in its full form contained 40 items.  In a study of this nature
investigating multiple risk factors in caries, it was necessary to employ brief
items/scales that were reliable and valid , without over -burdening

participants.

A cautious yet pragmatic approach was taken to include important attitudinal
concepts as reviewed in Section 2. 2.9.4.1 and then built scales based on
inter -item and item to scale correlations for this sample. Positive scores were
given to favourable responses to oral health and negative scores to

unfavourable. The sum of these scores formed a quantitative expression of
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parental attitudes towards oral health, with a  higher score indicating

favourable attitude. Cr onbachds al pha was used to m

consistency of the scales.

In collaboration with a Behavioural psychologist (Dr Wendy Gnich), nine items
were adapted from Adair et al. (2004). A further item was a dapted from
Finlayson et al. (2007) to assess parent/carer 0 s b edentak Health n
fatalism . The parents/carers were asked to indicate their degree of

agreement to each of the 10 statements using a 5 -point Likert scale (from

strongly agree to strongly di sagree).

4.5.1.1.5 Other lifestyle factors

A single item was used as a proxy to measure sedentary behaviour. The
guestion asked the average number of hours the child spent watching
television or other such screen-based entertainment during school term (The
Avon Longitudinal Study of Parents and Children (ALSPAC), 200Y.

4.5.1.2 About Your Family questionnaire

This questionnaire was designed to gat he
familial and socioeconomic circumstances (Appendix F). A questionnaire

comprising of 14 closed-ended questions used in a number of other Childsmile

studies was adapted for the purposes of this study. Additionally, some

guestions were drawn from those used in the Scottish Health Survey (Scottish
Executive, 2009). For the ease of detailing and reporting results , the

guestions are grouped under domain names- child characteristics, ma in-carer
characteristics and socioeconomic circumstances (not grouped in the original

guestionnaire that was used).

4.5.1.2.1 Child characteristics

Questions that intended to gather child characteristics incl uded the ethnic
background of the participating ch ild- adapted from the Scottish Health
Qurvey (2009); birth rank of child and total number of childr  en in the

household d adapted from previous Childsmile studies.
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4.5.1.2.2 Main carer characteristics

Four questions were selectively chosen to gather information on who was
completing the questionnaire, their age, marital status and smoking status;

all of which were drawn from previous Childsmile studies.

4.5.1.2.3 Socioeconomic circumstances

Socioeconomic position was measured at both individual - and area-level.
Individual -level measures included gross annual householdincome before tax
and other deductions, education of the main -carer, receipt of benefits,
housing tenure and last/current occupation of the main -carer (only measured
at Sweep 2. Two questions were asked to the parent/carer about their
education- the number of years of full time education after leaving secondary
school, and the highest level of education achieved. In addition, at area-level
SHP was assessd using the Scottish Index of Multiple Deprivation (SIMD)
(Scottish Executive, 2009b). SIMD 2009 is now superseded by SIMD 2012.
However, it is considered appropriate to use the SIMD closst to data

collection (The Scottish Government, 2009).

452Tr ai minmg cal i brati on
4.5.2.1 Sweep 1: Cross-sectional

Dental examination : The author/ clinical examiner attended a one-day
training at the GDHSIin April 2010 for the NDIP Basic Inspection criteria. This
course prepares dentists to carry out Basicinspections for the NDIPacross
Scotland. The trainin g involved illustrated lectures and open discussion

sessions on how to record the inspections.
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Anthropometric measurements: The author/ same clinical examiner
attended another one-day training in September 2010 at the Yorkhill
Hospital. The training involved illustrated lectures and videos, open
discussions and pictice sessions in collecting height s and weights of children

according to Royal College of Paediatrics guidelines (RCPCH, 2013

Microbiological sampling: The examiner was also trained in collecting plaque
samplesusing a CPITN probeand unstimulated pooled saliva using Salimetrics
Chi I dr e n(8CSonaawittsample of six children at the GDHS in March
2011 The SCSis a long absorbent device made of inert polymer designed to
collect saliva from children under the age of six years. In addition,

appropriate storage measures and methods for recovering saliva and

processingwere identified .

4.5.2.2 Sweep 2: Longitudinal

Dental examination: The clinical examiner (SS) attended a mandatory two -
day annual training course that took place at the GDHSand Gartnavel IT suite

in February 2012. This course allows dentists to standardize the conduct of
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detailed inspections for the NDIPacross Scotland. The training involved

illustrated lectures, open discussion sessions and IT training on how to record
the inspections, based on the c riteria set down by the British Association for
the Study of Community Dentistry (BASCD) (Pitts et al., 1997 ). A further
session trained SS and a second dentist (NZ) in pairs to accurately

communicate codes and scribe examination details.

These were followed by clinical training sessions and calibration assessments

involving nursery children from two local authority nursery schools. The

results of all participating dentists were compared against an experienced
dentalexaminert o ensur e 0subst(handsiaradKocka 977 e me n t
with respect to inter -examiner reliabil ity of caries diagnosis at the d ;3 level.
Intra-examiner reliability was not assessed due to practical difficulties while

collecting multiple data at multiple nurseries/schools in  a limited amount of

time during the day .

453Mai n Study

Data were collected thro ugh:
1 Clinical examinations at nurseries /schools for saliva & plaque samples,
dental examination and height & weight measurements.
1 A semiquantitative food frequency questionnaire to explore habitual
intake of a range of foods that were of interest to the study.
9 Structured questionnaires to capture information on oral hygiene
practices, use of dental services, early feeding habits, socio-

demographics and parental attitudes &beliefs on oral health.

45.3.1 Clinical examinations

Clinical examinations were primarily carried out at nurseries/schools. All
necessary infection control steps, including hand -hygiene and the use of
disposable examination gloves were taken to ensure compliance w ith cross

infection guidelines.

4.5.3.1.1 Microbiological sampling
It is recommended that the selection of the sampling method is based on the

objective s of the study, age of the population and the method used in
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culturing organisms (Wan et. al., 2001) . This study involved collecting various

measures from about 200 preschool/primary school childrenin a
nursery/school setting and it was essential that the technique was quick and
acceptable to children and staff at the nursery/school . Since this study would
archive samples for future use to test multiple analytes, it was decided to
collect unsti mulated whole saliva that po ols in the floor of the mouth. This
was also easier and aesthetically more acceptable in a nursery/school

setting.

Trained dentist / s (SS and N4n Sweep 1, SS inSweep 2 collected saliva and
plaque samples from children under nursery/school settings. Unstimulated
whole saliva that pools at the floor of the mouth  was collected using
Salimetrics Chi |Wherepoésible Gnderbwele 8isc&i)aged
from supervised Childsmile toothbrushing sessions andeating/drinking for at
least one hour before the sample collection process. When this was not
possible, a record was made of what and w hen the child had last

eaten/dru nk. Oral swabs were placed in the mouth for up to 60 seconds, and
allowed to absorb saliva. Saliva-saturated swabs were then placed into sterile
swab storage tubes (Salimetrics, Europe LTD), transported on ice to the

microbiology laboratory.

Supragingival plaque was collected from the buccal aspect of the interdental
region of primary molars in each quadrant using a CPITN probe and placed in
400 L of double strength lysis buffer. If the primary molars were missing,
supra-gingival plague was collected from the labial aspect of the primary
central incisors or lateral incisors in that order. Both the sa mples were
immediately placed over ice and transported to the laboratory at Glasgow

Royal Infirmary .

4.5.3.1.2 Dental examination

Sweep 1: Cross-sectional

It was originally proposed that data obtained from the NDIP for ante -
preschool children would be record-linked and used in the cross-sectional
analyses. However, it was known at the time of recruitment  through the head

teachers that there were many new children enrolled in the preschool ye ar.
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On further liaison with the NDIP team coordinator, Dr Yvonne Blair, it was

apparent that not all of the participants would have undergone a detailed
NDIP dental exam in ante-preschool year and will therefore have no outcome

data in Sweep 1

Dental examinations were therefore performed according to the NDIP Basic
Inspection criteria using the A ctive/carious dentinal decay, Missing and
Restored (AMR index. All primary teeth were inspected under torch light
using a visual examination wit h the help of a No. 4 plain mouth mirror and a
ball end CPITN probe (ball diameter 0.5mm); and with children sitting . Teeth
were classified as

1 Sound

1 Active/Carious dentinal decay (A)
1 Missing due to caries (M)
1

Restored due to caries (R)

Probe use was restricted to clearing debris, detection of sealants,

restorations and cavita ted lesions greater than 0.5 mm. Cotton wool rolls
were used to clear teeth of debris and moisture where necessary. Suitable
spectacles were used to pr otdrcehlght wastoe ¢ hi |
A tooth was considered as carious (A) if there was vis ible evidence of a cavity
that involved the dentine. In addition, restored teeth with recurrent caries

were classified as carious. The missing component included only those
missing teeth thought to have been lost through caries. Conventions adopted
for missing teeth - any missing posterior tooth was considered as extracted
due to caries, while an incisor tooth was considered as missing when no
successor was obvious or when definite caries was apparent in adjacent
anterior teeth. All data collected were entered ontoa  data record sheet
(Appendix G) and a score was calculated after adding up the total number of
teeth showing active dentinal decay, missing due to caries and restored due

to caries.

The AMRindex has only been used for the Scottish NDIP and hasnever been
quality assured. The proposed record-linkage (Section 4.6 ) was pursued and
used to validate the Sweep 1(2010-11) caries data collected using the AMR

index.
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Sweep 2: Longitudinal

Although the AMR index was used to quantify caries at tooth level in  Sweep 1,
a single dentist who was trained and calibrated according to BASCD criteria
examined all children in Sweep 2 which was the primary outcome measure
used in this body of work. All children were examined based on the BASCD
criteria that record caries, which extends into the dentine (d 3level- cavitated
and visual) standardized for the collection of epidemiological data throughout

the UK (Pitts et al., 1997 ); observing standard infection control protocols.

All examinations were carried out using a No. 4 plain mouth mirror and a ball
end CPITN probe (ball diameter 0.5mm); and with children lying on a table,
cushioned by a camping mat and an inspection light (Daray X100 with G desk
mount) yielding approximately 4000 lux at 1 metre when the brighter of the
two settings was used. Probe use was restricted to clearing debris, detection
of sealants, restorations and cavitated lesions greater than 0.5 mm. Cotton

wool rolls were also used to clear teeth of debris and moisture where

necessary. Suitable spectacl es whentee usec

inspection |ight was on. The examiner
Details of the examination were recorded on paper record sheets used for the
NDIR by the scribe (NZ) in the first instance and then transferred onto a fully
encrypted Standard Staff Desktop7 computer runn ing NDIP software version4

by the primary researcher . All data were entered and stored in secure folders

on secure network drives in accordance with the Data Protection Protocol for

the Dental Public Health Unit, which is a ligned to the University of Glasgow

Data Protection Protocol.

4.5.3.1.3 Anthropometric measurements

Trained dentist/s (SS and NZn Sweep 1, SS inSweep 2 measured heights
and weights of all children according to Royal College of Paediatrics
guidelines (RCPCH2013). Heights and weights were measured to the nearest
0.1cm and 0.1 kg using a stand-alone portable stadiometer (Seca213) and a
Class Il Approvedelectronic flat floor scale (Seca877) respectively. Heights
were measured with children wearing no footwear and w eights with children

wearing light indoor clothin g and footwear removed . Where this was not

W &
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possible, this was recorded in paper for appropriate adjustments during

analyses.

4.5.3.2 Questionnaires

A semi-quantitative Food Frequency Questionnaire and the questionnaires,

60 About your sHPAbputhiybdd & apmevibughdwverde scr i k
used to collect data on a range of oral health related behaviours , socio-

demographics and parental attitudes and beliefs. The questionnaires were

sent home for parental completion through the nursery and returned to the

nursery in Sweep l1and to the GDHSby free -post in Sweep 2

4.5.3.2.1 Dietary assessment

A semi-quantitative Food Frequency Questionnaire (FFQ) (version C2, Scottish
Collaborative Group) previously validated among preschool children was used
for collecting dietary data (Survey of sugar intake among children in
Scotland, 2008). It is designed to assess habitual diet usually in studies of 100
or more subjects whose diet has remained stable over a period of at least
three months and can be administered by interviewer face -to-face, over the

telephone or can be self -administered by the participant (main -carer).

The FFQ lists 140 food/drinks with a measure for each item. A photograph

was attached to the FFQ to standardize the estimation of the measures.

Main-carers were asked to describetheirchi | d6s di et over the
months by giving an estimate of the frequency and amount of each food or

drink consumed in a typical week by ¢ hoosing from one of the nine options,
ranging from 6rarely or neverd to 07 or
primarily self -administered in this study, except for one parent who

requested a face-to-face administration.

46 Record |l inkage

NDIP offers routine dental examination by trained and calibrated dentists
based on the BASCD methodology(Pitts et al., 1997 ). Caries experience is
evaluated using the dmft index (decayed, missing and filled deciduous teeth)
and dmfs index (decayed, missing and filled deciduous surfaces). The NDIP

data for ante -prechool children collected in 2009, hosted within the
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Information a nd Statistics Division (ISD) of the NHS National Services Scotland

(NHS NSS)was contacted for access in June 2010. Access was approved by
the Caldicott Gua rdian for NHS NSS, and a Confidentiality Statement was
signed by the Principal Supervisor (AS) and Professor Lorna Macpherson as

Sudy Sponsor.

The NDIP data for ante-preschool children collected in 2009 -10 was linked to
consented participants included i n the study through their respective dates of
birth and home postcodes. This was used to validate the Sweep 1(2010-11)

caries data collected using the AMR index.

Given the strong evidence that f luoride varnish substantially reduces caries
increment (Mari nho et al., 2013), all data (clinical and questionnaire data)
were planned to be record -linked to Childsmile databases that held
information regarding fluoride varnish applications at Childsmile practice and
nurseries/schools. The record linkage was partially successfuland data was
available for fluoride varnish applications carried out via Childsmile practices
held within the CERT,Dental Public Health Unit, University of Glasgow.
However, there were difficulties with  record link ing to Childsmile
nursery/school databases, held with the Information Services Division (ISD)
Scotland. The childr en in this study did not have a Community Health Index
(CHD number, which was the main key for linkage within ISD . The linkage
would further need a Privacy Advisory Committee (PAC) approval. It was not
possible to have this completed within the limited timeframe  prior to

analyses The record-linkage is planned to be pursued for future analyses.

47 Measures torecnrcurietanseens p amsle
rates

A decline in r esponse rates to national surveys (Scottish Executive, 2005),
research studies and postal questionnaires (Galea and Tracy, 2007) have been
observed in recent years. This study used a range of strategies to increase
responseto the study and questionnaires as noted in the Cochrane
Cdlaboration review by Mapstone et al. (2007) and Edwards et al. (2009).
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4711 ncenti ves

The 13 nurseries that took part in  Sweep 1were offered an equal
unconditional incentive for the support the staff offered and any possible
disruption the study might have caused. The value of the incentive was
calculated at the end of the study as £125 and was issued in the form of a
cheque. No such incentives were offered to Primary schools in Sweep 2as
children from the 14 nurseries had spanned out to more than 50 primary
schools with each school having on average four children. It was beyond the
scope of a pilot study of this natur e to offer such incentives to all primary

schools

In addition, names of all children who had complete data (clinical and
guestionnaire) and returned a prize draw slip with contact details were
entered into a prize draw . The prizes were issued asshopping vouchers worth
£100 as first prize, £50 as second prize and £25 as third prize. This wasdone

at both Sweep 1and Sweep 2

472Remi nder | eafl et s

Two reminder leaflets were used in Sweep 1 One of the leaflet swas
distributed by the primary researcher at a nursery to parent/ carers who came
to pick children after nursery. This was also an attempt to give parents an
opportunity to ask questions about the study. However, this leaflet was
discontinued from use after testing in just one of the nurseries, as it did not
improve the re cruitment rate when compared to a nursery wh ere no such
leaflets were used . Nursery-staff distributed the second leaflet 2 weeks after

Pack 2 distribution reminding parents/guardians to return consent forms.

Only one reminder leaflet w as used in Sweep 2 This was directly posted to
the family for questionnaire completion and return , when questionnaires
were not received at the GDHStwo weeks past the day Pack 3was sent to

parents.
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473Encouragement-tencimSHadd

The staff at each nursery in Sweep lused their discretion to encourage
participation and questionnaire completion & return. The various techniques
reported to have been used included the head teacher sending text messages
using a mobile phone, word of mou th reminder at the nursery entrance and
participation encouragement through nursery newsletters. One nursery had a
designated Oral Health Team Leader. This individual closely followed -up

parents of children on a one -to-one basis.

474Fol luopw c,al d weomes,i sh ts

Parents/guardians who did not return completed questionnaire sthree weeks
past the date for return of questionn aires received up to two follow -up phone
calls. Parents were offered support in completing questionnaires over the
phone. In the event where the main -carer was unreachable/non -contactable,
the phone numbers were tried on repeat occasions up to five times at varying
times of the day/week. An attempt was also madeto follow -up children who
could not be examined at their schools due t o sickness/leave (n=20 in Sweep
1, n=7in Sweep 2 by contacting the parent over the phone to arrange an
organized data collection session at the GDHSFor those who were unable to

atten d the organized session, a home-visit was arranged (n= 6).

A475Fr epeo srtet urn envel ops

A free-post envelope was included in all Pack 2 (questionnaire Packs) in
Sweep 2for the parents/ carers to directly post back the questionnaires to
GDHS All follow -up phone calls in both Sweeps were followed by additional

guestionnaires and free -post envelopes posted to the family.

48Dat anmgemenQual ity control

Each subject was allocated a code and the microbiological samples, clinical
data and questionnaire data allocated a corresponding code. Only the
primary researcher and principal supervisor had access to the information
linking the pa rticipant code to the pa rticipant name, which was retained in a
secure database, separate from the data for analysis, which was password

protected .
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481Dent al cari es dat a

Sweep 1:Cross-sectional

Clinical caries data from paper records were first entered into MS -Excel and
then exported into SPSS for Windows (Version 18.0). Caries experience
(primary outcome) for each child was evaluated by adding up the total

number of teeth that exhibited active dentinal caries (A), missing teeth (M)
and restored teeth (R) to yield an AMR score. Caries experience was
dichotomised as childre n with obvious caries experience or no obvious caries

experience.

The NDIP data for ante-preschool children collected in 2009 -10 was record-
linked to consented participants included in the study through their
respective dates of birth and home postcodes. This was used to validate the
Sweep 1(2010-11) caries data collected using the AMR index.

Sweep 2: Longitudinal

Data from paper records were entered into NDIPDetailed inspection Access
databasesat the tooth surface level . The data was exported into MS-Excel
format and sent to a Consultant Epidemiologist (Dr Alex McMahon)who has

expertise in converting surface level (dmfs) data to tooth level (dmft).

482Mi crobi ol ogy

Saliva was recovered from the swabs
at CAALC hternational, PK 120 R, Milan, Italy) within 3 -4 hours of
collection. The total volume of saliva collected from each participant was
recorded and aliquots of 60 pL, 130 puL and 20 pL were stored at -80°C for
estimation of cortisol levels, salivary antimicrobial proteins (AMPs)and
salivary IgA antibodies respectively. Sanples were immediately frozen at -
70°C for later quantitation of cariogenic bacteria by TagMan® real time
gPCR.Salivary concentrations of antim icrobial peptides and IgA antibodies
were assessed by Enzyme Linked Immunosorbent Asay (ELISA).The plague
samples were vortexed for 10 seconds and stored at 670° C for later analysis

of oral microbiogenome content .

by
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483About your &kt adjwlegsh alod e

Data from the questionnaires were entered directly into SPSS for Windows
(Version 18.0). Limits were placed on acceptable values and acceptable data
types (numeric, string and scale). Categorical variables with categories
containing only a few observ ations were collapsed based on frequency
tabulations .

Educational classification was based on the highest level of qualification
obtained and was categorised as Level 0 (no qualification or pre -school
leaving qualification), Level 1 (O grade, standard grade, GCSE or equivalent),
Level 2 (Higher grade, A level, GSVQ advanced or equivalent), Level 3 (HNC,
HND, SVQ Levels 4 or 5 or equivalent) and Level 4 (first degree, higher degree

or professional qualification ) (Stamatakis et al., 2009).

The current or last occupation of the parent/carer were analysed using the
Standard Occupation Classification (SOC)(2010) and subsequently collapsed
according to NS-SECsystem (2005), with NSSEC lincluding Higher
Managerial, Administrative & Professionals, NSSEC 2ncluding intermediate

occupations and NSSEC 3 including outine & manual occupations.

484Food Frequency Questionnaire

Data from completed FFQs were entered into an MS Access database. Energy
and nutrient intakes were estimated by nutritionists at the University of
Aberdeen from a package based on the Food Standards Agency National Diet
and Nutrition Survey nutrient databa se (2004) that estimate NMESas all
sugarsin fruit juices as well as table sugar, honey; sucrose, glucose and
glucose syrups added to foods and added sugars or syrupin preserves.
Additionally, sugars naturally present in foods that were canned, stewed,

dried or used in preserves were classified a s half extrinsic. NMES intake was
expressed in grams/day. In addition, NMES was calculated as a percentage of
total food energy (assuming the energy content of 16 kJ/g) and categorized
into tertiles of intake, ranging from T1 (highest intake) to T3 (lowest  intake).
Three food groups that were hypothesized to significantly contribute to NMES
(Biscuits, Cakes & Pastries Confectionary and Non-Diet Soft Drinks) were

derived. In addition, a food group &Crisps & Savory Snack8was derived which

( FI
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has previously been shown to be associated with an increased risk of having

had treatment for decay (Sheehy et al., 2008).

49Statistical analysis

All data management and analyses were performed in IBMSPSS software,
(PASW versionl8).

49.1Data cleaning/ Quality check

The quality of data entry of a random 10% samplewas checked. In addition,
an error and inconsistency check was carried out using histograms, frequency

distributions and cross -tabulations for all data .

Diet: FF with more than ten missing responses were excluded from analysis
to avoid possible underestimation. In addition, for quality assurance of
complete FFQs, acceptable margins of reported energy intakes were defined

as those within -/+ 2 standard deviations of the mean.

Parental attitudes and beliefs: Two scal es O6positive pare
and o6parental efficacy scal e@ectiomr e const

45.1.1.4. Cr onb ac h &as usedtgaksassthe internal reliability .

Anthropometry: Body Mass Index (BMIWwas calculated as weight in kilograms
divided by height in meters squared. Body mass indiceswere converted to
standard deviation scores relative to the UK reference data in 1990 (Cole et
al., 1995) using the Lambda Mu Sigma(LMS)growth programme (Cole and
Pan, 2002. The BMI standard deviation scores (z scores) were quality

checked by generating a scatter plot with BMIz scores at Sweep 1against BMI
z scores at Sweep 2 For quality assurance, acceptable margins of BMI z
scoreswere defined as those withi n +/- 4 standard deviations. All children
were classified as normal, overweight or obese according to sex and age-

specific BMI cut-off points (Cole et al., 1995).

Microbiology: The distributions of data within each microbiological variable

were investigated using frequency histograms. Skewed data were l0gio
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transformed to obtain a normal distribution and summary statistics produced

as detailed in Section 4. 7.2.

The crosssectional analysis was undertaken as a part of quality control, the

results of which are presented in Appendix H.

492Descriptive Statistics

Descriptive statistics were produced for each variable. Table 4-1 provides the
list of variables by domain names and their factor level of analysis used.
Frequency distributions wer e produced for categorical data and histograms
were used to check for distributions of continuous data. Means and standard
deviations and 95% confidence intervals (Cl) were used to summarize
continuous data that were symmetrically distributed and medians, quartiles
and range when the data was skewed. Mean AMR/dsmft and the p roportion of

children with no caries experience were calculated.

493Uni variabl e anal ysi s

Outcome variable: Caries experience at Sweep 2

Explanatory variables: Biological, behavioural, psychosocial and

socioeconomic factors tabulated in Table 4 -1 measured in Sweep 1

All risk factors tabulated in Table 4 -1 measured in Sweep 1were univariably

related to caries experie nce in Sweep 2. Associations between two

categorical variables were analys ed using crosstabulations and Chi-squared
statistics or Fi s hertagstsor Analgsis Of Varierede . St u d e
(ANOVA)were used for continuous variables. Binary logistic regression was

used to produce unadjusted odds ratios (OR) and 95% confidence intervals

(CI) for caries experience..
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Table 4-1: Putative risk factors & confounders and their factor level of analysis for caries

evaluated in Sweep 1

Variables

Factor level of analysis

Demographics

Child Characteristics

Age

Gender

Ethnicity

Number of children in family
Birth rank

Main-Carer Characteristics

Age of main carer

Relationship between the study child
Smoking status of main-carer

Marital status of main-carer

Continuous

Male, Female

White: Scottish, Others
1, 2, 3 or more

1% born, 2™ born, 3" born or later

<25 years, 26-35 years, 36 years and over
Father, Mother, Grand parent
Current smoker, Not current smoker

Married/Cohabiting, Single parent

Socioeconomic position
Individual level
Gross annual household Income

Percentage of income from benefits

Main-Car er 6s highest | e

Main-C a r eVedssof Full-time education
after leaving secondary school

Current or last occupation of Main-Carer

Housing tenure

Area level
Local SIMD
National SIMD

<£10,000, 10,000 to 19,999, £20,000 and above

None to quarter, half to all
Level O: no qualification or pre-school leaving qualification

Level 1: O grade, standard grade, GCSE or equivalent

Level 2: Higher grade, A level, GSVQ advanced HNC, HND,
SVQ Levels 4 or 5 or equivalent

Level 3: first degree, higher degree or professional qualification
Not completed secondary school, Further education

Never worked or permanently unemployed due to disability

NS-SEC 3 - Routine & manual

NS-SEC 2 - Intermediate

NS-SEC 1 - Higher Managerial, Administrative & Professionals
Rented: Housing association/Local authority, Rented: privately,
Owned/mortgaged

Q1 (most deprived), Q2, Q3, Q4 (lest deprived)
Q1 (most deprived), Q2, Q3, Q4 (lest deprived)

Behavioural risk-factors

Early feeding habits
Early feeding

Duration of bottle feeding
Night time bottle feeding at two years
Night time bottle feeding at four years

Age of commencement of solids

Frequency of sugar restricted

Breast fed, Bottle fed, Breast and bottle fed

Never used, under 12 months, Between 1 and 2, Later/Still using
a bottle

Always/Most days, some days, Never
Always/Most days, some days, Never
<4 months, 4-6 months, >7 months

Always/Most days, some days, Never



Table 4-1 continued
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Variables

Factor level of analysis

Oral hygiene practices

Daily brushing frequency

Brush immediately before Bedtime
Age when brushing commenced
Adult brushing supervision/assistance
Method for toothpaste removal
Fluoride concentration in toothpaste

Amount of toothpaste used

Use of dental services
Age at first dental visit

Reason for first dental visit

Frequency of Routine check up

Dieti Semi quantitative FFQ
NMES (% food energy)

NMES (% food energy)

NMES (g/day)

Total Sugars (g/day)

Food groups

Crisps & Savory Snacks (g/day)
Biscuits, Cakes & Pastries (g/day)
Confectionary (g/day)

Non-Diet Soft Drinks (g/day)

Less than twice, More than twice

Always, Sometimes/Occasionally, Hardly ever/Never
Under 12 months/First tooth erupted, After 12 months
Yes, No

Swallow, spit, Rinse

Up to 550 or less than 1000 ppm, >1000ppm

Smear, Pea-size, Half a brush, Full brush

Never, less than 6 months, 7- 12 months, Later

Never, Anticipatory, Corrective

< 6 months, At least every 12 months, >12 months/Never

Continuous

<11%, >=11%

T1: lowest intake, T2 and T3: highest intake
T1: lowest intake, T2 and T3: highest intake

T1: lowest intake, T2 and T3: highest intake
T1: lowest intake, T2 and T3: highest intake
T1: lowest intake, T2 and T3: highest intake
T1: lowest intake, T2 and T3: highest intake

Microbiology

Total salivary S. mutans CFU/ml

T1: not detected, T2: 1 to 4.0 x 10*, T3: 4.0 x 10* and above

Parental attitudes & beliefs

Parental attitudes scale

Parental efficacy scale

6 items continuous scale running from negative to positive (worst
to best)
1 My child losing a baby tooth due to tooth decay would
be upsetting
1  Itis worthwhile to give my child sweets/biscuits to
behave well
1 Most children eventually develop dental cavities
1  As afamily, we intend controlling how often the child
has sugary foods
1 Itis not worth it to battle with my child to brush his/her
teeth twice a day
1 Itis often too stressful to say no to my child when they
want sweets
3 items continuous scale running from negative to positive (worst
to best)
T It is worthwhile to give my child sweets/biscuits to
behave well
1 Itis not worth it to battle with my child to brush his/her
teeth twice a day

1 Itis often too stressful to say no to my child when they
want sweets

Sedentary behaviour

Daily hours of television viewing during

school term

Less than 1 hour, 1-2 hours, 3 or more hours
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494Mul t i v arniad bylsa s

Figure 4-4 provides a visualization of the modelling strategy. It should be
noted that as this was primarily a pilot study, and based on a sample of more
deprived children the estimates may be biased and not generalizable to the
general population. Due to large number of variables measured, the pilot
study will not be adequately powered to detect certain effects and may show
wide confidence intervals . Hence, a p-value of 0.20 was set and exact
methods of calculating confidence intervals were employed (Burton et al.,
1998).

Binary logistic regression was used to produce unadjusted and adjusted odds
ratios (OR) and 95% confidence intervals (Cl) for caries experience

(dichoto mised dsmft=0 or >0) according to putative risk factors, both cross -
sectionally and longitudinal ly. In addition, the C -index [95% CI](Altman and
Bland, 1994) was estimated to assess the importance of risk factors in

predicting caries.

Following the modelling strategy determined by the hy pothetical pathway in
Figure 4-1, t he selection of independent variables in the multivariabl e
analysis was based ona P value being <0.20 and a lower limit CI of C-index
>0.50. Multivariable models were run with p utat ive risk factors for caries
experience at Sweep 2simultaneously within each of the f ive domains (oral
hygiene practic es, use of child dental services, early feeding habits, current
diet and parental attitudes and beliefs around oral health) . Factors with P
value <0.20 at t he within domain stage were then entered into a final model
in which all risk factors were analysed simultaneously . Due to S. mutans
being more proximal in the hypothetical pathway (Figure 4-1) and therefore
expected to show stronger associations with caries than all other risk factors
(thus possibly eliminating the relatively more distal factors ), two final models
were run- one with all the relevant risk factors excluding S.mutans counts,
and the other with t he inclusion of S.mutans counts. The final model s were
further adjusted for the variables, gender and age. Finally, the Receiver
Operating Characteristic (ROC) plot was produced and C-index estimated for
the overall model each time to assess the overall predictive ability of the

multivariable models.



Oral hygiene
practices

Use of dental
services

Demographics

Figure 4-4: Modelling strategy involved in the statistical analyses for exploring associations between various risk factors and dental caries

Univariable Analyses

V

Factors with P <0.20, Lower CI
of C dIndex > 0.50

Multivariable analys

es within domains

Vv

Factors with P <0.20, Lower ClI
of C dIndex > 0.50

Multivariable analyses between domains

All risk factors excluding S.mutans counts

Early feeding SEP Current Parental attitudes &
habits Diet beliefs
h

All risk factors including S.mutans counts
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495Soci oeconomic gradient anal ysi s

In order to explain the socioeconomic gradient in caries, binary logistic
regression was used to produce odds ratios and 95% confidence intervals (Cl)
for caries experience according to all SEP measures with a p value <0.20 and
lower CI of C-index >0.50 in the univariable analysis . These were adjusted for
age, gender and the risk factors that emerged from the final multivariable
model- first one domain at a time and then a final model which considered

all factors from all domains.

496 Rel ati veiinedexal oft vy

Due to differences in measures of SEP and variations in the percentage of
population in each category within a SEP measure, the Relative index of
Inequality (RII) was calculated . The RIl is a regressionrbased measure widely
used in social inequalities re search (Section 2.3.7.2) . It provides a
standardized metric to compare the extent of inequality between different
measuresof SEPor with same measure of SEPover time. It takes into account
the size of all the categories across the socioeconomic strata than just the

extreme categories (Mackenbach & Kunst, 1997).

RII was derived by ranking the participants on each of the socioeconomic
measuresfrom the lowest to the highest (Batty et al., 2006 ). The rank scores
were divided by the sample size to generate a value between 0 and 1.

RII was calculated between each measure of SEPand caries. Then, putative
risk factors from the final multivariabl e model were considered in the model -
first one domain at a time and then a final model, which considered all
factors from all domains . The level of attenuation was expressed by the
percentage reduction in RIl using the formula, percent reduction =
(Unadjusted RII d Adjusted RII)/ (Unadjusted RII- 1) X 100) (Singh-Manoux et
al., 2005).
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Chapt-&kreshulFteaassi lmif |l btuy | di ng
cohort

This chapter addressesobjectives 1 (i) to (iv)

5. Recruit ment of participants

51.1SweefdPrlescheal at nursery)

A detailed breakdown of the participation rate is shown in  Figure 5-1. Of the
14 nursery schools invited to take partint he study, 13 nurseries expressed an
interest and 1 declined due to staffing issues at the nursery. Thi s gave an
eligible sample of 623 children. Letters a long with p articipant information
leaflets and consent forms were sent to parents via nursery schools. Two
hundred and twenty eight (37%of total eligible ) parents responded; two
hundred and nineteen parents returned a positive consent and nine returned
a negative consent. Of the 219 (35%)children consented for the study, 19 0
children had clinical data (microbiological samples, dental data and
anthropometric data) and 179 had questionnaire (About your study child,
About your family and semi-quantitative food frequency questionnaire (FFQ) )
data. One hundred and sixty five children had complete data (clin ical and

guestionnaire data).

51.2Sweefd Fdl-lpwone yeadar plratmam)y scho

Children from the 13 nursery schools in Sweep 1were dispersed across 53
different primary schools within Glasgow City. One hundred and thirty nine
children were clinically examined and sampled across 32 primary schools
with in Glasgow City, and 36 children at the organized session at Glasgow
Dental Hospital & School (GDH$.

Overall, a total of 175 children were clinically examined and samp led in
Sweep 2 of which 144 children had complete data (clinical and

guestionnaire) from Sweep 1



Preschool year,
Sweep 1

Primary school
Year, Sweep 2

Total invitations, N = 623

A

Total positive consents,
n=219 (35%)

NO DATA
T | N=19

1, =190 (87%)

Total Examined at Sweep

Total examined at
Sweep 2, n=175

Figure 5-1: Response to Study/Examination/Questionnaire

Total completed

guestionnaires, n=179 (82%)

A 4

Complete data Baseline year, n= 165

(27% of total invitations)

Examined at Sweep 2, n = 144 (87% of Sweep

1 with full data, 23% of total invitations)

E R E

Lost to follow-up N= 21

Un-contactable; n=8

Declined participation; n=5
Deferred in preschool year; n=3
Relocated outwith Glasgow; n=4
Deported from the UK; n=1
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nursery

Table 5-1 illustrates the consent rates across the 13 nursery schools in Sweep

1. The consent rates ranged f rom 12% to 84%and there was no obvious

pattern by level of deprivation based on nursery postcode. Notably, the

nursery (Nursery C) with the highest consent rate (84%) also had the highest

proportion of children from the most de prived SIMDquintile (91%).

The researcher or the head teacher speaking to the parents in advance of

distributing the information sheets did not improve the

consent rate (Nursery

B) compared with nurseries where no such methods were used. As expected

the consent rate from nursery schools that ran over the summer holidays

(highlighted grey in Table 5 -1) was erratic.

Table 5-1: Consent rates by nursery

Nursery SIMD Total class Proportion of Proportion of
quintile 2 size (n) children living in children who were
SIMDquintle 1 *  consented
(%) % [n]
Nursery A 1 63 66 321[20]
Nursery B 1 61 89 37 [21]
Nursery C 1 32 91 84 [26]
Nursery D 1 42 95 31[12]
Nursery E 1 53 81 32[17]
Nursery F 4 70 3 44 [31]
Nursery G 1 45 76 32 [13]
Nursery H 2 90 8 33 [30]
Nursery | 1 50 55 46 [23]
Nursery J 2 32 82 12 [ 9]
Nursery K 1 44 79 24 [ 5]
Nursery L 1 22 82 50 [10]
Nursery M 1 19 79 21[2]

2 Based on nursery postcode- Scottish Index of Multiple Deprivation 2009 at National level (1- most deprived)

Nurseries running over summer holidays
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Due to purposively over -sampling from a deprived area of Scotland (i.e.
Glasgow City), there was a higher than expected proportion of children from
more deprived areas. The socioeconomic distribution of those who consented
was not appreciably different to those who did not consent (p = 0.70) (Table
5-2), suggesting those participating in the study were broadly representative

of the population from which they were sampled. At follow -up, the
socioeconomic distribution wa s similar to that at baseline (p = 0.14) (Table 5-

3).

Table 5-2: Area-based socioeconomic distribution of those eligible to participate, those
consented and those that did not consent in Sweep 1 & 2

e
d not

. . . Total eligible to Consenters %  Non-consenters

Socioeconomic Variable .
participate % [n] [n] % [n]

N total 100 [623] 35.1[219] 64.9 [404]
SIMD Quintile
Q1 (most deprived) 54.6 [340] 56.2 [123] 53.7 [217]
Q2 11.7 [73] 11.4 [25] 11.9 [48]
Q3 15.7 [98] 18.7 [41] 14.4 [58]
Q4 & Q5 (least deprived) 11.7 [73] 12.7 [28] 11.1 [45]
Missing 6.3 [38] 0.9[2] 8.9 [36]
P value 0.702*

% Scottish Index of Multiple Deprivation 2009 at National level

“Pear s o nsquare B to assess whether the SIMD distribution of consenters were significantly different from non-
consenters
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Table 5-3: Socioeconomic profiles of consenters, participants in Sweep 1 & 2

. . . Participants ° Participants
0,

Socioeconomic Variable Consenters % [n] Sweep 1 % [n] Sweep 2 % [n]
N total 35.2 [219] 86.8 [190] 79.5[175]
SIMD Quintile
Q1 (most deprived) 56.2 [123] 53.7 [102] 57.5[100]
Q2 11.4 [25] 13.2 [25] 11.5 [20]
Q3 18.7 [41] 18.4 [35] 17.8 [31]
Q4 & Q5 (least deprived) 12.8 [28] 13.7 [26] 12.2 [21]
Missing 0.9 2] 1.11[2] 1.2 [3]
P value 0.137"

54Feasi loifcloiltlyect i ndgatcd i ni c al

541AcceptabiQualyi tayndof data coll ect
5.4.1.1 Dental caries data

The methods used to collect caries data were adapted from the National
Dental Inspection Programme (NDIP), w hich has previously been proven
acceptable among ante-preschool children and primary-1 children. T his study

additionally verified acceptability among preschool children

Clinical examinations were primarily carried out at nurseries/scho ols and on
average lasted for four minutes per child. Dental caries data was successfully
collected from all children from whom data collection was attempted

The NDIP data for ante-preschool children collected in 2009 -10 was linked to
consented participants included in the study through their respective dates of
birth and home postcodes for validat ing the Sweep 1(2010-11) caries data
collected using the AMR index. Ninety-five children (50% of those with clinical
data in Sweep 1) participating in the study were successfully record linked

with the ir ante-preschool NDIP data. There was6 s u b s t agreeméntdin

° Participants are defined as those who have clinical data
® Scottish Index of Multiple Deprivation 2009 at National level

"Pear s o nsjuare 8t tb assess whether the SIMD distribution of participants in Sweep 1 were significantly
different from participants in Sweep 2



110
the dsmft at individual level , with 88% of the cases matching, yielding a

kappa value of 0.75 (Landis and Koch, 1977 NDIP, 2014). Four children who
were scored to have caries experience in the NDIP were classified as having
no caries in Sweep1, implying some underestimation of caries in Sweep lor
possibly overestimation of caries in the NDIP . Nine children w ho were scored
to have no caries in the NDIP were classified as showing experience of caries
in Sweep 1 ltis difficult to comment if th is was true caries progression or an

overestimation.

One patrticipant was excluded from analyses due to inconsistency between
caries status in Sweep 1and Sweep 2 A thorough investigation was carried
out to find the cause of the inconsistency by going back to paper records of
caries data record ed at three years collected at the NDIP,at Sweep land
Sweep 2 One possible explanation for the inconsistency is a transcription
error. For example entering a wrong code or illegible writing on the paper

record would significantly alter the resultant d smft value.

In summary, it was feasible to collect clinical data in a nursery and school

setting on children of this age group.

5.4.1.2 Microbiological data

The methods used to collect plaque and saliva samples from young children
proved acceptable both among nursery-staff and the children themselves.
One hundred and ninety children had samples collected at Sweep 1and 175
at Sweep 2 Twenty-two participants in Sweep1 and twenty -five participants
in Sweep 2 were omitted f rom analyses due to insufficient volumes of saliva

available for all analyses.

The methods used for plaque sample collection in this study was specifically
for the analysis of oral microbiogenome content and formed a separate piece
of work. The analyses of the plaque samples were pending and could not be

used for the quantification of S.mutans in this study .

Although the Salimetrics Ch i | d rSeah @&8S)was used to absorb saliva from
the mouth of every participant for up to 60 seconds , the volume of saliva

recovered varied from 60 pL to 1560 uL (Table 5-4). Standard Operation
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Procedures were developed for saliva and plague sampling and are available

in Appendix I.

Table 5-4: Volume of saliva (uL) recovered in both Sweepsusi ng Sal i metrics Ch
Swab for approx. 60 seconds

Volume of Saliva (uL), N=190 Volume of Saliva (uL), N=159

Sweep 1 Sweep 2
Mean [SD] 516.2 [358] 447.1 [380]
Minimum, Maximum 60, 1560 60, 1460
Median [Q1, Q3] 350 [260, 690] 380 [250, 610]

Traditional culture techniques (details of the steps are available in Appendix
J) were initially used to quantify mutans streptococci from unstimulated
saliva samplesin Sweep 1 S. mutans were not isolated for over 60% ofthe
children . In those children who harb oured mutans streptococci, the numbers
were very low and not with published norms. Hence, absolute numbers of S.

mutans were quantified from saliva by TagMan® QPCR.

The distributions of data for S.mutans counts in Sweep 1and 2, salivary
cortisol levels, salivary IgA antibodies specific to S. mutans and antimicrobial
peptides in Sweep 1were investigated using histograms. The distribution of
salivary S. mutans counts in Sweep 1and 2 were log normally distributed
(Figures 5-2).

The concentrati ons of AMPs,LL37 and calprotectin in saliva in Sweep 1were
assessed While c alprotectin was log normally distributed, LL37 was not
detected in all of the children and so the data were negatively skewed
(Figure 5-3).

Salivary IgA antibodies specific to S. mutans were detected in the saliva of all
children assessedand the titres were normally distributed (Figure 5 -4a).
Salivary cortisol levels were detected in all children assessed which was log

normally distributed (Figure 5-4b).

Further analyses of salivary immunological factors and cortisol is ongoing and

formed a separate piece of work.
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In summary, it was feasible to collect saliva samples from children in the

nursery/school setting of sufficient quantity and adequate quality on which

key microbiological and immunological markers of interest were measured.
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5.4.1.3 Anthropometric data

The methods used to collect anthropometric data have previously been used
in the Child Health Surveillance Programme (CHSP)for both preschool and
primary school children in Scotland. Heights and weights were successfully
collected from all children f or whom data collection was attempted in both
Swveeps (N Sweep 1= 190, N Sweep 2= 175). It took approximately one minute
per child to have their heights and weights measured. Standard Operation
Procedures were produced for collecting heights and weights and are
available in Appendix K.

Three participants were excluded from analyses due to large variation in
standard deviation scores (>4 and <-4) between Sweep 1and Sweep 2 This
study only intended to collect heights and weights to test feasibility of
collecting this data at nursery/school setting , along with other clinical
measurespotentially as a part of the Child Health Surveillance Programme
(CHSP)in the future .
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5.4.1.3.1 Body Mass Index (BMI)

The BMIz scores, relative to 1990 r eferences (Cole et al., 1995) were
approximately normally distributed ( Figure 5-6). The mean [SD] BMI z scores
at Sweep land 2 were 0.41 [1.01] and 0.37 [1.06] respectively. The BMI
distribution of children classified as overweight and obesity combined was
25%in Sweep land 22% inSweep 2 (Figure 5-5). This is comparable with the
most recent figures (21.9%)for P1 children i n Scotland recorded on the CHSP
School system (ISD Scotland, 2013a).

100% B Obese
| w7 | [[wo |

80% 13.3 11.5 O Overweight
60%
40% 75.0 775
20%

0%

Sweep 1 Sweep 2

Obesity Status based on the 1990 Wigference (Cole et al.1995)

Figure 5-5: Obesity status of children in Sweep 1 and Sweep 2

In summary, it was feasible to measure heights and weights along with
conducting a clinical examination in a nursery/school setting on preschool

and primary-1 age group.
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Figure 5-6: Histograms showing the distribution of BMI z scores a) four to five-year-olds
in Sweep 1 and b) six to seven-year-olds in Sweep 2
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55Feasibility of collecting

As suggested in Figure 41, the biological, behavioural, psychosocial and
socioeconomic factors of interest were to be collected in Sweep 1and the
main outcome measure was caries experience at Sweep 2 Hence, a decision
was made to prioritize the collection of clinical data at the expense of
guestionnaires in Sweep 2. Strategies to increase response rateswere

primarily targeted at obtaining clinical data in Sweep 2

Thed About your study childd and O0About
completed to a high standard with n ecessary detail. Of all the completed
guestionnaires that were received in Sweep 1 92%(n=164) of the
guestionnaires were 100% complete. Unsurprisingly, questions on gross
household income and receipt of benefits were sensitive and these were the

guestions that were most commonly left unanswered (n=14).

Of the 171 completed FFQs received, eight Food Frequency Questionnaires
(FFQ3 with more than 10 blank lines were classed as incomplete and not
analysedin Sweep 1 Thus, completed FFQswere available for 95.5%o0f those
who returned . Seven FFQ<lassed as over/underreported FFQs were further

excluded from analyses.

56 Ti me and cost i mplications

Time spent on recruitment involved selecting eligible participants,
emailing/posting letters and meeting with head teachers, obtaining lists
detailing the names, dates of birth and home postcodes of all preschool
children; and sending out invitation letters, participant information leaflets
and consent forms to over 600 families and collecting consent forms from
parents (via nursery). Th ose parents who consented for their children were
sent three sets of questionnaires that were manually labelled for anonymity.
This was an onerous process as the aforementioned tasks were carried out in
multiple sweeps over a short period of three months chiefly by the primary

researcher with occasional help from two other personnel.

Time spent on clinical data collection involved the time of the primary

researcher and a second dentist (NZ). Assembling equipment for data

qu
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collection at the nursery/school detaile d in Section 4.5.3.1 lasted eight to

ten minutes. A further three to five minutes were involved in collecting
caries clinical data per child . In this way, a full working day (4 hours) was
required to examine and collect data in spite of the low  recruitment rates at
each nursery. Face-to-face questionnaire completion for the only one parent
in Sweep 1who requested this mode lasted 65 minutes mainly due to
language barriers. Follow-up phone calls as reminders for questionnaire
completion and return took appr oximately seven minutes per parent.
Although most parents wer e only available to talk after 1800 hours this
proved to be a useful method. Thirty -one and thirty -four questionnaires were
obtained as a result of these follow -up calls in Sweep 1and Sweep 2
respectively. These telephone calls were made from a standard staff desk

phone at GDHS incurring no/negligible costs.

Table 5-5 outline s the costs involved for the study in Sweep 1 Notably, high
costsincurred in Sweep 1were due to travelling to varying locations of th e
nurseries around Glasgow for pack delivery, consent form and questionnaire
collection, data collection and transporting samples to the laboratory within
2-3 hours of collection. The high cost incurred in  Sweep 1 due to
transportation was taken into consideration and where possible all contacts
in Sweep 2were made over phone rather than personal visits. Packs were
posted to the schools and completed questionnaires requested for return to
the GDHS using gostage paid envelope enclosed within every questionnaire
pack. The cost of transportation was thus reduced by a third in Sweep 2
(E358.45).
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Table 5-5: Costs involved in the study for Sweep 1

ltem Unit  Sub-Units Numbers No. of Sub- No. of units  Price per Total Price in
required units required Ordered Unit Sweep 1
CLINICAL
Oral Swab 1 50 219 200 4 £42.50 £170.00
Swab storage tube 1 50 219 200 4 £30.00 £120.00
4" Swab storage tube boxes 1 0 2 £9.00 £18.00
Plaque eppendorfs 219 8 £3.50 £28.00
Bar coded labels 1 200 219 876 4.38 £18.00 £78.84
Mouth Mirror 1 12 24 24 2 £5.00 £10.00
CPITN Probe 1 40 40 40 1 £95.00 £95.00
Examination light 0 Borrowed
Insulated Storage bag for Saliva swabs 1 0
ANTHROPOMETRICS
Weighing Scale (Seca 877) 1 1 £185.00 £185.00
Stadiometer (Tanita H 001/portable) 1 1 £60.00 £60.00
DIETARY ASSESSMENT
FFQ supply 1 1 219 219 219 £1.00 £219.00
Nutrient Analysis 1 1 219 219 219 £3.00 £657.00
Additional Analysis (NMES) 1 1 219 219 400 £1.00 £400.00
QUESTIONNAIRES
About your study child 219 219 £1.50 £328.50
About your family 219 219 £1.50 £328.50
MISCELLANEOQUS
Teddy Bear- Prop 1 0 Borrowed
Stickers for children 1 15 219 200 14 £28.00
Carry Bag 1 0 Borrowed
Sunglasses 0 Borrowed
Transportation Expenses £1,492.00
Medical waste bags 0 Borrowed
Latex gloves 1 100 400 400 6 £7.00 £42.00
Nursery incentives 13 13 £125.00 £1,625.00
Parents Prize Draw 1 1 £175.00 £175.00

TOTAL £ 6059.84
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Chatpei Résu:ll t$t ati stical m o

This chapter addresses objectives 3 (i) and (ii)

6.1Characteristics of the study

Table 6-1 to 6-9 presents the characteristics of the study sample. The tables
6-1 to 6-7 include missing data, to demonstrate the completeness of each
guestion in the questionnaires . For reasons explained previously, t he
response to questionnaires at Sweep 2was relatively low (n=100) compared
to Sweep 1(n=179). Hence, direct comparisons are not made in the following
sub-sections except when sufficient data are available. However, t he
frequency distribution of characteristics for all children who had a complete
guestionnaire returned in Sweep 2has beentabulated in Table 6-1to 6-9 for

reference.

The majority of the questionnaires in Sweep 1were completed by the mother
(91%) and a very small proportion by the father (seven percent) or

grandparent (two percent ).

6.1.1Chi Il d characteristics

Table 6-1 shows the &child characteristics 6 at both Sweeps. The age of the
participating children ranged from 3.8 to 5.6 yearsin Sweep 1and 4.9 t0 6.5
yearsin Sweep 2 There were slightly more boys (53%- Sweep 1, 54% Sweep
2) than girls (47% inSweep 1and 46%in Sweep 2 in both Sweeps. Forty five
percent of the children were first born. T he number of other children in the
family of the study child varied from one to five or more, with 2 beingt  he
most common (44%). The majority of the children were Scottish -White (75%).
Other ethnic groups in the study , although in very small numbers (less than
seven percent each), included Pakistanis, Chinese, Black Africans, Indians,
those of mixed backgrounds Asians other than Pakistani, Indian and Chinese,

and other Briti sh.
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Table 6-1: Characteristics of Study Sample- Child Characteristics

Sweep 1 % [n] Sweep 2 % [n]
Total children consented 219
Responders Responders

Including Excluding Including Excluding

missing missing missing  missing
Gender
Male 45.7 [100] 52.6 429[94] 54.0
Female 41.1 [90] 47.4 36.5[80] 46.0
Missing 13.2 [29] 20.6 [45]
Age of child (years)
Mean [SD] 4.8 [0.4] 5.7 [0.3]
Minimum, Maximum 3.8,5.6 49,6.5
Median [Qy, Q3] 4.7 [4.5,5.1] 5.7 [5.4, 6.0]
Ethnicity
White Scottish 58.9 [129] 75.0 34.7[76] 75.2
Other White British 1.8 [4] 2.3 1.8 [4] 4.0
White: Any other background 0.5 [1] 0.6 0.5 [1] 1.0
Asian/Asian Scottish or British: Pakistani 5.0 [11] 6.4 1.4 [3] 3.0
Asian/Asian Scottish or British: Indian 0.9 [2] 1.2 0.9 [2] 2.0
Asian/Asian Scottish or British: Chinese 2.3 [9] 2.9 0.9 [2] 2.0
Asian/Asian Scottish or British: Others 3.2 [7] 4.1 0.9 [2] 2.0
Mixed background 3.7 [8] 4.7 3.7 [8] 7.9
Black, Black Scottish or British: African 2.3 [5] 29 1.4 [3] 3.0
Missing 21.5[47] 53.9[118]
Number of children in family
1 17.4 [38] 22.4 142 [31] 21.8
2 33.8[74] 43.5 29.2[64] 45.1
3 20.5 [45] 26.5 16.4[36] 254
4 3.2 [7] 4.0 2.7 [6] 4.2
5 or more 2.7 [6] 3.6 2.2 [5] 3.5
Missing 22.4 [49] 35.2 [77]
Position of child in family
First born 34.2 [75] 447 28.8 [63] 44.4
Second born 27.9 [61] 36.3 23.7[52] 36.6
Third born 11.9 [26] 15.5 10.5[23] 16.2
Fourth or later 2.7 [6] 3.6 1.8 [4] 2.8

Missing 23.3 [51] 35.2 [77]
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6.1.2Mai-cnar er characteristics

Characteristics of the main car er are presented in Error! Reference source
not found. . Half of the participating main-carers (mothers) of the children
were aged between 25 and 35 years (49%)and only 11%were young mothers
who were below 25 years of age. The large majority (70%) of children
participating in the study lived in a househol d with two parent figures and

nearly a third (29%) lived in a household where the main carer smoked.

Table 6-2: Characteristics of Study Sample- Main-Carer Characteristics

Sweep 1 % [n] Sweep 2 % [n]
Responders Responders
Including Excluding Including Excluding
missing missing missing missing

Relationship with Study Child
Mother 72.6 [159] 91.4 41.6 [91] 89.2
Father 5.5 [12] 6.9 4.6 [10] 9.8
Grandparent 1.4 [3] 1.7 0.5 [1] 1.0
Missing 20.5 [45] 53.4 [117]
Age of main carer
<25 years 8.7 [19] 11.0 25.1 [55] 5.0
25-35 years 38.8 [85] 49.1 18.3 [40] 40.0
36 years and over 31.5[69] 39.9 2.3 [5] 55.0
Missing 21.0 [46] 54.3 [119]
Main Carer marital status
Married 37.4[82] 47.4 25.6 [56] 54.9
Cohabiting 17.8 [39] 225 6.8 [15] 14.7
Single 20.5 [45] 26.0 11.9 [26] 255
Widowed/separated/Divorced 3.2 [7] 4.0 2.3 [5] 4.9
Missing 21.0 [46] 53.4 [117]
Main-carer smoking status
Current Smoker 23.3[51] 29.3 10.5 [23] 225
Never smoked/Smoked in past 56.2 [123] 70.7 36.1[79] 77.5

Missing 20.5 [45] 53.4 [117]
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6.1.3Soci oecomiormaiwmst ances

Socioeconomic circumstances of the participants were measured both at an
area-level and individua I-level using a variety of measur es as discussed in
Section 4.5.1.2.3 and the distribution of the participants according to these

measures tabulated in Table 6-3.

6.1.3.1 Scottish Index of Multiple deprivation

The distribution of the participants accordi ng to SIMD when classified using
local SIMD 2009wvas relatively evenly spread across Q2, Q3 and Q4 quintiles
at both Sweeps. Children from Q1 (the most deprived quintile) were over -
represented accounting for 38% of the sample in Sweep 1and 39% inSweep 2
Only seven (five in Sweep 2 children belonged to Q5 (least deprived

quintile ).

Similar patterns were seen when the participants were classified according to

the national SIMD in Sweep 1and Sweep 2with the majority falling into Q1.

6.1.3.2 Gross annual household income

There was almost an equal distribution of parents belonging to the different
income groups, with approx imately 30 % each in the bottom two income

categories (< £10,000 and £10,000 to £19,999). Thirty -four percent (34 % of
the parents reported earning between £20,000 6£49,999 and seven percent

above £50,000 in Sweep 1 A very similar distribution was evidentin Sweep 2

6.1.3.3 Receipt of benefits

While 41% of the parents did not receive any form of Governmental benefits
(except child benefit), 28% reported receiving all of their household income

through benefits schemes.

6.1.3.4 Current or last occupation of the main-carer

The current or last occupation of the main -carer was measured in Sweep 2
only and was categorised using the Standard Occupation classification (SOC)

(2010) as described in Section 4.6.2.3 . The numbers under each category
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were relatively small due to large number of questionnaires (53%) that were

not returned in Sweep 2 However, 93% of the parents/carers who returned
the questionnaires reported having not changed their occupation ove r the
last year and hence the following results may be representative o f their
occupational status in Sweep 1 Overall, 5% of the main carers never worked
or were permanently unemployed due to a disability. The largest number of

main-car ers belonged ts@ tgheupPPrd&f%e ssi onal

6.1.3.5 Highest educational qualification of the main-carer

Over two-thirds (67 % of t he parents/carers had at least one year of full time
education after leaving se condary school. While 23%of the parents had
reported to have a First/higher degree/professional qualification, 15% had no
educational qualification other than a pre-school leaving certificate. A third

of the parents (33 %99 reported having an intermediate degr ee (Higher grade,
standard grade, GSVQ advanced, HNC, HND, SVQ level 4 or 5 or equivalent).

6.1.3.6 Housing tenure

There were almost an equal proportion of parents living in a rented house
from Local Authority/Council/Housing Association, and livingina n
owned/being mortgaged hou se. A small proportion (15 %) stated living in a

privately rented apartment/house.
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Table 6-3: Characteristics of Study Sample- Socio-economic circumstances

Sweep 1 % [n] Sweep 2 % [n]
Responders Responders
Including Excluding Including Excluding
missing missing missing missing

Local SIMD’ Quintile
Q1 (most deprived) 37.4[82] 38.0 30.6 [67] 39.2
Q2 19.6 [43] 19.9 16.0 [35] 20.5
Q3 18.7 [41] 19.0 15.1 [33] 19.3
Q4 19.6 [43] 19.9 14.2 [31] 18.1
Q5 (least deprived) 3.2 [7] 3.2 2.3 [5] 2.9
Missing 1.4 [3] 21.9 [48]
National SIMD’ Quintile
Q1 (most deprived) 56.2 [123] 56.7 45.7 [100] 58.1
Q2 11.4 [25] 11.5 9.1 [20] 11.6
Q3 18.7 [41] 18.9 14.2 [31] 18.1
Q4 10.0 [22] 10.1 7.7 [17] 9.9
Q5 (least deprived) 2.7 [6] 2.8 1.8 [4] 2.3
Missing 0.9 [2] 21.5[47]
Gross annual household Income
< £10,000 21.5[47] 29.2 10.0 [22] 24.2
£10,000 6£19,999 21.9 [48] 29.8 10.5[23] 25.3
£20,000 6£49,999 25.1 [55] 34.2 16.0 [35] 38.5
£50,000 & more 5.0 [11] 6.8 5.0 [11] 12.1
Missing 26.5 [58] 53.0 [116]
Percentage of income from benefits
None 31.1[68] 414 21.0 [46] 47.4
About a quarter 12.3[27] 16.5 55 [12] 124
About a half 7.8 [17] 105 5.5 [12] 12.4
About three quarters 2.7 [6] 3.6 0.9 [2] 21
All 21.0[46] 28.0 11.4 [25] 25.8
Missing 25.2 [55] 55.7 [122]
Current or Last occupation of Main -Carer
Never worked or permanently 4.6 [10] 9.8
unemployed due to disability
Manager & Senior officials 2.7 [6] 5.9
Professionals 7.8 [17] 16.7
Associate professional/Technical Not measured in Sweepl 5.0 [11] 10.8
Admin & Secretarial 6.8 [15] 14.7
Skilled trades 14 [3] 2.9
Caring, leisure & services 6.8 [15] 14.7
Sales & customer services 5.0 [11] 10.8
Process, plant machinery 1.4 [3] 2.9
Elementary occupation 5.0 [11] 10.8
Missing 53.4 [117]

& Scottish Index of Multiple Deprivation 2009 at Local Health Board level (NHS Greater Glasgow & Clyde)

° Scottish Index of Multiple Deprivation 2009 at National level
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Table 6-3 continued

Sweep 1 % [n] Sweep 2 % [n]
Responders Responders
Including Excluding Including Excluding
missing missing missing missing

Main-Car er 8 s vy e-time &dueation Fu | |

Not finished secondary school 7.3 [16] 9.6 1.4 [3] 3.1
Finished, but no further education 17.8 [39] 23.5 12.8 [28] 28.9
One to two Years 18.7 [41] 24.7 7.3 [16] 16.5
Three to four Years 16.0 [35] 21.1 11.9 [26] 26.8
Five or more 16.0 [35] 21.1 11.0 [24] 24.7
Missing 24.2 [53] 55.7 [122]
Main-Car er ds highest | evel

Level 0% 11.9 [26] 15.1 6.8 [15] 14.9
Level 1* 22.4 [49] 28.5 7.8 [17] 16.8
Level 2*¢ 26.0 [57] 33.1 17.4[38] 37.6
Level 3% 18.3 [40] 23.3 14.2 [31] 30.7
Missing 21.5[47] 53.9[118]

Housing Tenure

Rented: local Authority/Council 8.2 [18] 104 5.9 [13] 12.9
Rented: Housing Association 24.2 [53] 30.6 11.9 [26] 25.7
Rented: Privately unfurnished 8.7 [19] 11.0 4.1 [9] 8.9
Rented: Privately furnished 2.7 [6] 35 1.4 [3] 3.0
Being bought/mortgaged 33.3[73] 42.2 21.5 [47] 46.5
Owned with no mortgage 1.8 [4] 2.3 09 [2] 2.0
Missing 21.0 [46] 53.9 [118]

6.1.4 Or al hygiene practices

Table 6-4 illustrates the distribution of the participants according to oral
hygiene practices. Seventy eight percent ( 78%) of the parents reported
commencingt hei r chi | do Defared? rmontbsrofutagetoi wihen the
first tooth erupted, and the maj ority (76 %9 brushed twice or more everyday
(Table 6-4). Over half of the children were reported to be a Iways brushing
before bedtime (5 3%). All parents reported using a toothpaste containing at
least 1000 ppm fluoride except one. The vast majority also reported that

they supervised/helped the ir child while toothbrushing (85 %) andused small

1% evel 0 - no qualification or pre-school leaving qualification
" Level 1 - O grade, standard grade, GCSE or equivalent
2 Level 2 - Higher grade, A level, GSVQ advanced HNC, HND, SVQ Levels 4 or 5 or equivalent

13 Level 3 - first degree, higher degree or professional qualification
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amounts of toothpaste (70%), 21 c h as-sa z@@Pe a r Andapntyeoh r &

children (62%) reportedly spit after tooth brushing while 25% rinsed out.

Table 6-4: Characteristics of Study Sample- Oral hygiene Practices

Sweep 1 % [n] Sweep 2 % [n]
Responders Responders
Including Excluding Including Excluding
missing missing missing missing
Age when toothbrushing started
Under 12 months/First tooth 61.2 [134] 78.4 Not measured in
After 12 months 16.9 [37] 21.6 Sweep 2
Missing 21.9[48]
Daily toothbrushing frequency
Not Every day 2.7 [6] 3.5 0.0 [0] 0.0
Once a day 16.0 [35] 20.2 6.4 [14] 14.1
Twice a day 50.7 [111] 64.2 35.2 [77] 77.8
More than twice a day 9.6 [21] 121 3.7 [8] 8.1
Missing 21 [46] 54.8 [120]
Brush before bedtime
Always 42.5[93] 53.1 29.7 [65] 63.7
Sometimes 28.3 [62] 35.4 11.4 [25] 245
Occasionally 55 [12] 6.9 4.1 [9] 8.8
Hardly ever 2.7 [6] 3.4 0.9 [2] 2.0
Never 0.9 [2] 1.1 0.5 [1] 1.0
Missing 20.1 [44] 53.4 [117]
Fluoride concentration in toothpaste
Up to 550 or less than 1000 0.5 [1] 0.6 Not measured in
1000/1100 ppm 53.4 [117] 67.2 Sweep 2
> 1100 ppm 25.6 [56] 32.2
Missing 20.5 [45]
Adult supervised tooth -brushing
Yes 67.6 [148] 84.6 33.8[74] 74.7
No 12.3 [27] 15.4 11.4 [25] 25.3
Missing 20.1 [44] 54.8 [120]
Amount of toothpaste used
Smear 2.3 [5] 29 0.9 [2] 2.0
Peasize 53.9 [118] 67.4 31.5[69] 67.6
Half a brush 21.0 [46] 26.3 11.9 [26] 25.5
Full brush 2.7 [6] 3.4 2.3 [5] 4.9
Missing 20.1 [44] 53.4 [117]
Method for toothpaste removal
Swallow 11.0 [24] 13.7 5.0 [11] 11.1
Spit 49.3 [108] 61.7 27.4 [60] 60.6
Rinse out 19.6 [43] 24.6 12.8 [28] 28.3

Missing 20.1 [44] 54.8 [120]
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6.1.5Us e of Dent al services

Table 6-5 illustrates the distribution of participants according to use of

dental services. While parents/carers of 38%of the children reported having
taken their child for their first dental visit before their first birthday , 13%
reported never taking their child for a dental visit . The common reasons for

the first visit wer e anti ci patory such as 06just
06 ¢ h e c.kMorne than half of the parents (68%)reported taking their child for

a routine check -up every six months while 15%never did.

Table 6-5: Characteristics of Study Sample- Use of dental services

Sweep 1 % [n] Sweep 2 % [n]
Responders Responders
Including Excluding Including Excluding
missing missing missing missing
Age at first dental visit
Never visited dentist 10.0 [22] 12.7
Less than or at 6 months 9.6 [21] 12.1 Not measured in
7- 12 months 20.5 [45] 26.0 Sweep 2
13 months and over 38.8 [85] 49.1
Missing 21.0 [46]
Reason for first dental visit
Trouble with teeth 3.2 [7] 4.0
Note from nursery dentist 1.8 [4] 2.3
Check up 22.4 [49] 28.0 Not measured in
Just went for getting used to 35.2 [77] 44.0 Sweep 2
Organized Childsmile visit 6.8 [15] 8.6
Never been 10.0 [22] 12.6
Trauma 0.5 [1] 0.6
Missing 20.1 [44]
Frequency of r outine check
<= 6 months 53.8 [118] 67.8 35.6 [78] 75.7
Between 6 and 12 months 11 [24] 13.8 6.8 [15] 14.6
>12 months 2.7 [6] 3.4 2.7 [6] 5.8
Never 11.9 [26] 14.9 1.8 [4] 3.9

Missing 20.6 [45] 53.0 [116]

W €
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6.l16Early feeding habits

Forty two percent ( 42% of the parents/carers reported initiating
breastfeeding of which 22% stated exclusively breast feeding their child as
infants and others (20%) combined/continued with a bottle . More than half
(58%)of the parents/carers reported exclusively bottle feeding their child as
an infant (Table 6-6).

About half (53%)of the parents reported commencing solids at four to six
months of age. More than a quarter of the children (26 % were reported to
have stopped using a baby bottle with a t eat befor e their first birthday.

While 37%were reported as not taking a bottle to bed with a drink  (other
than water ) at two years of age, 26% were taking it every night. Furthermore,
13% continued this practice at four years. Only a third (30 % of the pa rents

restricted the amount of sugars their child had on a daily basis.



Table 6-6: Characteristics of Study Sample- Early feeding habits
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Sweep 1 % [n] Sweep 2 % [n]
Responders Responders
Including Excluding Including Excluding
missing missing missing missing
Breast or bottle feeding
Breast fed only 17.4 [38] 21.7 Not measured in
Bottle fed only 46.1 [101] 57.7 Sweep 2
Breast and bottle fed 16.4 [36] 20.6
Missing 20.1 [44]
Age bottle feeding completely stopped
Never used a baby bottle 5.5 [12] 6.9 Not measured in
Under 12 months 15.5 [34] 19.4 Sweep 2
Between 1 year and 2 years 36.1[79] 45.1
Between 2 and 3 years 12.3 [27] 154
Between 3 and 4 years 6.4 [14] 8.0
Still using baby bottle 4.1 [9] 5.1
Missing 20.1 [44]

Night time bottle feeding (other than water) up to 2 years

Every day 20.5 [45] 25.9

Most days 8.7 [19] 10.9

Some days 12.3 [27] 15.5 Not measured in
Hardly ever 8.2 [18] 10.3 Sweep 2

Never 29.7 [65] 37.4

Missing 20.5 [45]

Age of commencement of solids

2-3 months 7.3 [16] 9.2 Not measured in
4-6months 52.5[115] 66.1 Sweep 2

7-12 months 16 [35] 20.1

Over 12 months 3.7 [8] 4.6

Missing 20.5 [45]

Night time bottle feeding (other than water) up to 4 years

Every day 10.0 [22] 12.7 4.6 [10] 9.9
Most days 3.7 [8] 4.6 2.3 [5] 5.0
Some days 10.0 [22] 12.7 4.6 [10] 9.9
Hardly ever 11.9 [26] 15.0 5.0 [11] 10.9
Never 43.4 [95] 54.9 29.7 [65] 64.4
Missing 21.0 [46] 46.1 [101]

Frequency sugar restricted

Every day 24.2 [53] 30.3 11.0 [24] 24.5
Most days 32.9([72] 41.1 19.2 [42] 42.9
Some days 16.4 [36] 20.6 14.2 [31] 31.6
Hardly ever 4.6 [10] 5.7 0.5 [1] 1.0
Never 1.8 [4] 2.3 0.0 [0] 0.0

Missing 20.1 [44] 55.3[121]
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6.1.7Cur r Binadt

A minimum of 100 complete FFQsare required for robust nutritional analysis
under the guidelines drawn up by the Scottish Collaborative Group (The
survey of sugar intake among children in Scotland, 2008) . Since less than 100
complete FFQs were returned in Sweep 2 the results of the analyses were

found to be unreliable and misleading and hence not presented.

Table 6-7 illustrates the mean intake s of various macronutrients , saturated
fat, total sugars, Non-Milk Extrinsic Sugars NME$ and selected food groups in
Sweep 1as discussed previouslyin Section 4.6.2.4. Sixty three percent (63%
of the children exceeded the recommended NMES intake of no greater than
11% of food energy. Large variation s with respect to the daily consumption of
total sugars (42.2 to 670.2 g/day) and NMES18.7 to 471.8 g/day) was s een.
The mean intake of NMES was 87.6g/day, which on average comprised 16.3%
of total food energy. There was considerable variation in the intake of
macronutrients and daily cons umption of selected food -groups, the greatest
variation seen with respect to daily consumption of non -diet soft drinks
(including acidic fruit juices and fizzy drinks) ranging from O to 2400 g/day

(equivalent of six cans of drinks).
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Table 6-7: Characteristics of Study Sample- Current diet

Sweep 1

Energy (Kcal/ day)
Mean [SD]
Minimum, Maximum
Median [Q1, Q3]
Missing % [n]

Carbohydrate (g/day)
Mean [SD]

Minimum, Maximum
Median [Q1, Q3]
Missing % [n]

Protein (g/day)
Mean [SD]
Minimum, Maximum
Median [Q1, Q3]
Missing % [n]

Fat (g/day)

Mean [SD]
Minimum, Maximum
Median [Q1, Q3]
Missing % [n]

Saturated fat (g/day)

Mean [SD]
Minimum, Maximum

Median [Q1, Q3]
Missing % [n]

Total sugars (g/day)
Mean [SD]
Minimum, Maximum
Median [Q1, Q3]
Missing % [n]

Total sugars (% food energy)
Mean [SD]

Minimum, Maximum

Median [Q1, Q3]

Missing % [n]

NMES intake (g/day)
Minimum, Maximum
Median [Q1, Q3]
Missing % [n]

1941.3 [1098.4]

756.0, 9167.0

1658.0 [1335.0, 2110.0]
21.9 [48]

274.2 [159.3]

102.2, 1113.0
227.9[185.7, 313.4]
21.9 [48]

64.3 [33.6]
25.3,282.3

57.9 [43.4, 74.2]
21.9 [48]

72.3 [45.2]
26.1,428.5

61.7 [48.3, 83.3]
21.9 [48]

30.3[17.6]

10.5, 156.8

25.7 [19.6, 35.3]
21.9 [48]

155.9 [105.3]
42.2,670.2

118.7 [93.4, 175.1]
21.9 [48]

29.7 [7.7]
13.4,63.1
28.7[25.1, 32.5]
21.9 [48]

18.7,471.8
62.6 [46.6, 99.6 ]
21.9 [48]
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Table 6-7 continued

Sweep 1
NMES (% food energy)
Mean [SD] 16.3[7.0]
Minimum, Maximum 53,541
Median [Q1, Q3] 14.7 [12.3, 18.8]
Missing % [n] 21.9 [48]
NMES (% food energy)
< 11%food energy % [n] 15.1 [33]
>=11% food energy % [n] 63.0 [138]
Missing % [n] 21.9 [48]
Intrinsic Milk Sugars
Mean [SD] 68.2 [42.9]
Minimum, Maximum 16.5, 343.0
Median [Q1, Q3] 60.1[40.1, 78.9]
Missing % [n] 21.9 [48]
Crisps & Savory Snacks (g/day)
Mean [SD] 19.41 [20.6]
Minimum, Maximum 0.0, 130.0
Median [Q1, Q3] 13.1[6.4,24.7]
Missing % [n] 24.7 [54]
Biscuits, Cakes & Pastries (g/day)
Mean [SD] 41.1 [52.0]
Minimum, Maximum 0.0, 379.29
Median [Q1, Q3] 26.5[16.6, 45.4]
Missing % [n] 26.0 [57]
Confectionary (g/day)
Mean [SD] 23.7 [28.7]
Minimum, Maximum 0.0, 287.3
Median [Q1, Q3] 17.1[8.8,28.9]
Missing % [n] 23.3 [51]
Non-Diet Soft Drinks (g/day)
Mean [SD] 217.3 [358.8]
Minimum, Maximum 0.0, 2400.0
Median [Q1, Q3] 103.6 [34.0, 200.0]
Missing % [n] 29.2 [64]
6.1l8Parental attitudes and beliefs

The majority of the parents/carers appeared to have positive attitudes

around oral health, with most reportin g to agree with positive traits (Figure
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6-1 a & b). Iltems that showed notable variation i n responses included an item

that measured dental fatalism belief, @Most children eventually develop

dental cavities Oand another item that was intended to measure parental

efficacy in caries prevention, If @y child uses fluoride toothpaste, it will

prevent t ooAduarter €23% gf the parents Gagreed/strongly

agreeddand almost another quarter (28% were 0 bisuredwith the former

statement measuring fatalism . While t hirty -one percent (31%) of the parents

were O6Unsured about thd%l atdi sagséeateBent

di sagreedd

Two scales O6positive parental attitude s
were constructed as described in Section 4.5.1.1.4 in Sweep 1. The
Opositive parental attituded scale was ¢
Oparehftataey sc alitensasshawnig Tablé6-8eleem

analysis for the two scales showed good inter nal reliability coefficients:

Cr onbachds 7daahdOty@for thé forter and latter scale

respectively. The distributions of scores for each scale were investigated

using frequency histograms (Figure 6-3 a & b). The percentage distribution of

scores for both the scales were negatively skewed due to more parents

showing a higher score indicating favourable attitudes and self-efficacy

towards oral health .

Table 6-8: Statements used to construct each of the scales and their respective
Cronbachdés al pha

Parental efficacy scale- Cr onbachoés 71 pha of 0n

-1t is worthwhile to give my child sweets/biscuits to behave well
-1t is not worth it to battle with my child to brush his/her teeth twice a day
-1t is often too stressful to say no to to my child when they want sweets

Positive parental attitude scale -Cr onbachds 7l pha of O

-My child losing a baby tooth due to tooth decay would be upsetting

-It is worthwhile to give my child sweets/biscuits to behave well

-Most children eventually develop dental cavities

-As a family, we intend controlling how often the child has sugary foods or
drinks

-It is not worth it to battle with my child to brush his/her teeth twice a day
-It is often too stressful to say no to my child when they want sweets

-As a parent, it is my responsibility to prevent my child getting tooth decay

-It is the responsibility of the dentist to prevent my child getting tooth decay




a)

b)

As a family, we intend
controlling how often our
child has sugary food/drinks

My child loosing a baby
tooth due to decay would be
upsetting

As a parent, it is my
r'es5:)-::msu:pi|it3,|r to prevent m
child from getting toot

As a family, we are confident
we can reduce the chances
of our child getting decay

If my child uses fluoride
toothpaste, it will prevent
tooth decay

It is not worth it to battle with
my child to brush his teeth
twice a day

It is the responsbility of the
dentist to prevent my child
getting decay

It is worthwhile to give my
child sweets/biscuits to
behave well

It is often too stressful to say
no to my child when they
want sweets

Most children eventually
develop dental cavities
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|

1 W Strongly Agree
71 22
| H Agree
72 26 I Neither Agree Nor
] Disagree
Disagree
35 52 | J
] B Strongly Disagree
0 20 40 60 80 100
| 38 48
B Strongly Agree
I 41 47
Agree
I 41 31 Neither Agree Nor
Disagree
® Disagree
| 41 33
B Strongly Disagree
i 29 4

0 20 40 60 80 100

Figure 6-1: Bar chart showing distribution of responses in Sweep 1 for a) positive
statements, b) negative statements
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a) As a family, we intend
controlling how often our

child has sugary food/drinks
My child loosing a baby ® Strongly Agree
tooth due to decay would be 71 21 I
As a parent, it is my
res&:)-::mml:)ilityr to prevent m 74 25 Neither Agree Nor
child from getting toot Disagree
As a family, we are confident Disagree
we can reduce the chances 41 50
of our child getting decay
- .
If my child uses fluoride Strongly Disagree
toothpaste, it will prevent I
tooth decay
0 20 40 60 80 100
b) It is not worth it to battle with
my child to brush his teeth I 38 48
twice a day
It is the responsbility of the " Strongly Agree
dentist to prevent my child I 41 47
getting decay Agree
It is worthwhile to give my
child sweets/biscuits to I 41 31 Neither Agree Nor
behave well Disagree
It is often too stressful to say EDj
no to my child when they I 41 33 Disagree
want sweets
B Strongly Disagree

Most children eventually I 29 4

develop dental cavities

0 20 40 60 80 100

Figure 6-2: Bar chart showing distribution of responses in Sweep 2 for a) positive
statements, b) negative statements
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Figure 6-3: Histograms of percentage distribution of a) positive parental attitudes scale

in Sweep land b) parental efficacy scale in Sweep 1.
A higher score indicates a more favourable attitude towards oral health.
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6.19Streptococsus mutan

Absolute counts of S. mutans were quantified from saliva using TagMan®
QPCR.The count of S. mutans in saliva of children ranged from 2.6 x 10" to
4.5 x 10’ CFU/ml with a geometric mean of 3.5 x 10* CFU/ml in Sweep 1
(Table 6-9).

Table 6-9: Characteristics of Study Sample- Microbiology

Sweep 1
Responders
Including missing Excluding missing
N= 219

S. mutans (CFU/ml)
Not Detected % [n] 25.1 [55] 34%
Detected % [n] 49.8 [109] 67%
Missing % [n] 25.1 [55]
*Mean [SD] 3.5 x10%[2.0 x10"]
*Minimum, Maximum 2.6 x10%, 4.5x10’
*Median [Q1, Q3] 4.0 x10*[3.0x103, 3.0x107]

*Data for children who had detectable levels of S.mutansin Sweep 1. Geometric data

generated from back transformations of log ;o transformed data are shown.

6.1.10 Summary

In summary, the sample comprised mainly of deprived families. The
completeness of the questionnaires were good in both Sweeps. The lower
responseto questionnaires in Sweep 2 may reflect the importance of using
various strategies to increase response rate, particularly when the sample
primarily comprises of the more deprived groups. However, t here was no

differential participation in Sweep 2 based on behavioural and social factors.

It is feasible to look at changes in diet and parental attitudes & beliefs over

time, butis outwith the scope of this thesis.

6.20bvious cari es Seve@rnieweceep a2t

The proportion of children with obvious caries experience was 35.8%in Sweep
1 and 47.7 % inSweep 2(Table 6-10). The mean number of teeth with caries
experience changed from 1.3 (AMR)in Sweep 1to 1.9 (dsmft) in Sweep 2
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The burden of the disease in children affected by caries wa s high, with the

mean number of teeth affected [SD]being 3.7 [2.6] in Sweep 1and 3.9 [3.0]
in Sweep 2(Table 6-11).



Table 6-10: Distribution and summary statistics of caries experience in baseline year (Sweep 1) and follow-up year (Sweep 2)
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Total number of children who consented in the study N= 219

Sweep 1(AMR)  Sweep 2% (dsmft)  Sweep 2° (dsmft)  NDIP 2009/10° NDIP 2013/14"
Total number of children examined % [n] 86.8 [190] 79.5 [175] 65.8 [144] 19 [2583] (1188
Mean age [SD] 4.8[0.4] 5.7 [0.3] 5.7 [0.3] 3.7[0.3] 5.5[0.3]
Proportion with obvious caries in primary teeth % [n] 35.8 [68] 47.7 [83] 47.2 [68] 19 [483] 41.2 [490]
Mean AMR/dmft [SD] 1.3 [2.6] 1.9 [3.0] 1.9 [3.0] 0.4[1.1] 1.8
Minimum, Maximum 0, 18 0, 18 0, 18 No data available No data available
Median [Qy, Q3] 0.0 [0, 2] 0.0 [0, 3] 0.0 [0, 3] No data available No data available

Table 6-11: Burden of disease in children with obvious caries experience at Sweep 1 and Sweep 2

Total number of children in the study

N= 219

Sweep 1(AMR)  Sweep 2
Total examined n= 190 n=175
Proportion with obvious caries in primary teeth % [n] 35.8 [68] 47.7 [83]
Mean AMR/gmft [SD] 3.7 [3.1] 3.9 [3.2]
Minimum, Maximum 1,18 1,18
Median [Qy, Q3] 3.0 [1,5] 3.0 [2,5]

* For all children clinically examined in Sweep 2

'® For those children who had complete data in Sweep 1 and clinical dental data in Sweep 2

® NHS Greater Glasgow & Clyde; McMahon et al., 2011
7 Glasgow city CHP; NDIP, 2014,

'8 Representative sample
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63Longi tudi nal changes in car.i

Table 6-12 shows the longitudinal caries experience status for the 159
children who had a clinical dental examination completed at both time

points. The proportion of children with no obvious caries experience at both
Sweep 1land Sweep 2was 51.6%. Fifteen percent of the children with no
caries experience in Sweep 1 were found to have caries experience in Sweep
2.

Table 6-12: Caries progression in children who had clinical data at baseline year (Sweep
1) and follow-up year (Sweep 2)

Total number of children who had clinical data at both time points N= 159
Caries experience % [n]
Sweep 1 Sweep 2
No No 51.6 [82]
No Yes 15.1 [24]
Yes Yes 33.3[53]
Yes No 0

64Devel opi ng nioddeilsease

The following section addresses ohective 3 (i). It reports the results of the
longitudinal analyses, which utilises the hypothetical pathway in Figure 4.3 to
investigate which of the risk factors measured in Sweep lare associated with

caries experience in Sweep 2(outcome).

6.41Uni varAnabllye i s

All the variables detailed in Table 4-1, collected in Sweep 1were univariably
analysed to produce unadjusted Odds Ratios (OR)and 95%confidence
intervals (Cl) for caries experience (dichoto mised dsmft >0) in Sweep 2
following the methods described in  Section 4.7.3 . The significance level was
based on p value being <0.20. This conservative level was set due to the
relatively small sample size in this pilot study, which might result in wide
confidence intervals that might nonetheless indicate potential ly important
effects. Variables that had p >0.20 and those that showed a low predictability

(Lower CI of C-index <0.50) were excluded from the next stage of analysis.
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6.4.1.1 Demographics domain

Children from single parent families (compared to two parent households)
were more likely to have experience of caries (OR [95%CI],1.68 [0.81 to
3.47], p=0.17) as were those that belonged to homes with a smoker
(compared to homes with no smokers) (Table 6-13). For a child whose main-
carerwasr eport ed a smokerdobhe unadjusted tOR [99% Cl]for
caries experience at Sweep 2was 1.77 [0.85 to 3.68] (p=0.13).
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Table 6-13: Unadjusted Odds Ratios & 95% Confidence Intervals for caries experience
(Sweep 2) and C-index according to demographic domain (Sweep 1)

Explanatory Variables Caries experience Unadjusted OR [95% CI]
N %

Child characteristics

Gender

Male [46/94] 48.9 1 [ref]

Female [38/80] 0.94 [0.52 to 1.72]

Age of child (years) 0.71[0.30 to 1.70]

Ethnicity
White: Scottish [53/113] 46.9 0.94 [0.43 to 2.09]
Others™ [15/31] 48.4 1 [ref]

Number of children in family

1 [13/31] 41.9 1 [ref]
2 [32/64] 50.0 1.39 [0.59 to 3.29]
3 or more [21/47] 44.7 1.12 [0.45 to 2.80]

Position of child in family

First born [28/63] 44.4 1 [ref]
Second born [28/52] 53.9 1.46 [0.70 to 3.05]
Third born or later [10/27] 37.0 0.74 [0.29 to 1.86]

Parent/carer characteristics
Age of main carer

<25 years [8/15] 53.3 1.65[0.53t0 5.12]
26 -35 years [35/69] 50.7 1.48 [0.74 to 2.97]
36 years and over [25/61] 41.0 1 [ref]

Main carer marital Status
Married/Cohabiting [45/104] 43.3 1[ref]
Single parent [23/41] 56.1 1.68[0.81 to 3.47]

Main-Carer smoking status
Current Smoker [23/40] 57.5 1.77 [0.85 to 3.68]
Never smoked/smoked in past [46/106] 43.4 1 [ref]

9 Other Whites, Asians, Blacks and Mixed



6.4.1.2 Socioeconomic circumstances

A strong socioeconomic gradient for caries experience was evident, with

those considered most deprived experiencing higher levels of disease than
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those least deprived. All SEPmeasuresin Sweep lexcept one (years of main -

car er 0s educdtibn) showedean association with caries at Sweep 2

with children from lower SEP consistently showing higher odds of caries

(Table 6-14). The strongest predictor of caries at Sweep 2was the highest

level of education of the main -carer. Children from households with the

main-carer having no formal qualification or only a pre -school leaving
certificate were 8 times (95% CI- 2.36 to 29.90, p= 0.009) more likely to have

experience of caries at Sweep 2compared to those with main -carers having a

first degree or professional qualification.
higher than 0.50 for all measuresexcept one (main-c ar er 8 s

education), implying that SEPis a good predictor of caries.

The lower limit of c- index was

year s

Table 6-14: Unadjusted Odds Ratios & 95% Confidence Intervals for caries experience
(Sweep 2) and C-index according to socioeconomic circumstances (Sweep 1)

Explanatory Variables

Caries experience

%

Unadjusted OR [95% CI]

Local SIMD™ Quintile

Q1 (most deprived)
Q2
Q3

Q4 & Q5 (least deprived)

P value
C-index [95% CI]

National SIMD** Quintile

Q1 (most deprived)
Q2
Q3

Q4 & Q5 (least deprived)

P value
C-index [95% CI]

Gross annual household Income

< £10,000
£10,000 6£19,999
£20,000 & more

P value

C-index [95% CI]

Main-Car er 0 s
Not completed secondary school

Further education
P value
C-index [95% CI]

56.7
62.9
24.2
36.1

58.0
30.0
38.7
28.6

64.7
53.5
31.0

y e-tinte Eduaation Fu | |

48.9
46.3

2.32[1.01t05.34]
2.99[1.14t0 7.87]
0.57 [0.20 to 1. 61]
1 [ref]
0.003
0.66 [0.58 t0 0.74 ]

3.45[1.24 t0 9. 64]
1.07[0.28t0 4.12]
1.58[0.48t05.20]
1 [ref]
0.015
0.63 [0.55 to 0.71]

4.07 [1.66 to 9. 99]
2.56[1.13t05.79]
1 [ref]

0.005
0.65 [0.56 to 0.74]

1.12 [0.55 to 2. 26]
1 [ref]
0.776
0.51[0.42 to 0.61]

20 Scottish Index of Multiple Deprivation 2009 at Local Health Board level (NHS Greater Glasgow & Clyde)

% Scottish Index of Multiple Deprivation 2009 at National level

of
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Table 6-14 continued

Main-Car er ds highest Level of Ed

Level 0% [14/19] 73.7 8.40[2.36 t0 29.90]
Level 1 [21/42] 50.0 3.00[1.14 to 7 ..90]
Level 2** [24/ 48] 50.0 3.00[1.17 to 7.70]
Level 3 [9/36 ] 25.0 1 [ref]

Percentage of income from

benefits
Half or more [38/59] 64.4 3.98[1.95t0 8.12]
None or About a quarter [25/80] 31.3 1 [ref]

Current or last occupation of
Main-Carer
Never worked or permanently

unemployed due to disability [5/9] 55.6 2.86[0.59 t0 13.96]
NSSEC %° [27/43] 62.8 3.86[1.31t0 11.38]
NSSEC 2 [7/26] 26.9 0.84[0.24 to 2.91]
NSSEC t° [7/23] 30.4 1 [ref]

Housing Tenure

Rented- not private *° [40/60] 66.7 3.91[1.88108.16]
Rented- privately [6/17] 29.4 0.82[0.26 t0 2.60 ]
Owned/mortgaged [23/68 ] 33.8 1 [ref]

6.4.1.3 Oral hygiene practices

Daily tooth brushing frequency, brushing before bedtime , the method used for
toothpaste removal and age of commencement of regular toothbrushing were
associated with caries experience at Sweep 2 The c-index somewhat
reflected th e same, with the former three variables predicting caries (¢ -index
>0.50). Children who brushed less than twice daily were more likely to have
experience of caries at Sweep 2(OR 3.50, 95% CI 1.53 to 8.00 p= 0.003) than

children who brushed twice or more daily. Children who commenced

2 Level 0 - no qualification or pre-school leaving qualification

% Level 1 - O grade, standard grade, GCSE or equivalent

 Level 2 - Higher grade, A level, GSVQ advanced HNC, HND, SVQ Levels 4 or 5 or equivalent
% Level 3 - first degree, higher degree or professional qualification

% NS-SEC 3 - Routine & manual

*" NS-SEC 2 - Intermediate

% NS-SEC 1 - Higher Managerial, Administrative & Professionals

# Rented from local Authority/Council/Housing association
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toothbrushing after their first birthday and those who irregularly brushed

before bedtime were also at an increased risk of caries at Sweep 2compared
to those who brushed before their first birthday and those who always

brushed before bedtime (ORs [95%CI] of 269 [1.16 to 5.74] and 3 .01 [1.53 to
5.94] respectively). In addition, there was an increased odds of caries
experience at Sweep 2in those rinsing out toothpaste compared to those who
spat (OR [95% CI]:3.54 [1.57 to 7.96] , p= 0.006).

Table 6-15: Unadjusted Odds Ratios & 95% Confidence Intervals for caries experience
(Sweep 2) and C-index according to Oral hygiene practices (Sweep 1)
Explanatory Variables Caries experience Unadjusted OR [95% ClI]
N %

Daily toothrushing f requency
Less than twice [24/34] 70.6 3.50[1.53t08.00]
Twice or more than twice [46/11 3] 40.7 1[ref]

Brush before bedtime

Always [28/80] 35.0 1 [ref]
Sometimes / Occasionally [39/61] 63.9 3.29[1.64 t0 6.60]
Hardly ever/ Never [3/6] 50.0 1.86 [0.35 t0 9.82]

Age when tooth brushing started
Under 12 months/First tooth
erupted

After 12 months

[51/11 6] 44.0 1 [ref]
[19/30] 63.3 2.20 [0.96 t0 5.0 4]

Adult supervised tooth -brushing
Yes [62/125] 49.6 1 [ref]
No [8/22] 36.4 0.58[0.23t0 1.48]

Method for toothpaste removal

Swallow [12/21] 57.1 2.26 [0.86 10 5.94 ]
Spit [33/89] 37.1 1 [ref]
Rinse out [25/37] 67.6 3.54 [1.57 t0 7.96 ]

Amount of toothpaste used
Recommended: Peasize [46/100] 46.0 1 [ref]

g::f: Smear, Half a brush, Full [24/47 ] 511 1.23[0.61 to 2.45]
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Older age at first dental visit and infrequent routine dental checks increased

the odds of caries among children at Sweep 2(Table 6-16).

As expected, when the reason for the first dental visit was for other than

anticipatory care, the odd s of caries among children at Sweep 2were very

high (OR [95%CIB.85 [1.06 to 74.17], p value= 0.11).

Table 6-16: Unadjusted and adjusted Odds Ratios & 95% Confidence Intervals for caries
experience (Sweep 2) and C-index according to Use of dental services (Sweep 1)

Unadjusted OR [95% CI]

Explanatory Variables Carie s experience
N %
Age at first dental visit
Never been to dentist [10/19] 52.6
Within first year after birth [21/58] 36.2
After first year of birth [39/68] 57.4
Reason for first dental visit
Corrective [7/8] 87.5
Anticipatory [53/120] 44.2
Never visited a dentist [10/19] 52.6
Frequency of Routine check up
<= 6 months [45/100] 45.0
At least every 12 months [9/20] 45.0
>12 months [4/5] 80.0
Never [12/22] 54.6

1.96 [0.69 to 5.58]
1 [ref]
2.37 [1.15 to 4.87]

8.85[1.06 to 74.17]
1 [ref]
1.41[0.53 t0 3.71]

1 [ref]
1.00 [0.38 to 2.63]
4.89 [0.53 to 45.30]
1.47 [0.58 to 3.71]
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6.4.1.5 Early feeding habits

All variables used to measure early feeding habits were associated with caries
experience at Sweep 2in the univariable analysis (Table 6-17). The c-index

mirrored these results, with all variables under this domain except one ( night

time bottle feeding other than water up to four years) predicting caries at

Sweep 2 The OR for caries experience at Sweep 2increased when sugar

intak e restrictions enforced at home were relaxed, with  OR [95% Qlfor

children reportedtobe dhardly / never r est29[d.25aad6®4]bei ng
(p=0.005). Compared to those children who w ere weaned from bottle

between one and two years, the odds of those who were weaned before 12

months showing caries experience at Sweep 2was 3.52 [1.35 t0 9.19]

(p=0.038). Children who were weaned on to solids later than 6 months also

showed high odds for caries at Sweep 2(OR [95%CI]:2.55 [1.13 to 5.73] ,

p=0.076). Compared to those children who were never b ottle fed during the

night time attwo years, the oddsofthose who wer e 6 s dethet i me
was 2.08 [1.01 to 4.26] (p= 0.034).
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Table 6-17: Unadjusted Odds Ratios & 95% Confidence Intervals for caries experience
(Sweep 2) and C-index according to Early feeding habits (Sweep 1)

Explanatory Variables Caries experience Unadjusted OR [95% ClI]
N %

Breast or bottle feeding

Breast fed only [13/32] 40.6 1 [ref]
Bottle fed only [46/82] 56.1 1.87 [0.82 to 4.28]
Breast and bottle fed [11/33] 33.3 0.73[0.27t0 2.01]

Age bottle feeding completely stopped

Never used a baby bottle [3/11] 27.3 0.56 [0.14 t0 2.28]
Under 12 months [19/27] 70.4 3.52[1.35t09.19]
Between 1 yr and 2 yrs [27167 ] 40.3 1 [ref]

Over two years or Still using baby

bottle [21/42] 50.0 1.48 [0.68 t0 3.2 2]

Night time bottle feeding  (other
than water) up totwo years

Every/ Most days [30/55] 54.6 2.08[1.01t04.26]
Some days [13/20] 65.0 3.21[1.14 to 9.08]
Hardly ever/ Never [26/71] 36.6 1 [ref]

Frequency sugar restricted

Every/ Most days [42/107] 39.3 1 [ref]
Some days [19/29] 65.5 6.96 [1.43 to 33.83]
Hardly ever/ Never [9/11] 81.8 2.94[1.251t0 6.94]

Night time bottle feeding  (other
than water ) up to four years

Every/ Most days [14/22] 63.6 2.31[0.891t05.98]
Some days [12/21] 57.1 1.76 [0.68 to 4.54 ]
Hardly ever/ Never [44/102] 43.1 1 [ref]

Age of commencement of solids

< 4 months [7/14] 50.0 1.39[0.45t0 4.27 ]
4-6 months [41/ 98] 41.8 1 [ref]
7 months and over [22/34] 64.7 2.55[1.13to 5.73]
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6.4.1.6 Current Diet

NMES as a percentage of food energycollected in Sweep 1was associded
with caries at Sweep 2in the univariable analysis (Table 6-18). For every
additional one percent of NMESas a percentage of food energy at Sweep 1,
the odds of a child showing caries at Sweep 2by nine percent (OR1.09, 95%
CI[1.02t0 1.16], p=0.007). In addition, children who se NMESntake was
above the recommended 11%of food energy showed increased odds of
showing caries at Sweep 2(OR1.83, 95%CI [0.78 to 4.30] (p= 0.165). Of the
food groups that were analysed, children with the medium and highest intake
ofbcri sps and swarea increased oddsoflcaiés. Children in
the highest tertile of 6 cr i sps and sslowedthe highestrriskc k s 0
compared with those in the lowest tertile of intake  (OR 2.18, 95%CI1(.98 to
4.87] (p= 0.106). Although children with the medium and highest intake of
6nedi et s o fwere atincreaked @dds of caries compared with those
in the lowest intake tertile, the p value was greater than the threshold of
0.20.
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Table 6-18: Unadjusted Odds Ratios & 95% Confidence Intervals for caries experience
(Sweep 2) and C-index according to Diet (Sweep 1)

Explanatory Variables Caries experience Unadjusted OR [95% CI]
N %

NMES<11% food energy [10/28] 35.7 1 [ref]

NMES>=11% food energy [59/117] 50.4 1.83[0.78 to 4.30]

NMES (% food energy) 1.09[1.02t01.16]

NMES(g/day)

T1:<=51.9 [20/49] 40.8 1 [ref]
T2:52.0t0 81.1 [25/51] 49.0 1.39[0.63 to 3.08]
T3:81.2 & above [24/4 5] 53.3 1.66 [0.73 to 3.75]

Total Sugars (g/day)

T1:<=103.2 [20/49] 40.8 1 [ref]
T2:103.3 to 149.0 [24/49] 49.0 1.39[0.6310 3.10]
T3:149.1 & above [25/ 47] 53.2 1.65[0.731t0 3.70]

Crisps & Savoury Snacks (g/day)

T1: <=9.63 [21/51] 41.2 1 [ref]
T2:9.64to 18.38 [18/43] 41.9 1.03[0.45 to 2.34]
T3: 18.39 & above [29/48 ] 60.4 2.18[0.98 t0 4.87 ]

Biscuits, Cakes & Pastries (g/day)

T1: <=20.84 [22/46] 47.8 1 [ref]
T2:20.85 to 36.93 [23/46] 50.0 1.09 [0.48 t0 2.47 ]
T3: 36.94 & above [20/45] 44.4 0.87 [0.38 t0 1.99 ]

Confectionary (g/day)

T1: <= 10.69 [19/42] 45.2 1 (ref]
T2:10.70 to 23.81 [25/54] 46.3 1.04[0.46 t0 2.35 ]
T3: 23.82 & above [25/47 ] 53.2 1.38[0.60 t0 3.17]

Non-Diet Soft Drinks (g/day)

T1: <=70.0 [21/51] 41.2 1 [ref]
T2:70.01 to 161.35 [20/38] 52.6 1.59[0.68 10 3.70 ]
T3: 161.36 & above [24/42] 57.1 1.91[0.83 to 4. 36]
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6.4.1.7 Parental attitudes and beliefs

The parental attitudes scale was associated with caries at Sweep 2in the
univariable analysis, with more positive parental attitudes towards oral

health showing lowe r odds of caries among children (Table 6-19). Similarly,
higher parental efficacy score showe d a slightly reduced odds of caries at
Sweep 2 The lower limit of the c-index for the former scale was higher than

0.50, implying it to predict caries at Sweep 2

Table 6-19: Unadjusted Odds Ratios & 95% Confidence Intervals for caries experience
(Sweep 2) and C-index according to Parental Attitudes and Beliefs (Sweep 1)

Explanatory Variables Unadjusted OR [95% CI]
Positive Parental attitudes Scale 0.54[0.28 t0 1.06 ]

P value 0.072

C-index 0.60 [0.51 to 0.69]
Parental Efficacy scale 0.74[0.49 to 1.12]

P value 0.155

C-index 0.59 [0.50 to 0.69]

6.4.1.8 Streptococcus mutans

As the levels of salivary S. mutans counts in Sweep lincreased, the odds of a
child showing experience of car ies at Sweep 2increased, with children in the
highest tertile of salivary S. mutans counts in Sweep 1showing an OR16.09,
95% CI5.69 to 45.63 (p <0.001) compared to those who had no S. mutans
detected ( Table 6-20). Univariably, this was the most highly predictive

variable.

Table 6-20: Unadjusted Odds Ratios & 95% Confidence Intervals for caries experience
(Sweep 2) and C-index according to S. mutans (Sweep 1)

Explanatory Variable Caries experience Unadjusted OR [95% CI]
N %

Microbiology
S. mutans (CFU/ml)
T1 = not detected [10/49] 20.4 1 [ref]
T2=1t03.9x104 [25/46] 54.4 4.64[1.881011.48]
T3=>39x104 [33/41] 80.5 16.09 [5.69 to 45.63]
P value <0.001

C-index 0.77 [0.69 to 0.85]
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6.42Mul t i vdroigabsltd ¢ regre®ssion anal ys

In the last section, univariable analysis identified risk fa ctors within the five
domains (oral hygiene practices, early feeding habits, use of dental services,
current diet and parental attitudes & beliefs) that were associated with caries in

Sweep 2

Following the modelling strategy determined by the hypothetical pathway in

Figure 4.3 those risk factors with p value <0.20 and lower level of Cl of C-index

>0.50 were offered to a multivariable model one domain at a time - the results of
which are available in AppendixL. Thed wi nni ng candi datesod at
offered to a final multivariable model in which all risk factors from all domains

were analysed simultaneously. Dueto S. mutans being more proximal in the

hypothetical pathway , it was expected to show stronger associations with caries

than other risk factors and possibly eliminat ing the relatively more distal

factors. Hence, two final models were run - one with all the relevant risk factors

excluding S.mutans counts, and the other with the inclusion of S.mutans counts-

the results of these two final models are presented here

Thoserisk factors measured in Sweep 1that were in dependently associated with
caries experience at Sweep 2are shown in Table 6-21. Age and genderadjusted
logistic regression models showed the risk factors independently associated with
caries at Sweep 2to be living in a deprived area, less than twice daily
toothbrushing, irregular brushing habits before bedtime, rinsing out toothpaste
after tooth -brushing, age when bottle feeding was completely stopped, poor
sugar intake restrictions enforced at home, higher amounts of NMES consumption
and older age at first visit t o dentist. When S. mutans counts at Sweep 1was
added to the model, S. mutans counts showed a strong association with caries at
Sweep 2 with the S. mutans levels being the most important risk factor for
caries at Sweep 2 However, S. mutans levels did not completely dominate the
risk and most of the behavioural risk factors in the previous model and
socioeconomic position continued to remain independently associated with

caries at Sweep 2

The CGindex of the final model excluding S. mutans counts was 0.83, which rose

to 0.89 when S. mutans counts was added to the model. The ROC plot are
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shown in Figure 6.3 a. The greater distance of th e curve from the diagonal line
indicates the greater predictive ability of the model, with the distance further

increasing when S. mutans counts were added to the model (Figure 6-4b).
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Table 6-21: Adjusted Odds Ratios & 95% Confidence Intervals for caries experience
(Sweep 2) according to riskfactors measured in Sweep 1

Explanatory Variables Adjusted OR [95%ClI] Adjusted OR [95% CI]
excluding S. mutans including S.mutans
counts counts
Gender
Male 1 [ref] 1 [ref]
Female 1.51[0.60 to 3.84] 0.85[0.23 t0 3.12]

Age of child (years) 0.70[0.19 to 2.50] 1.72 [0.35 to 8.54]

National SIMD*® Quintile

Q1 (most deprived) 2.09 [0.52 to 8.50] 1.80[0.32t0 10.17]
Q2 0.38[0.05 to 2.63] 0.18 [0.01 to 2.64]
Q3 1.45[0.27 to 7.69] 0.74[0.08 to 6.70]
Q4 & Q5 (least deprived) 1 [ref] 1 [ref]

Daily tooth brushing frequency
Less than twice 2.88 [0.78 to 10.67] 2.19[0.36 to 13.18]
Twice or more than twice 1 [ref] 1 [ref]

Brush before bedtime

Always 1 [ref] 1 [ref]
Sometimes / Occasionally 1.31[0.45 to 3.85] 0.97[0.22 to 4.28]
Hardly ever/ Never 0.12 [0.01 to 1.93] 0.02 [0 t0 0.82]

Method for toothpaste removal

Swallow 4.12[1.10 to 15.49] 9.93[1.69 to 58.42]
Spit 1 [ref] 1 [ref]
Rinse out 4.40 [1.44 t0 13.46] 3.42[0.73t0 16.03]

Breast or bottle feeding

Breast fed only 1 [ref] 1 [ref]
Bottle fed only 0.95 [0.26 to 3.51] 1.02[0.23 to 4.58]
Breast and bottle fed 0.47 [0.11 to 2.05] 0.26 [0.04 to 1.77]

% Scottish Index of Multiple Deprivation 2009 at National level
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Explanatory variables

Adjusted OR [95% ClI]
excluding S. mutans
counts

Adjusted OR [95% ClI]
including S.mutans
counts

Age bottle feeding completely stopped
Never used a baby bottle

Under 12 months

Between one year and two years
Over two years or Still using baby bottle

0.38[0.04 to 3.52]
3.64 [0.99 to 13.34]
1 [ref]
0.83[0.30 to 2.31]

1.42[0.10 to 19.77]
3.23[0.52 to 20.05]
1 [ref]

1.67 [0.42 t0 6.62]

Night time bottle feeding up to two

Every/ Most days
Some days
Hardly ever/ Never

2.25[0.83 to 6.06]
1.15[0.27 to 4.86]
1 [ref]

4.01 [1.03 to 15.58]
2.39[0.31 to 18.52]
1 [ref]

1 [ref]
2.20[0.71 to 6.81]
8.86 [1.03 to 76.27]

Frequency sugar restricted

Every/ Most days
Some days
Hardly ever/ Never

1 [ref]
0.86 [0.19 to 3.90]
7.47 [0.44 to 126.83]

NMES (% food energy)

1.06 [0.98 to 1.14]

1.08 [0.98 to 1.20]

Age at first dental visit
Never been to dentist
Within first year after birth 1 [ref] 1 [ref]

1.36 [0.32 to 5.79] 2.62[0.39t0 17.41]

After first year of birth 2.87[1.11t0 7.42] 4.53 [1.16 to 17.68]

S. mutans (CFU/ml)

T1 = not detected 1 [ref]
T2=1t039x 104 NA 4.48 [1.07 to 18.83]
T3=>39x104 36.31 [5.90 to 223.29]

C-index for full model 0.83[0.77 to 0.90] 0.89[0.84 to 0.95]
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ROC Curve
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Figure 6-4: ROC plot indicating the C-index for a) final model excluding S. mutans, b) final
model including S.mutans counts
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65EXpl aitrhi®kwg i oeconomitichn gec adii €

The following section addresses objective 3 (i) and explores the effect of
different mea sures of SEPon caries experience, and which of the behavioural
risk factors (if any) found to be associated with caries ( Section 6.4.2 ) may help

explain the socioeconomic gradient in caries.

Binary logistic regression was used to produce odds ratios and 95% confidence
intervals for caries experience according to all SEP measureshat had a p value
<0.20 and C-index >0.50 in the univariable analysis , and these were adjusted for
age, gender and the risk factors found to be associated with caries in Sweep 2
(Section 6.4.2 ): first one domain at a time and then a final model which

considered all factors from all domains.

Table 6-22 illustrates that irrespective of the socio -economic measure used in
the analysis, there is a strong socioeconomic gradient in caries experience at
Sweep 2 with those in the most disadvantaged groups showing the highest risk
of caries. The gradient is partly attenuated when adjusted for reported daily
toothbrushing frequency, toothbrushing before bedtime, method of toothpaste
removal after toothbrushing, age baby was completely weaned from bottle
feeding, frequency of sugar restricted, NMES intake (%food energy) and age at
first dental visit (Table 6-23). Controlling for the effect of the aforementioned
factors, there was still a 1.89 times higher chance of a child living in the most
deprived SIMD quintile showing caries at Sweep 2than a child in the least
deprived SIMD quintile. Similarly, children from households with more than 50%
of the income obtained from benefits were 2.59 times more likely to  have caries
experience than those from households with little (a quarter of income) or no
benefits. Those from households rented from local Authority/Council/Housing
association were also 1.84 times more likely to have caries experience compared

to children with parents who owned their house.

However, it is difficult fr om these results to determine which SEP measure might
prove to be a stronger indicator of inequality than the others due to the

differences in distribution across categories of the measures (Shaw et al., 2007).
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All SEP measureswvere then standardized to determine if one measure of SEP

would prove to be a stronger indicator of inequality than the others
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Table 6-22: Unadjusted and adjusted Odds Ratios and 95% Confidence Intervals for caries experience (Sweep 2) according to socioeconomic position-
Adjusted for child characteristics, oral hygiene practices, early feeding habits, current diet.

SEP Variables

Unadjusted
OR [95% CI]

Adjusted
OR [95% CIf*

Adjusted
OR [95% CIf?

Adjusted
OR [95% CIf®

Adjusted
OR [95% CIP*

National SIMD Quintile
Q1 (most deprived)

Q2

Q3

Q4 & Q5 (least deprived)
P value

Gross annual household Income

< £10,000
£10,000 6£19,999
£20,000 & more

P value

Main-Car er 6s highest

Level 0*°
Level 1%
Level 2%/
Level 3%
P value

31 Adjusted for age and gender

3.45[1.24 t0 9.64]
1.07 [0.28 t0 4.12]
1.58 [0.48 to 5.20]
1 [ref]
0.015

4.07 [1.66 to 9.99]
2.56 [1.13t0 5.79]
1 [ref]
0.005

8.40 [2.36 to 29.90]
3.00[1.14 to 7.90]
3.00[1.17 to 7.70]
1 [ref]

0.009

3.35[1.19 to 9.42]
1.03 [0.26 to 4.06]
1.54 [0.47 to 5.08]
1 [ref]
0.017

3.88 [1.57 t0 9.60]
2.57 [1.13 to 5.84]
1 [ref]
0.007

8.35[2.34to

2.96 [1.12 to 7.80]
2.99[1.16 to 7.70]
1 [ref]

0.009

32 Adjusted for daily toothbrushing frequency, brush before bedtime and method for toothpaste removal

% Adjusted for age bottle feeding completely stopped and frequency of sugar restricted

3 Adjusted for NMES intake (% energy)

% |evel 0 - no qualification or pre-school leaving qualification

% Level 1 - O grade, standard grade, GCSE or equivalent

%7 Level 2 - Higher grade, A level, GSVQ advanced HNC, HND, SVQ Levels 4 or 5 or equivalent
¥ Level 3 - first degree, higher degree or professional qualification

3.22[0.99t0 10.45]
0.73[0.16 to 3.27]
1.36 [0.34 t0 5.48]
1 [ref]

0.018

3.72[1.40 to 9.88]
2.33[0.92to 5.92]
1 [ref]
0.025

6.77 [1.72 to 26.63]
2.55[0.88 to 7.34]
2.38[0.86 to 6.55]
1 [ref]

0.051

3.47[1.02 to 11.83]
0.85[0.18 to 4.09]
1.88[0.46 to 7.70]
1 [ref]

0.040

2.99 [1.11 to 8.06]
1.73[0.68 to 4.43]
1 [ref]
0.093

4.76 [1.20 to 18.89]
1.65 [0.54 to 5.04]

2.27[0.82 to 6.26]
1 [ref]

0.128

3.85[1.21 to 12.23]
1.11 [0.25 to 4.89]
1.42[0.37 t0 5.43]
1 [ref]

0.015

3.29[1.30 to 8.30]
2.29[0.98 to 5.34]
1 [ref]
0.026

8.20 [2.26 to 29.81]
2.51[0.92 to 6.83]
2.76 [1.05 to 7.23]
1 [ref]

0.014
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SEP Variables

Unadjusted
OR [95% ClI]

Adjusted
OR [95% CIf®

Adjusted
OR [95% CIT*°

Adjusted
OR [95% CIT*

Adjusted
OR [95% CIJ*?

Current or last occupation of Main

Never worked or permanently unemployed

due to disability

NSSEC %
NSSEC %
NSSEC %

Housing Tenure '
Rented- not private *°
Rented Privately
Owned/mortgaged

Percentage of income from benefits
Half or more
None or About a quarter

% Adjusted for age and gender

2.86 [0.59 to 13.96]

3.86[1.31to 11.38]
0.84 [0.24 t0 2.91]
1 [ref]

3.91[1.88 to 8.16]
0.82 [0.26 to 2.60]
1 [ref]

3.98 [1.95t0 8.12]
1 [ref]

2.81[0.57 to
13.82]

3.76 [1.27 to
0.79 [0.22 t0 2.82]
1 [ref]

3.88[1.86 to 8.11]
0.82 [0.26 to 2.61]
1 [ref]

4.01 [1.96 to 8.20]
1 [ref]

“ Adjusted for daily toothbrushing frequency, brush before bedtime and method for toothpaste removal

“* Adjusted for age bottle feeding completely stopped and frequency of sugar restricted

2 Adjusted for NMES intake (% energy)
“ NS-SEC 3 - Routine & manual
* NS-SEC 2 - Intermediate

“* NS-SEC 1 - Higher Managerial, Administrative & Professionals

“ Rented from local Authority/Council/Housing association

0.70 [0.09 to 5.36]

2.32[0.69 to 7.83]
0.60 [0.15 to 2.38]
1 [ref]

3.27 [1.49 to 7.18]
0.60 [0.17 to 2.15]
1 [ref]

4.16 [1.90 to 9.11]
1 [ref]

0.48 [0.04 to 5.35]

2.81[0.72 to 10.97]
0.73[0.17 to 3.13]
1 [ref]

2.67 [1.19 to 6.03]
0.60 [0.17 to 2.13]
1 [ref]

2.63[1.19 to 5.85]
1 [ref]

1.63[0.28 to 9.37]

3.00[0.99 t0 9.12]
0.89 [0.25 to 3.12]
1 [ref]

3.33[1.56 to 7.10]
0.76 [0.23 to 2.54]
1 [ref]

3.63[1.76 to 7.51]
1 [ref]
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Table 6-23: Unadjusted and adjusted Odds Ratios and 95% Confidence Intervals for caries experience (Sweep 2) according to socioeconomic position-
Adjusted for age at first dental visit and full adjusted model.

SEP variables Unadjusted OR [95% CI] Adjusted OR [95% CI]*’ Fully Adjusted OR [95% CI] *°
National SIMD Quintile

Q1 (most deprived) 3.45 [1.24 to 9.64] 4.19 [1.34 to 13.09] 1.89 [0.48 to 7.49]

Q2 1.07 [0.28 to 4.12] 0.94 [0.22 to 3.94] 0.23[0.03 to 1.64]

Q3 1.58 [0.48 to 5.20] 1.56 [0.41 to 5.95] 1.33[0.26 to 6.93]

Q4 & Q5 (least deprived) 1 [ref] 1 [ref] 1 [ref]

Gross annual household Income

< 10,000 4.07 [1.66 to 9.99] 3.48 [1.39t0 8.73] 1.82 [0.56 to 5.73]
10,000 619,999 2.56 [1.13 t0 5.79] 2.24[0.97 t0 5.19] 1.21 [0.40 to 3.70]
20,000 & more 1 [ref] 1 [ref] 1 [ref]

Main-Car er 6s highest Lev

Level 0% 8.40 [2.36 to 29.90] 8.63[2.32 to 32.17] 4.68[0.93 to 23.36]
Level 1* 3.00 [1.14 to 7.90] 3.56 [1.30 t0 9.72] 1.62 [0.44 to 6.00]
Level 2> 3.00[1.17 to 7.70] 3.51[1.32 10 9.35] 2.17[0.66 to 7.12]
Level 3* 1 [ref] 1 [ref] 1 [ref]

4 Adjusted for age at first dental visit

8 Adjusted for age, gender, daily toothbrushing frequency, brush before bedtime, method for toothpaste removal, age bottle feeding completely stopped, frequency of sugar restricted, NMES (% energy) and
age at first dental visit

“ | evel 0 - no qualification or pre-school leaving qualification

% Level 1 - O grade, standard grade, GCSE or equivalent

*! Level 2 - Higher grade, A level, GSVQ advanced HNC, HND, SVQ Levels 4 or 5 or equivalent
®2 | evel 3 - first degree, higher degree or professional qualification
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SEP variables Unadjusted Adjusted Fully Adjusted

Current or last occupation of Main  -Carer

Never worked or permanently unemployed 1.49 [0.25 to 8.77] 0.05[0.001 to 1.65]
- 2.86 [0.59 to 13.96]
due to disability

NSSEC ¥° 3.86 [1.31 to 11.38] 3.36 [1.11 to 10.20] 1.22[0.20 to 7.58]
NSSEC 2° 0.84 [0.24 to 2.91] 0.76 [0.21 to 2.74] 0.41 [0.07 to 2.54]
NSSEC 1’ 1 [ref] 1 [ref] 1 [ref]

Housing Tenure

Rented- not private > 3.91 [1.88 t0 8.16] 3.54 [1.67 to 7.49] 1.84 [0.74 to 4.59]
Rented- privately 0.82[0.26 to 2.60] 0.74 [0.23 t0 2.43] 0.44 [0.11 to 1.85]
Owned/mortgaged 1 [ref] 1 [ref] 1 [ref]

Percentage of income from benefits

Half or more 3.98 [1.95t0 8.12] 3.63 [1.76 to 7.51] 2.59 [1.01 to 6.63]
None or About a quarter 1 [ref] 1 [ref] 1 [ref]

%3 Adjusted for age at first dental visit

* Adjusted for age, gender, daily toothbrushing frequency, brush before bedtime, method for toothpaste removal, age bottle feeding completely stopped, frequency of sugar restricted, NMES (% energy) and
age at first dental visit

* NS-SEC 3 - Routine & manual
% NS-SEC 2 - Intermediate
%" NS-SEC 1 - Higher Managerial, Administrative & Professionals

%8 Rented from local Authority/Council/Housing association
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6.5.1Re |l atindexinefual i ty

The Relative Index of Inequality (RIl) is a measure usedto compare inequalities
across populations that use the same socioeconomic measure or acrossthe
different sodoeconomic measures within a population (Shaw et al., 2007). In the
present study, RIl analyses were carried out to determine if SEP measuresvhen
standardised; one measure of SEPwould prove to be a stronger indicator of
inequality than the others. In addition, it was used to explore the contribution

of the risk factors found to be associated with caries in Sweep 2from
multivariable analysis (Section 6.4.2) in explaining the observed socio-economic

inequalities .

Figures 6-4 to 6-6 illustrates the RIl (OR [95% CI]) for caries experie nce at Sweep
2 in the most disadvantaged children relative to the most advantaged. Al
measures of SEP demonstratedhigh RIIs for caries experience. While the
inequality was greatest using gross househad income as the measure of SEP, the
RIl attenuated significantly when adjusted for all risk factors found to be
associated with caries in Sweep 2 (daily toothbrushing frequency, method for
toothpaste removal , age bottle feeding was completely stopped , night time
bottle feeding at two years, sugar restrictions enforced at home, NMES (%
energy) and age at first dental visit ). In contrast, the RII for national SIMD

remained relatively stable even after adjusting for the aforementioned factors .

While the risk factors, age bottle feeding completely stopped , night time bottle
feeding at two years and frequency of sugar restricted explained the gradient
most across the SEP measurest he risk factors, NMES consumption(percentage
of energy) and age at first dental visit increased the inequali ty. Adjusting for all
risk factors from multivariable analysis associated with cariesin  Sweep 2
resulted in attenuation of RIls across the five measures of socioeconomic
position ranging from 36% to 81%or caries experience (Table 6 -24). Despite
some attenuation in the RIl in all measures of SEPafter adjustment for risk
factors that were found to be associated with caries , clear social gradients in
caries experience persisted with all measures of SEP (Figures 6.4 to 6.6). This
suggests the persistence of residual confounding from underestimated or

unmeasured factors like the wider social determinants.
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Figure 6-5: Relative Index of Inequality (RIl) for the relation of a) Local SIMD to caries
experience b)National SIMD to caries experience (RIl (OR [95% CI are on logcale)

1 Adjusted for daily toothbrushing frequency , brush before bedtime and method of toothpaste removal

2 Adjusted for age bottle feeding completely stopped and frequency of sugar restricted

3 Adjusted for age at first dental visit

4 Adjusted for NMES (% food energy)

5 Adjusted for daily toothbrushing frequency, brush before bedtime, method for toothpaste removal, age bottle
feeding complete ly stopped, frequency of sugar restricted, NMES (% energy) and age at first dental visit
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Figure 6-6: Relative Index of Inequality (RIl) for the relation of a) Gross household income to
caries experience b) Highest level of education of main-carer to caries experience

(RIl (OR [95% CI are on log scalg

1 Adjusted for daily toothbrushing frequency , brush before bedtime and method of toothpaste removal
2 Adjusted for age bot tle feeding complet ely stopped and frequency of sugar restricted
3 Adjusted for age at first dental visit

4 Adjusted for NMES (% food energy)
5 Adjusted for daily toothbrushing frequency, brush before bedtime method for toothpaste removal, age bottle

feeding completely stopp ed, frequency of sugar restricted, NMES (% energy) and age at first dental visit
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Last/Current occupation of main carer (NSSEC)
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Figure 6-7: Relative Index of Inequality (RIl) for the relation of Last/current occupation of
main-carer to caries experlence(R” (OR [95% ClI are on log scale)

Table 6-24: Percentage reduction in RIl for behavioural factors associated with caries in
Sweep 2

% reduction % reduction % reducti on % reduction % reduction
in RII in RII in RII® in RII* in RII°

Local SIMD 9 23 -40 -8 59
National SIMD -15 -1 -66 -38 36
Gross
Household 18 50 50 30 81
Income
Highest level
of education -22 37 =77 -41 40
of main -carer
Last/Current
Occupation of 38 26 -2 24 40
main -carer

Note: Negative value indicate that adjusti ng for risk factors widens the inequality

1 Adjusted for daily toothbrushing frequency , brush before bedtime and method of toothpaste removal

2 Adjusted for age bot tle feeding completely stopped and frequency of sugar restricted

3 Adjusted for age at first dental visit

4 Adjusted for NMES (% food energy)

5 Adjusted for daily toothbrushing frequency, brush before bedtime, method for toothpaste removal, age bottle
feeding completely stopped, frequency of sugar restricted, NMES (% energy) and age at first dental visit
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6.6 Sampliezes consi lerataogser coho

The most recent UK-wide Birth Cohort, Life Study has so far recruited a sample
of 50,000 which is thought to provide adequate power to detect moderate causal
effects of risk factors (environmental, psychosocial, genetic) that are

moder ately common Ongnuléple hdalth nociteomes bf0 %)
pr eval e nincledin®asttma obesity, autist disorders and learning
difficulties) (Dezateux et al., 2013 ). However, the study is planned to recruit
upto 90,000 babies and their families to provide high statistical power to
examine the interplay between a range of biological, behavioural and
environmental factors in various health outcomes; and also to account for
potential drop -out and lower participation rates over time as the study runs

from pregnancies to adulthood. Other large -scale studies like t he Avon
Longitudinal Study of Parents and Children (ALSPAC) have had no formal power
calculations and attempted to enrol all pregnant women within a frame of

expected date of delivery resident in the study a rea (Avon) (Golding, 1990).

Similar to the planned larger cohort study in this body of work, efforts underway

in Australia in designing a birth cohort to investigate multiple risk factors in the
development of caries in young children to inform interventi ons estimated their
sample size to be 450 infants and their parents (de Silva-Sanigorski et al., 2010).
A formal power calculation was carried out to detect a difference  of 9% or
greater in the prevalence of caries between various rurality groups with a power
of 80% .

Asdiscussed in Section 2.4.4, pilot studies are important to check on an array of

glitches in the preparation of a large-scale study. However, the MRCurges

caution when determining effect size estimate from a pilot study for power or

sample size calculations as pilot studies underestimate variation ( Craig et al.,

2008. The rule of thuml® off @Gueataenm noofesti m

may not alleviate the issue, unless the effect size is large.

The sample size calculation for the larger cohort study will depend on a number
of statistical and non -statistical factors, including the hypotheses to b e tested,

the variables of interest, desired accuracy and precision of effect estimates,
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recruitment rate, response rate, attrition and drop -out rate of the participants,
geographical, demographical and social differences within the population and in
their response to interventions. Additionally, only a part of the data that was
collected is presented in this body of work, the analyses of some important and
novel biological variables (cortisol, AMPs, slIgA etc) that are planned to be
analysed in the larger c ohort study where not in tended to be explored in this

body of work.

The sample size for the larger cohort study may be sensitive to the choice of all
of the above factors. However, the effect sizes from the multivariable model s
from this body of work can be used as a base to perform a power calculation to
identify the sample size for a larger cohort study when more clarity is available

on the various factors discussed above.
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Chapter 7: Di scussi on

Currently the evaluation of the Childsmile programme involves routine
monitoring of data for all four components of Childsmile collated electronically
through the Health Informatics Centre (HIC) and the Dental Health Services
Research Unit (DHSRU)University of Dundee ( Childsmile Research and
Evaluation Team (CERT), 2009) Presently no data on biological or behavioural

risk factors are available at the individual child level.

The purpose of the current study was to test the feasibility of collecting data to
design a larger cohort study in future. This prosp ective larger cohort study will
collect data at individual level incorporating behavioural and biological risk
factors which may be linked to information available at community level  to
inform, direct and evaluate future Childsmile interventions to improve oral

health and reduce oral health inequalities in Scotland.

71Key Findings

This is one of the first contemporary studies in the UK to have piloted the
collection of longitudinal data on biological, behavioural, psychosocial and
socioeconomic factors (simultaneously using validated measures) to identify risk
factors for dental caries in young children, using a theoretical causal model . The
results of this pilot study demonstrated that it was feasible  to recruit a large
number of preschool children and their parents from the most deprived areas of
Glasgowvia nursery schools and collect clinical and questionnaire data over time
across educational establishments. This is of relevance to other health -related

research studies.

This pilot cohort study collected da ta that were valid, robust and analysable,
and the results of the analyses were meaningful. However, b ecause of the pilot
nature of the study, interpretation of the findings may need to be made with

caution.

The risk factors that emerged from the multivariable ana lyses were in the
majority proximal factors. The results concur with  previous finding that

cariogenic bacteria at baseline is the most proximal risk factor associated with
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caries (Litt et al., 1995). Other proximal behavioural factors that  were found to
show an independent association with caries in  Sweep 2included higher NMES
intake, irregular brushing habits immediately before bedtime, rinsing out
toothpaste after to oth-brushing, night time bottle feeding at two years and
older age at fi rst visit to dentist. Notably, two risk factors (brushing immediately
before bedtime and age at first dental visit) not featured in previous

longitudinal studies were found to be independently associated with caries at
Sweep 2 The only distal risk factor that emerged from the multivariable

analyses was living in deprived socioeconomic circumstances.

The study confirmed the well -known association between socioeconomic
circumstances and caries in young children (NDIP, 2014; Reisine and Psoter,
2001), uniquely using a range of socioeconomic measures, at individual - and
area-level. As suggested by previous research, children living in the most
deprived circumstances were consistently more likely to have caries experience
than those from affluent backgrounds, irrespective of the socio -economic
measure used (Grindefjord et al., 1995 , Rodrigues and Sheiham, 2000 Reisine
and Psoter, 2001).

This study is among the few prospective longitudinal studies that attempted to
explain the socioeconomic gradient in caries in young children ( Slade et al.,
2006, Gao et al., 2010) using a range of indicators of socioeconomic position
(SEP). The persisting socioeconomic gradient in caries experience after
adjustment for relevant risk factors, using a comprehensive set of SEPmeasures
suggeststhe complexity in the determi nants of these inequalities and possibly
the independent influence of SEP on caries (Gao et al., 2010). The results
support the findings of Slade et al. (2006) who attempted to explain

socioeconomic inequalities in young children u sing a casecontrol study desi gn.

The area-based measure of SEP, Scottish Index of Multiple Deprivation (SIMD)
was the strongest and the most stable indicator of inequality in caries
prevalence whereas the gradient for gross household income was attenuated by
behavioural risk factors. Consistent with the findings of a previous studies, in
young children (Slade et al., 2006), adolescents (Mashoto et al., 2010; Jung et
al., 2011) and adults (Sanders et al., 2006; Donaldson et al., 2008) the

socioeconomic gradient in caries was not fully explained after adjusting for
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relevant risk factors . This may imply a direct causal effect of SEP. However,
residual confounding from risk factors un derestimated and unaccounted cannot

be ruled out .

The findings from this pilot study will be used to design a larger birth cohort
study to robustly investigate modi fiabl e
the causesd (Marmot, 2010) and destaciden an

and reduce inequalities.

7.2Strengt hs

7.21Study design

Systematic reviews synthesising evidence on risk factors associated with caries in
young children have previously highlighted a paucity of studies using the ideal
study design (longitudinal) (Harris et al., 2004 , Parisotto et al., 2010 , Hooley et
al., 2012). The longitudinal design of this study, although pilot in natur e enabled
tracking changes over time, establishing putative risk factors previously

identified in cross -sectional studies and suggesting the direction of causal

association (Song and Chung, 2010).

7.22Sampl e si ze

Whilst the sample size for feasibility or pil ot studies may depend on the
variability in the key parameters, a sample size of 30 to 50 participants (per arm
in case of a randomised pilot) are often chosen, and considered sufficient
(Hertzog, 2008, Chief Scientist Office, 2014 ). The sample size for this pilot study
was relatively large and on a par with many published full -scale longitudinal
studies (Karjalainen et al., 2001 , Warren et al., 2009 ). It therefore permitted

the investigation of associations between variables (with adequate caution) and

generated meaningful results.

723Parti cirmatei on

Previous studies show parents, teachers and children from more deprived areas
to be substantially less likely to participate in population -based studies (Galea
and Tracy, 2007; Goodman and Gatward, 2008) with participation rates eight to
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nine percent lower in the most deprived areas when compared to the least
deprived areas (Goodman and Gatward, 2008). Based on previous estimates, the
recruitment rate for this study was as anticipated at the time of sampling

(approx. 40%) (Tsakos et al., 2012). Comparatively, it was higher than that
achieved in other pilot studies (Survey of sugar intake among children in
Scotland, 2008, Wyse et al., 2011). A slightly higher than the target sample of
200 families w as successfully recruited and the responsewas similar across all
socioeconomic groups. Additionally, this study recruited and retained a large
percentage of t hetotrreacdihtdi drmanlilly eBhdmrdm t
20% areas. This is thought to be mainly due to the nursery school -based
recruitment str ategy that provided access to a large crosssection of children
from deprived areas (Pescud et al., 2014, Bonevski et al., 2014); and the
nursery-staff support in recruitment that might have influenced parti cipation
(Wolfenden et al., 2009 ).

This study had an excellent follow -up rate ( 87%of those with complete data in
Sweep 1were followed up) one year later compared to other longitudinal studies
that followed a similar sample (in age and SEP) (Litt et al., 1995; Warrene tal.,
2009). Contrary to the common challenge of differential participation in many
cohort studies (Mattila et al., 2000 ; Booker et al., 20 11; Bovenski et al., 2014),
there was no evidence of differential participation between  Sweep 1and Sweep
2 particip ants according to SEP. The children who were lost to follow -up were

mainly those who had changed home addresses.

7.24Met hodol ogi cal credibility

This study collected robust data on a range of risk factors ( social, pyschological,
behavioural and biological factors) using measures that were previously tested
and validated in earlier studies (Adair et al., 2004 ; Conway et al., 2005; The
Avon Longitudinal Study of Parents and Children (ALSPAC), 2007;Survey of sugar
intake among children in Scotland, 2008 ; Scottish Executive, 2009). SEP was
measured using a range of measures both at the area - and individual -level to
fully capture the construct (as far as possible), unlike many other studies where
the research interest was primarily in inequalities (Slade et al., 2006; Mashoto et
al., 2010; Polk et al., 2010; Jung et al., 2011). It also allowed for comparisons to
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be made between the various measures, through standardization of the

measures (RIl analyses)

Further methodological rigo ur was employed through traini ng and calibration of
the clinical examiner according to BASCD criteria (Pitts et al., 1997) for
measuring caries experience and the Royal College of Paediatrics guidelines

(RCPCH, 201Bfor measuring heights and weights; and data quality control

Limited longitudinal studies have investigated the simultaneous contribution of
such a broad range of risk factors to caries, whilst considering the impact of
inequalities contemporaneously. Of those that included multiple risk factors,
some did not feature biological factors (Mattila et al., 2000 , Rodrigues and
Sheiham, 2000 Karjalainen et al., 2001 , Ismail et al., 2009 ) and/or psychosocial
factors (Wendt et al., 1996 , Mattila et al., 2000 , Rodrigues and Sheiham, 2000
Warren et al., 2009 ) and when these factors were included in the study, there
was bias associated with the use of non-validated measures (Litt et al., 1995;
Fontana et al., 2011). Although pilot in nature, t  his study has created a unique
dataset, which includes multiple measuresof risk factors across various levels
associated with caries that had never previously been recorded among young
childre n from Glasgow. It has provided tools, methods and preliminary data to
test multiple novel hypotheses in relation to s alivary immune response,
childhood obesity and bacterial metagenomics that could be reproduced in a

larger study.

7.25St ati stical model | i ng

Whilst multivariable statistical analyses are appropriate for studies of multiple
risk factors seeking to identify risk s in caries (Harris et al., 2004), a model
constructed t hrough techniques such as step-wise logistic regression have
limitations. Such an approach is basedpurely on statistical associations (Wendt
et al.,, 1996 , Mattila et al., 2000 , Wigen et al., 2011) and has limited
appreciation for the theoretical basisof the inter -relationships between the
multiple risk factors (Victora et al., 1997). Additionally, the conclusions from
step-wise regression are generally irreplicable due to its dependence on
sampling error (Victora et al., 199 7). Unlike most previous longitudinal studies,

the analysis in this study, i n addition to using longitudinal data, was guided by a
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conceptual model that included social, psychological, behavioural and biological
factors of caries in children (Wendt et al., 1996 ; Mattila et al., 2000 ). A decision
on which factors to include in the model was balanced between statistical
associations with some degree of theoretical interpretation , based on the
hypothetical model describing the rel ationships between risk factors (Victora et
al., 1997).

The use of measures for quantifying socioeconomic inequalities have somewhat
been limited in caries epidemiology (Blair et al., 2013 , Do et al., 2010). The
present study used the Relative Index of Inequality (RIl) to compare inequalities
across different SEP measures and toexplain socioeconomic inequalities in
caries. The use of RIl ensured that the inequality estimates were less influenced
by the extremes of the socioeconomic spectrum (Shaw et al., 2007), as it
considered the average distribution of caries across the socioeconomic strata as
opposed to measures such as range, rate ratios, ra te differences or odds ratios
(Regidor, 2004). To the authords knowl ed:
to explain socioeconomic inequalities in caries using this methodology (Sanders
et al., 2006; Slade et al., 2006; Don aldson et al., 2008; Mashoto et al., 2010;
Polk et al., 2010; Jung et al., 2011) .

726 Mul ti di sciplinary approach

This study had the advantage of being supported by a multidisciplinary team
who also lead on the strategic evaluation of the Childsmile programme. The
evaluation has a number of research components including (but not limited to)
behaviour change, impact on health services and health outcomes (oral and
general) (Childsmile Research ard Evaluation Team (CERT) 2009). Experiences
and data collected from this study will be used to design (and power) a larger
cohort study that will inform and disentangle the relative contribution of
Childsmile interventions to oral health improvement; and reduce denta | health

inequalities in Scotland.
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73LIi mi tations

731Sampl e size and Characteristics

This was a feasibility study and the main purpose of the study was to pilot tools,
test methodologies and consider sample size requirements for a future larger
cohort study. Th is meant that the study was not adequately powered to detect
subtle effects ; estimates would be less precise and likely to be biased - although
exact methods of calculating confidence intervals were employed to mitigate

this (Burton et al., 1998 ).

Children from more deprived areas (SIMD) were intentionally oversampled to
account for an expected lower participation rate (Goodman and Gatward, 2008

which may have biased the estimates.

7.32Bi as associksaeteégpowgtueellst i onnai re de

Self-reported data is subject to potential biases of recall and social desirability
(Levin, 2005). Although this is a maxim in analytical epidemiology, to ensure
consistency in self-reports, a number of questions (where possible) were used in
assesfng one variable. Statements around parental attitudes and beliefs may
have been particular ly susceptible to social desirability bias. Hence, a |l
statements used in measuring parental attitudes and beliefs adapted for this
study have been assessed for consistency in previous studies(Adair et al., 2003 ,
Skaret et al., 2008, Eckert et al., 2010 ). Furthermore, items measuring attitudes
and beliefs related to oral hygiene and diet were evaluated for consistency by
assessing the relationship between these variables and self-reported behaviours
(tooth brushing and NMESonsumption). Parents who reported unfavourable
attitudes and beliefs were found to positively correlate with unfavourable

behaviours.

Diet diaries are generally agreed to be the most precise method of dietary
assessment, althoughthey carry inherent limit ations of underreporting (Wrieden
et al., 2003) . The semi-quantitative Food Frequency Questionnaire (FFQ) used in
this study has been shown to slightly overestimate energy compared to that

recorded in diet diaries . Nonetheless, this FFQ has been shown to provide valid
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data on micronutrient levels expressed as a percentage of energy in studies of
more than 100 participants (Survey of sugar intake among children in Scotland,
2008).

7.33Mi scl assi fication of teet h

The method used to measure caries experience at Sweep 1 may have introduced
some misclassification. However, a single dentist who was trained and calibrated
according to BASCD criteriaexamined all children in Sweep 2 which was the
main outcome measure used in this body of work. Nonetheless, the
misclassification of teeth in Sweep 2 may not be completely ruled out as intra -

examiner reliability was not assessed.

734Esti mat iuotnanosf smr  MSocbewiel s fr ol

Mutans streptococci is generally agreed to colonise tooth surfaces, with plaque
samples oollected from the tooth surface being the most reliable  method for the
estimation of MS (Parisotto et al. 2010 ). However, the bacterial species and
their numbers vary extensively based on the site in the oral cavity where plaque
samples are collected and t he length of time since last toothbrushing (Simon
Soro et al., 2013). Furthermore, MS have been detected in th e saliva of pre -
dentate infants (Wan et al., 2001). Along with the relative ease  of sampling and
processing, saliva has been an accepted and widely used method for the
quantification of MS, although their n umbers in unstimulated saliva are not

representative of those in plaque samples(Dasanayake et al., 1995).

Compared to plaque samples, saliva samples have a smaller predictor value for
caries development (Seki et al., 2003). Plaque samples have also consistently
yielded higher numbers of MS (Seki et al., 2003, Thenische et al., 2006, Malcolm,
2013), which in turn is reported to be associated with higher caries risk (Leal and
Mickenautsch, 2010). Nevertheless, systematic reviews have shown consistent
evidence of an increased risk of caries among two to five year olds from studies
assessing MS in saliva and plague (Thenische et al., 2006; Leal and Mi&enautsch,
2010).
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The present study could not use the plaque samples collected in this study,
which was reserved for later analysis of oral metabiogenome content .
Unstimulated saliva was usedfor the quantification of MS . A previous Childsmile
study using similar methodology (TagMan® QPCRhas showna positive
correlation between the numbers of S. mutans detected in unstimulated saliva
and plaque (p = < 0.0001) (Malcolm, 2013).

735Statistical model | i ng

This study used a traditional regression -based approach to establish associations
between risk factors and ca ries. This approach was limited in analysing factors in
sequence of their temporal order and clarify ing the operat ional pathways
through which risk factors interacted to cause caries (Newton and Bower, 2005).
Utilizing statistical methodologies such as structural equation modelling (SEM) or
path analysis would permit modelling of causal pathways and simultaneous
testing of inter actions between a range of socioeconomic, psychosocial,
behavioural and biological factors and caries (Al e k s e | efal.,i2@08).d,
However, SEM is a large sample technique and a sample size of at least 200 is

recommended for reliable results (Litt et al., 1995).

736 Data | inkage

Given the strong evidence that f luoride varnish substantially reduces caries
increment (Marinho et al., 2013), all data (clinical and questionnaire data) were
planned to be record -linked to Childsmile databases that held information
regarding fluoride varnish applications at Childsmile practice and
nurseries/schools. However, the record linkage was not achie ved with in the
limited time frame prior to data analyses. It is now planned to be included in

future analyses.

73.7Di et ary assessment method

Weighed diet diaries are generally agreed to be the most precise method of
dietary assessment, in spite of it being pro ne to underreporting and alterations
in diet (Wrieden et al., 2003) . The use of FFQs for dietary assessment in this
study had some limitations (Wrieden et al., 2003). Specifically, the FFQs did not

capture information about the frequency of NMES intake through a day, timing
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of sugar consumption, such as at night, and the number of eating/drinking
events involving NMES per day that have all been shown to have an association
with the development of dental caries than quantity of sugar consumed
(Marshall et al, 2007; Anderson et al, 2009). Diet diaries could provide a greater
depth of information about the dietary behaviour and their relationship with

caries experience.

Nonetheless, FFQs were thought to be an appropriate tool for dietary assessment
for the purposes of this study. In particular, compared to a diet diary it was
relatively less of a burden to the participants (Wrieden et al., 2003), thus
potentia lly not risking compliance and loss to follow -up (Booker et al., 2011) .
The FFQs used in this study had the advantage of being administered by multiple
modes (by interviewer face -to-face, over the telephone or can be self -
administered by the participant (m ain-carer)) (Survey of sugar intake among
children, 2008). They were also relatively less expensive to be used at

population level for a larger epidemiological study (Wrieden et al., 2003).

7.3.8Commun-i ¢ ye l i nfl uences

The hypothetical pathway that drove the design, data collection and the
analyses did not include communit y-level influences on caries (Fisher Owens et
al., 2007). Hence, this study was unable to explain behaviours in the context of
the wider social determinants. Although the use of area-based measure of SEP
may partially reflect the physical and social environment, it gave limited
information on the contextual qualities that may cause inequalities in caries.
Variables preferably using qualitative research to measure social capital,
community cohesion, social support and network will improve the understanding
of influences on caries and the causes that actually drive socioeconomic

inequalities ( Newton and Bower, 2005).
7T4Feasi bility
This section discusses the results related to objectives 1(i) t o (iv).

The terms O6f eas iakeioften used interahardeablyp Adcarding to
the National Institute for Health Research (NIHR)Evaluation, Trials and Studies
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Coordinating Centre, feasibility studies ar e O6pi eces of researc't
test specific aspects of the design of the proposed main study, and pilot studies

seek to test w hether all of the components of the proposed main study work

together (Chief Scientist Office, 2014) . The Medical Research Council (MRC)

guidance for developing complex interventions explicitly recommends the use of

a series of feasibility and pilot studies targeted at each of the uncertainties in

the study design to avoid problems associated with sample size, recruitment and

retention , acceptability and compliance ( Craig et al., 2008 ).

Longitudinal cohort studies are i mportant for understanding aetiological
mechanisms underlying disease andassociated inequalities. However, they carry
inherent limitations of logistica | issues of expense and time, particularly in the
case of prospective designs and following up of high -risk groups (Song and
Chung, 2010. Furthermore, they may be prone to bias associated with loss to
follow -up (selection bias), threat ening the internal v alidity of the study ( Song
and Chung, 2010. Piloting can assess feasibility, acceptance and compliance for
continued participation , if measures are valid and repeatable, time and budget
problems and potential perso nnel and data management issues in a miniature
version of the proposed main study (van Teijlingen and Hundley, 2001). This will
in turn ensure that valuable resources are used effectively. Large -scale
population -based cohort studies like t he Avon Longitudinal Study of Parents and
Children (ALSPAC)was the result of five years of planning and piloting (Golding,
1990).

Within the present pilot study, the following aspects of a longitudinal cohort

design was assessed:

Recruitment

= =4

Response
i. Clinical data

ii. Questionnaire data

E ]

Quality of data collected

=

Follow-up
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741 Recrui t ment

Most large-scale birth cohort studies like the National Survey of Health and
Development (NSHD) 1970 British Cohort Study (1970), the ALSPAQGolding,
1990) and the Born in Bradford Study (2008) have utilised the support of local
community health professionals like midwives or nursesto enrol eligible families
as these studies began early in pregnancy or at birth. Other studies like the
Millennium Cohort Study (MCS)(Plewis and Ketende, 2006) and the Growing Up
in Scotland (GUS)(Bradshaw et al., 2008) study recruited the sample as a cross
sectional survey (Survey of sugar intake among children in Scotland, 2008) via
the Department of Work and Pensions sent opt -out letters , when children were a
few months old . The present pilot cohort study targeted a sample of preschool
aged children, and hence the sample was drawn from the population of nursery
schools previously included in the NDIP. As discussed previously, the NDIP
inspected a representative sample of three -year-olds in 2009/10, accounting for
20% of the three-year-old population (McMahon et al., 2010; McMahon et al.,
2011). The methods used for recruitment via nursery schools, adopted from
Tsakos et al. (2012) proved to be an effective route for identifying  eligible
families for a study of this nature . Although the nurseries were used to
participating in the annual NDIP (McMahon et al., 2010), this was a considerable
undertaking for the nursery schools in Sweep 1as engagement of educational

establishment staff was critical and their time was an import  ant factor.

Low recruitment rate s are a barrier to conducting population -based studies
(Galea and Tracy, 2007; Booker et al., 2011), particularly when more deprived
groups of the community are involved (Bovenski et al., 2014). The present study
anticipat ed a low recruitment rate and approached a sufficient number of

eligible participants weighted towards more deprived areas to ensure that the
target sample size was reached, a strategy supported by Galea and Tracy (2007).
Comparatively, the recruitment rat e was relatively higher than those achieved
for other pilot studies (Survey of sugar intake among children in Scotland, 2008,
Wyse et al., 2011),

Whilst a large number of studies have reported recruitment of lower SEP groups
into research as highly challenging (Galea and Tracy, 2007; Goodman and
Gatward, 2008; Bonevski et al., 2014), this study found school -based
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recruitmentasan ef f ecti ve strategy in recruiting
reacho® group. Thi s [Reschdetatl (2014)ewvhd spegificallypy g s o0 |
recommended schools as an effective platform for accessing and recruiting lower

SEP families into health-based research. Additionally, as evidenced from a

narrative synthesis of non-randomised studies to identify strategies to increase
recruitment in school -based research, the present study used multiple scheduled
face-to-face meetings with the principal contact at sch ools to build and maintain
relationships and engage the staff with the study. These staff members have

been found to be highly influential in parental decisions about participation in

research (Wolfenden et al., 2009 ). The opt -out (passive consent) procedure has

been found to be an effective strategy for yielding a higher participation rate,

particularly among more deprived and ethnic minorities in many national cohort

studies (Plewis and Ketende, 2006). Only seven and two percentages have opted

out of the MCS (Plewis and Ketende, 2006) and the Growing Up in Scotland (GUS)

study (Bradshaw et al., 2008) respectively. Nonetheless, a systematic review of

the literature to identify effective strategies f or t he r leacditodi t me n
reachd gr oups hayv evidencaufor the effectivendss of the numerous
strategies that have been reported in the literature. The authors suggest a

6 c ompr e h e mulipoegedeappdach® b aos thelstudy population and
highlight the importance of involving community groups and organizations in

improving participation and retention (Bonevski et al., 2014).

As noted in the pilot Surveyof Sugar intake study (2008), the researcher or the
head teacher speaking to the parents in advance of distributing the information
sheets did not improve the recritment rate compared with nurseries where no
such methods were used. However, the presence of a designated oral health
promoting staff member at one of the nurseries was shown to considerably
improve the response. Notably, this nursery was located in the most deprived
area and had limited facilities at the time to accommodate data collection.
Nevertheless, the staff in -charge at the nursery was extremely co-operative,
prompt in all communications and highly experienced with children and parents
(40 years in experience as a nursery-staff). This su ggests the critical role of a
championing individual in obtaining good response (Wolfenden et al., 2009;
Boveskiet al., 2014)



185

It is not known if the recruitment rate obtained in this study could have been
further improved. It is speculated that there may have been some non -
responders due to the increased number of assessments and in particular the
collection of bio logical samples, which has been reported previously to
potentially yield relatively lower participation  rates (Galea and Tracy, 2007).
Additionally, fee dback obtained from the nursery -staff highlighted the increased
number of studies/inspection programmes carried out via nursery schools (For
example: Vision screening programme, The strength & difficulties study, NDIP,
Childsmile fluoride varnish programme etc). The increased number of requests
to consent/opt -out from various programmes throughout the year might also
have had an effect on the recruitment rate of this study (due to cumulative

intrusion in personal lives) (Galea and Tracy, 2007).

742Responsaeée

Clinical : Once participating , the response rate * to clinical data collection was

high (87%in Sweep 1, 80% in Sweep 2 and reflected the utility of an educational
establishment setting for data collection and the flexibility of the researcher to

collect data using varying routes and schedules. These strategies have been

supported in a systematic review of the literature (Bovenski et al., 2014) and

successfully used in the Determinants of young Adult Social well -being and

Health (DASH)study-a | arge | ongitudinahodo ssaualyolofcH
that examines the influence of socioeconomic circumstances on a range of

health outcomes (Maxwell et al., 2012).

Questionnaire : The mode of questionnaire administration has been shown to
affect response rate and data quality (Bowling, 2005). A large majority of large -
scale UK studies use faceto-face interviews to collect questionnaire data as it
has shown to yield higher response rates and better quality of data coll ected.

However, the time and costs involved in training interviewers may be

%9 Response rate is defined as the number of those who completed the clinical examination/questionnaire divided by the
total who consented (Last, 2001) .

Last JM(Ed.). A Dictionary of epidemiology. 4th edition. 2001, New York, Oxford University Press



186

considerable. Moreover, it is relatively more prone to social desirability bias

than self-administered questionnaires (Bowling, 2005).

The MCS has used a mixed mode of questionnaie administration (face -to-face
and self-administered) depending on the variable of interest to mitigate the
limitations of each mode. However, the ALSPAC have successfully used self-
administered mode of questionnaire complet ion with good response rates of 82%
and 80% in the first two years of its running (Golding, 1990). The response rate
for questionnaires in this study was high (82% inSweep 1) and comparable to
those achieved in the ALSPAC, despite primarily comprising of families from
deprived areas. The strategies that may have contributed to this high
completion rate are multiple and were informed by a  Cochrane Collaboration
review namely: offering incentives, offering additional copies of questionnaires
and inclusion of free -post envelope, timely reminders by educational -staff and

researcher telephone follow -up (Edwards et al, 2007).

However, two items on the questionnaire that were poorly completed were
guestions related to household income and receipt of benefits. These questions
are sensitive in nature and h ave been previously reported to yield item non-
responsein other studies (Bowling, 2005) and generally reported more in self-

administered questionnaires than with face -to-face interviews (Bowling, 2005).

743Qual ity of data coll ected

The results demonstrated the feasibility of collecting (clinical and questionnaire)
data via nurseries/schools. The nursery schools can provide access to a large
cross-section of children from across the socioeconomic spectrum and a good

setting to -emngagdol0lya od puponayedrlaterol | ow

Microbiology: Distributions of microbiological and immunological data were as
expected and in line with published norms ( LealCGand Mickenautsch, 2010;
Malcolm, 2013). However, limitations associated with the use of unstimulated
saliva compared with other methods for the estimation of MS has been discussed

under Section 7.3.4.
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The ALSPACNCDSand MCSin the UK have included self -administered saliva
sample collection from older children and adults for DNA extraction, which is
posted back by respondents. However, there have been limited large -scale
cohort studies that have collected saliva sample of preschool aged children
(Bartington et al., 2009) . The MCS recently showed the feasibility and
acceptability of adopting self -administered saliva sample collection to test for
infections under the guidance of trained interviewers in a large cohort of
preschool children (Bartington et al., 2009 ). Whilst the response to saliva
collection was good (81%), families of ethnic minority and deprived backgrounds
were less likely to provide a sample despite the provision of translated study
information sheets and the help of family members or p rofessional interpreter
support. Although the study did not report o n who declined to provide a saliva
sample (mother, child or both) , several other studies report significant
participa nt non-compliance among young children (two to five -year-olds)
specifically (Kaitz et al., 2012 ). Contrastingly, this study found no difficulty in
collecting saliva using the Salimetrics |
compliance rate in saliva and plague collection demonstrates the ac ceptabil ity

of the methods used to both nursery-staff and the children themselves.

Although the SCS was used to absorb saliva from the mouth of every participant
for up to 60 seconds, there were insufficient volumes of saliva for some assays.
This might reflect t he variation in salivary flow rate among the participants,
which in turn has been related to oral clearance rate, pH buffering capacity and
neutralization of acid production to maintain tooth integrity (Vadiakas, 2008).
Future studies may need to make more careful decisions on prospective salivary
assays to perform, approximate volumes that may be required and in turn a
longer collection time of up to a maximum of 90 seconds (Kudielka et al., 2003 ).
Although this longer saliva collection time has previously been used in some
studies of preschool childr en (Kudielka et al., 2003), it was thought in this study
that more than 60 seconds of saliva collection was demanding of a young child.
Multiple collections or s elf-administered saliva sample collection which is mailed

back are good alternatives that could be considered (Bartington et al., 2009).
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Clinical data: The distribution of clinical data (caries and anthropometric) were
as expected and showed similar trends to those published previously
(Macpherson et al., 2012; ISD Scotland, 2013g NDIP 2014.

The simultaneous collection of heights, weights, microbiological samples and
caries data in an educational setting demonstrated the feasibility of conducting
population -based studies in this setting over time. The potential for collecting
these data simultaneously via the NDIP or CHSP is considerablento the future.
This will address the common risk factor (CRF)approach recommended to
address shared riskfactors associated with various chronic health conditions like
obesity and oral diseases (Watt and Sheiham, 2012). The prevalence of these
chronic health conditions is highest a mong the most deprived and adopting the
CRF approach has potential for reducing inequalities and increasing
effectiveness and efficiency of these routine inspection programmes (Watt and
Sheiham, 2012).

Diet: As discussedpreviously, weighed diet diaries are generally agreed to be
the most precise method in dietary assessment. Although not the most preferred
method for large -scale studies due to the costs associated with data preparation
and analysis, the use of diet diaries in the ALSPACfor 10% of the child sample

demonstrates their possible use on a large-scale (Emmett, 2004).

The present study found FFQsto be feasible and appropriate for this age group

of children as diet is usually stable and established by three years of age

(Emmett, 2004). The distributions of nutrients obtained using the FFQ were in

line with those obtained in the Survey of sugar intake among children in Scotland
(Masson et al., 2010). The results illustrate that the FFQs were detailed and
appropriate to identi fy relat ionships between diet (NMES as a percentage of food

energy) and caries. This concurs with the findings of Masson et al. (2010).

There remains a possibility that the levels of NMES intake recorded using the
FFQ may have been influenced by the time o f the year when the study was run.
The FFQs were sent outin the early summer (June), which resulted in recording
of ice -lollies, ice creams and other similar foods, and drinks that are preferred
to be consumed over warmer summer months. However, the FFQ assessed

habitual food intake over three months which means food intake over the
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months of April and May were included in the recording. It is thought that the
combined effects of food consumed over the cooler months and one warmer
month working in opposing directions would have given a true representation of
the diet.

The Scottish Collaborative Group hasrecently developed an electronic version of
the FFQamong adults. The electronic version showed good agreement and
repeatability with the paper version, and acceptability among the participants
(Kyle J et al., 2012 ). Other studies from the USA have developed interviewer
administered web-based FFQswith audio questions and touch screen photo
responses incorporated for use among low literacy groups (Zoellner et al., 2005 ).
While these technology -assisted FFQsmnake administering and subsequent data
entry more cost and time efficient for use in large -scale (Zoellner et al., 2005),

further work is warranted for their use among young children.

About your study child and About your family questionnaire s: There was
sufficient variability in the questionnaire responses. The relationship between

the variables and caries were as expected.

Among all the items that were used to measure parental attitudes and beliefs,

af my child uses fluoride toothwasthee, it
item that showed the most notable variation in responses. However, thisi tem

was not used in building scales as it showed poor inter -item and item to scale
correlations for this s ample, and in turn reducedtheCr onbach és al pha
scale. While the original study (Adair et al., 2004) from where the items were

adapted used this item in building a scale, the internal reliability fo  r the scale

waspoor(Cr onbachods al pha: 0.52).

In contrast to the present study and Adair et al. (2004), a longitudinal Norwegian

study of three -year-olds used this item to build a scale w ith good internal

reliability Cr onbachoés alpha >0.70) (Skeie et al
items into slightly different scales to the original authors (Adair et al., 2004) and

the present study. The scales were built by selecting items that were p reviously

shown to have predictive validit y in the Norwegian population (Skaret et al.,

2008). Although this was not possible at the start of the present study, it has



190

now provided with sufficient data (longitudinal) to possibly refine the scales

based on predictive validity for future use .

7.44F o | l-uopw

The short period of follow -up in longitudinal studies has been suggested for the
potential lack of association between some risk factors and caries (Burt and Pai,
2001). A length of three years has been recommended for longitudinal studies on
dental caries of permanent teeth (RuggGunn et al., 1984). However, this
recommendation may be less relevant for caries in primary teeth asthe
progression of caries in primary teeth is more rapi d than in permanent teeth
(Ismalil et al., 2009 ), therefore a shorter follow -up period of one year for
assessing changes was considered acceptablgRodrigues and Sheiham, 2000
Anderson et al., 2009).

A high retention rate is vital to prevent bias and ensure the internal validity of
the study. Large-scale birth cohorts like the Danish National Birth Cohort have
achieved high retention rates of 92% in the 5th year of the study (Olsen et al.,
2001). Recent birth cohorts in the UK, like the ALSPAC and the MCS have shown
relatively good levels of retention of ap proximately 75% over the first seven
years of the study (Plewis and Ketende, 2006, Golding, 2004). These high
retention rates have been reported to be primarily due to effective
communication between the fieldworker and participants and publicity of the
study results (Olsen et al., 2001; Golding et al., 2004) .

The present pilot stud y had a successful follow up (87 % of those with complete

datain Sweepl)of what are conventionally thought
groups. The strategies that may have contributed to this high rete ntion rate are
multiple and were informed by a systematic review of retention strategies in
population -based cohort studies namely: offering incentives and using

alternative modes of data collection (Booker et al, 2011). Additionally the

present study found that fostering a positive relationship with families (when

possible over phone calls and face-to-face data collection) and flexible

schedules for data collection to be crucial for ensuring high retention rates , a

strategy supported by the UK -based DASH &widy (Maxwell et al., 2012 ) and a
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systematic review of the | it daradaiated tgr cu
(Bovenski et al., 2014).

75Dent al cari es experience

The prevalence of caries experience at both time points was higher than those
reported in nationa lly representative epidemiological surveys (McMahon et al.,
2011, Macpherson et al., 2012; NDIP 2014) This was not unexpected as the
children in this study were on average a year older in Sweep 1and lived in more
deprived areas of Glasgow city compared to those in the NDIP. While the figures
of the NDIP are not directly comparable with the results of this study, caries

experience reported in the most recent NDIP are discussed below for context.

Nineteen percent of children were reported to have caries experience in a
representative sample of three -year-olds in the Greater Glasgow and Clyde
Health Board through the NDIP in the preceding year (2009/10) to data
collection for the present study (McMahon et al., 2011). This is the first study to
report caries experience among pre school children (as opposed to ante -
preschool children) in Glasgow city ( Sweep 1) and the proportion of children

with caries experience in Sweep 1was 35.8%.

The prevalence of caries experience (47.7%) andmean dsmft score (1.9) in
Sweep 2was higher than those reported in the recent 2014 NDIP for Glasgow
City Community Health Partnership (CHP) The proportion of children showing
caries for Glasgow city CHPwas 41.2% with mean dsmft score of 1.8 in the
2013/14 NDIP(2014). The higher proportion of caries in this body of work could
be explained by the sampling method that was used in this study, i.e. over-
sampled children from deprived areas to ensure a reasona ble distribution of SEP

and prevalence of caries.
76 Ri sk f acelosr fnoord cari es
The following sections discussthe results in relation to objectives 3 (i) and (ii)

As discussed inSection 7.3.1 , statistical testing of results from a pilot study

may be considered inappropriate due to the limitations associated with sampl e
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size and the generalizability of results. The sample size in this pilot study was
adequate to produce statistical models. However, caution should be exercised

when interpreting results.

In the following sections, when discussing the results of the analyses
comparisons are made with results from other relevant studies and surveys.
However, such comparisons are difficult, and in so me cases potentially unhelpful
due to the difference in population characteristics, particularly ~ socioeconomic
circumstances, sampling methodologies, sample sizes and response rates The
comparisonswill therefore be made primarily for context rather than to draw

inferences about the sample in relation to other populations .

76.1Ri sk factors assecnayedngvi ¢lhi lcar

The following section discusses the result s in relation to objective 3 (i ).

The hypothetical model outlined previously in Figure 4.2 integrated factors
operating at various levels to understand the complex aetiology of caries in
young children. Although the hypothetical framework was used to guide the
analyses, al the risk factors (except one) that emerged from the multivariable

analyses were largely proximal factors, with m ore distal factors dropping out.

Overall, t he results demonstrated a combination of socioeconomic, behavioural
and biological factors at baseline to be associated wi th caries a year later. T he
results from this body of work are in line with associations previously reported in
the literature (Harris et al., 20 04); some identified in previous cohort studies
reviewed in Section 2. 4.2 (Grindefjord et al., 1996; Wendt et al., 1996 ;
Rodrigues and Sheiham, 2000;Radford et al., 2000 ) and some from cross
sectional studies (Al Ghanim et al., 1998; Shiboski et al., 2003; Willems et al.,
2005).

The results interpreted in the light of the conceptual model demonstrate  that
cariogenic bacteria (levels of salivary S.mutans) are the immediate proximal risk
factor associated with caries. Thisis in agreement with previous findings from
other cohort studies that found higher levels of S. mutans in saliva to be most

closely associated with caries in young children ( Litt et al., 1995; Thenisch et
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al., 2006). However, a direct causal temporal relationship between S. mutans
and dental caries has not been established. This is partly due to the complexity

of oral micro bial ecology, with mutans streptococci also present in healthy
mouths (Wan et al., 2001) and sometimes absent inspite of having caries
experience (Becker et al., 2002; Aas et al., 2008). Although pilot in nature ,
further analysis grouping children according to no caries experience at both
Sweeps, cariesexperience at only Sweep 2 and caries experience at both Sweeps
may help establish a temporal relationship between the levels of S. mutans and

caries experience.

In addition to the levels of S.mutans, there was evidence of five oral health
related behavioural risk factors (higher amounts of NMES intake, rinsing out
toothpaste after too th-brushing, irregular brushing habits before bedtime, night
time bottle feeding at two years and older age at first visit to dentist) to be

independently associated with caries.

The study revealed greater risk of caries with higher intakes of NMESas a
percentage of food energy, independent of other risk factors.  Additionally,
fewer children adher ed with the Department of Hea Ith recommendations of no
more than 11% of food energy to be derived from N MES (percentage of food
energy). These findings are consistent with thos e reported by the Survey of
Qugar intake among children in Scotland (2008). However, the present study had
the advantage of using longitudinal data and objectively measuring dental caries
using the standardised BASCD criteria Pitts et al., 1997) compared to the
aforementioned survey. A recent systematic review showed a clear relationship
between sugar intake (NMES)and caries, with moderate evidence that caries
was higher when NMESntake was above 10% of food energy (Moynihan and
Kelly, 2014). This has further been supported by an ecological study that showed
a log-linear relationship between caries and sugar intake, when sugar intake
increased from 0% to 10% of dailyfood energy. (Sheiham and James, 2014. This
evidence has led to calls for the updating of the WHO sugarconsumption
guidelines to less than five percent of food energy to minimize the risk of dental
caries and other chronic diseases, including obesity and diabetes throughout the

life -course (Sheiham and James, 2014)
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The model also featured two oral hygiene practices, rinsing out toothpaste after
toothbrushing and irregular bedtime brushing habits at baseline to be
independently associated with caries at Sweep 2 The SIGN guidelines (2014)
recommend that toothbrushing is carried out last thing at night before bed and
at least once during the day . Brushing immediately before bedtime keeps
fluoride levels high while salivary flow (and in turn the protective effects of
saliva) drops during sleep (SIGN, 2014). However, there have not been many
studies carried out in young children that has considered, irregular bedtime
brushing habits as a risk factor in caries. A thorough search of the literature only
found one poorly conducted Taiwanese casecontrol study to have ever
considered irregular bedtime brushing habit as a risk factor for ca ries in young
children (Tsai et al., 2006 ). The risk factor, rinsing after toothbrushing although
not featured in previous cohort studies, has previously been shown to reduce the
caries-preventive effect of fluoride toothpaste sin trials of young Swedish
children (four -year-olds) and Scottish older children (mean age 12.5) (Chestnutt
et al., 1998, Sjogren et al., 1995).

The influence of bottle feeding on caries in young children remains somewhat
debated, as bottle use has been equally common among young children without
caries (Gussy et al., 2006). The evidence has been inconsistent and primarily
based on crosssectional studies (Al Ghanim et al., 1998 ; Shiboski et al., 2003).
Although comparability of bottle feeding related factors are difficult due to the
variation in the different measures used across studies, most cohort studies did
not have variables related to bottle feeding in the multivariable analyses
(Grindefjord et al., 1995 , Grindefjord et al., 1996 , Fontana et al., 2011, Warren
et al., 2009). In contrast, this study showed night time bottle feeding at two
years of age to be independently associated with caries experience. In the
present study 17% of the children were still being bottle fed at four years of age.
However, no association was evident between night time bottle feeding at four
years and caries experience at Sweep 2 as shown in previous studies (Rodrigues
and Sheiham, 2000) A critical period for caries development associated with
bottle use have been proposed by Reisine and Douglas (1995)which may be
before the age of four years . Litt et al. (1995) found that the use of the bottle

at night time was associated with sugar intake more than the use of the bottle

itself . The mothers who reported night time bottle use were also more likely to
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have children with a higher sugar intake which in turn was associated with caries
(Litt et al., 1995) .

The finding that older age at first dental visit was associated with caries concurs
with the finding s of the Survey of Sugar intake among children in Scotland that
showed children who were reported to be treated for decay were more likely to
have been older when they first attended the dentist and attended the den tist
for the first time because of trouble with their teeth (Masson et al., 2010).
Similar findings were reported in a large retrospective cohort study in North
Carolina that showed children (with public dental insurance) who had their first
anticipatory dental visit by one year of age more likely to have preventive visits
in future than restorative/emergency visits (Savage et al., 2004). It is not known
what factors explain a child to remain caries free after early antic ipatory dental
attendence. It is partly likely that rem aining caries free may be the effect of

oral health anticipatory guidance received by parents (Savage et al., 2004).
There also remains a possibility that parents who are well motivated to provide
the best possible dental care for their children may be the ones who attend an

early anticipatory dental appointment (Savage et al., 2004).

Finally, the results of the multivariable analyses confirmed the well -known
association between socioeconomic circumstances and caries in young children
(Reisine & Poster, 2001; Thomson and Mackay, 2004 Gao et al., 2010; McMahon
et al., 2011; NDIP 2014). While almost all socioeconomic measures were strongly
associated with caries in the univariable analysis (except for years of main -
carerd0s educati on 9J,fafteeadjusing doo alldaxioegonsnch o o |
factors, only national SIMDremained independently associated with caries
(multivariable analyses within domains - Appendix L). This suggeststhat area-
and individual -level measures of socioeconomic position were correlated
(Braveman et al., 2005) . It further indicates that area-level measuresmay
provide information on socioeco nomic circumstances not captured by individual -
level measuresas individuals live in communities where the social environment
of the area may influence health over and above that o f individual SEP.
Additionally, national SIMD was found to be independently associated with caries
at Sweep 2independent of a range of more proximal behavioural risk factors and

S.mutans counts. This concurs with the findings of other studies in young
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children that found increased neighbourhood deprivation as an inde pendent risk
factor for caries over and above the individual -level SEPand behavioural
measures (Willems et al., 2005 , Broomhead et al., 2014 ). Similar findings have
also been shown previously among Scottish infants, with children residing in
areas of highest deprivation (DEPCATYeported to have significantly more caries
than their affluent peers irrespective of mutans streptococ ci levels (Radford et
al., 2000). Broomhead et al. (2014) recently showed 60% of the variation in
mean dsmft among five-year-olds to be explained by the 2010 Index of Multiple

Deprivation (Broomhead et al., 2014).

The neighbourhood effect of increased risk is suggested to reflect the social
environment e.g. reduced access to health promoting shops and services,
environments conducive to fear, psychosocial stress and anxiety, lack of
supportive social networks, low social capital and community cohesion (Willems
et al., 2005 ; Sisson, 2007). T h e s e 0 s in anareasnmay li@ctively

interplay to increase risk of caries. While deprived individuals residing in
relatively affluent areas have been shown to have the impact of low income
compensated, no impact on dental health was observed when Australian afflue nt

adults lived in relatively deprived areas (Sanders et al., 2006).

This body of work found no independent association between parental attitudes
and beliefs at baseline and caries at follow -up, although this association was
evident in the cross -sectional multivariable analysis (Appendix H) and
longitudinal univariable analysis. It is not clear if utilizing advanced s tatistical
methodologies such as structural equation modelling (SEM) or path analysis
would have produced different results. Previous studies among young children
from South-east Asia (Gao et al., 2010, Qiu et al., 2014 ) and the USA (Litt et al.,
1995) using SEM have shown parental attitudes to be indirectly linked to caries
through behaviours as per the Theory of Planned Behaviour. As discussed earlier
in Section 7.3 .5 the regression-based approach used in this study lacked
potential to estimate the risk factors in the sequence of their operational order
and treated distal and proximal risk factors equally distant from outcome . The

interlinking effect of parental attitudes and beliefs may have been dismissed
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76.2So0oci oecoqiroand icecratr iiems experience

The following section discusses the results in relation to objective 3 (ii).

The study confirmed the well -known association between socioeconomic
circumstances and caries in young children (Reisine and Psoter, 2001; NDIP,
2014), uniquely using a range of socioeconomic measures, at individual - and
area-level. There was a strong socioeconomic gradient in caries experience at
both Sweeps, with children living in the most deprived socioeconomic
circumstances being the most affected. Large differences in caries experience
were evident between the most deprived and the least deprived, with 58% of
those from the most deprived SIMDquintile having caries experience compared
to 29% inthe least two deprived SIMD quintiles (SIMD Q4and Q5). Although not
directly comp arable, similar trends were reported in the recent NDIP(2014) that
showed 476 of the five-year-olds from the most deprived quintile to have caries

experience compared with 17 % ofthose in the least deprived areas (SIMD Q5)

76.3Expl aining the gadi®eadonomic ¢

As reviewed in Section 2. 3.6, different theories have offered varying
explanations for the observed socioeconomic ine qualities in oral health ( Sisson
2007). According to these, inequalities arise because of unfavourable material
circumstances, health-debilitating beha viours or due to various psychosocial
factors. However, there is limited evidence in the dental literature examining
how different behavioural, psycho social and material factors together influ ence

oral health inequalities in young children (Sisson, 2007).

The results of this study found that a range of behavioural risk factors found to

be prospectively associated with caries experience did not fully explain higher
prevalence of caries among children from deprived so cioeconomic
circumstances. The findings are consistent with Slade et al. (2006), who
investigated if behavioural risk factors explained the socioeconomic inequality
among Australian five -year-olds. However, Slade et al. (2006) used a cased
control study design which is not the ideal design for studies of a chronic
prevalent disease like caries. It proves difficult to assess the confounding effects

of factors other than SEP and is prone to bias of case selection. The present
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study had an advantage of using longitudinal data and assessing the effect of a
wide variety of risk factors on socioeconomic inequalities in caries compared
with the aforementioned study . Additionally , the present study assessed the
effect of diet objectively using a validated measure and SEPwas measured in

several different ways, both at the individual - and area-levels.

In the recent past, several other studies have attempted to identify the factors
that explain oral health inequality in adolescents (Polk et al., 2010, Mashoto et
al., 2010, Jung et al., 2011)) and adults (Sanders et al., 2006 ; Donaldson et al.,
2008), with the majority investigating the role of oral health related behaviours
and few, the role of psychosccial factors (Jung et al., 2011) . Overall, all of the
studies so far have been cross-sectional in design and have used a limited
number of SEP indicators (typically, education and income), thereby limiting any
comprehensive analysis on the relationship between SEP and oral health.
However, the findings of the majority of the studies in spite of using varying
dental health outcomes (self -reported, subjective , objective ), SEPindicators
and conducted in differing populations, are consistent with the findings of this
study that socioeconomic inequalities were only partially explained by

behavioural factors.

All measures of SEP demonstrated a substantial gradient with caries. However, it
was difficult from the raw data to determine which SEP measure was the
strongest measure of inequality in this sample. The Relative Index of Inequality
(RIl) was used to standardize the distribution of the SEP variables to allow
comparison across measues (Shaw et al., 2007). While this approach has
commonly been used to explain socioeconomic inequalities in general health
(Singh-Manoux et al., 2004; Batty et al., 2006), no previous studies trying to
explain socioeconomic inequalities in caries in young children have used this
approach. Its usein caries epidemiology has been limited and more recently

used to quantify and evaluate the trend s over time in socioeconomic inequality

in caries in young children (Do et al., 2010; Blair et al., 2013) .

Overall, the results of the RII analyses showed higher risk of caries in the most
deprived group relative to the least deprived, across SEP measuresThe RIls
were relatively high compared to studies of the general health literature (Singh

Manoux et al., 2004; Batty et al., 2006) . The extent of socioeconomic
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inequalities in caries varied by the SEP measure used (Sanders et al., 2006a),
with national SIMD being the strongest indicator of inequality in caries in this
sample. The variation in Rlls across SEP masures when adjusting for different
groups of risk factors suggestedthat the various measures of SERused in this
study are tapping different mechanisms t hat contribute to socioeconomic

inequalities in caries (Sanders et al., 2006a).

Area-based measures d SEP are increasingly being used to measure effects of
SEP on various health outcomes, target resources and plan services (Sanders et
al., 2006b; Brewster et al., 2013; NDIP, 2014) . The results of this study suggest
that SIMDmay be a convenient measure of SEPthat may be stable and effective
in revealing socioeconomic inequalities in caries in young children. These

findings are in agreement with previous studies that used both a rea-level as well
as individual-based measures of SEPand found that the inequalities in caries
were steeper when area-based measures were used (Locker, 1993, Thomson and
Mackay, 2004 Locker, 2000).

It is suggested that when SEP is considered as the primary variable of interest,
investigating the effect of b oth, individual as well as area -level socioeconomic
circumstances is important as different measures of SEP represent different
aspects of social position, thus relating and contributing differently to health
inequalities (Braveman et al., 2005). SIMD used in this study was a composite
measure and thus reflected a number of different aspects of socioeconomic
circumstances (Section 2.3. 2.2). It supplemented the individual -level measures,
by including the contribution of contextual attributes as a determinant of
inequalities (Broomhead et al., 2014) . In this study, a higher percentage of
participants were classified using the SIMD than other measures like income and
occupation, thereby minimizing the degree of bias due to missing information
(Locker et al, 2000) . Measuring SEP by SIMWill also have the benefit of tracking
inequalities through time and by location (Blair et al., 2013) , possibly mapping
inequalities, which can then be used to inform intervention/ policy. Nonetheless,
it might be informative for the purpose of designing interventions to know the
specific characterist ics associated with those living in a deprived area that might

underlie inequalities .
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The study showed that individual behaviours were important risk factors of
caries, but did not fully explain the relationship between SEP and caries. The
risk factor that was most associated with inequalities across the SEP measures
was age at first dental visit. Inequalities indicated by all measures of SEP
(except gross household income) increased when adjusted for age at first dental
visit. The findings imply that first dental attendance for anticipatory care may
be disproportionately | essamong the lower SEP groups Dental registrati ons of
infants up to two -year-olds in Scotland have remained low at 47%(1SD Scotland,
2013b) and failure to attend rates have been found to be greater in areas of high
deprivation (Deas et al., 2010). Consistert with the findings of this study, d ental
attendance pattern was found to be a factor contrib uting to the socio economic
gradient in dental health among Singaporan preschool children, with SEP
affecting dental attendan ce both directly and indirectly (Gao et al., 2010).
Through the use of structural equation modelling, the indirect effect of SEP on
dental attendance was demonstrated to be through parental knowledge,

attitudes and beliefs regarding the importance of anticipatory dental
attendance . Additionally, p ositive parental attitudes , which are associated with
better dental attendance (Tickle et al., 2000 ) and in turn better dental health
have been shownto be held by higher socio-economic groups (Skeie et al., 2010,
Van den Branden et al., 2012).

Similarly, adjusting for NMES intake(as a percentage of energy) was shown to
increase inequality . Consistent with previous findings from Scotland, this
suggests higher intake of NMESwas disproportionately distributed among the
lower SEPgroups (Bradshaw et al., 2008, Masson et al., 2010). Although diet may
partly be behaviourally influenced, it is also deter mined by the availability,
accessand affordability of health promoting foods, which are largely relate d to
location and economic means (Sisson, 2007) This implies that reducing
inequalities in caries may require developing strategies, which look beyond the
proximal causes of caries to address the underlying determinants of oral health
and related behaviours (Watt, 2007). This will involve addressing the social,

economic and environmental causes of behaviours(Sheiham et al., 2011).

The results of this study demonstrate that while it will be good to target

behaviours using behavioural interv entions, they may not fully reduce
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socioeconomic inequalities in caries on their own (Watt, 2007). The findings also
suggess the presence of other determi nants of inequalities related to caries,
which were either not measured adequately or unmeasured in this study . Itis
suggested that psychological stress (measured but not analysed in this body of
work) experienced by those in low SEP due to unstable living conditions,
insecurity, poor social capita, cohesion etc. may provide an explanation
between low SEP and dental caries (Sisson, 2007). Evidence supports chronic
stress as influencing health promoting behavioural decision making and
additionally affecting the immune response (Sisson, 2007, Boyce et al., 2010). A
psychobiological pathway to explain the social grad ient in caries in young
children has been proposed after lower SEP was found to be associated with

increased levels of salivary cortisol and cariogenic bacteria (Boyce et al. 2010) .

Most of the previous studies attempting to explain socioeconomic inequalities
have not accounted for fluoride varnishes or fluoride exposure from sources
other than toothpastes except Polk et al. (2010). However, the study was
conducted among adolescents and in a country with no univ ersal dental care
plan and hence may not be applicable to Scottish young children. Scotland is
unique with interventions applied universally, but in proportion to the level of
deprivation. As described previously in Section 2.3 .9. 1.3, Childsmile school
tar gets 20% of the nursery and P1 children in priority schools for fluoride varnish
applications. Data collection in a few of the nurseries took place soon after (one
to two weeks) children had fluoride varnish applications through the Childsmile

programme and this may have had an effect on the results of this study.

764Tacikng or al heal th 1 nequalities

This study indicates that the risk factors and causes of socioeconomic
inequalities in caries may have roots in early life. Given that, childhood
socioeconomic circumstances are significantly related to caries experience in
childhood, adolescence (Nicolau et al., 2003 ) and adulthood (Thomson et al.,
2004), independent of adult SEP, preventive interventions that tackle the
determinants of inequalities should be required to commence in early life
(Scottish Government, 2008; Marmot et al., 2010) .
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Tackling oral health inequalities has been a key focus of health policies (Marmot
et al., 2010, Marmot and Bell, 2011, Scottish Government, 2008, Sheiham et al.,
2011). The effectiveness of behavioural interventions in reducing inequalities in
dental caries have been questioned, when oral hygiene practices post-
intervention were found to increase socioeconomic inequality among children
(Schou and Wight, 1994). This individual ist downstream behavioural approach to
health inequalities hasbeen criticised forbeing i nef f ecti ve, O6vi ct
over-simplifying the problem, not being cost -effective and diverting resources
from more effective 0 u p s t mMmeasures (Watt, 2007) . Such an approach fails
to address the wider social determinants and the environment (including
economic, cultural, and political factors) in which behavioural choices are made
(Sheiham et al., 2011).

According to Marmot (2005) if the major determinants of health are social, so
must be the remedi e s Gonsequently, there has been apressing emphasi® for
mor e Oupst r étadavelap grevemtivédpolicies and public health
strategies from a more social and structural view of the determinants of health
(Watt, 2007). However,the Scotti sh Governmentds (200
including the Early Years Framework suggests the need for both upstream and
downstream interventions - to create an environment where health -debilitating
behaviours are not formed and to help those that are victims to health-
debilitating behaviours , respectively. It further underscores the need for early
preventive intervention and targeted support to those in need to ensure
maximized health outcomes and minimized health inequalities among children
This follows the &6proporti on aforgackiimgi ver s al
health inequalities by which actions are applied universally, but with the scale
and intensity matched to the level of disadvantage (Marmot et al., 2010). Since
oral health inequalities mirror those in general health, itis recommended that a
collaboration between oral and general health to address shared risk factors
(behavioural and common social determinants) associated with various chronic
health conditions (like cardiovascular diseases, obesity and oral diseases)may
reduce inequalities, creating supportive environments for promoting health in

the whole population, and increase effectiveness and efficiency of health
promotion (Watt and Sheiham, 2012).
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Based on the WHO recommendations, aset of guiding principles for developing
oral health strategies has been summarisedto improve ora | health and address
inequalities including - empowering and engaging communities through holistic
participatory approaches, inter sectoral, partnership and multi -strategy working,
evidence based practice and policy implemented with robust evaluation
approaches (Watt, 2007) .
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Chapt:€mion&l usi ons and Recor

81Concl usi ons

This pilot study set out to assess the feasibility of recruiting and followingup a
cohort of preschool children, collect data to investigate behavioural, biological
and sodal factors associated with dental caries and their role in explaining

socioeconomic inequalities in dental caries.

Successful tools and methods, lessonslearnt and data collected from this study
will be used to design a large birth cohort study that will permit a detailed
evaluation of the current Childsmile programme. The prospective cohort study
will collect data at an individual level to identify modifiable risk factors and the
0causes of totirfioem ancddirectetised@evelopment of future
interventions within the Childsmile programme to improve oral health overall

and tackle oral health inequa lities in Scotland .

8llFeasi bility

The following conclusion s have been drawn from this study relating to the
feasibility of recruiting and following u p a cohort of preschool children to collect

clinical and questionnaire data :

1. The method used for r ecruitment via nursery schools proved to be an
effective platform for identifying eligible families across the
socioeconomic spectrum and recruiting and engaging a large majority of

the convent ttwmeddlyd O0drac wp s .

2. The anticipated recruitment rate  at the beginning of the study was
achieved in spite of the study largely recruiting from more deprived
areas. Socioeconomic position was not found to influence refusal to
participate in this study. The nursery-staff engagement with the study
and their influence on the families of the children  was thought to be

important in recruitment .
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3. The time of the year when the study is carried out may af fect recruitment
rates. Recruitment rates were relatively lower among nursery schools that

ran over summer holidays.

4. Once participating in the study, compliance was high (above 80%)for
clinical data collection in both Sweeps and questionnaire data coll ection
in Sweep 1. A large proportion of the most deprived groups were
successfully engaged and retained in this study. Socioeconomic
background was not found to influence compliance. Again, this high
compliance rate largely reflects the utili ty of the educational
establishment setting, where clinical data collection was possible for
relatively large numbers of children at a time . Compliance may also have
been influenced by the rapport between staff and parents that aided good
guestionnaire returns in Sweep 1. Other factors that may have influenced
the high compliance may be related to timely reminders and the

flexibility offered by the researcher in data collection

5. It was feasible to simultaneously co nduct dental clinical examination,
collect sal iva and plaque samples and measure heights and weights across

educational establishment settings over time.

6. The collection of unstimulated salivausi ng t he Sali metri c:
Swabwas found to be an easy, acceptable, relatively stress free and
reliable technique for use among young children. There was sufficient
quantity and quality in the data collected on which microbiological, some
immunological and stress markers were measured and validated. The use
of TagMan® QPCR was found to be morereliable and relatively faster for
the estimation of S.mutans than conventional culture methods. The
guality of other clinical (dental caries and anthropometric) data  collected

was good

7. The collection of plaque samples using CPITNprobes was an easy and
acceptable technique. The quality of the data collected has not been

assessed in this body of work.
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8. Overall, the completeness and quality of the data collected through
questionnaireswas high, particularly in relati
and O6Amaut f.dhaicdmpléteness and quality of data collected
did not appear to be influenced by socioeconomic factors . The Semk
Quantitative Food Frequency Questionnaire (FFQ)developed by the
Scottish Collaborative Group was found to be detailed and appropriate for
use among preschool children to provide robust data (NMES as a
percentage of food energy) to identify a relationship between diet and
caries in a future large -scale setting. The completeness of the FFQ was
slightly |l ower thanStwdpgeChifl d@bawd

familyo.

812Ri sk factor model s for cari es

This was a pilot study and caution is warranted in extrapolating the findings
beyond the scope of the data collected . The conclusions from risk factor models
may be more or less indications (than definite conclusions ) that need further
investigation in a larger study . The prevalence of caries was high and in line with
national studies, and followed a socioeconomic gradient . The following
conclusions have beendrawn from the risk factor models for caries produced in

this pilot cohort study:

1. The level of Streptococcus mutans in saliva at baseline was the most
proximal risk factor associated with caries a year later, independent of

other risk factors.

2. Arangeof 8 mo d i f ora lhehlth @lated behavioural factors (higher
NMES intake irregular brushing habits immediately before bedtime,
rinsing out toothpaste after tooth -brushing, night time bottle feeding at
two years and older age at first visit to dentist) were found to be

independently associated with caries a year later.

3. The only distal risk factor and socioeconomic measure that was associated
with caries a year later was the are a-based measure of socioeconomic

position (SEP), Scottish Index of Multiple Deprivation (SIMD) at national

on

d 4
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level. Other individual -level measures of SEP vere found to be correlated
with SIMD,

The Relative Index of Inequality (RII) showed that each measure of SEPexplained
a different aspect of SEPthat contribute d diff erently to inequalities in caries.
The results emphasised the importance of using multiple measures of SEP in

epidemiological studies .

There was some attenuation in the RII after adjustme nt for relevant risk factors.
However, the socioeconomic gradient in caries persisted, suggesting that

perhaps other more upstream factors may be important in causing inequalities.

Sample size for the larger cohort study will depend on a number of statistical
and non-statistical factors, including the hypotheses to be tested, variables of
interest (social/ environ mental/ behavioural / biological/ genetic etc), desired
accuracy and precision of the effect estimates, geographical and social
differences within the population and in  their response to interventions. These
factors are not fully clear att his stage. Nevertheless, the effect sizes from the
multivariable model s in this study will serve as a starting point to perform a
power calculation to identify the sample size that  will be required in the larger

cohort study .

82Recommendati ons

After having tested the feasibility of conducting a cohort study among preschool
children and following them up one year later , examining factors associated with
caries and their role in explaining socioeconomic inequalities in caries, the
following recommendations wer e drawn to guide the design of a larger cohort
study that will robustly evaluate the outcomes of Childsmile and inform and

guide future direction of the programme

1. The utilization of nurseries is recommended as an appropriate platform
for recruitment of preschool children and collecting data (caries , heights,
weights, microbiological samples and questionnaire) from them. Data can
be collected from a large cross -section of children across the

socioeconomic spectrum. Most importantly, it is recommended asa
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platform of choice to engaget he convent B@mmeddltyd Odraa W)
However, transition points like moving from nursery school to primary
school may be associated with constraints of access in the follow -up,

which can be labour and resource intensive.

. Where possible, the sampling of nursery schools should take into account
the presence of a key staff with interest in oral health who can actively

champion the research study.

It is recommended that recruitment of participants  into the study via
nursery schools are completed prior to the various academic breaks at
schools. Term-time breaks, particularly those that are long are likely to

lower recruitment rates.

. Those studies planning to collect health -related data (anthropometric,
dental) from school children on a regular basis (routinely) in an
educational setting should consider coordinating data collection activities
into a single school visit . This minimizes disruption during the school term

and may have cost efficiencie s.

. Saliva is a valuable specimen on which numerous investigations can be
performed. Itis recommended that future studies make careful decisions
on prospective salivary assays to perform and approximate volumes of
saliva that may be required. Itis further recommended that a longer
collection time of up to a maximum of 90 seconds may be needed in some
children (if compliant) if the swab does not appear to be saturated with
saliva. Assays of greatest importance must be predetermined in the event

that an inadequate volume of saliva is available for all .

It was occasionally not possible to clinically examine (collect
microbiological samples) children before the snack break and
toothbrushing session at nurseries. It will be valuable to check if the data

was compromised by this practicality issue.
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7. ltis recommended that multiple strategies including timely reminders,
telephone follow -up and flexibility in the mode of data collection and

schedule be used to improve response rates.

8. The use of postal services and scheduled data collection events at the
Glasgow Dental hospital & School are recommended alternative cost
cutting methods to pack delivery, questionnaire collection and data

collection at schools .

9. 0 About your study chil do6 amnmagdes@e@bout vy
considered suitable for use in large-scale from the completeness and

quality of data that was obtained.

10. The FFQsused in this study provided robust nutritional data for preschool
children and are recommended for use in large -scale. This study did not
have face-to-face sessions with the majority of the main -carers, as the
completed questionnaires were returned through the schools. No attempt
was made to contact the main-carer again to have blank lines completed.
It would be beneficial to have a follow up protocol for incomplete FFQs

for future studies.

11.The Standard Operating Procedures available in Appendices | and K are
recommended for use in collecting microbiological samples and measuring

heights & weights respectively.

12.Riskfactors and causes of socioeconomic inequalities in caries are
complex and have roots in early life. The explanation of socioeconomic
inequalities in caries among young children remains to be answered. It is
likely that the explanations for the observed inequalities in caries lie in
thebcause of hypbtleesisoMamnsoe ZD10), with the behavioural
risk factors being widely accepte d causes for caries that are socially
determined . Further work i s required to include community -level
upstream factors into the hypothetica | model developed in this study like
those recommended by the World Health Organ ization (Peterson et al.,

2003), and more recently by Watt and Sheiham (2012) ; which emphasise
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the political context and structural mechanisms generating social

hierarchy of individuals .

13. Future studies are recommended to utilize sophisticated statistical
modelling techniques like multile vel modelling, path analysis or structural
equation modelling and multiple measures of SEPto more fully explain

the pathways and mechanisms involved in inequalities.

83Further work

Although pilot in nature, t his study has created a unique dataset, which includes
data on multiple risk factors across various levels associated with caries. Further
work from the data collected in this study will significantly advance our

understanding of caries development. These include:

1. The children in this study should be matched to their Community Health
Index (CHI) number, which will aid in linking with routine data held within
the Information Services Division Scotland Of priority should be the

unachieved fluoride varnish linkage in this body of work.

2. There is potential in the dataset to look at changes in behaviours and
parental attitudes over time according to socioeconomic position and how

these affect caries development.

3. There is immense potential in understanding the biological pathways that
may underlie socioeconomic inequalities in caries. A metagenomic
approach using the plaque samples collected at both Sweeps is now being
used to investigate the variation in the ecology of the complex bacterial
flora and S. mutans genotypes over time, their role in caries and with
SEP Additionally, the immunological factors and cortisol validated in this
body of work may further our understanding of the host -pathogen

interactions in health and diseased state (work currently underway) .

4. Results from recent systematic reviews are equivocal of a relationship
between obesity and caries in th e primary dentition and have called for

longitudinal studies that take into account the large number of
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confounding factors. The dataset from this study offers a good
opportunity to investigate the relationship between the two conditions

robustly .

5. Robust and rich dietary data is available that can be used to test multiple
hypothesis- For e.g. the possibility of an association between obesity and
intake of energy, NMES, total fat and saturated fatt y acids- although

limited information on physical activit y is available.

It is thought that the analyses of all the data collected in this study will further
our understanding of caries development and inequalities in young children. It
will give more clarity into the variables and relationships that are ~ worthy of
further investigation with in a larger cohort study . The present study has set the
scene for future epidemiological work on the aetiology and social patterning of
dental caries in children in Scotland, at the individual child level  from which
future interve ntions can be designed to further improve oral health and reduce

inequalities.



212

Appendi ces
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The caries diagnostic threshold represented in the form of an iceberg .
Adapted from Pitts (2004)
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AppendiPacBkB 1

a) Covering letter

A University Dental
« of Glasgow | School

o

9 June 2011

Dear Parent/Guardian,

Invitation to participate in a research project about pre-school children's dental health

We are looking at pre-school age children in nursery schools and we would like to inform you about a
research study. We would also like to revisit these children when they start school.

Firstly, we would like to collect a small volume of your child's saliva and dental plague and we would
also like to measure their height and weight. Secondly, we would like to ask you some questions that
might help us understand why some children get tooth decay and others do not. This will include
questions about your child's diet, your family circumstances and dental hygiene.

Once you have completed the first part of the study (pre-school stage) you will be entered into a prize
draw with a chance to win supermarket vouchers worth £100 as 1st prize, £50 as 2nd prize and £25 as
3rd prize; and again if you complete the second part of the study (Primary 1 stage). Your nursery will
also receive a cash sum towards their funds.

Please also find attached an information sheet with more details about the study. If you would like to
contact me please feel free to do so using the contact details below.

We will be sending you a second pack in around one week's time, containing a Consent Form for you to
complete if you wish to take part in our study.

We would stress that participation in the study is voluntary and you can withdraw your consent at any
point.

Once we have collected all of the information we need from you, you will be entered into the first prize
draw.

Thank you very much for taking the time to read this information.

Yours Sincerely,

/_,ﬁ?.df-‘ﬂ@ C‘.g%"ﬂ #

Dr Andrea Sherriff

Senior Lecturer

Glasgow University Dental School
Tel: 0141 211 9801

Email: andrea.sherriff@glasgow.ac.uk



b) Participant information leaflet

University | Dental
of Glasgow ‘ School

Participant Information Leaflet

A pilot cohort study to investigate risk factors for dental caries

Dr Andrea Sherriff

Senior Lecturer

Glasgow University Dental School
378 Sauchiehall Street

Glasgow, G2 3JZ

Tel: 0141 211 9801

Email: andrea.sherriff@glasgow.ac.uk

WHY HAS YOUR CHILD BEEN CHOSEN?
Your child is invited to take part in this research study as they are in their pre-school year at nursery.
Please take time to read the following information carefully.

WHAT IS THE PURPOSE OF THIS STUDY?

The purpose of this study is to understand why some children get tooth decay and others do not. Itis
important for our study that we collect as much information as possible on why tooth decay happens.
This means collecting saliva and dental plaque from children as well as information about their diet,
their dental hygiene and their family circumstances. We ask these questions because they are very
important for our study and we would like to assure you that this information will be kept completely
confidential.

WHAT DOES YOUR CHILD HAVE TO DO? ARE THERE ANY RISKS?
1. We wish to collect a small volume of saliva by placing a cotton wool swab under your child's tongue
for a few seconds.

2. A small amount of dental plaque will be collected from the mouth. The plaque will then be placed in
fluid and the bacteria will be analysed at a later date.

3. Your child will have their height and weight measured in light indoor clothing with their shoes
removed.

Your child should not experience any discomfort and there are no risks associated with any of the
procedures. These will be collected at your child’s nurseries in the presence of their teacher.We wish
to collect samples and heights and weights on two occasions, once in the pre-school year at nursery
and once in Primary 1.

We would also like to know about changes in children’s diet, dental hygiene and family circumstances
as they move from nursery school to primary school, as this may help us further understand why
some children develop tooth decay and others do not. We will ask you to provide us with this
information at both times preferably at your child’s nursery/school or other convenient location you
may choose.

DOES YOUR CHILD HAVE TO TAKE PART?

It is up to you to decide whether or not your child should take part in this study. If you decide you
would like your child to take part in the study, you will be given this information sheet and consent
form to sign and keep. You will have an opportunity to ask questions and have them answered to your
satisfaction. If you choose for your child not to take part in the study, your child will not be
disadvantaged in any way. Once the samples, height and weight and Study Data have been
collected your name will be entered into a prize draw to win supermarket vouchers worth £100

as 1st prize, £50 as 2nd prize and £25 as 3rd prize.

University | Dental
I enta
of Glasgow | School

WHAT ARE THE BENEFITS OF YOUR CHILD TAKING PART?

Your child’s participation in this study may help improve dental care for children in the future, through
better understanding of why some children get tooth decay and others do not. However, your child
will not directly benefit from taking part in this study.

WHAT WILL HAPPEN TO MY SAMPLES AND PERSONAL DATA?

Your child's samples and associated personal data (“Study Data") will be stored securely, processed
and used for investigations at the University of Glasgow. Any preserved saliva samples and Study
Data may be stored for up to 15 years. All samples will only be used for the purposes described.

The studies that we are doing on your child’s saliva and dental plague will not suggest any clinical
diagnosis or treatment for any disease and it is not the purpose of this research to provide you or your
child with test results.

By signing the Consent Form you consent to the Study Dentist and his or her staff collecting and
using your child’s personal data for the study. This includes your participant profile, your questionnaire
responses on your child’s diet and dental hygiene; and your child’s date of birth, sex, postcode and
tooth decay score (the tooth decay score is collected as part of the normal dental exam). Your
consent to the use of your child's Study Data does not have a specific expiration date. By signing this
form you consent to the use of Study Data as described in this form.

HOW WILL MY CONFIDENTIALITY BE PROTECTED?

Special precautions are taken to ensure the research study is carried out with a high degree of
confidentiality. If you agree to participate in the study, a code that is specific to your child will be used
to label your child’'s samples and Study Data and identify all results that are recorded at the University
of Glasgow. This coding of all information is to ensure that the results are kept confidential by keeping
your child’s identity and the results separate. Samples will not include your name, address or
Hospital number. Only the Study Dentist and health care professionals who are part of the research
team have access to the code key that will connect your Study Data to you. The Study Dentist is
responsible for handling of your child’s Study Data in accordance with applicable Data Protection
law(s). Please note, the results of the study may be published in medical literature, but your child will
not be identified.

CAN | WITHDRAW MY CONSENT?

You are free to withdraw your consent for use of the samples or Study Data at any time. If you choose
to withdraw your consent, your child will not be disadvantaged in any way, including dental treatment
and care your child is entitled to receive. If you withdraw your consent, your child’s sample(s) will be
destroyed. The University may still use Study Data obtained before you withdrew your consent.

WHO SHOULD | CONTACT FOR INFORMATION OR HELP?

Dr Andrea Sherriff Mrs Silda Sadique

Senior Lecturer Clinical Academic Fellow
Glasgow Dental School & Hospital Glasgow Dental School & Hospital
378 Sauchiehall Street 378 Sauchiehall Street

Glasgow, G2 3JZ Glasgow, G2 3JZ

Tel: 0141 211 9703 Tel: 0141 211 9746

Prof Lorna Macpherson

Professor of Dental Public Health

Glasgow Dental School & Hospital

378 Sauchiehall Street

Glasgow, G2 3JZ

Tel: 0141 211 9750

Thank you for taking the time to read this participant information leaflet.
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AppendiPack: 2

Covering letter and Consent form

Unuversity | Dental

% of Glasgow ' School

o
17 June 2011

Dear Parent/Guardian,

Participation in a research project about pre-school children’s dental health

About a week ago, we sent you some information about our study. If you would like to take part in the

study, please complete and sign the enclosed Consent Forms.

‘We would like you to complete and sign both of the consent forms, put one into the envelope addressed
to your child’s head teacher, Mrs Avril Williamson (you can keep the other) and then send this back to
the nursery in your child’s nursery bag before the 25th of May. You’ll notice that by signing the
consent form you are giving us permission to visit your child at their nursery for a clinical

examination, and again in Primary 1.

At present, we have not organized a date to visit your child’s nursery. Once we have, your nursery will

let you know.

If you would like to be entered into the prize draw with a chance to win supermarket vouchers worth
£100 as 1st prize, £50 as 2nd prize and £25 as 3rd prize, please complete the enclosed Prize Draw
slip. Once we have seen your child and collected the information from you, you will be entered into the

prize draw.

For now please:

Sign both consent forms

Fill in your details on the prize draw slip

.
s Place one consent form and the prize draw slip in the envelope provided.
e Send back to the nursery in your child’s bag before the 1% of July

Thank you again for your help.

Yours Sincerely,

sitoe ol
Dr Andrea Sherriff

Senior Lecturer

Glasgow University Dental School
Tel:0141 211 9801

Email: andrea.sheriff@alasgow.ac ul

k

@ University | Dental
& of Glasgow | School

Participant ID

A pilot cohort study to investigate risk factors in dental caries

Dr Andrea Sherriff

Senior Lecturer

Glasgow University Dental School
378 Sauchichall Strect

10141211 9801
Email: andrea.sherri

glasgow.ac.uk

Please initial
boxes

| confirm that | have parental responsibility for the child above and have read
and understood the information sheet. | have had the opportunity to consider the
information, ask questions and have had these answered satisfactorily. | have
read and understand the information sheet for the above study.

| understand that my participation is voluntary and that | am free to withdraw at
any time, without giving any reason, without my dental care or legal rights being
affected.

| agree to myself and my child taking part in the above study.

| confirm that | have received a copy of this information and signed consent form
to keep.

| give permission for my child's health information to be used in a non-
identifiable format through publications, reports and presentations of this
research study.

O OO

Name of Study Child

Name of Subject’s Parent Signature Date

Name of Research Team Member Signature Date

One copy to be refained by pasent and one copy to be refained in study file.
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AppendiPacRk: 3

Covering letter

Unuversity | Dental
of Glasgow | School

o4

27th April 2011

Dear Parent or Guardian,

Filling booklets for a research project about pre-school children’s dental health

Thank you for agreeing to take part in our study. We really appreciate your help.

You will find 3 booklets inside the envelope given to you by the nursery. Please fill in all three booklets
and return them to the nursery in the enclosed addressed envelope by Tuesday the 10" of May.

Filling in the booklets should only take 30-45 minutes of your time.

s The first booklet: About your Study Child is about the Study Child.
¢« The second booklet: Diet Questionnaire is about the Study Child
¢ The third booklet: About you and your family is about the family of the Study Child

Once we receive your completed booklets and we have visited your child at nursery, you will be entered
into our Prize Draw for £100, £50 or £25 of supermarket vouchers.

If you have not returned the completed booklets by Tuesday 10th May to the nursery, our researcher,
Silda Sadique, will contact you to offer help in filling in the booklets if you need it.

Once again, thank you very much for your time.

Yours Sincerely,

(Gt ;é:ﬁa/fﬁﬁ

Dr Andrea Sherriff

Senior Lecturer

Glasgow University Dental School
Tel: 0141 211 9801/ 9750

Email: andrea sherriff@alasgow.ac.uk
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Appendi x E: About your Study CI

How to complete this guestionnaire

UanCI'SIty ‘ Dental * Most of the questions can be answered by putting a tck n the bos next o the
7 of Glasgow | School % anwer you vt o gve.

Dsuit = If you make a mistake, just cross out your first tick and add another one in the
box next to the right answer_

s A few questions require you fo write your answers in the spaces provided.

Please remember to put all 3 booklets in the envelope, seal it and hand it to
Participant Code: | | I | | I | your child’s nursery head teacher by the

About your Study Child

To help us with our study, we would like to ask you about your child’s toothbrushing
habits, how they were fed when they were younger and your views on dental health.
We would like you to answer for the child who is part of this study (the Study Child).
There are no right or wrong answers.

This questionnaire should only take around 10 minutes to complete.
Your responses will be treated confidentially.

Thank you very much for your help.

If you have any questions or require further information please contact:

Dr Andrea Sherriff Mrs Silda Sadique

Senior Lecturer Clinical Academic Fellow
Glasgow Dental School & Hospital Glasgow Dental School & Hospital
378 Sauchiehall Street 378 Sauchiehall Street

Glasgow, G2 3JZ

Tel: 0141 211 9801/ 9750

email: andrea sheriff@glasqgow ac uk

3. Which toothpaste(s) are used to brush your anldsteeim
Please tick the box or boxes h brand of that your child
currently uses. Ifmelomhpasteyomcinktmﬁsnolmmehst please write the name of
the toothpaste your child uses here:

Toothbrushing

First a few questions about your Study Child's tocthbrushing habits and the

toothpaste they use.

1. From what age were your child’s teeth brushed regularly? (Tick 2 boxes if necessary)

When the first tooth came into the mouth
Under 12 months

Between 13 months and 2 years
Between 2 years, 1 month and 3 years
Between 3 years, 1 month and 4 years
Mot yet brushing regularly

2. How often are your child's teeth brushed? (Please fick only one box)

Chliaren's Spearmint & Aloe Vera
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O [T [

Asda Smartprice Asda Essential Care Sensitive TotalCare
Whitening Toothepaste

Waen
| ¥0

Sainsbury's Sainsbury's
Little Ones Fruity Little Ones Mild Mint

O

PN ——

(9 BRILLIANT SPARKLE
= Ch s G

4. Who brushes your child's teeth? (Please tick only one box)

Dental visits

Other (Please describe)

5. Which of the options below best describes the method your child uses to remove
toothpaste after brushing? (Please tick only one box)
8. How old was your child when he/she went to the dentist for the first time?

WK Wt insas It Golpase) Please write the age here:

6. Are your child's teeth brushed immediately before bedtime? (Please tick only one box) Ortick here if your child has not yet visited a dentist D

9. Why did your child go to the dentist for the first time? (Please tick only one box)

7. Which of the pictures below best show the amount of toothpaste used when your child's
teeth are brushed? (Please tick only one box)

wpea-size” (] 10. On average, how often does your child attend a dentist for a routine check-up?
(Please tick only one box)

“half a brush” (] “full brush” (1




Early feeding habits

11. When your child was a baby, did you breast or bottle feed him/her?
(Please tick only one box)

Other: (Please describe)

12. How old was your child when he/she completely stopped using a baby bottle with a
teat? (Please tick only one box)

13. At what age did your child start eating solid food? (Please tick only one box)

Finally, we are interested in your views about dental health. Please tell us how
strongly you agree or disagree with each of the following statements below.

Please tick one box for each statement.

26.During the school term, how much time does your child spend watching television or
playing computer games? (Please tick only one box)

219

14. Other than water, how often did your child take a drink to bed during the night:

a) in the first two years? b) since hefshe was 4 years old

15. How often do you restrict the amount of sugary foods your child eats?
(Please tick only one box)

Thank you very much for completing this
questionnaire. Your help is very much appreciated.

Please put all the 3 booklets in the envelope, seal it and hand it to your child’s

nursery head teacher by the

If you have any questions or require further information please contact:

Dr Andrea Sherriff Mrs Silda Sadique
Senior Lecturer Clinical Academic Fellow
Glasgow Dental School & Hospital Glasgow Dental School & Hospital
378 Sauchiehall Street 378 Sauchiehall Street
Glasgow, G2 3.2 Glasgow, G2 32
Tel: 0141 211 9801/ 9750 Tel: 0141 211 9746

: andrea sherriff@glasgow.ac.uk email:
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Append

Thank you very much for completing this
questionnaire. Your help is very much appreciated.

Please remember to put

all 3 booklets in the envelope, seal it and hand it to
your child’s nursery head teacher by the

If you have any questions or require further information please contact:

Dr Andrea Sherriff
Senior Lecturer

Mrs Silda Sadique

Cllllcll Academic Fellow
Glasgow Dental School & Hospital Dental School & Hospital
378 Sauchiehall Street 375 Sauchiehall Street

Glasgow, G2 3JZ Glasgow, G2 3JZ

Tel: 0141 211 9801 / 9750 Tel: 0141 211 9746

‘email: andrea shemiff@qglasqow.ac.uk email: silda sadique@qlasqow.co.uk

How to comglete gueslionnaire

Most of the questions can be answered by putting a tick in the box next fo the
answer you want fo give.

If you make a mistake, just cross out your first tick and add another one in the
box next to the right answer_

A few questions require you fo write your answers in the spaces provided.

Please remember to put all 3 booklets in the envelope, seal it and hand it to
your child’s nursery head teacher by the

If you have any questions or require further information please contact

Dr Andrea Sherriff
Senior Lecturer Clinical Academic Fellow
Glasgow Dental School & Hospital Glasgow Dental School & Hospital
378 Sauchiehall Street 378 Sauchiehall Street

Glasgow, G2 3JZ Glasgow, G2 3JZ

Tel: 0141 211 9801/ 9750 Tel: 0141 211 9746

email: andrea shermifi@glasgow.ac.uk email: silda sadigue@qlasqow.co.uk

Mrs Silda Sadique

About

your Fami

Unlver51ty Dental
? of Glasgow | Sehool 9,,,

pascpanicose [ | | | 1 1 |

About You and Your Family

To help us with our study, we would like to know a little about you and your family.
This questionnaire should only take around 5-10 minutes to complete. There are no
right or wrong answers.

Your responses will be treated confidentially.

Thank you very much for your help.

14. What is the Study Child's racial or ethnic group? (Please tick only one box)
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1. Are you the main carer, or one of the main carers of the Study Child?
(Please tick aniy one box)

2. Whatis your relationship with the Study Child? (Please tick only one box)

Other: (Plsase describe)

The following 4 questions are about the Study Child

11. What is the postcode of the Study child's home address?
Please write the FULL postcode eg  G66 5UR

4. Whatis your marital status? (Please fick only one box)

12. How many children are in the Study child’s family, including the Study Child?

13. In your family, is the Study Child: (Please tick only one box)

5. Do you smoke? (Please fick only one box)

Other: (Please describe)

6. How many years of full time i i 8. Which of the options from the table below would you place your total household income
'school? ({including yourself) from all sources, before tax and other deductions.
(Please tick only one box)

If you did nt finish secondary school please fick here D

7. What educational qualifications do you have? (Please fick ALL boxes that apply to you).

9. What proportion of your household income (including your own) would you say comes
from benefits? (Please lick only one box)

Other: (Please describe)
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AppendiSxwe@:Palt a record sheet
PARTICIPANT ID
Shoes Observer
Gender | Height | Weight | Clothing removed | Time Saliva Plaque Name Questionnaire
FIM cm kg L/H YIN
Comments:
AMR index:
55 54 53 52 51 61 62 63 64 65
85 84 83 82 81 71 72 73 74 75

A (Active dentinal decay):

M (Missing due to decay):

R (Restored due to decay):

AMR = A+M+R=
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Unadjusted and adjusted Odds Ratios & 95% Confidence Intervals for caries

(SWEEP 1) according to demographic variables

anal
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yses

experience and C -index

. % caries Unadjusted OR [95% Adjusted OR [95%
Explanatory Variables experience cil CI]6°
Gender
Male [37/100] 37 1 [ref] 1 [ref]
Female [31/90] 34.4 0.90 [0.49 to 1.62] 0.89 [0.36 t0 2.18]
P value 0.714 0.796
C-index [95% ClI] 0.51 [0.43 to 0.60] 0.83[0.76 to 0.90] **
Age 0.75[0.32t0 1.74] 1.01[0.31 to 3.31]
P value 0.505 0.986
C-index [95% CI] 0.53 [0.44 to 0.62]
Ethnicity
White: Scottish [42/122] 34.4 0.98 [0.46 to 2.06]
Others™ [14/40] 25 1 [ref]
P value 0.947
C-index [95% CI] 0.65 [0.56 to 0.74]
Number of children in family
1 [11/36] 30.6 1 [ref]
2 [24/67] 35.8 1.27 [0.53 to 3.02]
3 or more [19/57] 33.3 1.14 [0.46 t0 2.79]
P value 0.862
C-index [95% CI] 0.52 [0.43 t0 0.62]
Rank of child in family
First born [21/70] 30 1 [ref]
Second born [24/57] 42.1 1.70[0.82 to 3.53]
Third born or later [9/31] 29.0 0.96 [0.38 t0 2.42]
P value 0.290
C-index [95% CI] 0.57 [0.47 to 0.66]
Age of Main carer
<25 years [8/17] 53.3 1.65[0.53 10 5.12]
26 -35 years [29/80] 50.7 1.48 [0.74 to 2.97]
36 years and over [19/66] 41.0 1 [ref]
P value 0.471
C-index [95% ClI] 0.55 [0.46 to 0.65]
Main Carer marital Status
Married/Cohabiting [37/115] 32.2 1[ref]
Single parent [19/48] 39.6 1.38 [0.69 to 2.78]
P value 0.365
C-index [95% CI] 0.53 [0.44 to 0.63]
Main-Carer smoking status
Current Smoker [19/48] 39.6 1.40[0.7 to 2.81]
Not current smoker [37/116] 31.9 1 [ref]
P value 0.346

C-index [95% CI]

€ Fully adjusted multivariate model
¢ C- index for the fully adjusted multivariate model

2 Other Whites, Asians, Blacks and Mixed

0.54 [0.44 t0 0.63]
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Unadjusted and adjusted Odds Ratios & 95% Confidence Intervals for caries experience and C  -index

(SWEEP 1) according to Socioeconomic Position

Explanatory N % caries Unadjusted OR Adjusted OR [95%
Local SIMD* Quintile

Q1 (most [28/66] 42.4 1.63 [0.74 to 3.62]

Q2 [17/38] 44.7 1.79 [0.73 to 4.40]

Q3 [8/39] 20.5 0.57 [0.21 to 1.56]

Q4 & Q5 (least [14/45] 31.1 1 [ref]

P value 0.081

C-index [95% CI]

National SIMD™ Quintile

0.61 [0.52 to 0.69]

Q1 (most [43/102] 42.2 3.06 [1.07 to 8.76]
Q2 [5/25] 20 1.05[0.26 to 4.19]
Q3 [14/35] 40 2.80[0.86 t0 9.18]
Q4 & Q5 (least [5/26] 19.2 1 [ref]
P value 0.058

C-index [95% CI]

Gross annual household Income

0.60 [0.52 t0 0.68]

< £10,000 [21/41] 51.2 4.04 [1.70 to 9.59]
£10,000 6£19,999 [16/47] 34 1.99 [0.84 to 4.68]
£20,000 & more [13/63] 20.6 1 [ref]
P value 0.007

C-index [95% CI]

Percentage of income from benefits

0.65 [0.56 t0 0.74]

Half or more [28/64] 43.8 2.56 [1.28 t0 5.12]
None or About a [21/90] 23.3 1 [ref]
P value 0.028

C-index [95% CI]

Current or last occupation of Main

0.61[0.52-0.71]

Never worked or [5/9] 55.6 5.94 [1.08 to
NSSEC &° [20/42] 47.6 4.32[1.25to
NSSEC 2 [4/24] 16.7 0.95[0.21 to 4.35]
NSSEC ¥ [4/23] 17.4 1 [ref]

P value 0.014

C-index [95% CI]

Main-Ca r e r & sof Rule-time Education

0.69 [0.58 t0 0.80]

Not completed [19/51] 37.3 1.31[0.65 to 2.65]
Further education [33/106] 311 1 [ref]
P value 0.446

C-index [95% CI]

0.53[0.43-0.63]

Main-Car er ds highest I of Educ

Level 0*° [12/25] 48 4.09[1.31to
Level 1" [19/45] 42.2 3.24[1.18 t0 8.90]
Level 2" [16/54] 29.6 1.87 [0.68 to 5.10]
Level 3" [7/38] 18.4 1 [ref]

P value 0.05

C-index [95% ClI]

© Fully adjusted model

4 Scottish Index of Multiple Deprivation 2009 at Local Health Board level (NHS Greater Glasgow & Clyde)

0.63[0.54 10 0.72]

% Scottish Index of Multiple Deprivation 2009 at National level

€ NS-SEC 3 - Routine & manual
5 NS-SEC 2 - Intermediate

8 NS-SEC 1 - Higher Managerial, Administrative & Professionals
% evel 0 - no qualification or pre-school leaving qualification

™ Level 1 - O grade, standard grade, GCSE or equivalent

™ Level 2 - Higher grade, A level, GSVQ advanced HNC, HND, SVQ Levels 4 or 5 or equivalent
2 Level 3 - first degree, higher degree or professional qualification
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Explanatory N % caries Unadjusted OR Adjusted OR [95%

Housing Tenure

Rented- not [31/64] 48.4 2.98 [1.45t06.12]

Rented-Privately [7/24] 29.2 1.30 [0.47 to 3.64]

Owned/mortgaged [18/75] 24 1 [ref]

P value 0.01

C-index [95% ClI] 0.63[0.54 t0 0.72]

Unadjusted and adjusted Odds Ratios & 95% Confidence Intervals for caries experience and C -index

(SWEEP 1) according to Parental Attitudes and Beliefs

Unadjusted OR [95%

Explanatory Variables Adjusted OR [95% CI]

Cl]
Positive Parental attitudes Scale 0.41[0.22 t0 0.78] 0.10[0.01to 0.71]
P value 0.007 0.021
C index 0.65 [0.56 to 0.73]
Parental Efficacy scale 0.75[0.50t0 1.12] 4.81[1.41t0 16.41]
P value 0.164 0.012
C index 0.60 [0.50 to 0.69]

& Fully adjusted model
" Rented from local Authority/Council/Housing association

® Fully adjusted model



Unadjusted and adjusted Odds Ratios & 95% Confidence Intervals for caries experience and C
(SWEEP 1) according to Early feeding habits
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-index

Explanatory N % caries Unadijusted OR Adjusted OR [95%
Breast or bottle feeding

Breast fed only [12/36] 33.3 1 [ref]

Bottle fed only [37/94] 39.4 1.30 [0.58 to 2.91]

Breast and [8/35] 22.9 0.59 [0.21 to 1.69]

P value 0.22

C-index [95% ClI] 0.57 [0.48 to 0.66]

Age bottle feeding completely stopped

Never used a [3/12] 25 0.73[0.18 to 2.93] 2.47[0.34 to
Under 12 [17/31] 54.8 2.64[1.11 to 6.26] 2.97[091to
Between 1 yr [23/73] 31.5 1 [ref] 1 [ref]
Over 2 years or [14/49] 28.6 0.87 [0.39t0 1.92] 0.57[0.19to
P value 0.076 0.082
C-index [95% ClI] 0.60 [0.51 to 0.69]

Night time bottle feeding up to 2 years

Every/ Most [23/62] 37.1 2.08 [0.99 to 4.39] 2.83[1.04 to
Some days [16/25] 64 6.28 [2.36 to 2.77[0.75to
Hardly ever/ [17/77] 22.1 1 [ref] 1 [ref]

P value 0.001 0.085
C-index [95% CI] 0.66 [0.57 to 0.75]

Frequency sugar restricted

Every/ Most [34/120] 28.3 1 [ref]

Some days [16/32] 50.0 2.53[1.14 t0 5.62]

Hardly ever/ [7/13] 53.9 2.95[0.93t0 9.42]

P value 0.026

C-index [95% CI] 0.60 [0.51 to 0.70]

Night time bottle feeding up to 4 years

Every/ Most [10/30] 33.3 0.99[0.42 to 2.32]

Some days [9/20] 45.0 1.62 [0.62 to 4.23]

Hardly ever/ [38/113] 33.6 1 [ref]

P value 0.608

C-index [95% ClI] 0.53[0.43t0 0.62]

Age of commencement of solids

< 4 months [4/16] 25 0.84 [0.25 to 2.80] 0.31[0.06 to
4-6 months [31/109] 28.4 1 [ref] 1 [ref]

7 months and [22/39] 56.4 3.26 [1.53t06.95] 2.90[0.97 to

P value 0.006 0.041

C-index [95% CI]

0.62[0.53 t0 0.71]

® Fully adjusted model
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Unadjusted and adjusted Odds Ratios & 95% Confidence Intervals for caries experience and C -index
(SWEEP 1) according to Current Diet

Explanatory Variables N %caries Unadjusted OR Adjusted OR
P y experience [95% CI] [95% CI]”’

Current Diet

NMES<11% food energy  [9/32] 28.1 1 [ref]

NMES>=11% food energy [47/129] 36.4 1.47[0.63 t0 3.43]

P value 0.379

C-index [95% CI] 0.53 [0.44 to 0.62]

NMES (% food energy) 1.06 [1.01 to 1.11] 1'061[1'2%0 o

P value 0.024 0.053

C-index [95% CI]

Crisps & Savoury

0.59 [0.50 to 0.69]

Snacks (g/day)
T1: <=9.63 [17/59] 28.8 1 [ref]
T2:9.64 to 18.38 [17/47] 36.2 1.40[0.62 to 3.18]
T3: 18.39 & above [20/49] 40.8 1.70[0.77 to 3.80]
P value 0.419
C-index [95% ClI] 0.56 [0.47 to 0.66]
Biscuits, Cakes & Pastries (g/day)
T1:<=20.84 [17/51] 33.3 1 [ref]
T2: 20.85 to 36.93 [19/51] 37.3 1.19 [0.53 to 2.68]
T3: 36.94 & above [17/51] 33.3 1.00 [0.44 to 2.28]
P value 0.891
C-index [95% CI| 0.52[0.42 to 0.62]
Confectionary (g/day)
T1:<=10.69 [16/49] 32.7 1 (ref]
T2:10.70 to 23.81 [21/58] 36.2 1.17 [0.53 to 2.61]
T3: 23.82 & above [18/51] 35.3 1.13[0.49 to 2.58]
P value 0.925
C-index [95% ClI] 0.52[0.42 to 0.61]
Non-Diet Soft Drinks
(9/day)
T1:<=70.0 [13/57] 22.8 1 [ref]
T2:70.01to 161.35 [17/41] 41.5 2.40 [1.00 to 5.76]
T3: 161.36 & above [22/48] 45.8 2.86 [1.24 t0 6.63]
P value 0.036
C-index [95% CI] 0.62[0.52 to 0.71]
NMES(g/day)
T1:<=51.9 [16/56] 28.6 1 [ref]
T2:52.0t081.1 [19/50] 38 1.53 [0.68 to 3.46]
T3:81.2 & above [21/55] 38.2 1.54[0.70 to 3.42]
P value 0.484
C-index [95% CI] 0.55[0.46 to 0.64]
Total Sugars (g/day)
T1:<=103.2 [19/53] 35.9 1 [ref]
T2:103.3t0 149.0 [19/54] 35.2 0.97 [0.44 to 2.15]
T3:149.1 & above [18/54] 33.3 0.90[0.40 to 1.99]

P value
C-index [95% CI]

" Fully adjusted model

0.961
0.51 [0.42 t0 0.61]



Unadjusted and adjusted Odds Ratios & 95% Confidence Intervals for caries experience and C

(SWEEP 1) accordng to Oral hygiene practices
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-index

%

Explanatory Variables caries Unadjusted OR Adjusted C7)8R [95%
experi [95% CI] Cl]
ence
Daily toothbrushing f requency
Less than twice [20/40] 50 2.51[1.21t0 5.23]
Twice or more than twice [35/123] 28.5 1[ref]
P value 0.014
C-index [95% CI] 0.59 [0.49 to 0.68]
Brush before bedtime
Always [21/88] 23.9 1 [ref] 1 [ref]
Sometimes / Occasionally [34/70] 48.6 3.01 [1.53t0 5.94] 4.73 [1.78 t0 12.58]
Hardly ever/ Never [2/7] 28.6 1.28[0.23t0 7.07]  2.64 [0.30 to 23.24]
P value 0.006 0.008
C-index [95% CI] 0.63[0.54 t0 0.72]
Age when tooth brushing
started
Under 12 months/First
tooth erupted [37/126] 29.4 1 [ref] 1 [ref]
After 12 months [19/36] 52.8 2.69 [1.16 to 5.74] 1.64 [0.54 to 4.97]
P value 0.011 0.386
C-index [95% ClI] 0.59 [0.50 to 0.68]
Adult supervised tooth -brushing
Yes [50/139] 36 1 [ref]
No [7/26] 26.9 0.66 [0.26 to 1.67]
P value 0.376
C-index [95% ClI] 0.53[0.44 to 0.62]
Method for toothpaste removal
Swallow [10/22] 45.5 2.13[0.83t05.46] 5.04[1.37 to 18.61]
Spit [29/103] 28.2 1 [ref] 1 [ref]
Rinse out [18/40] 45.0 2.09 [0.98 to 4.45] 1.84 [0.64 to 5.31]
P value 0.087 0.045

C-index [95% Cl]

Amount of toothpaste
used

Recommended: Peasize
Others: Smear, Half a
brush, Full brush

P value

C-index [95% ClI]

30.1
44.2

[34/113]
[23/52]

0.59 [0.50 to 0.68]

1 [ref]
1.84[0.93 to 3.63]

0.078
0.57 [0.47 to 0.66]

® Fully adjusted model
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Appendi stlhndard Operation Proc

and plaque sampling

SALIVA COLLECTION
A. THE EQUIPMENT

Salimetrics Childrendés Swab
The Salimetrics Childrends Swab is recommended

children younger than six (6). Under ideal circumstances, collecting saliva for 60Z90 seconds yields
on average >200amplé of wuseable s

B. THE PROTOCOL

1. Disinfect hands thoroughly using the hand sanitizer / disinfectant.

2. Use a fresh pair of gloves from the box of gloves. Do not use gloves that show damage or
holes. Make sure that once the gloves are worn, only instruments used for sample
collection and child mouth are touched. Do not attempt to maneuver the child by holding

the childds head or clothes. I f this happen,

3. Remove one Salimetrics Childrenbds Swab (SCS)

tears are present. Close bag immediately to protect the remaining swabs from contact with
moisture. Store swabs in dry conditions. Re-introduce the swab as needed until the lower
third (approx. 2in/5 cm) of the swab is saturated.

Please notelocalized secretions from specific areas in the mouth can affect results for analytes
such as SIgA. It is therefore recommended that the swab be not be moved around in the mouth.

4. Immediately after collection, remove the cap from the swab storage tube and insert the
saturated end of the swab into the labelled tube. Using sharp scissors cut off the
remaining @ryélength (7.5 cm/3Zin.) and re-cap tube.

U Note for transcriber/assistant:
Always start choosing storage tubes from left hand side bottom, moving up. Use the same
code shown on the tube to label the column, ID code in the data collection sheet.

5. Organize the tubes into storage boxes /foam racks in order, following the continuous code.

6. Immediately after collection, storage tube should be frozen (Z20 to Z800C). If freezer is not
immediately available, refrigerate samples (22Z80C) or place in cooler containing ice packs.
Freezing samples within 2 hours of collection is recommended.

C. SALIVA EXTRACTION AND STORAGE

7. Centrifuge the storage tube by placing them in ALC refrigerated centrifuge PK 120 R for 10
minutes at 4100 rpm to extract the saliva. Remove the swab insert and discard. Recap the
tube.

8. Pipette 100 NL into Bijoux bottles containing 900 ML of Phosphate saline buffer(PBS) and
diluted serially to 10”3 for bacterial culturing.
9. Aliguot 50 of saliva into a bijoux labelled for cortisol analysis and store at -70C.

10. Aliquot 50N of saliva into a bijoux labelled for slgA analysis and store at -70C.

11. Aliguot 100mL of saliva into x ml of lysis buffer and store at -70 C.

f
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[1] 2]
-I- T\:] Swab — T
| Storage — | |||
d) Swahb Lap — l
H“‘—-ﬂb) Tube ;
Inzert —
=) Centrifuge Tube _—
NOTES:
It is important that saliva collected using the Salimetrics Chi | dr ends Swab (SCS)

Make sure the cap is closed properly until you hear the click and sample is frozen within two
hours after collection. If samples are to be stored for greater than three (3) months after collection,
centrifuge prior to freezer storage to lessen the chance of evaporation.

PLAQUE COLLECTION
A. EQUIPMENT

CPITN probe ( ball-ended probes)
Mouth mirror
Eppendorf containing 200 ni lysis buffer

B. PROTOCOL
1. Retract the cheek of the child using the mouth mirror.
2. Collect plaque using a CPITN probe from the buccal aspect (side of the teeth facing the
cheek) of the interdental region (the area between the two teeth) of the molars in each

quadrant.

3. Avoid trauma to the gingival tissues by keeping the instrument away from the gingivae or
collecting any sub-gingival plaque.

4. Scrape the tip of the ball-ended probe around the inner corners/edges of the
eppendorf or try to dip the end of the probe in the lysis buffer, contained within the
eppendorf.

5. Close the cap of the ependorff tight (until it clicks) and shake well to disperse the plaque.

6. Place the eppendorf immediately in the ice box in a foam rack in the same order as the
codes.

7. On return to GDHS, the foam rack of eppendorfs should be stored in the molecular biology
lab freezer on Level 8 (opposite the CSSD lifts).
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AppendBkeps iuseaduldmali nlgact er i a

The steps that were used in culturing bacteria are detailed in Figure 9-1

1. After saliva in extracted from Salimetrics
Anutovortex SA5) the sample for 30 seconds.

2. Pipette 100 NL into Bijoux bottles containing 900 ML of Phosphate saline buffer(PBS)
and diluted serially to 1073

3. The diluted saliva in bijoux 10 and 10 are used to spiral plate in the following

manner
PLATES DILUTIONS
MSB 107,107
Rogosa 107,107
Bifido 107

BA 10-°

FAA 1073




50 niL saliva- store
at -70C for cortisol
analysis

50 niL saliva -store
at -70C for sIgA

100 niL saliva + x
ml lysis buffer -
store at -70C

*MSB 107 ,10°°
¥Rogosa 102,107
*Bifido- 102

*BA 103

¥FAA 10°

*S mutansd MSBA Anaerobic chamber
*Lactobacilli 8 Rogosa Anaerobic chamber
*Anaerobic count 8 FAA Anaerobic chamber
*Total count dBAdAaerobic O2 chamber
*Bifidobacterium - Bifido- Anaerobic chamber

Collect Saliva
Swab (Salimetrics
18mmx125mm,
Salimetrics

l

Place in swab
tube
(Salimetrics

\ 4

-

o

\

Centrifuge
swab tube (ALC
refrigerated
centrifuge PK
120 R)

10 min/ 4100 J

v

Vortex 30s

[

Saliva (100ni)

l

Sterile PBS (900m.)
104,107 ,10°®

|
|

v

Spiral plate * 1

A 4

Incubation*

A 4

COUNT

Figure 9 -1- Saliva collection and processing
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AppendiSt akdar d Operedatuirers Proa
ant hropometric measur ement
HEIGHT MEASURMENT

A. EQUIPMENT

The stadiometer used in this study is Seca 213 stand-alone portable stadiometer.

1 Measuring range: 207 205cm /87 81"
1 Graduation: 1 mm / 1/8"

B. PROTOCOL

1. Children should remove their shoes before being measured. If shoes are not removed, this
should be recorded in the data collection sheet under the column, Shoes removed. Please inform
you transcriber about this.

2. Raise the head plate to allow sufficient room for the child to stand underneath it.

3. The child should stand with their feet flat on the centre of the base plate, feet together and heels
against the rod. The child's back should be as straight as possible, preferably against the rod, and
their arms hanging loosely by their sides. Ideally heels, buttocks, shoulders and back of head touch
the back plate. They should be facing forwards. Do not stretch up, measure on expiration.

4. Slide the headboard gently, but firmly on top of the head.

5. Position the head of the child looking straight ahead with the lower border of the bony orbit and
the upper margin of the ear hole in the same horizontal line (Frankfort plane). This brings the crown
of the head to be the highest point measured

6. Read out the height to the nearest millimeter to the transcriber.

WEIGHT MEASURMENT
A. THE EQUIPMENT

The scales used in this study is Seca 877 Electronic flat floor scale (Class Il Approved)

These scales display the weight in a window on the scales.

The Seca 877 is switched on by pressing the top of the scales (e.g. with your foot).
There is no switch to turn the scales off, they turn off automatically.

The scales take 6 x 1.5v AA batteries

E R EE ]

The scales have an inbuilt memory which stores the weight for 10 minutes. If during this time you
weigh another object that differs in weight by less than 500 grams (about 1lb), the stored weight
will be displayed and not the weight that is being measured. This means that if you weigh someone
else during this time, you could be given the wrong reading for the second person.

So if you get an identical reading for a second person, make sure that the memory has been
cleared. Clear the memory from the last reading by weighing an object that is more than 500 grams
lighter (ie a pile of books, your briefcase or even the stadiometer). You will then get the correct
weight when you weigh the second respondent. You will only need to clear the memory in this way
if:

a) You have to have a second or subsequent attempt at measuring the same person.

b) Two children appear to be of a very similar weight.
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B. THE PROTOCOL

1. Turn the display on by inserting the battery at the back of the scale. The readout should display
Er 16 momentarily. If this is not displayed check the batteries. While the scales read Er 16 do not
attempt to weigh anyone.

2. Ask the child to remove shoes, heavy outer garments such as jackets and cardigans and heavy
jewellery, if any. Children should not hold or carry a teddy.

3. Turn the scales on with your foot again . Wait for a display of 0.0 kg before the child stands on
the scales.

4. Ask the child to stand with their feet together in the centre and their heels against the back edge
of the scales. Arms should be hanging loosely at their sides and head facing forward. Ensure that
they keep looking ahead i children are easily distracted or sometimes tempted to look down at
their weight reading. Ask them not to do this and assure them that you will tell them their weight
afterwards if they want to know.

The posture of the child is important . If they stand to one side, look down, or do not otherwise

have their weight evenly spread, it can affect the reading. For accurate readings, it is very
important that respondents stand still. Ask the child to stand perfectly still T e a s Takd ued.
your hands of the child if you were attempting to stabilize the child.

5. The scales will take a short while (3 seconds) to stabilize. If the child moves excessively while
the scales are stabilizing you may get a false reading. If you think this is the case reweigh.

6. Read out the reading to the transcriber who will record the reading into the data collection sheet.
Notes:
Weighing uncooperative children:

For children who are uncooperative you may alter the protocol and first weigh an adult then weigh
that adult holding the child as follows:-

Weigh the adult (eg: teacher at the nursery) as normal following the protocol as set out above and

pr ess t hbattoddh thé ight haddsideof t he scal e. T hrealingwNowthe s h ow
teacher may holdthechi | d i n hands and the scale will <cal cul

Recording measurements:

All measurements should be recorded in pencil. If a mistake is made when recording a
measurement, it can be corrected.

When you are storing the scales please make sure you remove the battery to stop the
scales turning themselves on.
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C-index

% caries

Explanatory Variables N experienc Unadjusted OR[95% CI]  Adjusted OR [95% CI]'
e

Child characteristics
Gender
Male [46/94] 48.9 1 [ref] 1 [ref]
Female [38/80] 47.5 0.94 [0.52 t0 1.72] 0.80 [0.41 to 1.57]
P value 0.850 0.521
C-index [95% CI] 0.51 [0.42 to 0.60] 0.61[0.52 to 0.70]2
Age 0.71 [0.30 to 1.70] 0.71 [0.27 to 1.86]
P value 0.439 0.484
C-index [95% CI] 0.54 [0.45 to 0.62]
Main Carer marital Status
Married/Cohabiting [45/104] 43.3 1[ref] 1 [ref]
Single parent [23741] 56.1 1.68 [0.81 to 3.47] 1.57 [0.74 to 3.34]
P value 0.165 0.244
C-index [95% CI] 0.5510.46 to 0.65] |
Main-Carer smoking status
Cusvent Sinoker [23740] 57.5 1.77[0.85t03.68]  1.46 [0.68 to 3.16]
Not current smoker [46/106] 43.4 1 [ref] 1 [ref]
P value 0.130 0.333

C-index [95% CI]

0.56 [0.46 to 0.65]

" Multivariate model adjusted for variables within the demographic domain

2 C- index for the multivariable model within demographic domain



Unadjusted and adjusted Odds Ratios & 95% Confidence Intervals for caries experience and C
(SWEEP 2) according to Socioeconomic Position
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-index

Explanatory Variables N % Unadjusted OR [95% CI] Adjusted OR [95% CI]'

National SIMD? Quintile

Q1 (most deprived) [58/100] 58.0 3.45 [1.24 to 9.64] 3.04 [0.56 to 16.52]
Q2 [6/20] 30.0 1.07 [0.28 to 4.12] 0.24 [0.02 to 3.19]
Q3 [12/31] 38.7 1.58 [0.48 to 5.20] 1.03 [0.16 to 6.58]
Q4 & Q5 (least deprived) [6/21] 28.6 1 [ref] 1 [ref]

P value 0.015 0.182

C-index [95% ClI] 0.63 [0.55 to 0.71] 0.79 [0.69 to 0.88]*
Gross annual household Income

< £10,000 [22/34] 64.7 4.07 [1.66 to 9.99] 1.58 [0.23 to 10.86]
£10,000 - £19,999 [23/43] 53.5 2.56 [1.13 to 5.79] 0.49 [0.09 to 2.63]
£20,000 & more [18/58] 31.0 1 [ref] 1 [ref]

P value 0.005 0.275

C-index [95% CI] 0.65 [0.56 to 0.74]

Percentage of income from benefits

Half or more [38/59] 64.4 3.98 [1.95 to 8.12] 1.63 [0.37 to 7.21]
None or About a quarter [25/80] 31.3 1 [ref] 1 [ref]

P value <0.001 0.518

C-index [95% ClI] 0.66 [0.57-0.76]

Current or last occupation of Main-Carer

Never worked or permanently [5/9] 55.6 2.86 [0.59 to 13.96] 0.96 [0.08 to 11.87]
NS-SEC 3% [27/43] 62.8 3.86 [1.31 to 11.38] 1.14 [0.20 to 6.51]
NS-SEC 2° [7/26] 26.9 0.84 [0.24 to 2.91] 0.44 [0.08 to 2.34]
NS-SEC 1® [7/23] 30.4 1 [ref] 1 [ref]

P value 0.013 0.543

C-index [95% ClI] 0.68 [0.57 to 0.78]

Main-Carer’s highest Level of Education

Level 07 [14/19] 73.7 8.40 [2.36 to 29.90] 3.03 [0.32 to 28.46]
Level 12 [21/42] 50.0 3.00 [1.14 to 7.90] 1.18 [0.16 to 8.90]
Level 2° [24/48] 50.0 3.00 [1.17 to 7.70] 2.25[0.44 to 11.49]
Level 31° [9/36] 25.0 1 [ref] 1 [ref]

P value 0.009 0.521

C-index [95% CI] 0.65 [0.56 to 0.74]

Housing Tenure

Rented- not private™ [40/60] 66.7 3.91[1.88 to 8.16] 0.91 [0.16 to 5.29]
Rented- privately [5/17] 29.4 0.82 [0.26 to 2.60] 0.75 [0.09 to 5.91]
Owned/mortgaged [23/68] 33.8 1 [ref] 1 [ref]

P value <0.001 0.961

C-index [95% CI] 0.67

" Adjusted for variable s within the socioeconomic position domain

2 Scottish Index of Multiple Deprivation 2009 at National level

3 C- index for the multivariable mode! within the socioeconomic position domain

*NS-SEC 3 - Routine & manual

5NS-SEC 2 - Intermediate

8 NS-SEC 1 - Higher Managerial, Administrative & Professionals

"Level 0 - no qualification or pre-school leaving qualification

5Level 1-0 grade, standard grade, GCSE or equivalent

¢ Level 2 - Higher grade, Alevel, GSVQ advanced HNC, HND, SVQ Levels 4 or 5 or equivalent
% Level 3 - first degree, higher degree or professional qualification

" Rented from local Authority/Council/Housing association
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Unadjusted and adjusted Odds Ratios & 95% Confidence Intervals for caries experience
and C-index (SWEEP 2) according to Early feeding habits

Unadjusted OR [95%

Explanatory Variables N % caries cn Adjusted OR [95% CI]’
Breast fed only [13/32] 40.6 1 [ref] 1 [ref]

Bottle fed only [46/82] 56.1 1.87[0.82t04.28]  1.28 [0.44 to 3.75]
Breast and bottle-fed [11/33] 33.3 0.73[0.27 t0 2.01]  0.38 [0.10 to 1.39]
P value 0.061 0.066

C-index [95% CI] 0.60 [0.51 t0 0.69]  0.77 [0.70 to 0.85]%
Age bottle feeding completely stopped

Never used a baby-bottle [3711] 27:3 0.56 [0.14t02.28]  0.56 [0.10 to 3.18]
Under 12 months [19/27] 70.4 3.52[1.35t09.19]  4.25 [1.41 to 12.81]
Between 1yr and 2 yrs [27/67] 40.3 1 [ref] 1 [ref]

Over 2 years or Still using [21/42] 50.0 1.48 [0.68t03.22]  0.68 [0.25 to 1.82]
P value 0.038 0.029

C-index [95% CI] 0.63 [0.54 t0 0.72]

Night time bottle feeding up to 2 years

Every/ Most days [30/55] 54.6 2.08[1.01t04.26]  2.41[0.98 t0 5.93]
Some days [13/20] 65.0 3.21[1.14t09.08]  1.60 [0.48 to 5.32]
Hardly ever/ Never [26/71] 36.6 1 [ref] 1 [ref]

P value 0.034 0.155

C-index [95% CI] 0.62 [0.52 to 0.71]

Frequency sugar restricted

Every/ Most days [42/107] 39.3 1 [ref] 1 [ref]

Some days [19/29] 65.5 6.96 [1.43 t033.83]  2.41 [0.89 to 6.56]
Hardly ever/ Never [9/11] 81.8 2.94[1.25 t0 6.94] 14.32 [1.41 to 145.33]
P value 0.005 0.027

C-index [95% Cl] 0.63 [0.54 t0 0.72]

Night time bottle feeding up to 4 years

Every/ Most days [14/22] 63.6 2.31[0.89t05.98]  2.18 [0.61 to 7.85]
Some days [2/21] 57.1 1.76 [0.68 to 4.54]  0.88 [0.29 to 2.64]
Hardly ever/ Never [44/102] 43.1 1 [ref] 1 [ref]

P value 0.154 0.445

C-index [95% CI] 0.58 [0.48 to0 0.67]

Age of commencement of solids

< 4 months [7/14] 50.0 1.39[0.45t04.27]  1.24[0.32 to 4.75]
4-6 months [41/98] 41.8 1 [ref] 1 [ref]

7 months and over [22/34] 64.7 2.55[1.13t05.73]  2.25[0.84 to 6.06]
P value 0.076 0.271

C-index [95% CI]

0.59 [0.50 to 0.68]

1 Adjusted for variables within the early feeding habits domain

2 C- index for the multivariable model within the early feeding habits domain



Unadjusted and adjusted Odds Ratios & 95% Confidence Intervals for caries experience and C
(SWEEP 2) according to Current Diet

Explanatory Variables N % caries Unadjusted OR [95%  Adjusted OR [95% CI]'
Current Diet

NMES<11% food energy [10/28] 35.7 1 [ref] 1 [ref]
NMES>=11% food energy [59/117] 50.4 1.83 [0.78 to 4.30] 0.87 [0.29 to 2.61]
P value 0.165 0.798
C-index [95% ClI] 0.55 [0.45 to 0.64] 0.65 [0.56 to 0.74]
NMES (% food energy) 1.09 [1.02 to 1.16] 1.11 [1.02 to 1.20]
P value 0.007 0.018
C-index [95% ClI] 0.60 [0.51 to 0.69]

Crisps & Savoury Snacks (g/day)

T1: <=9.63 [21/51] 41.2 1 [ref] 1 [ref]

T2: 9.64 to 18.38 [18/43] 41.9 1.03 [0.45 to 2.34] 1.05 [0.44 to 2.50]
T3: 18.39 & above [29/48] 60.4 2.18 [0.98 to 4.87] 1.90 [0.81 to 4.45]
P value 0.106 0.258

C-index [95% CI]

0.59 [0.49 to 0.68]

Unadjusted and adjusted Odds Ratios & 95% Confidence Intervals for caries experience and C-index

(SWEEP 2) according to Parental Attitudes and Beliefs

Explanatory Variables

Unadjusted OR [95% C1]

Adjusted OR [95% C1]

Positive Parental attitudes Scale

P value
Cindex

0.54 [0.25 to 1.08]
0.072

0.60 [0.51 to 0.69]

0.43 [0.10 to 1.78]
0.243

0.60 [0.50 to 0.89] 3

Parental Efficacy scale
P value
Cindex

0.74 [0.45 ta 1.12]
0.155

0.59 [0.50 to 0.89]

1.16 [0.45 toZ.64]
0.715

' Adjusted for variables within the current diet domain

2 C-index for the multivariable model within the curmrent diet domain

238

-index
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Unadjusted and adjusted Odds Ratios & 95% Confidence Intervals for caries experience and C  -index

(SWEEP 2) according to Oral hygiene practices

Explanatory Variables N % caries  Unadjusted OR [95% CI]  Adjusted OR [95% CI]'
Daily toothrushing frequency

Less than twice [24/34] 70.6 3.50 [1.53 to 8.00] 2.04 [0.76 to 5.42]
Twice or more than twice [46/113] 40.7 1[ref] 1 [ref]

P value 0.003 0.155

C-index [95% CI] 0.61 [0.51 to 0.70] 0.73 [0.65 to 0.81%
Brush before bedtime

Always [28/80] 35.0 1 [ref] 1 [ref]

Sometimes / Occasionally [39/61] 63.9 3.29 [1.64 to 6.60] 2.59 [1.15 to 5.81]
Hardly ever/ Never [3/6] 50.0 1.86 [0.35 to 9.82] 1.19 [0.19 to 7.55]
P value 0.004 0.061

C-index [95% CI] 0.64 [0.55 to 0.73]

Age when toothbrushing started

Under 12 months/First tooth erupted  [51/116] 44.0 1 [ref] 1 [ref]

After 12 months [19/30] 63.3 2.20 [0.96 to 5.04] 1.50 [0.59 to 3.82]
P value 0.062 0.395

C-index [95% ClI] 0.56 [0.47 to 0.66]

Adult supervised tooth-brushing

Yes [62/125] 49.6 1 [ref]

No [8/22] 36.4 0.58 [0.23 to 1.48]

P value 0.255

C-index [95% CI] 0.53 [0.44 to 0.62]

Method for toothpaste removal

Swallow [12/21] 57.1 2.26 [0.86 to 5.94] 2.96 [1.03 to 8.50]
Spit [33/89] 371 1 [ref] 1 [ref]

Rinse out [25/37] 67.6 3.54 [1.57 to 7.96] 3.20 [1.34 to 7.64]
P value 0.006 0.011

C-index [95% CI] 0.64 [0.55 to 0.73]

Amount of toothpaste used

Recommended: Pea-size [46/100] 46.0 1 [ref]

Others: Smear, Half a brush, Full [24/47)] 51.1 1.23 [0.61 to 2.45]

P value 0.567

C-index [95% CI]

0.52 [0.43 to 0.62]

' Adjusted for variables within the oral hygiene practices domain

2 C- index for the multivariable model within the oral hygiene practices domain
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