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Abstract

Background: Childhood caries continues to be a pandemic disease and a
significant but preventable public health problem worldwide. Caries can have a
major impact on children’'s health and quality of life as well as represent cost to
individuals, the health sector and society. Research indicates that children who
develop caries in early childhood are likely to have a high risk of the disease in
adolescence and adulthood. Dental caries is a preventable disease and currently
a range of nationwide programmes, community-based programmes and clinical
strategies exist to reduce caries prevalence in children. Notwithstanding the fact
that childhood caries is very widespread and that it poses a substantial economic
burden, there is a paucity of economic evaluations of caries prevention
interventions in preschoolers. The lack of high-quality economic evaluations
makes it difficult for decision-makers to determine which interventions to

provide within the remit of health services and local authorities.

Aim: To explore the role of economic evaluation in primary caries prevention in
preschool children aged 2-5 years. This aim was met through answering the
following three research questions. (1) What is the existing evidence in the field
of economic evaluation of primary caries prevention in children aged 2-5 years?
(2) Which general health and oral health-related quality of life measures have
been used in 3-5-year-old populations? And which of these measures are best
suited to be used in a caries prevention randomised controlled trial for this age
group? (3) Is the application of fluoride varnish delivered in nursery settings in
addition to the other usual components of the Scottish child oral health
improvement programme, Childsmile, (treatment as usual) cost-effective in

comparison with treatment as usual only?

Methods: Three interlinked empirical work segments were undertaken to
address these research questions. (1) A systematic review of economic
evaluations of primary caries prevention in 2-5-year-old preschool children. (2) A
non-systematic review of instruments for measuring general and oral health-

related quality of life in 3-5-year-old children. (3) An economic evaluation of the



Protecting Teeth @ 3 randomised controlled trial (trial registration: EUDRACT:
2012-002287-26; ClinicalTrials.gov: NCT01674933).

Results:

(1)  The systematic review of economic evaluations of primary caries
prevention in 2-5-year-olds found that cost analysis and cost-effectiveness
analysis were the most frequently used types of economic evaluations. Only one
study employed cost-utility analysis. The systematic review highlighted wide
variation in: (a) types of caries prevention interventions investigated; (b)
effectiveness measures used; (c) how costs and outcomes are reported; and d)
study perspective (when indicated). The parameters not reported well included
study perspective, baseline year, sensitivity analysis, and discount rate. The
results of the quality assessment of the full economic evaluations using the
Consolidated Health Economic Evaluation Reporting Standards (CHEERS)
checklist showed substantial variation in reporting quality. The CHEERS items
that were most often unmet were characterizing uncertainty, study perspective,

study parameters, and estimating resources and costs.

(2) The review of general health and oral health-related quality of life
measures identified a range of existing questionnaires for use in preschool
populations (age 3-5 years) and their strengths and limitations were considered.
Only two preference-based general health-related quality of life instruments
that had been used in 3-5-year-olds were identified. No preference-based oral
health-related quality of life measures for preschoolers were identified. Four
instruments were selected to be used in the Protecting Teeth @ 3 trial: the Child
Health Utility 9 Dimensions, PedsQL (Paediatric Quality of Life Inventory) Core,
PedsQL Oral Health (an oral health specific add-on to PedsQL Core) and the

Scale of Oral Health Outcomes for 5-year-old children.

(3) The findings of the Protecting Teeth @ 3 trial economic evaluation
demonstrated that there were no statistically significant differences in total
costs, quality adjusted life years (QALYs) accumulated, the change in the clinical
effectiveness outcome (d3mft), and in general health and oral health-related

quality of life measures at 24 months between the intervention and control



groups. The mean difference in total costs between the fluoride varnish
(intervention) and treatment as usual (control) group was £68 (p=0.382; 95%
confidence interval -£18, £144). The mean difference in QALYs was -0.004 (p=
0.636; 95% confidence interval -0.016, 0.007). The probability that the fluoride

varnish intervention was cost-effective at the £20,000 threshold was 11%.

Conclusions:

The systematic review of economic evaluations of primary caries prevention in
2-5-year-olds found that within the past two decades, there has been an
increase in the number of economic evaluations of caries prevention
interventions in preschool children. However, there was inconsistency in how
these economic evaluations of primary caries prevention were conducted and
reported. Lack of use of preference-based health-related quality-of-life
measures was identified. The use of appropriate study methodologies and
greater attention to recommended economic evaluations design are required to
further improve quality. Due to small numbers of studies investigating each
intervention type (for example, fluoride varnish, oral health education, dental
sealants, toothbrushing, water fluoridation) and the questionable
methodological quality of many of the reviewed economic evaluations, it was
not possible to arrive at reliable conclusions with regards to the economic value
of primary caries prevention. With dental caries being one of the most common
diseases affecting humans worldwide, the identification of cost-effective
prevention strategies in children should be a global public health priority. In
order for this to be achieved, studies should be designed to include economic
evaluations using best practice methods guidance and adhering to standards for

reporting and presenting.

The review of general health and oral health-related quality of life measures
used in 3-5-year-olds identified a range of existing questionnaires for use in
preschool populations - both for parental proxy reporting and child self-
reporting. Four instruments were selected to be used in the Protecting Teeth @
3 trial. Further research and development of new preference-based measures

suitable for preschoolers (or their parents/guardians as a proxy) are required.



The results of the economic evaluation of the Protecting Teeth @ 3 trial show
that applying fluoride varnish in nursery settings in addition to the existing
treatment a usual (all other components of the Childsmile programme, apart
from nursery fluoride varnish) is not likely to be cost-effective. In view of
previously proven clinical effectiveness and economic worthiness of the universal
nursery toothbrushing component of Childsmile, which was shown to be highly
cost saving, as well as being effective and cost saving in the most deprived
populations, continuation of the programme of targeted nursery fluoride varnish
in its most recent (pre-COVID-19) form and shape in addition to nursery
toothbrushing and other routine Childsmile components needs to be reviewed in
consultation with policy makers. The findings also have wider implications for
other countries looking to develop their own childhood caries prevention

programmes.
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Chapter 1  Introduction

1.1 Introduction to Chapter 1

Untreated dental caries is one of the most common diseases affecting humans
worldwide (Frencken et al. 2017, Peres et al. 2019) and it is the most
widespread non-communicable disease (WHO 2017b). The global epidemiology of
early childhood caries has demonstrated the prevalence of caries in preschool
children in both developed and developing countries (WHO 2017b). In 2010,
untreated caries in deciduous teeth was the tenth most prevalent health
condition, affecting 9% of the global child population; the global age-
standardised prevalence remained unchanged between 1990 and 2010 (9%)
(Marcenes et al. 2013, Peres et al. 2019). In 2015, untreated caries in deciduous
teeth affected 573 million children worldwide, and accounted for approximately
100,000 disability adjusted life years (DALYs) (Kassebaum et al. 2017).

Oral conditions and diseases, including caries, disproportionally affect more
impoverished and socially disadvantaged members of society (Peres et al. 2019).
There is a strong and consistent social gradient between socioeconomic status
and the prevalence and severity of oral diseases. Oral diseases can be
considered as a sensitive clinical marker of social disadvantage, being an early
indicator of population ill health linked to deprivation. Oral health inequalities
are directly influenced by wider social and commercial determinants, which are

the underlying drivers of poor population oral health (Peres et al. 2019).

The high prevalence of caries in preschool children worldwide has a major
impact on children’s health as well as cost to society (Tinanoff et al. 2019).
Caries can lead to pain, infections, difficulties with eating, sleeping and
socialising, and poor school performance (ICOHIRP 2015, White 2017,
Phantumvanit et al. 2018, Tinanoff et al. 2019). Caries can also lead to
hospitalizations and emergency room visits, and delays of growth and
development (Tinanoff et al. 2019). Children with caries in their primary teeth
are five times more likely to develop caries in their permanent teeth than

children without primary teeth caries (Hall-Scullin et al. 2017). Preschool
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children with active caries were found to have higher incidence rates for pain

and extractions in primary molar teeth (Tickle et al. 2008).

Childhood caries poses an economic burden to individuals, the health sector and
society (Phantumvanit et al. 2018). Untreated caries was found to cause 12% of
global productivity losses due to dental diseases in 2015: $21.19 billion (11%) due
to untreated caries in permanent teeth, and $0.90 billion (0.5%) to caries in
deciduous teeth (Righolt et al. 2018).

Notwithstanding the fact that childhood caries is widespread and that it poses a
substantial economic burden, there is a paucity of economic evaluations of
caries prevention interventions in preschoolers. Previously published reviews of
economic evaluations of oral health interventions (Kallestal et al. 2003, Coffin et
al. 2013, Marino et al. 2013, York Health Economics Consortium 2016e,
Hettiarachchi et al. 2018, Rogers et al. 2019) identified only a small number of
studies conducted in preschool populations. Therefore, there is currently a
mismatch between the significant burden of early childhood caries, including
economical burden, and the small amount of published research on the cost-

effectiveness of caries prevention interventions in younger children.

Chapter 1 firstly covers some generic dental aspects, such as the definitions of
caries and early childhood caries (ECC), aetiology and measurement of caries,
epidemiology and inequalities in ECC, caries risk factors, impacts of ECC, and
prevention of ECC (Sections 1.2 to 1.7). Further on, this chapter outlines some
economics-related aspects: Section 1.8 introduces economics of early years
interventions in general, while Section 1.9 discussed economics of ECC in
particular. Section 1.11 introduces Childsmile - a national programme in
Scotland designed to improve the oral health of children and reduce inequalities
both in dental health and access to dental services (Childsmile 2020b), as well as
the Protecting Teeth @ 3 randomised controlled trial, which was conducted
within Childsmile. Finally, Section 1.12 describes the current situation with

regard to economic evaluations in child caries prevention.

This chapter also presents the aims and objectives of this thesis (Section 1.13)

and outlines the overall thesis structure (Section 1.14).
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1.2 Dental caries

1.2.1 Definition and aetiology of dental caries

Dental caries is a biofilm-mediated, diet modulated, multifactorial, non-
communicable, dynamic disease resulting in mineral loss of dental hard tissues
(Fejerskov 1997, Pitts et al. 2017). As a consequence of this process, a caries
lesion develops. Caries is determined by biological, behavioural, psychosocial,
and environmental factors (Machiulskiene et al. 2020). In simpler terms, dental
caries is defined as the “chemical dissolution of a tooth surface brought about
by metabolic activity” in a dental biofilm (also called dental plaque), which
covers a tooth surface (Kidd and Fejerskov 2016). Dietary sugars are metabolised
by bacteria in the dental plaque biofilm to produce acids which cause dissolution
of the tooth surface through mineral loss. The presence of fluoride in the saliva
and in the biofilm also plays a major role, as well as other salivary and genetic
factors (Pitts et al. 2017).

Dental caries results from the interaction of various aetiological factors, which
might be concurrently present to initiate and progress the disease. The factors
are: 1) cariogenic microorganisms; 2) fermentable carbohydrates (substrate),
such as the presence of high levels of free sugars; 3) levels of exposure to
fluoride; 4) susceptible tooth surface/host; and 5) saliva composition (Anil and
Anand 2017, Macpherson et al. 2019a). Figure 1.1 shows the interactions of

these factors in the aetiology of caries.
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Figure 1.1 The influence of host-microbe-diet interactions in the aetiology and pathogenesis
of caries

Source (Anil and Anand 2017).

The dynamic caries process consists of rapidly alternating periods of tooth
demineralisation and remineralisation (Pitts et al. 2017). Under normal
conditions, there is an equilibrium of alternating period of demineralisation and
remineralisation during the day in individuals’ mouths. Demineralisation follows
consumption of free sugars which are metabolised to form acids. Higher level of
acids can lead to low pH and dissolution of the tooth structure. Certain
properties of saliva (such as higher flow rate and buffering capacity) and
presence of fluoride in the mouth tend to stop the demineralisation process and
can lead to remineralisation (Fejerskov et al. 2015). On the other hand, if
exposure to free sugars is frequent, the pH will remain low for prolonged periods
of time, and the balance can be tipped in favour of demineralisation with
subsequent caries development (Tinanoff et al. 2019). Fluoride has a major role
in influencing the process and can have a topical caries-reduction effect.
However, for this to occur, fluoride should be present in the oral fluids at
slightly elevated levels for prolonged periods during the day (Fejerskov et al.
2015). If net demineralisation occurs over sufficient time caries lesions develop.

Thus, it is important to balance the pathological and protective factors which
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influence the initiation and progression of caries. Protective factors promote
remineralisation and lesion arrest, whereas pathological factors, on the
contrary, shift the balance in the direction of dental caries and disease

progression (Figure 1.2) (Pitts et al. 2017).

2 &
Pathological factors ( Protective factors
* Frequent consumption * Healthy diet
of dietary sugars * Brushing with fluoride
* Inadequate fluoride toothpaste twice daily
* Poor oral hygiene * Professional topical fluoride
* Salivary dysfunction ) * Preventive and therapeutic
sealants
* Normal salivary function P
L [ J
Demineralization Remineralization
g ™ é N
‘/ Disease 1 Health
L Lesion progression \Lesnon arrest or regression
P

I8 High caries risk ) ( Moderate caries risk ) ( Low caries risk )

Figure 1.2 Balancing pathological and protective factors in dental caries

A focus on optimising the protective factors (those favouring healthy teeth) promotes
remineralisation and shifts the dynamic balance of the caries process in the direction of health and
lesion arrest.

Source (Pitts et al. 2017).
1.2.2 Measurement of dental caries

In dental epidemiology, dental caries is usually recorded at the caries into
dentine level (dentinal caries) (Conway et al. 2014). Dentinal caries lesions are
recorded following visual clinical inspection, which involves examination with
the naked eye under standard lighting, without the use of a dental probe or
radiographs (Ismail 2004). Due to the possibility of subclinical (not visually
obvious decay) being present, the term “no obvious decay experience” has been
more widely used in recent years instead of the traditional term “caries free”
(Selwitz et al. 2007, Conway et al. 2014). The various thresholds of dental caries

diagnosis are shown in Figure 1.3.
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Figure 1.3 Pyramid of thresholds of dental decay
Adapted from (Pitts 2001).

The traditional global index used to measure caries in epidemiological studies is
the D3MF/d3mf index (Conway et al. 2014, Pitts et al. 2017). Upper case letters
(DMF) are used for the permanent dentition, while lower case (dmf) is used for
deciduous teeth (baby teeth). The subscript “3” indicates caries at the level into
dentine. The D3MF/d3mf index is the sum of the number of decayed, missing
due to decay, or filled teeth (D3MFT/d3mft) or decayed, missing, or filled
(tooth) surfaces D3MFS/d3mfs (Conway et al. 2014).

1.2.3 Early childhood caries

Early childhood caries (ECC) is defined as the presence of one or more decayed,
missing, or filled tooth surfaces in any primary tooth in a child at 71 months of
age or younger (under 6 years of age) (Drury et al. 1999, Anil and Anand 2017).
More precise case definitions of ECC and severe ECC are shown in Table 1.1.
Historically, ECC was labelled as comforter caries, baby bottle tooth decay,
nursing caries, nursing bottle / baby bottle syndrome, nursing bottle caries,

prolonged nursing habit caries or rampant caries (Ismail 2003, Anil and Anand
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2017, Tinanoff et al. 2019). The current term ECC implies a more complex
disease, related to frequent sugar consumption in the environment of enamel-
adherent bacteria that is not necessarily related to bottle feeding (Tinanoff et
al. 2019).

Table 1.1 Case definitions of early childhood caries and severe early childhood caries

Age

(Months) Early childhood caries criteria Severe early childhood caries criteria
<12 1 or more dmf surface * 1 or more smooth dmf surfaces
12-23 1 or more dmf surface * 1 or more smooth dmf surfaces
24-35 1 or more dmf surface * 1 or more smooth dmf surfaces
36-47 1 or more dmf surface * 1 or more cavitated, filled, or missing (due to
caries) smooth surfaces in primary maxillary
anterior teeth OR dmfs score 24
48-59 1 or more dmf surface * 1 or more cavitated, filled, or missing (due to
caries) smooth surfaces in primary maxillary
anterior teeth OR dmfs score =5
60-71 1 or more dmf surface * 1 or more cavitated, filled, or missing (due to

caries) smooth surfaces in primary maxillary
anterior teeth OR dmfs score 26

Notes: * Any carious lesion, non-cavitated (d1) or cavitated (d2, d3), missing tooth due to caries
(m), or filled surface (f). Includes primary teeth only.

Adapted from (Drury et al. 1999).

ECC continues to be a pandemic disease worldwide (WHO 2017b). ECC progresses
more rapidly than caries in the permanent dentition due to the morphology of
the teeth (Phantumvanit et al. 2018, Schmoeckel et al. 2020). ECC can be a
particularly virulent form of caries, beginning soon after dental eruption,
developing on smooth surfaces, progressing rapidly, and having a lasting

detrimental impact on the dentition (Colak et al. 2013).

ECC is a public health problem, with greatest severity in communities of low
socioeconomic status where untreated caries have a major impact on the
general health and quality of life of infants, toddlers and preschoolers (WHO
2017b). Structural factors and poor socioeconomic conditions have an important
impact on the development of ECC and lead to inequalities in caries experience
distribution (Phantumvanit et al. 2018). Caries prevalence and severity
disparities also exist across certain racial/ethnic groups in society, reflecting

socioeconomic disadvantage and cultural differences (Watt et al. 2018).
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1.3 Epidemiology of dental caries in children

Representative international data on ECC is sparse, as most countries only report
caries from age 5 or 6 years (Pitts et al. 2017). The most recent findings from
the WHO database on dental caries epidemiology revealed that the medians of
mean d3mft scores (cavitated dentine carious lesions) in 5- and 6-year-olds were
as follows: 2.0 in the high-income group, 3.9 in the upper-middle-, 4.1 in lower-
middle-income group and 4.4 in the low income group (the last group included

data only for three countries) (Frencken et al. 2017).

One study summarised trends in the dental health of children in the UK over 40
years from 1973 to 2013 (Murray et al. 2015) and found that in 1973 the mean
dmft of 5-year-olds was 4.0, while in 2013 the mean dmft was 0.9, and 31% of 5-
year-olds had obvious caries experience. Neither the 1973 nor 2013 survey data,
however, included Scottish data. Table 1.2 shows the proportions of children
with obvious decay, mean dft (number of decayed, into dentine, and filled
deciduous teeth) for the overall sample and mean dft for children with obvious
decay (those with dft>0). The data indicate that all three indicators gradually

decreased over time.

Table 1.2 Caries experience (obvious decay into dentine) in 5-year-old children in England
and Wales (1973), UK (1983, 1993 and 2003) and England, Wales and Northern Ireland (2013)

1973 1983 1993 2003 2013
Percent with obvious decay o o o o o
(children with dft>0) 2% 52% 46% 43% 26%
Mean dft 4 1.8 1.7 1.6 0.7
Mean dft in children with
obvious decay (dft>0) 55 3.5 3.7 3.5 2.8

Notes: 1) dft — number of decayed (into dentine) and filled deciduous teeth. 2) There were changes
in geographic survey coverage and consent methodology between 2003 and 2013.

Source (Murray et al. 2015).

Historically, Scottish children suffered poor oral health. In 1983, only 24% of
five-year-olds in Scotland had no obvious caries experience (Pitts and Davies
1988). By 1988, there had been a substantial decrease in caries prevalence with
42% of five-year-olds having no obvious caries experience (Merrett et al. 2006)
associated with the increased use of fluoridated toothpaste. This rose slightly to

45% in the 2003 inspection but the overall trend in improvement had plateaued
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(Scottish Dental Epidemiological Co-ordinating Committee 2003). According to
epidemiological surveys at the beginning of the 215t century, children in Scotland
(as well as Northern Irish children) had the worst oral health in the United
Kingdom and among the worst in Europe, comparable with Eastern European
countries (Scottish Dental Epidemiological Co-ordinating Committee 2003). The
figures below illustrate changes in 5-year-olds’ oral health over time (NDIP
2020). Figure 1.4 shows trends in the proportion of 5-year-olds with no obvious
decay experience. There was a flat trend between 1988 and 2003 (the change
over this period was from 42% to 45%), while from 2004 onwards there has been
a steady increase in the proportion of children without obvious decay. In 2020,
74% of children had no obvious decay. Figure 1.5 shows the mean d3mft over
time. Similarly, there has been a substantial decrease in 5-year-olds’ d3mft
(improvement in oral health) from 2.76 in 2003 to 1.04 in 2020.
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Figure 1.4 Trends in the proportion of 5-year-old children with no obvious decay experience
in Scotland, 1988-2018

Notes: 1) No obvious decay experience is when d3mft=0; 2) The distance between each point does
not represent an equal period of time as the results have not been published consistently over the
30-year period. Source (NDIP 2020).
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Figure 1.5 Mean number of decayed, missing and filled primary teeth (d3mft) in the 5-year-
old population in Scotland, 1988-2020

Note: The distance between each point does not represent an equal period of time as the results
have not been published consistently over the years. Source (NDIP 2020).

1.4 Inequalities in early childhood caries

ECC is more prevalent among the more socially disadvantaged groups in both
developing and industrialized countries (Edelstein 2006, Anil and Anand 2017).
This could be related to low socioeconomic status, social exclusion, and

sociocultural differences in oral health beliefs and practices (Edelstein 2009).

Oral health (and ECC) disparities are not merely the differences between the
rich and poor in society. A consistent, stepwise, graded relationship exists across
the entire social spectrum, with oral health being worse at each point down the
social hierarchy, which is called the social gradient (Watt 2012, Watt et al.
2018). Oral health disparities also exist across certain racial/ethnic, reflecting
socioeconomic disadvantage and cultural differences (Watt et al. 2018).
Effective action to tackle oral health inequalities can only be developed when

the underlying causes of the problem are identified and understood (Watt 2007).

One of the goals of the detailed dental inspection conducted by the National
Dental Inspection Programme (NDIP) in Scotland is to determine the influence of
deprivation on the dental health of children (NDIP 2020). NDIP uses the Scottish
Index of Multiple deprivation (SIMD) classification based on quintiles of

deprivation, where quintile SIMD 1 is the most deprived and quintile SIMD 5 is
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the least deprived (Scottish Government 2016b). Figure 1.6 shows the change
between 2012 and 2020 in the percentage of 5-year-old children in Scotland with
no obvious decay experience (d3mft=0) by SIMD quintile, according to a recent
NDIP report (NDIP 2020). The figure illustrates that although there was an
improvement in child dental health overtime within each of the deprivation
quintiles, the proportions of children with no obvious decay experience were
considerably lower in the more deprived quintiles. There is a clear social
gradient in caries prevalence. In the period 2012-2020, the proportion of
children with no obvious decay in SIMD1 increased from 51% to 58%, whereas the
improvement in SIMD5 was from 81% to 87%. The absolute inequality between
SIMD 1 and SIMD 5 (proportion of children with no obvious decay in SIMD5 minus
proportion of children with no obvious decay in SIMD1) remained around 30%

over time, with only small fluctuations either side of this figure.
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Figure 1.6 Change between 2012 and 2020 in the percentage of 5-year-old children in
Scotland with no obvious decay experience; by SIMD quintile.

Notes: SIMD1 is most deprived, SIMDS5 is least deprived quintile. No obvious decay experience is
when d3mft=0. Source (NDIP 2020).

According to the National Dental Epidemiology Programme for England 2015
report, inequalities were also found according to ethnicity with 51% of Chinese
5-year-olds having obvious decay, followed by 48% of Eastern European, and with
the remaining ethnical groups ranging from 45% to 21% (Public Health England
2016a, Godson et al. 2018).
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1.5 Caries risk factors

Caries is known to be a multifactorial disease (Meyer and Enax 2018). A recent
systematic review and meta-analysis of case-control and cohort studies on risk
factors for ECC (Kirthiga et al. 2019) identified 89 studies and found 123
individual risk factors. These individual factors were grouped into seven
categories: factors related to diet (28 factors), breastfeeding factors (10), bottle
feeding factors (15), oral hygiene habits factors (10), factors related to oral
bacteria (3), sociodemographic factors (19), and related to other factors (38).
The meta-analysis conducted by Kirthiga and colleagues showed that the
important risk factors, namely, those with odds ratio (OR) greater than one, in
high income countries were: low maternal education; low birth weight (less than
2,500 g); smoking during pregnancy; the presence of mutans streptococci
(cariogenic oral bacteria); increased daily sweetened fizzy drinks intake;
maternal age younger than 25 years; visible plaque present; bad oral hygiene;
night bottle feeding; liquids other than milk in bottles; the presence of
lactobacilli (cariogenic oral bacteria); tooth brushing less than once daily; age
when brushing began at one year of age or older; negative parental attitudes;
frequent consumption of sweetened foods; daily intake of sugary snacks; and
intake of sugary beverages. The strongest risk factors were: high levels of
mutans streptococci (OR = 3.83 [1.81 to 8.09]); frequent consumption of
sweetened foods (OR = 3.14 [0.89 to 11.04]); poor oral hygiene (OR = 3.12 [1.77
to 5.49]); and visible plaque present (OR = 3.10 [2.0 to 4.80]) (Kirthiga et al.
2019).

According to WHO, the two major reasons for the burden of dental caries relate
to the high consumption of sugars and inadequate exposure to fluoride (Petersen
and Ogawa 2016). Caries is not the result of fluoride deficiency, however, the
fluoride ion can have a major caries-reduction effect on biofilm-covered tooth
surfaces in the oral cavity (Fejerskov et al. 2015). Fluoride in toothpaste is
considered a main contributor to the decline in dental caries (Petersen and
Ogawa 2016). However, fluoridated toothpastes are not universally used due to
the cost factor associated with buying the toothpaste, which inhibits poor
population groups from accessing this preventive measure. Toothbrushing with

non-fluoride toothpaste (Walsh et al. 2019), late commencement of child
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toothbrushing, irregular toothbrushing, not having teeth brushed at bedtime and
toothbrushing without supervision by a caregiver (Anil and Anand 2017, Meyer
and Enax 2018, Kirthiga et al. 2019) are important factors that increase the risk

of developing ECC.

There are also other risk factors of ECC. Enamel hypoplasia (a defect of the
enamel that only occurs while teeth are still developing) significantly increases
the risk of developing caries (Kirthiga et al. 2019). Low birth weight and preterm
birth have also been found to be associated with ECC (Anil and Anand 2017). A
recent systematic review and meta-analysis indicated a significantly higher
prevalence of early childhood caries in children born moderate to late preterm

compared to full term children (Twetman et al. 2020).

Oral diseases disproportionately affect socially disadvantaged groups in society
(Watt et al. 2018). Low socioeconomic status, unemployment and migration
background are well-known risk factors for ECC (Anil and Anand 2017, Meyer and
Enax 2018). Children from poorer backgrounds have higher rates of caries and

often experience dental pain and its consequences (Watt et al. 2018).

Oral diseases and oral health inequalities are directly influenced by wider social
and commercial determinants, which are the underlying drivers of poor
population oral health (Peres et al. 2019). More often than not, people’s
choices, detrimental to their health, are structured by bigger forces outside
their own control (McKee and Stuckler 2018). Families living in disadvantaged
communities have limited choices available to them, and their daily lives are a
constant struggle to do the best they can for their children. Oral health-related
behaviours (such as high sugar and high carbohydrate diets, or inadequate oral
hygiene and lack of fluoride in toothpaste) are important influences on their oral
health, however, these behaviours are largely determined by the social and
physical conditions in which people live (Watt et al. 2018). Families and
individuals might not have full control over their oral health if they have
insufficient funds to purchase beneficial goods and healthy foods (Birch and Listl
2015, Peres et al. 2019).
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In their 2016 paper, Kickbusch and colleagues defined the commercial
determinants of health as “strategies and approaches used by the private sector
to promote products and choices that are detrimental to health” (Kickbusch et
al. 2016). This definition includes consumer and health behaviour,
individualisation, and choice (at the micro level); and the global risk society, the
global consumer society, and the political economy of globalisation (at the
macro level). The global sugar industry provides a sharp example of commercial
determinants of health, with sugary soft drinks and added sugar in processed

food being major sources of sugar in the global diet (Peres et al. 2019).

A conceptual framework of combined social and commercial determinants of
oral health is presented in Figure 1.7 (Peres et al. 2019). It highlights the

interacting influences and processes.



38

Structural determinants Intermediate determinants Proximal determinants Outcomes
(Socieconomic, political, and (Social position and circumstances) (Behaviours and biological factors)
environmental context)

Macro-economic policies Material
. - Social class circumstances .
Social and welfare policies S, [Pfemmaton
Trade policies Income P Infoct
- Education Psychosocial Alizalioly Oral disease and
OVﬁr§eas £¥elopment e factors Immune / NCD burden
olicies ender ; e
K s Health service response
Globalisation Ethnicity availability or use
Urbanisation Environmental setting
Commercial determinants—corporate strategies
Political and Lobbying to Corporate Targeted Influence on Influences on Media influence  Influence on
economic influence citizenship and tailored research social norms to distract consumers’
power and policy marketing agenda and local attention choices and
influence and promotion policies and cause behaviours
strategies confusion

Figure 1.7 Social and commercial determinants of oral diseases

NCD — non-communicable disease. Source: (Peres et al. 2019), adapted from (Watt and Sheiham 2012).
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1.6 Impacts of early childhood caries

The high prevalence of caries in children under six years of age worldwide has a
major impact on children’s health as well as cost to society (Tinanoff et al.
2019). Although a highly prevalent condition, the impact of childhood dental
caries is often underappreciated as the disease is rarely life-threatening or
overtly limiting on daily activities (Innes and Robertson 2018). Nevertheless, it
carries significant consequences for children in terms of day-to-day living and is
expensive to treat. ECC can lead to pain, infections, impaired chewing and
difficulties with eating, sleeping, socialising, and poor school performance thus
affecting a child’s general health and child and family quality of life (ICOHIRP
2015, White 2017, Phantumvanit et al. 2018, Tinanoff et al. 2019).
Consequences of ECC also include hospitalizations and emergency room visits,
and delays of growth and development (Tinanoff et al. 2019). Early extractions
of primary teeth due to ECC may lead to malocclusions (Seow 2018). It often
leads to school absenteeism and parents taking time off work to take their
children to a dentist or to hospital (York Health Economics Consortium 2016e,
White 2017). Poor oral health of a child may be a sentinel marker of wider
health and social issues, and dental neglect may be part of a safeguarding issue
(Harris et al. 2009, Harris et al. 2013, Godson et al. 2018).

Children with a pre-existing caries lesion have a 5-6 times higher incidence of
developing new caries lesions compared to previously caries-free children
(Milsom et al. 2008). Research indicates that children who develop caries in
early childhood are likely to have a high risk of the disease in adolescence and
adulthood, in permanent teeth (Li and Wang 2002, Anil and Anand 2017, Hall-
Scullin et al. 2017, Seow 2018, Tinanoff et al. 2019). A Chinese eight-year cohort
study with children aged 3-5 years at baseline (Li and Wang 2002) found
statistically significant associations between caries prevalence in primary and
permanent dentitions. Children who had caries in their primary teeth were three
times more likely to develop caries in their permanent teeth (relative ratio was
2.6, 95% Cl 1.4-4.7; p < 0.001), with caries on primary molars having the highest
predictive value (85.4%).



40

A recent UK longitudinal cohort study followed over 6,600 children aged 7-9
years at baseline for three years (Hall-Scullin et al. 2017). The children
underwent a dental examination each year (there were four dental examinations
in total, including the baseline). The children attended 207 state-funded primary
schools in East Lancashire in the northwest of England. The location was chosen
for its comparatively high caries prevalence and the absence of a fluoridated
water programme. The results of the study indicated that mean caries
prevalence in the permanent dentition (% D3MFT > 0) was 17% at the first clinical
examination (ages 7-9 years), increasing to 31%, 42%, and 46% at subsequent
examinations. A population-averaged model (generalized estimating equations)
was used to model the longitudinal data. Children with caries in their primary
teeth were almost five times more likely (4.49 times; 95% Cl 3.90-5.16) to
develop caries in their permanent teeth than children whose primary dentition
was caries free. The results of the study showed that deprivation remained an
important predictor of future caries and that children who have caries in their
primary dentition followed a steep disease development trajectory in their
permanent dentition. These findings illustrate the significant long-term

consequences of developing caries in early childhood.

Preschool children with active caries were found to have higher incidence rates
for pain and extractions in primary molar teeth. A prospective three-year UK-
based cohort study followed children aged 3 to 6 years attending 50 dental
practices in the North West of England (Tickle et al. 2008). Incidence rates for
pain and extractions in primary molar teeth were calculated for children with
and without dental caries. Each year approximately one in five children with
active caries presented with dental pain at an unscheduled visit at the dentist,
compared with only 1 in 100 children who were caries free. Having caries in
primary molar teeth at an early age was also a strong risk factor for future
dental extractions: 26% of children with caries at baseline had extractions
compared to 3% in those who were caries-free at baseline. In children with
active caries, 1in 10 had a primary molar tooth extracted each year, compared

with 1in 40 in the whole population.
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1.7 Prevention of early childhood caries

To manage ECC rationally, strategies must focus on the right causes at the right
time and should focus on preventing initiation rather than on controlling severity
(WHO 2017b). In order to prevent or control caries, from a biological
perspective, sugar and biofilm control is required, as well as ensuring fluoride

bioavailability (Macpherson et al. 2019a).

There is a strong economic case for investing in noncommunicable disease
prevention (WHO 2015). The main risk factors associated with noncommunicable
diseases, including caries, are largely preventable and addressing those risk
factors can be an efficient use of governments’ money. Upstream prevention
investment, prior to the onset of illness and before health care services are
required, seems to be most cost-effective (WHO 2015). Upstream, midstream

and downstream approaches to ECC prevention are described in Section 1.7.3.

1.7.1 Primary, secondary and tertiary prevention

Prevention of ECC can be classified into three levels: primary prevention,
secondary prevention and tertiary prevention (FDI World Dental Federation 2016,
WHO 2017b). Primary prevention of ECC needs to begin before the initiation of
disease and is the key to reducing the worldwide prevalence of ECC (Tinanoff et
al. 2019). It is most effective when exposure to disease causes is controlled, by
modifying unhealthy behaviours and increasing resistance to the disease (FDI
World Dental Federation 2016). It includes promotion of healthy behaviours and
appropriate fluoride use (WHO 2017b). Secondary prevention occurs in the early
stages of caries and aims to reduce its impact as early as possible. It is carried
out through early detection and prompt care in order to halt, slow or reverse
caries progression (FDI World Dental Federation 2016). Tertiary prevention of
ECC occurs in later stages of caries and aims to reduce the negative impact of
the untreated open cavity and improve or sustain children’s ability to function
and their quality of life, while continuing to prevent new lesions (FDI World
Dental Federation 2016, WHO 2017b).

At all three levels, prevention is a shared responsibility of individuals, dental

professionals and the community at large (FDI World Dental Federation 2016).
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This is particularly true for primary caries prevention. Since caries is largely

preventable, the earlier the prevention is done, the more likely it is that the

intervention will be effective. Table 1.3 illustrates the different responsibilities

that individuals, oral health professionals and the community share in primary,

secondary and tertiary prevention.

Table 1.3 Responsibilities of individuals, oral health professionals and the community in
primary, secondary and tertiary caries prevention

Primary prevention

Secondary prevention

Tertiary prevention

Individuals » Adequate oral hygiene Regular use of
» Use of fluoride preventively oriented
toothpaste oral health services
» Limit consumption of
free sugars
» Regular preventive
dental check-ups
Oral health » Patient education » Thorough examination Prompt treatment of
professionals ).  pjaque control detecting the early progressing lesions
» Diet counselling stages of caries Minimum invasive
» Topical application of ¢ Pit and fissure sealants treatment of lesions
fluoride » Topical application of Continuing prevention
» Pit and fissure sealants fluoride for other sites
Community » Oral health education » Periodic screening (ex: Provision of
programmes school screening) preventively oriented
» Community water » School sealant oral health services
fluoridation programme
» School fluoride tooth » Schoaol fluoride varnish
brushing or mouth rinse applications

programme

Source (FDI World Dental Federation 2016).

1.7.2 Primary prevention and exposure to fluoride as a caries
prevention measure

This thesis is focused on primary prevention of ECC. A recent WHO Expert
Consultation on Public Health Intervention against Early Childhood Caries
postulated that primary prevention should be the key to ECC management (WHO
2017b). Health promotion aimed at pregnant women, new mothers and primary
caregivers should raise concerns at the common risk factors of ECC. WHO’s
recommendations on breastfeeding until six months of age, no added sugars for
complementary feeding up to two years, and after that limited free sugars
intake in accordance with the WHO guideline should be emphasized (WHO

2017b). Prevention of cariogenic feeding behaviours is one of the main



43

approaches to preventing ECC (Berkowitz 2003). Moreover, primary caregivers
should be trained to provide proper toothbrushing with the right amount of
fluoride toothpaste from the first primary tooth eruption, followed by early
detection of early lesions of caries (WHO 2017b). A child should have a dental
visit for comprehensive care in the first year of life, and any child at caries risk
should have regular fluoride varnish applications (American Academy of Pediatric
Dentistry 2019).

Exposure to fluoride is discussed in detail in this section, as the use of fluoride
underpins the approaches used by the Childsmile programme in Scotland (see
Section 1.11) and is also the basis of the Protecting Teeth @ 3 randomised

controlled trial (see Section 1.11.6 for further information).

Fluoride in toothpaste is considered a main contributor to the decline in dental
caries (Petersen and Ogawa 2016). However, there is a variety of other ways to
deliver fluoride into the oral cavity. Fluoride can be delivered to the teeth
systemically or topically (Carey 2014). Systemic fluoride from ingested sources
can be deposited only in teeth that are forming. Topical fluoride influences the
dynamic equilibrium between demineralisation and remineralisation of the tooth
surface post-eruption. Fluoride can naturally occur in water or be added to
water supplies. Other vehicles for fluoride include milk (Yeung et al. 2015),
toothpastes (Walsh et al. 2019), drops, mouth rinses (Marinho et al. 2016), gels
(Marinho et al. 2015), foams, and varnishes (Marinho et al. 2013, Carey 2014).
The use of fluoride for the population based prevention of dental caries has been
endorsed by WHO since the late 1960s (Petersen and Ogawa 2016).

Regular toothbrushing with fluoridated toothpaste is the principal non-
professional intervention to prevent caries. The preventive effect varies
according to different concentrations of fluoride in toothpaste, with higher
concentrations associated with increased caries control (Walsh et al. 2019).
Toothbrushing disrupts the dental biofilm and reduces bacterial numbers, while
the fluoride in toothpaste helps to remineralize carious lesions (Seow 2018).
Fluoride concentration in child toothpaste for anti-caries efficacy ranges from
1000 to 1500 parts per million (ppm) with a minimum of 800 ppm fluoride ion
bioavailable (WHO 2017b). Brushing frequency should be at least twice per day.
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The amount of fluoride toothpaste used in young children should be limited and
an age appropriate amount should be used in order to promote safety (WHO
2017b).

Three systematic reviews that assessed the effectiveness of toothbrushing and
fluoride varnish are highlighted below. Both of these interventions are delivered
via the integrated Childsmile programme in Scotland (described in Section 1.11).
A recent Cochrane systematic review (Walsh et al. 2019) assessed the effects of
toothpastes of different fluoride strengths on preventing tooth decay in children,
adolescents and adults. It was found that there was less new decay when
toothbrushing with toothpaste containing 1000 to 1250 ppm or 1450 to 1500 ppm
fluoride compared with non-fluoride toothpaste, and that toothbrushing with
1450 to 1500 ppm fluoride toothpaste reduced the amount of new decay more
than 1000 to 1250 ppm toothpaste.

Topically applied fluoride varnish is a highly concentrated form of fluoride,
which has been used as a clinician-applied caries preventive intervention in
children and adolescents for many decades (Watt et al. 2018). An update of a
Cochrane systematic review and meta-analysis of fluoride varnish (FV)
application effectiveness (Marinho et al. 2013), which was based on a previous
review (Marinho et al. 2002), indicated that the pooled prevented fraction
estimate for deciduous teeth was 37% (95% Cl 24%, 51%; P < 0.0001), based on 10
randomised controlled trial results. “The prevented fraction is the proportion of
disease occurrence in a population averted due to a protective risk factor or
public health intervention” (Gargiullo et al. 1995). The assessed body of
evidence was of moderate quality. No significant association between estimates
of the prevented fraction and the pre-specified factors of baseline such as caries
severity, background exposure to fluorides, application features such as prior

prophylaxis, concentration of fluoride, and frequency of application were found.

A recent systematic review that focused on the effectiveness of FV against caries
specifically in preschoolers, found lower prevented fractions of 24% (95% Cl 13%,
35%) or dmfs and 31% (95% Cl 21%, 41%) for dmft data (de Sousa et al. 2019), in
comparison with the 2013 Cochrane review (Marinho et al. 2013). The de Sousa

and colleagues’ review included 20 trials, and 10 of them were not included in
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the 2013 Cochrane review. The results of 17 studies were included in meta-
analyses. At the individual level, the pooled relative risk was found to be 0.88
(95% Cl 0.81, 0.95), while the number needed to treat in a population of
preschool children with 50% caries incidence was 17, which means that 17
children have to have a FV application in order to avoid new caries in one child.
The authors found that the lower increment of caries in the varnish group was of
one surface per child or less and commented that this difference was possibly
clinically irrelevant. At the tooth level, no significant difference was observed
between children who received FV and those who did not. The authors
concluded that FV showed a modest and uncertain anti-caries effect in
preschoolers and highlighted the need for more cost-effectiveness analyses
carried out in different populations and application settings using updated FV

effectiveness estimates.

1.7.3 Upstream, midstream and downstream prevention
approaches

ECC prevention strategies can also be classified according to where they are
placed with regards to the upstream/downstream continuum (Watt et al. 2004,
Watt 2007, Watt 2012). Figure 1.8 illustrates upstream/midstream/downstream

circumstances and risks for oral health inequalities.
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Figure 1.8 Model of circumstances and risks for oral health inequalities
Source (Watt and Sheiham 2012).
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With regard to caries prevention, examples of upstream interventions are
taxation of sugar-sweetened beverages and foods, sugar product reformulation,
school food policies and implementing recommendations on marketing of foods
and unhealthy drinks to children (Macpherson et al. 2019a), water fluoridation,
milk and salt fluoridation (Pitts et al. 2017). The use of the common risk factors
approach is recommended by the World Health Organization (WHO) (WHO
2017b), such as limiting free sugars intake and promoting breastfeeding, for
controlling ECC together with child obesity. The WHO urges that population-wide
strategies to reduce free sugars consumption are to be the key public health
approach that should be a high and urgent priority (WHO 2017a). Besides, it
recommends universally available and accessible population-wide prevention
interventions, such as the use of fluoride and comprehensive patient-centred
essential oral health care. At a population level, upstream approaches are likely
to have a greater reach, greater effectiveness and higher cost-effectiveness than
downstream interventions (Macpherson et al. 2019a), as upstream interventions

impact broader social determinants of health (Watt 2007, Peres et al. 2019).

Examples of midstream approaches include community-run healthy food
initiatives, integrating oral health into existing health services (for example,
ante-natal classes, breastfeeding initiatives and child development checks),
provision of free or subsidised toothbrushes and toothpastes through community
clinics, as well as integrating health and wellbeing plans into the nursery and
school curriculums (Macpherson et al. 2019a). Initiatives that can be delivered
through nurseries and schools include healthy food policies, daily supervised

toothbrushing and fluoride varnish programmes (Macpherson et al. 2019a).

Downstream interventions focus largely on individual behavioural factors (Watt
and Sheiham 2012). Examples of such interventions include individual dietary
and oral hygiene advice, fluoride varnish and fissure sealant applications or
caries treatments delivered in dental practices, and one-to-one counselling
based on motivational interviewing outside of dental practice settings (Public
Health England 2014, Macpherson et al. 2019b).

Upstream interventions are universal in the sense that they benefit the whole

population, whereas mid- and downstream interventions may be targeted at
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higher risk groups. Examples of targeted approaches are fluoride varnish and
fissure sealant applications in both nursery, school and dental practice settings,
such as those included into the integrated Childsmile programme in Scotland
(Childsmile 2020b) or the Designed to Smile programme in Wales (Designed to
Smile 2020). Targeting higher risk groups may increase the cost-effectiveness of
the intervention (Pitts et al. 2017).

This thesis focuses on primary prevention interventions, and in particular, the
intervention that is described and evaluated in Chapters 5 and 6 (and briefly
introduced in Section 1.11.6), which is a targeted fluoride varnish intervention,
delivered through nursery settings, as a part of the integrated Childsmile

programme in Scotland. Childsmile is described in more detail in Section 1.11.

1.8 Economics of early years interventions

A wide range of economic studies suggest that there are significant long term
returns to early investment in children during the pre-birth period and up to the
age of eight years old. However, these returns reduce the later the investment is
initiated (Cunha and Heckman 2007, Heckman and Masterov 2007, Heckman
2008, Cunha and Heckman 2010, Scottish Government 2010a, Heckman 2011).
Early investment in preventive programmes aimed at disadvantaged children is
often more cost effective than later remediation which can be prohibitively
costly (Doyle et al. 2007). Figure 1.9 plots the rate of return to human capital
investment at different stages of the life cycle (Heckman 2008). It demonstrates
that there is a higher rate of return at younger ages for a constant level of
investment. By investing early, the benefits are enjoyed for longer, which in

turn increases the return to investment (Doyle et al. 2007).
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Figure 1.9 Returns to a unit dollar invested are highest in earliest years
Source (Heckman 2008).

Intervening early is important as several factors during early childhood, such as
health, family structure and home environment can have an effect on the
children’s development, which will subsequently affect their human capital
acquisition and later life outcomes (Doyle et al. 2007). The benefits of early
years health interventions may extend beyond health, for example,

improvements in literacy, job prospects and earnings (Masters et al. 2017).

The Financial Impact of Early Years Interventions in Scotland Report (Scottish
Government 2010a) modelled the potential short term savings from investing in
early years and early interventions from pre-birth to aged five and suggested
that there were potential net savings of up to £37K per annum per child in the
most severe cases and of approximately £5K per annum for a child with
moderate difficulties in the first five years of life. The model also demonstrated
that there are potential medium-term net savings to the public sector that can
be realised 10 years after the early years period. It is estimated that the total
potential saving resulting from 100% effective interventions early in life (pre-
birth to aged eight) could initially be up to £131m per annum, in the medium
term. In the longer term, a failure to effectively intervene to address the
complex needs of an individual in early childhood can result in a nine-fold

increase in direct public costs, when compared with an individual who accesses
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only universal services (Scottish Government 2010a, Scottish Government
2010b).

1.9 Economics of early childhood caries

Early childhood caries (ECC) poses a significant economic burden to individuals,
the health sector and society more broadly (Phantumvanit et al. 2018). The 2010
global direct financial costs associated with dental caries were estimated to be
USS 298 billion and indirect costs came to USS 144 billion (WHO 2017a).
Untreated caries was found to cause 12% of the global productivity losses due to
dental diseases in 2015: $21.19 billion (11%) due to untreated caries in
permanent teeth, and $0.90 billion (0.5%) to caries in deciduous teeth (Righolt
et al. 2018).

Treatment of ECC often requires extensive restorative treatment, extraction of
primary teeth, space maintenance (to prevent the unwanted movement of teeth
that create malocclusions), and due to the young age of the child there can be

substantial costs for sedation or general anaesthesia (Tinanoff et al. 2019).

Casamassimo and colleagues reviewed the literature for descriptions and
quantification of morbidity associated with ECC and organized a wide range of
studies into a visual model, which they called the ECC morbidity and mortality
pyramid (Figure 1.10) (Casamassimo et al. 2009). The ECC morbidity and
mortality pyramid has a low rate of associated fatality and a high rate of
dysfunction, which causes the pyramid to have a broad base and narrow apex.
The bottom, child and parent dysfunction, segment includes such elements as
morbidity associated with treatment of ECC, days missed from school or work
and inappropriate use of pain medicine. The middle segment, family associated
morbidity, includes child’s loss of school hours, parental loss of work time, costs
associated with travelling to dental appointments, as well as eating and sleeping
dysfunction and parental and family stress. The top segments include hospital
costs (accident and emergency department costs, hospital admission and general
anaesthesia costs), morbidity resulting from general anaesthesia, with death as a
result of sedation or general anaesthesia, or from a developed infection, at the

top of the pyramid.
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Figure 1.10 Early childhood caries morbidity, costs and mortality pyramid

GA — General anaesthesia. Adapted from (Casamassimo et al. 2009).

Dental caries in young children has a significant impact on National Health
Service (NHS) costs. In the 2013/14 financial year, the number of claimable
courses of NHS dental treatment given to children in Scotland in general dental
practices was around 520,000 (ISD Scotland 2014). Around a third (28%) of the
claimable dental treatments provided to children were for prevention related to
the Childsmile programme (such as toothbrushing instruction, dietary advice,
and fluoride varnish applications), while 17% of the claimable treatments was
treatment of deciduous teeth, including fillings and application of fissure
sealant, around 15% were permanent fillings and 7% were tooth extractions (ISD
Scotland 2014). In 2013/14, over £68 million was paid in child NHS general
dental service fees in Scotland. The cost per head of child population was £66,
while the cost per child registered at a dental practice was £72 (ISD Scotland
2014).

Treatment of early childhood caries under general anaesthesia (GA) in a hospital

setting for extensive dental repair is especially costly (Phantumvanit et al.
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2018). Treatment under GA may be for a variety of reasons, but the most
common scenario is the need for multiple extractions and/or treatment for
dental caries in a young child (Knapp et al. 2017). In the UK, dental caries
remains the most common reason for a 5-9-year-old child to be admitted to
hospital (Knapp et al. 2017, Godson et al. 2018). The dental GA procedure
carries risks of morbidity and, very rarely, mortality to the child, and also places
a considerable financial burden on the NHS (Knapp et al. 2017). In NHS England
extraction of decayed primary teeth carried out under GA costs an estimated
£28 million (Phantumvanit et al. 2018) to £36 million (Innes and Robertson 2018)
annually. The estimated cost for providing extractions only under GA in children
across three NHS Boards in Scotland, based on the number of referrals for
treatment planning for extractions under GA in three centres in Dundee,
Edinburgh and Glasgow in 2016, was approximately £1.7 million per year (SDNAP
2017).

With regards to the cost-effectiveness of oral health interventions in early
childhood (0-5 years), the York Health Economics Consortium, UK, were
commissioned to conduct a rapid evidence review (York Health Economics
Consortium 2016e) and to develop a return on investment (ROI) tool (Public
Health England 2016c) in partnership with Public Health England (PHE). Both the
rapid review of evidence and the ROI tool were published in 2016. This rapid
evidence review provided an update to the previous National Institute for Health
and Care Excellence, UK (NICE) economic evidence review on oral health
prevention measures (Public Health Advisory Committee 2014, Lord et al. 2015).
The review specifically examined the cost-effectiveness of those oral health
interventions with good evidence of effectiveness in reducing the average
number of decayed, missing and filled teeth in 5-year-olds (Godson et al. 2018).
The interventions included in the ROI tool were supervised tooth brushing,
application of fluoride varnish, water fluoridation, provision of toothbrushes and
paste and interventions provided in home visits by health workers. Using
modelling data, the ROI tool was used to calculate the ROI of these five oral
health improvement programmes at 5 and 10 years. The intervention with the
highest ROl was water fluoridation, with £22 return at 10 years to each £1
invested, followed by targeted provision of toothbrushes and paste by post and

by health visitors (over £7 return at 10 years). Targeted fluoride varnish
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programme had one of the lowest returns with under £3 to each £1 invested (at
10 years) (Public Health England 2016b).

Of particular interest are studies that investigated the cost-effectiveness of
fluoride varnish (FV) in young children, as FV applied in nursery settings is the
intervention evaluated in the Protecting Teeth @ 3 trial, as described in
Chapters 5 and 6 of this thesis. In recent years two relevant randomised
controlled trials have been conducted in the UK. One was based in Northern
Ireland and compared a combined fluoride intervention to the control group
(prevention advice only) in general dental practice settings in children aged 2-3
years at baseline - Northern Ireland Caries Prevention in Practice (NIC-PIP)
(Tickle et al. 2016, O'Neill et al. 2017). The other study, Seal or Varnish, was
conducted in Wales on older children, aged 6-7 years, and compared fissure
sealants (FS) and FV in preventing dental caries in first permanent molars
(Chestnutt et al. 2017). In the Seal or Varnish trial, the interventions were
delivered in mobile dental clinics in primary schools located in areas of high

deprivation.

In the NIC-PIP trial, the combined fluoride intervention included FV, free
toothbrush and fluoride toothpaste and standardized prevention advice. The
intervention was provided at 6-monthly intervals over three years. The authors
found no statistically significant difference between the study groups in the
number of children converted from caries-free to caries-active state (the
primary outcome), however, there was a statistically significant difference in
dmfs in caries-active children in favour of the intervention. The authors
concluded that the costs of providing a combined fluoride intervention
outweighed savings in treatment over the three-year follow-up period. This
intervention was unlikely to produce a cost-saving (O'Neill et al. 2017). Even
with their evidence-based intervention and high levels of adherence, over a

third of children developed caries.

In the Seal or Varnish trial FS was applied at baseline to first permanent molars,
including part-erupted upper teeth. FS were checked at 6-monthly intervals and
deficiencies were repaired. FV was applied to all eligible first permanent molars
at baseline and at 6, 12, 18, 24 and 30 months (Chestnutt et al. 2017). The
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results of the trial showed that over the three-year course of the study FV was
less costly than fissure sealants, with similar outcomes achieved (the numerical
differences in outcomes were not statistically significant). The total costs per
child of the two technologies showed a small but statistically significant
difference (£500 for FS, compared with £432 for FV, a difference of £68.13 in
favour of FV, p = 0.033).

Both of the studies assessed cost-effectiveness of the interventions at three

years follow-up and did not model costs and effects over a longer period of time.

1.10 General health- and oral health-related quality of life

Caries influences general health and quality of life across the entire life course
(WHO 2019). Dental caries in children can lead to toothache or discomfort,
compromise ability to eat and sleep and restrict socialising (White 2017, Nora et
al. 2018, Phantumvanit et al. 2018, WHO 2019). Severe dental caries is
associated with poor growth (WHO 2019).

Measuring participants’ / patients’ health-related quality of life (HRQoL) is
essential for the conduct of economic evaluations. HRQoL is one of the main
health outcome measures in economic evaluation of clinical trials (Petrou and
Gray 2011, Hughes et al. 2016), as this is one of the outcomes of value to the
patient / trial participant (Drummond 2001). Other practical applications of
HRQoL measures include evaluating services for research, public health, and
clinical purposes, and for describing and monitoring health status of populations
(the results of which can be used to assess population needs, identify target
populations, and priority setting) (Marshman and Robinson 2007). HRQoL
measures together with clinical indicators, can jointly provide a more
comprehensive assessment of the patient’s general and/or oral health (Sischo
and Broder 2011).

HRQoL is a complex, multidimensional concept, which includes social, emotional
and physical functioning, related to the patient’s health state. According to one
of the definitions of HRQoL, it is “a combination of a person’s physical, mental

and social well-being; not merely the absence of disease” (NICE 2020b).
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There are different types of HRQoL instruments (Drummond et al. 2005b,
Drummond et al. 2015, Hettiarachchi et al. 2019). Generic HRQoL instruments
can be applied to a wide range of different types of disease and different
patient populations. These are comprehensive measures of HRQoL that are
widely used and have established validity and reliability across different disease
conditions and patient populations. Disease-specific HRQoL instruments are
designed to assess HRQoL concerning specific diseases, medical conditions, or
patient populations. Examples of disease-specific instrument are oral health-
related quality of life (OHQoL) instruments. The generic and disease-specific QoL
instruments that are developed based on classification system and preferences
weights are known as preference-based instruments. These preference-based

instruments are used in cost-utility analysis (Drummond et al. 2005b).

Methodological challenges to the measurement of HRQoL in children include
problems caused by the changes that children undergo both physically and
cognitively and the use of a proxy (parents, clinicians or teachers) (Marshman
and Robinson 2007). Measuring HRQoL in young children under six years of age is
specifically challenging (Bradlyn et al. 1996, Verstraete et al. 2020b). The
consensus is that children under the age of five cannot provide reliable self-
reports, and for them proxy reports should be used (Wallander et al. 2001, Varni
et al. 2007, Matza et al. 2013).

OHQoL has important implications for the clinical practice of dentistry and
dental research. It has wide-reaching applications in survey and clinical
research. Assessment of OHQoL allows for a shift from traditional
medical/dental criteria to assessment and care that focus on a person’s social
and emotional experience and physical functioning in defining appropriate

treatment goals and outcomes (Sischo and Broder 2011).

Chapter 2, Section 2.5.2.4 contains more information on preference-based and
non-preference-based HRQoL instruments, as well as on generic and disease-
specific HRQoL instruments. Chapter 4 presents a review of general HRQoL and
OHQoL instruments used in preschool children, aged 3-5 years, while the
introduction section to Chapter 4 provides definitions and further details on
general HRQoL (Section 4.1.1) and OHQoL (Section 4.1.2).
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1.11 Childsmile

Childsmile is the national child oral health improvement programme for
Scotland. It was developed as pilot studies from 2006, building on an established
national supervised toothbrushing programme in nursery schools. By 2011, an

integrated programme was in place in all NHS Boards across the country.

Responsibility for the National Health Services (NHS) in Scotland is a devolved
matter and therefore rests with the Scottish Government. The Scottish
Government decides what resources are to be devoted to the NHS, in the
context of devolved public expenditure. It also sets national objectives and
priorities for the NHS, signs delivery plans with each NHS Board, monitors
performance, and supports NHS Boards to ensure achievement of these
objectives (NHS Scotland 2020). There are 14 territorial NHS Boards in Scotland.
Each of them is responsible for the protection and the improvement of their

population’s health and for the delivery of frontline healthcare services.

The funding for the delivery of a range of preventive services within the
territorial NHS Boards, including the Childsmile programme, is delivered through
a single source called the Outcomes Framework (Scottish Government 2017).
The Framework provides greater local flexibility on decisions on how to
maximise the value from this resource against clearly defined outcomes. The
Framework has a strong focus on delivering strategic priorities such as
prevention and reducing health inequalities. The Outcomes Framework is
allocated to NHS Boards at the start of each financial year with a summary of
clearly defined outcomes. NHS Boards have the flexibility to meet agreed
outcomes within the overall framework value, as it is not prescriptive how the
money should be allocated locally to each service. Economic evaluations of
preventive programmes/interventions can help the decision makers to allocate

these limited resources effectively so that a greater benefit is achieved.

Childsmile aims to improve the oral health of children in Scotland and reduce
inequalities both in dental health and access to dental services. Since 2011,
Childsmile has been delivered as an integrated programme in all (n = 14) Health

Board areas throughout Scotland. The programme has developed and delivers
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oral health improvement interventions both within and outside traditional dental
clinical settings - in education establishments, community settings, other
healthcare settings (integration to Health Visitor Early Years Pathway), and
children’'s homes (Macpherson et al. 2019b). The main features of the Childsmile
programme, and its position within the upstream/downstream continuum are

shown in Table 1.4.

Childsmile is funded by the Scottish Government and has four main elements
(Childsmile 2020b):

e Supervised toothbrushing programme;
e Fluoride varnish in nursery and school programme;

¢ Community interventions (involving Health Visitors and Dental Health

Support Workers);
e Dental primary care (in dental practices).

These are described in detail below, adapted from (Macpherson et al. 2019b).

Table 1.4 Main Childsmile interventions within the upstream/downstream continuum

| Upstream

;‘ Influencing Public Health Policy at national level:
«  Contribute to development of healthy food & drink regulations in education settings
|+ Changeto national primary dental care contract for children (prevention-orientated)

“ Midstream

| Oral Health Training for wider workforce:
| «  Training to national standards for nursery and school staff
l +  Guidance for Health Visitors

} Supervised toothbrushing in nursery and school settings
«  National standards: universal in nurseries; targeted in schools

|

Universal and targeted provision of toothbrushes/paste

|
| National contract: distribution via education, health and other community settings

: Targeted community-based fluoride varnish programmes
National standards: nursery and school settings

| Mid(Dgu_m;trgarn

|
&

Integration of oral health into targeted home visits by health workers
|+ Health visitors & DHSWs strengthening core skills, coping strategies

' Signposting/linking and engagement with community initiatives

|+ eg community engagement, food co-operatives, infant feeding programmes

Source (Macpherson et al. 2019b).
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1.11.1 Supervised toothbrushing programme

Every three- and four-year-old child attending nursery (whether it is a local
authority, voluntary or private nursery) is offered free, supervised
toothbrushing. National toothbrushing standards have been developed and are
closely followed, on a daily basis, by nursery staff (Childsmile 2019b, Childsmile
2020a). Oral health personnel from the Public Dental Service are available to
provide training and support. The products (toothbrush and 1450ppm fluoride
toothpaste) are provided by a nationally procured contract to ensure consistency

and cost-savings across Scotland.

Supervised toothbrushing continues into the first two years (5-6-year-olds) for
targeted primary schools, namely, those situated in areas with the highest level

of deprivation in each NHS Health Board.

To promote home toothbrushing, every child is also provided with a dental pack
(containing a toothbrush and a tube of 1450 ppm fluoride toothpaste) on at least
six occasions by the age of five, initially by the health visitor and then via
nursery. Children also receive a free-flow feeder cup by one year of age
(Macpherson et al. 2019b).

Childsmile’s supervised nursery toothbrushing programme has been shown to be
both clinically effective and cost-effective (Macpherson et al. 2013, Anopa et al.
2015).

1.11.2 Fluoride varnish in nursery and school programme

This segment of the Childsmile programme delivers, via nursery and primary
school settings, the application of fluoride varnish to the teeth of children aged
three to at least eight years who are identified as living in the most deprived
areas. It covers a minimum of 20% of children from each NHS Health Board.
Educational establishments are targeted in order of those with the highest
proportion of children living in the most deprived local quintile as defined by the
Scottish Index of Multiple Deprivation (SIMD) (Scottish Government 2016b).
Twice-yearly fluoride varnish applications are provided by Childsmile dental

nurses. These extended duty dental nurses have been trained by NHS Education
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for Scotland in fluoride varnish application technique. As part of the process,
children who require further assessment and possible dental care are identified
and their parents receive a letter informing them of their child's dental need
(Macpherson et al. 2019b).

In Scotland uptake of funded Early Learning and Childcare (ELC) / nursery places
for eligible three- and four-year-olds is very high. As of September 2019, an
estimated 98% were registered at ELC (Scottish Government 2019¢). The initial
aim of the nursery FV component of Childsmile was to reach 20% of the nursery
age population (three and four year olds) by targeting nurseries with the highest
proportion of children living in the most deprived areas within each NHS Board
(Macpherson et al. 2019a). However, many NHS Boards went over and above that
20% target. In the 2018/19 academic year, 38% of the total number of nurseries
participated in FV across Scotland, while 44% of the three- and four-year-old
population were targeted to receive FV in nursery settings. 31% of three- and
four-year-olds received at least one FVA, while 18% received two or more FVAs
within 2018/19 (Childsmile Central Evaluation & Research Team 2019). In the
same year, 47% of the three- and four-year-olds population in SIMD1 (the most
deprived quintile) received at least one FVA across Scotland, while 26% received
two or more FVAs within that year (Childsmile Central Evaluation & Research
Team 2019). The proportion of SIMD1 children receiving FVAs was the highest out
of all SIMD quintiles with the proportions gradually decreasing along the SIMD
quintiles (to the lowest proportion for SIMD5 children, the least deprived
quintile: 17% received at least one FVA, and 10% of them received two or more
FVAs).

Previous research has highlighted the difficulties in identifying and reaching all
of those individuals most in need of an intervention, particularly when applied in
a nursery/school (or other group) setting (Brewster et al. 2013). Firstly, efforts
must be made to prevent stigmatising individual children, therefore Childsmile
ensures that all children within a targeted nursery are offered the intervention
irrespective of whether they are considered at increased-risk or not. Secondly,
all public health interventions must operate within the constraints of limited
financial resources and therefore a realistic cut-off for the group to receive the

intervention must be chosen (20% of the population in the case of the Childsmile
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FV programme). Taking into account the abovementioned constraints, a previous
study found that, at a Scotland level, only around 50% of those targeted by the
FV intervention delivered in primary schools were considered at increased-risk of
caries, irrespective of the method used or definition of increased-risk. This
means that almost 50% of those targeted to receive the intervention were not

considered at increased-risk (Brewster et al. 2013).

1.11.3 Community interventions involving Health Visitors and
Dental Health Support Workers

Every new-born child in Scotland is linked to Childsmile via the universal child
health surveillance system within the Universal Health Visitor Early Years
Pathway (Scottish Government 2015). Health Visitors see all children and their
parents/carers on a regular basis between birth and five years. Health Visitors
provide advice on oral health, distribute a dental pack, and encourage dental
attendance from a young age. Where they feel additional support may be
required to promote oral health, they make a referral to a community-based
dental health support worker (DHSW) (Macpherson et al. 2019b).

DHSWs are embedded within the more disadvantaged communities and offer
peer support to families with young children in the family home. They work
closely with health visitors, dental practices, and the Public Dental Service (who
co-ordinate and administer the Nursery and School components of the
programme). They are aware of, and engage with, agencies in their local
communities which can help to support family life and parenting skills, e.g.
access to healthy foods, promoting coping skills/self-esteem, and thus facilitate
and enable the implementation of positive child oral health promoting
behaviours. The DHSWs can also provide support to these groups and assist them
to incorporate oral health into their activities and, additionally, can undertake
social prescribing to link families into these organizations, as deemed

appropriate at an individual level (Macpherson et al. 2019b).

DHSWs provide the following: a) Tailored support and advice to promote and
enable oral health in the family home; b) Linking to dental services and
facilitating child attendance at a dental practice; and c) Engaging with and

signposting/linking to other community organizations and initiatives via social
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prescribing (e.g. food co-operatives, infant feeding programmes, parenting skills

classes, debt management advice agencies) (Macpherson et al. 2019b).

1.114 Dental primary care

In 2011, payments were introduced into the NHS primary dental care contract in
Scotland for preventive items of care, including fluoride varnish, and advice to
support and enable plaque control via toothbrushing with a fluoride-containing
toothpaste and promoting healthy eating in the family home (Childsmile 2011).
This programme of preventive care should be tailored to meet the needs of the
individual child and be delivered by any appropriately trained dental team
member. The clinical care includes twice-yearly fluoride varnish applications
from two years of age and, as children age, there are opportunities for fissure

sealant applications on first permanent molar teeth.

A major aim of the programme is to replace very brief, standardized ‘health
education’ messages with meaningful, tailored support for families.
Identification of social needs which can best be met by other community groups
and organizations should be identified and linking to such organizations and

groups promoted, as appropriate (Macpherson et al. 2019b).

1.11.5 Economics of the nursery toothbrushing component of
Childsmile

A cost analysis of the nursery toothbrushing component of Childsmile has
previously been conducted (Anopa et al. 2015) covering a 9-year period from
2001 to 2009. It was estimated that the cost of the nursery toothbrushing
programme in Scotland was £1.8m per year (Figure 1.11). The estimated cost of
dental treatments in 2001, the baseline year, was £8.8m, while in 2009 it
decreased to £4m. The estimated annual savings ranged from £1.2m in 2003 (14%
of costs in 2001/02) to £4.7m in 2009 (54%). In the eighth year of the
toothbrushing programme the expected savings were more than two and a half

times the costs of the programme implementation.
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Figure 1.11 Annual cost of nursery toothbrushing programme in Scotland and costs /
expected savings resulting from actual and anticipated dental treatments —in comparison
with 2001/02 dental treatment costs

Note: The whiskers represent costs / expected savings resulting from actual and anticipated dental
treatments in the case of a “low general anaesthesia cost” and “high general anaesthesia cost”
sensitivity scenarios.

Source (Anopa et al. 2015).

Population standardised analysis by deprivation groups showed that the largest
decrease in modelled costs was for the most deprived cohort of children. The
results of the population standardised analysis per hypothetical cohort of 1000
children per deprivation group (Depcat) are shown in Figure 1.12. For the most
deprived (Depcat 7) the savings resulting from the decrease in the total cost of
treatment in primary teeth from 1999 to 2009 was £137K (50% of the 1999 costs
for the most deprived), whereas for the least deprived cohort (Depcat 1) the
expected saving was £30K (55%) - see the Total Cost, yellow bars, graph in Figure
1.12.
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Figure 1.12 Costs of decayed, extracted and filled teeth per 1000 population, by Depcat
(Depcat 1 = least deprived, Depcat 7 = most deprived).

Source (Anopa et al. 2015).

The other components of Childsmile have not been previously assessed
economically. One of the aims of this thesis was to conduct an economic
evaluation alongside a randomised controlled trial of the nursery fluoride varnish
component of Childsmile - the Protecting Teeth @ 3 randomised controlled trial,

which is described in brief in the section below.

1.11.6 Protecting Teeth @ 3 randomised controlled trial

Previous research has shown that the universal nursery toothbrushing programme
in Scotland is both effective (Macpherson et al. 2013) and cost-saving (Anopa et
al. 2015). However, it is unknown whether there are any added benefits of
fluoride varnish applied in nursery settings over and above the effects of the
nursery toothbrushing and other components of Childsmile (as described in
Section 1.11), and whether the application of fluoride varnish in nurseries is
cost-effective. The Protecting Teeth @ 3 randomised controlled trial (PT@3) was
designed to answer these two questions. Further details on the PT@3 Study
description and methods, including the economic evaluation methods, can be
found in Chapter 5. While Chapter 6 contains the results of the economic
evaluation of the PT@3 Study.
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1.12 Economic evaluation in child caries prevention — the
status quo

Limited research has been conducted in the field of economic evaluation (EE) in
dentistry, including paediatric caries prevention (Marino et al. 2013). Although
the numbers of published EEs in dentistry have increased in the last two
decades, the quality of such studies is, however, variable (Kallestal et al. 2003,
Marino et al. 2013, Tonmukayakul et al. 2015). A number of methodological
limitations have been identified, such as incorrect use of labels for types of
economic evaluation, inadequate sensitivity analyses, limited information
provided on adjustments for discounting, lack of information on the perspective
of the analysis, and insufficient details of outcomes and costs measurement and
valuation (Marino et al. 2013, Tonmukayakul et al. 2015, Faggion and
Tonmukayakul 2016, Rogers et al. 2019). A systematic review of the application
of decision analytical modelling in the context of dental caries, which also
assessed the methodological quality of the included publications, concluded that
the methodological quality of the published studies was unsatisfactory and
recommended that future modelling studies should adhere to good practice
guidelines (with respect to data quality evaluation, utility values incorporation,
and uncertainty analysis in decision analytical modelling studies) (Qu et al.
2019). A recent systematic review of EEs in child oral health research, which
included full EE studies involving children aged 18 years old and under (Rogers et
al. 2019), highlighted that a wide range of outcome measures was employed
across the reviewed studies, which prevented inter-study comparisons. Lack of
meaningful involvement of children and of consideration of their own

perspectives and preferences were also emphasised.

Several systematic and non-systematic reviews have indicated that the quality of
reporting as well as study design in the field of economic evaluation in the child
oral health area and in dentistry overall needs to be improved (Kallestal et al.
2003, Marino et al. 2013, Christell et al. 2014, Mejare et al. 2015, Tonmukayakul
et al. 2015, Faggion and Tonmukayakul 2016, Ladewig et al. 2018, Qu et al.
2019).
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Experiences and health-related behaviour patterns in early life are known to
affect oral health throughout the life-course. Consequently, calls have been
made for priority to be given to interventions targeting early ages (ICOHIRP
2015). However, recent reviews of EEs of oral health improvement programmes
and interventions (Coffin et al. 2013) and of cost-utility analyses of oral health
interventions (Hettiarachchi et al. 2018) identified only a handful of studies
conducted in preschool populations. Literature searches revealed only one non-
systematic review that looked at the evidence on the cost-effectiveness of
interventions to improve the oral health of younger children, aged 0-5 years
(York Health Economics Consortium 2016e). This review found only five studies,

which met the inclusion criteria.

1.13 Thesis aims, objectives and research questions

This thesis aims to add to the existing body of knowledge in the field of
economics of primary caries prevention in children aged 2-5 years. As indicated
earlier in this chapter, there is a lack of high-quality EEs alongside clinical trials
that have used rigorous methodology and adhered to good practice guidelines. In
order to address this gap in the existing literature, this PhD project was

initiated.

1.13.1 Overarching aims and research questions

The overarching aim of this thesis is to explore the role of economic evaluation
in primary caries prevention in preschool children aged 2-5 years. This aim will

be met through answering the following research questions.
The first question is a generic one, which aims to review the knowledge base:

1) What is the existing evidence in the field of economic evaluation of

primary caries prevention in children aged 2-5 years?

Research questions 2 and 3 are specifically related to the economic evaluation of
the PT@3 trial:
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2) Which general health and oral health-related quality of life measures
(both parental proxy and child self-report) have been used in 3-5-year-old
populations? And which of these measures are best suited to be used in

the Protecting Teeth @ 3 randomised controlled trial?

3) Is the application of fluoride varnish delivered in nursery settings in
addition to the other usual Childsmile components (treatment as usual)

cost-effective in comparison with treatment as usual only?
Consequently, this thesis constitutes three empirical work segments:

1) A systematic review of economic evaluations of primary caries prevention

in 2-5-year-old preschool children (presented in Chapter 3).

2) A non-systematic review of instruments for measuring general and oral

health-related quality of life in 3-5-year-old children (Chapter 4).

3) Economic evaluation of the Protecting Teeth @ 3 randomised controlled
trial (Chapters 5 and 6).

The specific objectives for each of the empirical chapters are further described
below.

1.13.2 Chapter Three aims and objectives

The overall aim of Chapter 3 is to conduct a systematic review of scientific
papers on economic evaluations of primary caries prevention in preschool
children aged two to five years and to further evaluate the reporting quality of
the included full EE studies.

The specific objectives of Chapter 3 are as follows: a) To describe and
summarise currently available scientific literature on economic evaluations of
primary caries prevention in preschool children aged two to five years; b) To
evaluate the reporting quality of the included full economic evaluation studies,

using a quality assessment tool developed for appraisal of economic evaluations.
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1.13.3 Chapter Four aims and objectives

The main research questions for the general health and oral health-related

quality of life (GHQoL and OHQoL, respectively) instruments review are:

What are the existing GHQoL and OHQoL instruments for the age group
three to five years? And which of these are best suited to be used in the
Protecting Teeth @ 3 randomised controlled trial, which investigates the
effectiveness and cost-effectiveness of fluoride varnish application in

nursery settings?
The specific objectives of this quality of life instruments review are as follows:

a) Toidentify, assess and provide descriptive characteristics of the existing
GHQoL instruments that have been developed for three- to five-year old
children, except for the GHQoL instruments that were developed
specifically for children with chronic conditions. Both proxy- and child

self-report measures are to be included.

b) To identify, assess and provide descriptive characteristics of the existing
OHQoL instruments that that have been developed for three- to five-year
old children. Both proxy- and child self-report measures are to be

included.

c) To produce descriptive tables comparing the identified GHQoL and OHQoL

instruments.

d) On the basis of the above, to provide recommendations on which GHQoL
and OHQoL instruments would be best used in the Protecting Teeth @ 3

trial for inclusion in the economic evaluation.

1.13.4 Economic evaluation of Protecting Teeth @ 3 trial —
Aims and objectives (Chapters 5 and 6)

The economic evaluation aim was to assess the cost-effectiveness of preventive

fluoride varnish in the context of the Childsmile programme. Namely, to
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estimate the cost-effectiveness of the fluoride varnish (plus treatment as usual)

intervention compared with treatment as usual only (control) in three ways:

a) To conduct a cost-utility analysis (CUA) comparing the incremental costs
and utilities of the fluoride varnish (plus treatment as usual) intervention

with treatment as usual only over a 24-month period.

b) To conduct a cost-effectiveness analysis (CEA) comparing the incremental
costs and effects (oral health improvement or worsening, as measured by
the d3mft index) of the fluoride varnish (plus treatment as usual)

intervention with treatment as usual only.

c) To conduct a cost-consequence analysis (CCA) including available costs
and outcome measures from the results of the CUA and CEA, as well as
other general health and oral health-related quality of life measures

employed.

1.14 Thesis structure

Following this introduction chapter, Chapter 2 provides a general overview of
economic evaluation (EE) approaches and methods. It introduces general
economics concepts and EE, covers EE frameworks, costs and costing
approaches, outcome measures and valuation of outcomes. It also outlines
technical issues in EE, reporting and presentation of EE results, various vehicles

for EE, and, finally, covers the specifics of EE of public health interventions.

Chapter 3 is a systematic review of economic evaluations of primary caries
prevention in 2-5-year-old preschool children. It addresses the first research

question of this thesis.

Chapter 4 addresses the second research question by presenting a non-
systematic review of instruments for measuring general and oral health-related
quality of life in 3-5-year-old children. The results of this review helped to
identify the instruments to be used in the Protecting Teeth @ 3 randomised

controlled trial.
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Chapter 5 provides a rationale for and describes the methods of the economic
evaluation of the Protecting Teeth @ 3 randomised controlled trial, while

Chapter 6 contains the results of this EE as well as a discussion of the results.

Chapter 7 contains an overall discussion, recommendations and conclusions.
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Chapter 2 Economic evaluation approaches and
methods

2.1 Introduction to Chapter 2

The population of the United Kingdom (UK) has increased over recent decades as
well as aged. In 2017, the number of people aged 85 years and over was more
than three times greater than it was in 1971 (Public Health England 2018b).
People are living longer, but the increase in healthy life expectancy (years spent
in good health) has not kept pace with life expectancy. As a result, people are
spending more years in poor health (Public Health England 2018b). According to
the data from the Office for National Statistics, estimated healthcare spending
per person in the UK, in real terms, almost doubled between 1997 and 2018,
rising from £1,672 per person in 1997 to £3,227 in 2018, as healthcare
expenditure growth greatly exceeded population growth (Office for National
Statistics 2020). The Organisation for Economic Co-operation and Development
(OECD) report pressures on health expenditure are increased by new health
technologies, which extend the scope, range and quality of medical services;
rising incomes, which cause higher expectations on the quality and choice of
care; and population ageing (OECD 2015). This continually rising trend in
spending is viewed to be fiscally and economically unsustainable (Appleby 2013,
OECD 2015).

OECD argue that healthcare is one of the most complex expenditure areas and is
considered to be the hardest area in which to contain costs. Moreover, there are
many stakeholders who intervene between the patient and the public resources
that finance the healthcare, such as purchasers, a wide range of service
providers, providers of medicines, tests and equipment and other intermediaries
(OECD 2015). In the UK, financial pressures on the National Health Service (NHS)
are severe and show no sign of easing (Lafond et al. 2016, Robertson et al.
2017). This was the case even before the COVID-19 pandemic, with the
pandemic multiplying these pressures further (Griffin 2020, Mahase 2020). There
is a growing gap between demand for services and resources available. UK

evidence shows that while some acute services were relatively protected in their



70

funding, some community-based and public health services have been cut
(Robertson et al. 2017).

In view of the above, NHS commissioners, local authorities and local public
health teams are under budget pressures and facing increasingly challenging
decisions over what services to invest in and disinvest from. Health economic
methods and economic evaluation of healthcare programmes can aid decision-
makers with their difficult choices in allocating scarce healthcare resources,
setting priorities and shaping health policy. Economics is about allocating scarce
resources, and the three elements fundamental to understanding the economic
perspective are choices, scarce resources and alternative uses of these scarce
resources (Miller 2009). Health economics uses economic principles to
understand the production of health and health services and to inform decisions
about scarce resources allocation in healthcare through the use of economic
evaluation (Public Health England 2018a). Given the failure of the market system
in healthcare to allocate resources optimally, there is a nheed for economic
evaluations to ‘reconstruct’ the missing market and to facilitate decision- and

policy-making in this area (Weatherly et al. 2009, McIntosh et al. 2010).

Research indicates that investing in prevention strategies may bring substantial
economic benefits. Research shows that many public health interventions (PHIs)
are good value for money (Owen et al. 2012, Masters et al. 2017). Yet,
prevention needs a stronger economic case (in comparison with an economic
case for treatment) supported by a larger number of high-quality economic
evaluations of individual prevention programmes and interventions. With regards
to caries prevention interventions in children, previous reviews have indicated
that the quality of reporting as well as study design of economic evaluations in
the area needs to be improved (Kallestal et al. 2003, Marino et al. 2013,
Hettiarachchi et al. 2018, Rogers et al. 2019).

As it was previously described in Chapter 1, early childhood caries (ECC) poses a
significant economic burden to health services (Phantumvanit et al. 2018), as it
often requires extensive restorative treatment and/or tooth extractions, and
there can be substantial costs for sedation or general anaesthesia (Tinanoff et

al. 2019). In the UK, dental caries is the most common reason for a 5-9-year-old
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child to be admitted to hospital (Knapp et al. 2017, Godson et al. 2018). ECC has
a significant impact on NHS costs (ISD Scotland 2014, Innes and Robertson 2018,
Phantumvanit et al. 2018). However, childhood caries prevention programmes
can be highly cost-effective and even cost-saving. For example, the nursery
toothbrushing component of Childsmile has been shown to be not only cost-
saving but inequalities narrowing, with the largest decrease in costs happening

in the most deprived cohort of children (Anopa et al. 2015).

This chapter presents general economics and health economics concepts and
introduces terms and methodological approaches used throughout this thesis.
Section 2.2 starts with the introduction of economics and basic economics
concepts, while Section 2.3 introduces the concept of market failure and
explains how economic evaluation helps to reconstruct the missing market in
healthcare. This is followed by Section 2.4, which describes what economic
evaluation (EE) is. EE frameworks are covered in Section 2.5, namely, cost-
effectiveness analysis (CEA), cost-utility analysis (CUA), cost-benefit analysis
(CBA), cost-consequence analysis (CCA) and cost-minimisation analysis (CMA).
CUA and the related concepts of quality-adjusted life years and health-related
quality of life are covered in more detail compared with the other types of EE,
as CUA is the approach primarily used in the EE of the Protecting Teeth @ 3 trial,
as a part of this thesis (Chapters 5 and 6).

EE perspectives, costing approaches and cost types are covered in Section 2.6;
followed by technical issues in EE (Section 2.7) such as time horizon,
discounting, uncertainty and missing data; existing guidelines for reporting and
presentation of EE results (2.8); and vehicles for economic evaluation: EEs
alongside clinical trials, decision tree models and Markov models (2.9). Section
2.10 presents EEs of PHIs, including specific challenges, NICE’s health economics

public health guidance and an overview of cost-effectiveness of PHIs.

2.2 Economics and economic concepts

This section will introduce some basic economics concepts, such as a definition
of economics, the concepts of scarcity, opportunity cost, priority setting,

allocative and technical efficiency, equity, the margin and incremental analysis.
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2.2.1 What is economics?

According to one of the definitions (by the Nobel Prize winning economist, Paul
Samuelson), economics is “the study of how men and society end up choosing to

employ scarce resources that could have alternative uses” (Samuelson, 1980).
The definition below, also by Paul Samuelson, adds detail:

“The study of how men and society end up choosing, with or without the
use of money, to employ scarce productive resources that could have
alternative uses, to produce various commodities and distribute them for
consumption, now or in the future, among various people and groups in
society. It analyses the costs and benefits of improving patterns of

resource allocation” (Samuelson 1948).

Put simply, economics is about allocating scarce resources (Miller 2009).
Scarcity, choice and opportunity cost (alternative uses of resources) are the
three elements fundamental to understanding the economic perspective (Miller
2009, Listl et al. 2019). Economics is viewed as “the science of choice”, and it
can help to guide healthcare decision-makers in using resources in the best

manner possible (Mitton and Donaldson 2009).

In her book Health Economics: An Introduction to Economic Evaluation, Gisella
Kobelt defined health economics as “the application of the theories, tools and
concepts of the discipline of economics to the topics of health and health care.
...health economics is concerned with the allocation of scarce resources to
improve health.” p.1 (Kobelt 2013).

In the sections below several major economic concepts are covered: scarcity,
priority setting, opportunity cost, economic efficiency (allocative and technical

efficiency), margin, incremental analysis and market failure.

2.2.2 Scarcity

Scarcity is known as the economic problem and is the cornerstone of economics

as a discipline (Raiklin and Uyar 1996, Miller 2009). Existing resources (such as
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staff, time, facilities, equipment and knowledge) are scarce and choices must be
made concerning their deployment, as it is impossible to produce all desired
outputs at the same time (Drummond et al. 2015). Scarcity exists because
“needs, wants, demands or desires will always be greater than resources
available to meet them” p.6 (Miller 2009) and “because it is human nature for

people to want more than they have” p.3 (Ruffin and Gregory 1993).

In the presence of scarcity choices must be made about how to use the available
resources (Listl et al. 2019). Economic evaluation (EE) provides a means of
organized consideration of the factors involved in a decision to commit resources
to one use instead of another (Drummond et al. 2015). It attempts to reconstruct
the “missing market” where market failure has occurred. Market failure and the

purpose of EE are discussed in more detail in Section 2.3.

2.2.3 Opportunity cost

One of the fundamental concepts of health economics is opportunity cost.
Scarcity of resources means that using resources on one health care activity
involves sacrificing activity somewhere else. “The opportunity cost of
undertaking an activity is defined as the benefits that must be foregone by not
allocating resources to the next best activity” p. 198 (Goodacre and McCabe
2002). If the benefits generated from the way resources were chosen to be used
exceed the benefits generated by using the same resources in their most
productive alternative uses (namely, the opportunity cost), then the available
resources have been used efficiently (Listl et al. 2019). Within healthcare there
is a strong recognition of the need to consider scarcity of resources and
opportunity cost. Every choice, action, or decision about the use of resources
has an associated forgone opportunity - the value of those resources in their
next best use (Edwards and Mcintosh 2019).

2.2.4 Priority setting

Priority setting, or rationing is an unavoidable consequence of scarcity (Shiell et
al. 2002). As there are insufficient resources to meet all needs, some needs must
be left unmet and priority should be given to services that best meet one’s

objectives. Priority setting refers to the process of deciding which needs should
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be met and which needs cannot be met (at least not immediately) (Shiell et al.
2002).

According to Donaldson and Mooney (1991), “the aim of priority setting is to
ensure that the health benefits resulting from health care are maximised and
that the opportunity costs of health care are minimised” p.1529 (Donaldson and
Mooney 1991). Priority setting is done by comparing health care interventions
with each other in terms of both health gains produced and resources spent. The
economic approach to priority setting addresses two efficiency questions: 1) Is a
health care intervention worthwhile? (allocative efficiency) 2) Given that it is
worthwhile, what is the best way of providing it? (technical efficiency)

(Donaldson and Mooney 1991).

There are several approaches to priority setting, such as economic evaluation,
health technology assessment, programme budgeting and marginal analysis,
quality adjusted life year (QALY) and league tables (Mitton et al. 2003). The

current chapter is concerned specifically with economic evaluation approaches.

At a country level, priority setting approaches can be divided into those centred
on outlining principles that guide prioritisation (for example, in Norway, the
Netherlands, Sweden, and Denmark) versus those that established bodies that
would actually recommend what services should be provided within the system

define practices (such as the UK, Israel and New Zealand) (Sabik and Lie 2008).

In the UK, the National Institute for Health and Care Excellence (NICE) is an
independent organisation that provides evidence-based national guidance and
advice to improve health and social care (NICE 2020a). NICE's role is to improve
outcomes for people who use the National Health Service (NHS) and other public
health and social care services. NICE work across three areas: 1) It produces
evidence-based guidance and advice for health, public health and social care
practitioners; 2) It develops quality standards and performance metrics for those
providing and commissioning health, public health and social care services; and
3) It provides a range of information services for commissioners, practitioners

and managers across health and social care (NICE 2020a).
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2.2.5 Allocative efficiency, technical efficiency and equity

Each “health” economy faces three main economics questions (Edwards and
MclIntosh 2019):

The first one is based on the concept of “allocative efficiency”, which aims to
maximise social welfare in relation to defined social goals, through choices
about how scarce resources may best be used: “What (health) goods, services,

and environments should society produce?” (Edwards and Mcintosh 2019).

With allocative efficiency, all objectives compete with each other for
implementation. Allocative efficiency entails deciding what objectives have to
be met and the extent to which they have to be met, rather than how to achieve
these objectives (Shiell et al. 2002). Allocative efficiency requires making a
value judgement about the relative merits of different objectives (Goodacre and
McCabe 2002). Allocative efficiency in health care is achieved when it is not
possible to increase the overall benefits produced by the health system by

reallocating resources between programmes (Shiell et al. 2002).

The second question is based on “technical efficiency”, which explains the
relationship between inputs and outputs in the production process. “What
technical means of production should be used to produce these (health) goods,
services, and environments?” (Edwards and MclIntosh 2019). Technical efficiency
entails achieving a given objective with the least possible expenditure (Goodacre
and McCabe 2002). Technical efficiency is linked to cost-effectiveness: the
combination of technically efficient inputs that minimises the cost of achieving a

given level of output is that which is cost-effective (Shiell et al. 2002).

The third question is: “How should these (health) goods, services, and
environments be distributed between members of society?” (Edwards and
MclIntosh 2019). This question is based on the choice of principles of equity or
fairness. Scarcity is the reason economists are interested in equity (the same as
applies for efficiency). If resources were not scarce, it would be fair for people

to consume as much as they want or need of any particular commodity, including
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health care. However, because of scarcity, it has to be judged what a fair
allocation might be (Shiell et al. 2002).

2.2.6 The margin

In economic evaluation, it is very important to distinguish between the average
and the margin (Goodacre and McCabe 2002). For example, the average cost per
unit of output is the total cost divided by the total output, while the marginal
cost per unit of output is the cost of the next unit of output. Similarly, the
marginal benefit is the additional benefit obtained by consuming the next unit of
an output. In an efficient world, marginal cost and marginal benefit are equal
for each output, although they may vary across outputs (Zollner et al. 2003).
Economic evaluation is nearly always concerned with the margin rather than the
average (Goodacre and McCabe 2002). “Marginal” does not mean small or
insignificant. Margin can be illustrated by the following example: the marginal
savings associated with a one-day reduction in the length of a hospital stay are
typically much lower than the average cost per hospital bed day because of the

existence of fixed costs (Shiell et al. 2002).

2.2.7 Incremental analysis

Incremental analysis refers to the process of estimating the additional cost per
unit of outcome achieved when comparing one form of treatment to another
form of treatment. Incremental cost-effectiveness refers to the difference in
cost between the programmes being compared divided by the difference in their
outcome (Shiell et al. 2002). Depending on the kind of analysis being conducted
(and what kind of outcome is being used), this ratio can be either a cost-
effectiveness, a cost-benefit or a cost-utility ratio (Goossens et al. 1999). Types

of economic analyses will be covered further in Section 2.5.

2.3 Why do we need economic evaluation?

This section will introduce what ideal market conditions are and then move on to
causes of market failure in healthcare. The concept of economic evaluation as a
solution to replicating the ‘missing market’ (due to market failure) will then be

introduced.
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Under ideal market conditions, production of goods or services is efficient (it is
done at the lowest possible cost per unit). Consumption is also efficient:
consumers are getting the best value for their money by combining goods and
services in a manner that attains them the highest possible satisfaction
(maximum utility) given their limited income (Mwachofi and Al-Assaf 2011).
Economic efficiency enhances social welfare by ensuring resources are allocated
and used in the most productive manner possible (HM Treasury 2018). The
condition where there is no waste in production or in consumption is known as

Pareto optimality or social efficiency (Mwachofi and Al-Assaf 2011).

Under Pareto optimality it is not possible to make one person better off without
making at least one person worse off, and everyone is at their highest possible
welfare level given the resources they own (Mwachofi and Al-Assaf 2011). This is
an optimal situation. Market failure refers to a situation where market forces
alone are not sufficient to deliver a socially efficient allocation of resources /
achieve economic efficiency (Edwards and Mclintosh 2019). With market failure
the market fails to provide the optimal allocation of resources (Edwards and
MclIntosh 2019).

There are four broad causes of market failure recognised by HM Treasury’s The
Green Book (HM Treasury 2018, Finch et al. 2020). These are the under-provision
of public goods, imperfect information, positive or negative externalities and

market power, as shown in Box 2.1.

Box 2.1 Causes of market failure

Under-provision of public goods or services: Where goods or services that benefit the whole
of society are under-provided by markets — first, because it is difficult to stop others from using or
benefiting from them and, second, because the quantity needed tends not to vary by how many
people require them. Examples include defence, clean air, street lighting and preventive
services/goods.

Imperfect information about goods and services / information asymmetry: The buyer and
seller have different information about a good or service, leading to:

- Adverse selection — for example, individuals in poor health have a greater incentive to
purchase health insurance than those in good health. Individuals in poor health make
greater utilisation of health care than the healthy, leading to higher pay-outs by the
insurance company.

- Moral hazard — for example, when a person’s behaviour alters after the risk of their
actions is borne by others. Individuals covered by health insurance tend to use more
health care and they might not take necessary precautions to stay healthy because they
know they have insurance coverage.

Externalities: Where consuming a good or service affects others — either positively or
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negatively. Smoking is an example of a negative consumption externality because one
individual's consumption (smoking) affects other people’s health negatively (effects of second-
hand smoke). An example of a positive externality is immunisation. If some individuals are
immunised, they provide “herd immunity” in the sense that they do not get the illness therefore
they do not pass it on to others.

Market power: A lack of competition renders a market inefficient. For instance, oligopoly (when
there are only a few large sellers in the market): the sellers have enough market power to set
prices and the market fails to allocate resources efficiently. An example of oligopolies is in the
US health insurance industry which is dominated by a few large companies. Another example is
a pharmaceutical company that has a patent on a drug. The company is a monopoly because no
other company can legally produce and sell that drug until the patent runs out.

Adapted from: (Mwachofi and Al-Assaf 2011, HM Treasury 2018, Finch et al. 2020)

The main reason for market failure in the case of preventive goods and services
is that these are often seen as public goods. A good is a public good if one
cannot exclude anyone from enjoying it (non-excludability) and the consumption
of it does not reduce the amount available for everyone else (non-rivalry in
consumption). Once public goods are produced, the producer cannot limit its
consumption to paying customers, and the consumption by one individual does

not limit consumption by others (Edwards and Mcintosh 2019).

It is assumed in markets for normal goods that the consumer is the best judge
for his own welfare. However, this is not the case in the market for health care
(Edwards and Mcintosh 2019). Information asymmetry between providers and
consumers is widely recognised as a cause of market failure in health markets
(Watts and Segal 2009). In our day-to-day life most choices are made by
individuals (consumers) who receive the benefits and incur the costs. They
assess the value and the benefits offered by a product and then make a decision
about whether they should buy the product using the resources available to
them. Yet, this is not the situation in healthcare. In healthcare, because of a
lack of medical knowledge the consumers (patients) are typically not aware
what type of healthcare is needed, nor what the benefits are likely to be
(Drummond et al. 2015). There is a distinctive asymmetry of information
between the patient and the clinician. In this case the clinician, who has the
expertise to diagnose, advise and to help select alternative courses of action,
acts as an agent for the patient. However, a conflict of interests might exist
between the clinician and the patient, and/or the clinician may not be best

placed to identify and synthesize all evidence and to do the computation
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required to fully access the alternative courses of action (Drummond et al.
2015).

Another source of market failure in ill-health prevention is time inconsistent
preferences (Suhrcke et al. 2007, Hale et al. 2012). An individual may choose
instant gratification over their long-term interests, such that a commitment
made in the present to behave in a certain way in the future will be broken
when that time in the future comes. For example, it is easy to make a
commitment today to start exercising tomorrow; the costs seem low compared
to the benefits. However, when tomorrow arrives it becomes the present and
the individual is again faced with high “effort” costs relative to the benefit of

exercising and can often put off exercising (Edwards and Mcintosh 2019).

Departures from rationality may also cause market failure. The assumption that
people act rationally (defined as maximising their expected utility) is core to
economic thinking. However, it is recognised that children and young people
often make choices that may not be in their long-term best interests - they make
lifestyle choices with a short-term view, even when they are informed of future

consequences (Suhrcke et al. 2007, Hale et al. 2012).

Within market economies, addressing market failure is a key rationale for
government intervention (Suhrcke et al. 2007, Finch et al. 2020). Governments
intervene through direct provision of healthcare services, including direct
funding to public or private bodies for the provision of health services; subsidy
to consumers for private health services; or subsidies to consumers for the

purchase of private health insurance (Watts and Segal 2009).

A prominent example of a health issue bearing substantial cost to society and
reducing social welfare is obesity. People with obesity have an increased
likelihood of developing various conditions such as heart disease, stroke,
diabetes, musculoskeletal disorders, depression, and cancer. The costs and
harms of obesity are not fully taken into account by the market. Food companies
set their price in relation to their cost of production and sourcing ingredients,
not the subsequent implications for population health. These are negative

externalities. Consumers are often unaware of, or do not consider, the longer-
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term health consequences of the food and drink they consume meaning that

there is imperfect information leading to adverse selection (Finch et al. 2020).

As a result of market failure, the measure of “value” usually obtained by
measuring individuals’ responses to price and quantity changes in the typical
market is absent and preferences are not revealed in the normal manner.
Economic evaluation (EE) is used in order to re-instate the missing market. It
reconstructs costs and benefits within a formal evaluative framework to provide
information on the ‘worthwhileness’ of particular allocative decisions. It is used
as a mean to provide information for making resource allocation decisions in
healthcare (McIntosh et al. 2010).

Choice is one of the fundamental concepts in economics, and EE provides
vehicles to make appropriate choices (Drummond et al. 2015). In healthcare
resources are limited, and it is impossible to produce all desired outputs, hence
there is a necessity to make choices. These choices are made on the basis of
many criteria, some of them are explicit but some are implicit (Drummond et al.
2015).

In their book, Drummond and colleagues (Drummond et al. 2015) list four
reasons for organised EEs: 1) Without systematic analysis, it is difficult to
identify the relevant alternatives clearly. 2) The perspective (or viewpoint),
assumed in analysis is important. Analytic perspectives may include the
following: the individual patient, the specific institution, the target group for
specific services, the Ministry of Health budget, the government's overall
budget, the wider economy or the aggregation of all perspectives (the societal
perspective). 3) Without some attempt at quantification, informal assessment of
orders of magnitude can be misleading. The real cost of any programme is not
the total programme budget, but rather the value of the benefits achievable in
some other programme that has been forgone by committing the resources to
the first programme. Economic evaluation seeks to estimate this “opportunity
cost” and to compare with programme benefits. 4) Systematic approaches

increase the explicitness and accountability in decision-making.
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2.4 What is economic evaluation?

According to Drummond and colleagues (2005), economic evaluation (EE) is “a
comparison of two or more alternative courses of action, while considering both
inputs (costs) and outputs (consequences) associated with each” p.22
(Drummond et al. 2005c) The basic tasks of any economic valuation are “to
identify, measure, value, and compare the costs and consequences of the

alternatives being considered” p.4 (Drummond et al. 2015).

Figure 2.1 is a schematic representation of EE components. It illustrates the
choice between two alternatives programmes A and B. The general rule, when
assessing A and B, is that the difference in costs (between A and B) is compared

with the difference in consequences (between A and B), in an incremental

analysis.
COSTS, R PROGRAMME CONSEQUENCES,
- A
CHOICE
COSTSs COMP%RATOR CONSEQUENCESy

Figure 2.1 Economic evaluation involves comparative analysis of alternative courses of
action

Source (Drummond et al. 2015).

EEs aim to answer the following question: “Are we satisfied that the additional
healthcare resources (required to make the procedure, service, or programme
available to those who could benefit from it) should be spent in this way rather

than some other ways?” (Drummond et al. 2015)
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The choice of comparison intervention is an important factor in economic
analysis (Goodacre and McCabe 2002). In relation to healthcare, alternative
courses of action refer to the range of ways in which healthcare resources can
be used to increase population health. For example, pharmaceutical or surgical
interventions, screening or health promotion programmes. Healthcare costs are
referred to the value of tangible resources available to the healthcare system.
For example, clinical and other staff, capital equipment and buildings, and
consumables. Non health service resources are also used to produce healthcare,
e.g. the time of patients and their families. Consequences represent all the
effects of healthcare programmes other than those on resources. These
generally focus on changes in individual’s health, which can be positive or
negative, but can also include other effects that individuals may value, such as

reassurance and information provision (Briggs et al. 2006).

The purpose of EE is to inform decisions in the absence of a normally functioning
market. EE “"provides a framework to make best use of clinical evidence through
an organised consideration of the effects of all the available alternatives on
health, healthcare costs, and other effects that are regarded as valuable” p.1
(Drummond et al. 2015).

2.5 Economic evaluation frameworks

EE addresses questions of technical and allocative efficiency. Technical
efficiency answers the question “How to?”, and thus a comparison of
programmes within a disease area is required. Cost-effectiveness analysis (CEA)
is used to answer this question. Allocative efficiency answers the question
“Whether to?”, by comparing programmes from different disease areas. Cost-

benefit analysis (CBA) and cost-utility analysis (CUA) are used in this case.

Figure 2.2 shows the types of healthcare evaluation approaches by answering
two questions: 1) Is there a comparison of two or more alternatives? 2) Are both
costs (inputs) and consequences (outputs) of the alternatives examined?
(Drummond et al. 2015). Studies with no alternatives compared, are not
considered an evaluation, but rather a description of a single service,

programme or intervention (cells 1A, 1B and 2). Cells 3A and 3B represent
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situations with two or more alternatives compared, but in these cases, the costs
and consequences are not examined simultaneously. Only the situation when two
or more healthcare alternatives are compared, and both their costs and their

consequences are examined is considered to be a full economic evaluation - cell
4. Which type of evaluation might be undertaken will depend on questions of

value: Which effects should count? How they should be measured and valued? As
well as the question: Which method of analysis might be most useful in different

circumstances, and how the results can be interpreted? (Drummond et al. 2015).

Are both costs (inputs) and consequences (outputs)

of the alternatives examined?

e NO YES

o

g Examines only Examines only costs | 2 Partial evaluation

Z o | N[ COnsequences Cost-outcome description (an
O m . . . . B .

c 9 O 1A Partial evaluation 1B Partial evaluation | @udit of a service or

o = - . intervention)

23 Outcome description Cost description

T = . . . . . .
g-g 3A Partial evaluation 3B Partial evaluation | 4 Full economic evaluation
S S Efficacy or effectiveness Cost analysis Cost-effectiveness analysis
© & | Y| evaluation (e.g. Cost-utility analysis

v € | E| randomised controlled . .

5 S | trials) Cost-benefit analysis

E Cost-consequence analysis
- Cost-minimization analysis

Figure 2.2 Types of healthcare evaluations

Source (Drummond et al. 2015).

Sections 2.5.1 to 2.5.5 below describe various types of full EEs in detail, while
their key features are presented in Table 2.1. Full EE types differ only by the
outcome measure used. Cost methods are the same for them all (and are

covered in Section 2.6).
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Type of analysis

Health considerations /
Other outcomes

Strengths

Important issues

Cost-effectiveness (CEA)

Uses commonly evaluated health
outcomes, including clinical or
surrogate outcomes (such as blood
pressure, renal function).

Relates costs of treatment with
therapeutic effectiveness based on
health outcomes that are readily
available from clinical trials.

The 'cost per unit of health' values obtained in cost-
effectiveness analyses can be difficult to interpret;
comparisons between populations and diseases are
not possible.

Effectiveness outcome may not capture all relevant
health outcomes.

Cost-utility (CUA)

Health status is transformed into a
quality-adjusted life-year score
anchored between 0 (death) and 1
(perfect health).

All aspects of disease and its
treatment are captured in one metric.

CUA should be used when health is
the sole or predominant benefit of
influence (NICE 2012).

The metric comprehensively measures
health, enabling benchmarking and
comparisons of outcomes among
disparate populations and diseases.

CUA allows healthcare interventions to
be compared so that resources may be
allocated more efficiently (NICE 2012).

Cost-utility analyses require the greatest amount of
data of all these types of economic evaluation.
Assumptions might be required when estimating
health-related quality of life.

The main disadvantage of CUA is its narrowness, as it
measures only health benefits. Also, it accounts only
for efficiency and not equity (NICE 2012).

Cost-benefit (CBA)

Health and non-health outcomes are
converted into monetary terms.

CBA sums the costs and benefits
separately to calculate either a net
monitory benefit or a benefits to costs
ratio. It usually operates with a
societal perspective.

If a societal perspective is used, then all
costs and benefits should be included.
However, if some costs or benefits are
not material to the decision, such
costs/benefits can be omitted.

CBA includes benefits to individuals, as
the result of an intervention.

Issues concerning how health and non-health impacts
can be valued in monetary terms.

Some outcomes, such as equity and social cohesion
cannot be quantified readily.

CBA may require more data over and above what
would be required for a CCA.

Cost-consequences
(cca)

Various outcomes can be considered,
not only health: e.g. efficiency (cost
per QALY) and equity, adverse
events, people's satisfaction with the
intervention.

CCA can measure both welfare and
quality of life more broadly than CUA.

The outcomes are more difficult to interpret and
aggregate that the single CUA outcome.

CCA takes more time and resources that CUA (but
measures a range of outcomes rather than a single
quality of life outcome).

Cost-minimization (CMA)

No difference in health status
attributable to disease or treatment
strategies is assumed.

Requires minimal data (on costs only)
Enables assessment of the technical
efficiency of each strategy.

Assumption of identical outcomes of disease and the
treatments compared should be robust.

Adapted from (Klarenbach et al. 2014).
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2.5.1 Cost-effectiveness analysis

Cost-effectiveness analysis (CEA) is “an analytic tool in which the costs and
effects of a programme and at least one alternative are calculated and
presented in a ratio of incremental cost to incremental effect” (Eichler et al.
2004). CEA address questions of technical efficiency (i.e. the budget is taken as
given and the question is “how best” should funds be allocated). Effectiveness
units are various health outcomes, such as cases of a disease prevented, hospital
days prevented, years of life gained, rather than monetary measures as in cost-
benefit analysis (Eichler et al. 2004).

In CEA, the benefits are related to the cost on a unit basis, and the programme
yielding the highest unit benefit for unit of resource use is the preferred option
(for example, cost per each kilogram of weight loss, or cost per each year of life
gained) (Public Health England 2018a). The results of CEAs may be stated either
in terms of incremental cost per unit of effect (e.g. cost per life-year gained) or
in terms of effects per unit of cost (e.g. life years gained per pound spent)
(Drummond et al. 2015).

There are two types of cost-effectiveness ratios: average cost-effectiveness ratio
(ACER, Equation 2.1) and incremental cost-effectiveness ratio (ICER, Equation
2.2).

Equation 2.1 Average cost effectiveness ratio (ACER)

ACER = Cost of intervention / Health effect of intervention = C,/ E;

The use of ACER is not recommended because ACERs can be misleading, ignore
available alternatives, and fail to maximize net health benefit (O’Day and
Campbell 2016). Knowing just the ACERs of two interventions, it is only certain
that the intervention with a higher ACER cannot dominate an intervention with a
lower ACER. However, the relative costs and benefits of the interventions
remain unknown. It is possible that the intervention with a lower ACER: (1)
dominates the intervention with the higher ACER, (2) is more costly and more
effective, or (3) is less costly and less effective. And if points (2) or (3) are true,

the relative magnitude of differences in cost and effectiveness between the




86

interventions remains unknown (O’Day and Campbell 2016). Therefore, an
incremental cost-effectiveness ratio (ICER) is necessary to evaluate the relative

costs and benefits between any two competing interventions.

Equation 2.2 Incremental cost-effectiveness ratio (ICER)

ICER = +—°
E -E

1 0

Where Ci1 and E: are the cost and health effect of the new intervention, and Co and Eo are the cost
and health effect of the comparator.

In reality, choices will likely have to be made between different treatment
regimens for the same condition, different dosages or treatment versus
prophylaxis, which are mutually exclusive interventions. The key question in this
case is: what are the additional benefits to be gained from the new intervention,
and at how much greater cost? In order to answer such a question, ICERs are
used (Phillips 2009). When the ICER is compared with those of other
interventions, or with some notional threshold value which decision-makers are
willing to pay for an additional unit of effect, the preferred option from those
being evaluated can be established (Briggs et al. 2006). However, comparability
of cost-effectiveness ratios is affected by the lack of a single, universally

accepted measure of “health gain” (Eichler et al. 2004).

2.5.1.1 Cost-effectiveness outcome measures

CEA outcome measures include clinical outcome parameters (for example,
physiological or biochemical, morbidity- or mortality-related parameters). Some
examples of these are the number of heart attacks prevented, the number of
ulcers prevented, surgical infections avoided, disability days avoided, life-years
gained, lives saved, cases detected, asthma-free days, or surrogate endpoints
like blood pressure reduction or cholesterol level reduction (Johannesson et al.
1996, Anell and Norinder 2000, Edwards and McIntosh 2019). There are also
economically oriented outcome measures, such as hospital days and days off
work (Walter and Zehetmayr 2006). Examples of dental health-related outcomes
in CEAs are number of carious surfaces/teeth averted, incremental change in

dmft/dmfs (decayed, missing and filled teeth / tooth surfaces), teeth saved, and
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children saved from caries experience / extraction experience (Anopa et al.
2020).

In case of CEA, the lack of a single generic outcome (such as QALY in CUAs)
highlights the need for an extra valuation step to decide whether these
outcomes are worth the investment (Edwards and McIntosh 2019). The use of a
wide range of outcome measures in CEAs may prevent direct comparisons

between interventions (Rogers et al. 2019, Anopa et al. 2020).

2.5.2 Cost-utility analysis

Cost-utility analysis (CUA) is a particular type of CEA that is commonly used in
the health sector (Public Health England 2018a). In CUA the effects of different
interventions are measured using utility units (e.g. quality-adjusted life years,
QALYs). Alternative interventions are then compared in terms of incremental
cost per QALY (Mcintosh and Luengo-Fernandez 2006). Currently, CUA represent

the most widely published form of economic evaluation (Drummond et al. 2015).

The main difference between CEA and CUA is that a CUA typically uses generic
preference-weighted health-related quality of life attributes as its outcome
measure and therefore outcomes are represented in terms of quality adjusted
life years (QALYs) instead of the natural units (as is the case in CEA). CUA can be
seen as an improvement on CEA, as it takes account of both quality and quantity
of life and facilitates comparability across programmes (Edwards and McIntosh
2019).

Given the need in most healthcare systems to make resource allocation decisions
across a whole range of these areas, CUA has increasingly been based on a single
generic measure of health. Although other measures have been suggested the
QALY is the most frequently used measure for this purpose (Briggs et al. 2006).
CUA provides a common unit (cost per QALY) and results in an estimate of the
costs of provision of one year of perfect health following an intervention. It
therefore helps to quantify the value for money that an intervention provides
(Edwards and McIntosh 2019).
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2.5.2.1 Quality adjusted life years (QALYS)

QALYs were developed during the 1960s by economists, operational researchers,
and psychologists (Edwards and Mcintosh 2019) and are the recommended
measure of health outcomes in economic evaluations in the United Kingdom
(NICE 2012). QALYs are a generic outcome measure. The use of QALYs allow
comparisons to be made across interventions, even if they are carried out in
different disease/condition areas, unlike the situations when incomparable
effectiveness measures (such as different natural health outcome units or

disease-specific quality of life measures) are used.

A QALY is an economic outcome that combines preferences for length of survival
and quality of life into a single measure (Glick et al. 2014). QALYs are a
multiplication of years of life by weights (utility values) ranging from 0 (death)
to 1 (perfect health). Utility measurement is on an interval scale, where the
same change means the same irrespective of the part of the scale being
considered (for example, a change in health from 0.2 to 0.3 is equivalent to a
change from 0.8 to 0.9). States worse than death also exist (for example, a
terminal illness that causes a lot of pain or immobility), with such states taking a
negative value (Whitehead and Ali 2010).

The utility values, or health-related quality of life (HRQoL) weights, are derived
from people’s preferences for different health states (Public Health England
2018a). They are preference weights, where preference can be equated with
value or desirability. The more desirable (more preferred) health states receive
greater weight and, therefore, will be favoured in the analysis (Whitehead and
Ali 2010).

The QALY concept is illustrated in Figure 2.3. It combines the survival of an
individual with their HRQoL. The figure demonstrates the QALYs gained by an
individual who received the treatment (higher curve) in comparison with an
individual who did not receive the treatment (lower curve). The area under the

curve equates to the total QALY value.
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Figure 2.3 QALYs gained from treatment

The lower path shows a hypothetical health profile if no treatment is received; the quality of life of
the individual reduces over time, until they die (Death A). If a treatment is received the individual
follows the higher path; their quality of life remains at a higher level for longer, in addition to living
for longer (Death B). Hence, the total area between the two curves indicates the number of QALYs
gained by the treatment. Source: (Whitehead and Ali 2010).

Figure 2.4 is a diagram showing how QALYs are derived from a study with quality
of life score values QO0, Q1, Q2 and Q3 collected at each of the study time points
TO, T1, T2 and T3 (time measured in years) respectively. QALYs are calculated
as the total area under the curve (Curve C), this is the sum of Area K, Area L,
and Area M. Equation 2.3 is used to calculate each individual area under the

curve (K, L and M).

Area K= (T1-T0) x (Q0 + Q1) x 0.5
ArealL=(T2-T1)x (Q1 +Q2) x 0.5
AreaM=(T3-T2)x (Q2 +Q3)x0.5

Equation 2.3 Area under the curve

(ug +uy)
2

AUC — area under the curve; t — lengths of time and u — utility / quality of life, at two points in time:
1 and 2.

AUC = (t, — t;) X
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Figure 2.4 QALYs calculation / area under curve illustration
Adapted from (Edwards and Mcintosh 2019).

There are two dominant approaches for QALY measurement. The first approach
uses pre-scored health state classification instruments and is also called an
indirect utility assessment. The second approach directly elicits participants’
preferences for their current health (Glick et al. 2014). Pre-scored health state
classification instruments are covered in Section 2.5.2.4 Health-related quality
of life measures, while the methods of direct preference elicitation, such as the
visual analogue scale, standard gamble, time trade off, contingent valuation and

conjoint analysis, are covered in Appendix 1.

There are two methods to assess whether an estimate of cost per QALY
represent good value for money. These are the QALY league table approach and
the threshold approach. Cost per QALY league tables are used to categorise
interventions by their average cost per QALY estimate. Such league tables can
help to inform decisions as to how a limited amount of money might be
efficiently spent in order to achieve the greatest health gain for the population
(Edwards and MciIntosh 2019). League tables rank alternative healthcare
interventions based on their ICERs (Mauskopf et al. 2003). League tables make
comparisons possible between interventions in the same disease/therapy area or
across therapy areas. QALY league tables have been criticised for oversimplifying

complex clinical conditions and for too simplistic resource allocation decisions
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(Drummond et al. 1993). Moreover, doubts exist around the value of compiling
league tables for cost-effectiveness results for health interventions, primarily
due to methodological differences of the included CUA studies (Wilson et al.
2019) and assumptions including choice of comparator, choice of discount rate,

time horizon, and population subgroup (Mauskopf et al. 2003).

The threshold approach compares the cost per QALY with a specific threshold
value: whether the cost per QALY estimate falls above or below this threshold
value. The threshold represents the added cost that has to be borne by the NHS,
or wider society in case of PHIs, to forgo one QALY of health through
displacement. Interventions above a given threshold value would not be
considered good value for money, whereas interventions below the threshold
should be accepted (Edwards and McIntosh 2019). In the United Kingdom, NICE
has been using a cost-effectiveness threshold ranging from £20,000 to £30,000
per QALY gained since around 2001 (without formal empirical justification,
however) (NICE 2013b). Recently there has been an argument that the threshold
should be more like £13,000 per QALY (Claxton et al. 2015).

There are exceptions from the standard £20,000 to £30,000 per QALY rule. In
2009 NICE introduced a higher £50,000 per QALY threshold for life-extending
treatments for small patient populations at the end of life (NICE 2009). Namely,
for treatments that offer an extension to life greater than 3 months compared
with current treatment in the NHS, are for patients with a short life expectancy
(less than 24 months), and are for small patient populations (not exceeding a
total of 7000 patients) (NICE 2009, Thokala et al. 2018). In 2017, NICE adopted a
higher threshold of £100,000 to £300,000 per QALY when appraising treatments
for very rare diseases (NICE 2017). The greater the QALY gain, the more

generous the threshold used when appraising such treatments (Paulden 2017).

2.5.2.2 Disability-adjusted life years (DALY)

Disability-adjusted life years (DALYs) measure the burden of disease in terms of
years lost due to Ill-health, disability, or early death and is often used in
international comparisons of health and health inequality across countries.

DALYs were developed to quantify the burden of disease and disability in
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populations, as well as to set priorities for resource allocation (Gold et al. 2002).
Total DALYs across a population can be thought of as a measurement of the gap
between current health status and an ideal health situation where the entire
population lives to an advanced age, free of disease and disability (WHO 2020b).
WHO has adopted DALYs as its measure of disease burden. One DALY is one lost
year of “healthy” life. Unlike QALYs, which are reported in terms of a QALY
gain, DALYs are typically reported as DALYs averted, in order to represent
burden (Edwards and Mcintosh 2019).

DALYs for a disease or health condition are calculated as the sum of the Years of
Life Lost (YLL) due to premature mortality in the population and the Years Lost
due to Disability (YLD) for people living with the health condition or its
consequences (WHO 2020b).

2.5.2.3 Whose values should be used when measuring child health-related
quality of life?

This thesis focuses primarily on child HRQoL measures, as the randomised

controlled trial (the Protecting Teeth @ 3 Study), on which one of the empirical

segments of this work is based, involved preschool children, aged 3-5 years.

Measuring children’s health states is challenging (Prosser 2009, Thorrington and
Eames 2015, Hill et al. 2019). Adults, children and adolescents measure HRQoL,
perceive and value health differently, hence adult-specific health utilities should
not be used in adolescents or young children. Measuring utilities for HRQoL for
children and adolescents is a developing field of research (Thorrington and
Eames 2015). The methods used to obtain health utilities from adults are well
established, but many of these methods have not been validated for use in
children and adolescents. NICE recommends the EuroQol 5 Dimensions (EQ-5D)
measure as the preferred method for use in CUAs that focus on the adult
population, but little specific guidance has been given with regard to an
instrument designed for children and adolescents (NICE 2013b). A child-friendly
EQ-5D version (EQ-5D-Y) was introduced in 2009 as a more comprehensible
instrument suitable for children and adolescents. The recommended age range
for the self-complete version of EQ-5D-Y is 8 to 15 years, while for children aged

4-7, the proxy version can be used (EuroQol Group 2020).
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Children may lack the cognitive ability to evaluate their health using abstract
concepts. Young children may also lack the required linguistic skills to answer
questions about their preferences for health using systems designed for self-

completion by older children (Thorrington and Eames 2015).

A recent blog post by the Office of Health Economics has highlighted five
questions in relation to whether child QALYs equal adult QALYs (Devlin et al.
2020). The authors challenged the assumption that “a QALY is a QALY is a
QALY”, which implies that a QALY should always “mean” the same thing (i.e.
equate to an equivalent and comparable amount of health) regardless of the
characteristics of those who happen to be affected by ill health or who benefit
from treatment. They posed a question whether QALY gains from health
interventions can be directly compared between children and adults. The five
questions identified were as follows: 1) What is being measured? (For example,
health status or health-related quality of life or quality of life more generally?
What aspects of that are most important?) 2) How do children perceive and
report their health problems? 3) How should child health be valued? 4) How are
the utilities combined with length of life in estimating QALYs for children? and 5)
Are QALYs for children “worth more” than adult QALYSs?

Devlin and colleagues highlighted that it was crucial that economics researchers
working on those challenging questions engaged with decision-makers, to ensure
that the way child QALYs were measured and valued was a good “fit” with the
principles and social value judgements used in health technology assessment and
health policy. They warned that there might not be a “one size fits all” solution,
as there would be, for example, differences between various countries (Devlin
et al. 2020).

An overview of most widely used child and adolescent preference-based HRQoL
measures is presented in Section 2.5.2.4 below, while Chapter 4 comprises a
review of instruments for measuring general and oral health-related quality of

life in preschool children aged 3-5 years.
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2.5.2.4 Health-related quality of life measures

Health-related quality of life HRQoL is a complex, multidimensional concept,
including social, emotional and physical functioning or well-being, related to the
patient’s health state. HRQoL measures can be classified into preference-based
and non-preference-based. Preference-based instruments are developed based
on classification systems and preferences weights. These preference-based
instruments are used in CUAs (Drummond et al. 2005c). HRQoL measures can
also be classified into generic and disease specific. Generic HRQoL instruments
are designed for different types of disease and different patient populations
(Drummond et al. 2005c). These are widely used and have established validity
and reliability across different disease conditions and patient populations.
Disease-specific HRQoL instruments are designed to assess the quality of life
concerning specific diseases, medical conditions, or patient populations
(Whitehead and Ali 2010).

Preference-based and non-preference-based HRQoL measures

As mentioned in Section 2.5.2.1, QALYs are based on preference-based
outcomes. The measurement of health utilities (HRQoL weights) involves firstly
defining health states of interest and then valuing these health states (that is,
individuals assess different health states and place a value on each of them). In
order to generate HRQoL weights, there are either direct or indirect methods.
(Whitehead and Ali 2010). Indirect methods use preference-based
measures/instruments, which are discussed in this section, while direct

elicitation methods are described in Appendix 1.

The use of preference-based measures/instruments is referred to as “indirect”
method of valuing health states. In this case an existing tariff is applied
(Thorrington and Eames 2015). Preference-based measures usually comprise a
number of domains (or descriptive sets) that patients can use to describe various
aspects of their health (for example, limitations in daily activities and mobility,
pain and discomfort). These patient-reported values (profile scores) are then
converted to a utility score using a selected algorithm. These algorithms are

based on surveying the general public’s preferences for different combinations
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of health states, which is why these measures are referred to as “preference-
based” (York Health Economics Consortium 2016c). Preferences are measured by
direct valuation techniques such as time trade-off (TTO) and standard gamble
(SG) (Thorrington and Eames 2015). This approach is generally used when valuing
generic health states (such as the EuroQol’s EQ-5D, Short Form 6 Dimensions (SF-
6D) and the Health Utilities Index (HUI) (York Health Economics Consortium
2016c). The EQ-5D, namely, the EQ-5D-3L version, is NICE’s preferred instrument

for cost-utility evaluations in healthcare technology assessments (NICE 2013b).

In contrast, non-preference-based measures are not suitable for application in
CUA because they do not allow the calculation of utility values and,
consequently, QALYs, but rather only provide a HRQoL score (Bulamu et al.
2015). Examples of generic non-preference-based instruments are Short Form 36
(SF-36), Short Form 12 (SF-12) and a child HRQoL instrument the Paediatric
Quality of Life Inventory (PedsQL). The majority of disease specific measures are

non-preference-based.

Generic and disease specific HRQoL measures

Generic instruments can be used to measure HRQoL in adults, children and
adolescents (where appropriate) for a range of conditions, both chronic and
acute. Commonly used generic methods include the EQ-5D, Health Utilities Index
(HUI) and Short Form 6 dimensions (SF-6D). The advantage of using generic
measures in CUAs is that results can be compared across populations, conditions,

and for different treatments or interventions (Thorrington and Eames 2015).

Disease-specific methods measure HRQoL with reference to a particular disease
or condition, such as the Asthma Control Questionnaire (ACQ) (Juniper et al.
1999), Schizophrenia Quality of Life Scale (SQLS) (Wilkinson et al. 2000),
Paediatric Asthma Health Outcome Measure (PAHOM) (Chiou et al. 2005), or
Early Child Oral Health Impact Scale (ECOHIS) (Pahel et al. 2007). These are
essentially measures of “effectiveness” that are used in CEA. Disease-specific
measures can have the benefit of being more sensitive to small changes in the
condition of the patient in question (responsiveness to change) (Drummond

2001) and may describe the functioning of a patient with the condition with
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greater clarity than a generic classification system that may overlook some
aspects of HRQoL, but, on the other hand, utilities calculated using these
instruments lack comparability across different diseases (Thorrington and Eames
2015).

Adult generic preference-based HRQoL measures

A review of papers (published on Web of Science in 2004-2010) reported that the
most widely used generic preference-based instrument by far was the EuroQol 5
Dimensions (EQ-5D) (Richardson et al. 2014). The EQ-5D descriptive system is
measured in five dimensions: mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression (EuroQol Group 1990). The original
version, the EQ-5D-3L, has three levels of severity for each dimension. EQ-5D has
a large number of value sets including a UK value set elicited using the TTO
technique with adults. The newer version, the EQ-5D-5L, has five levels for each
of the five dimensions. There is a value set for England, but if EQ-5D-5L is used
in technology appraisal submissions, NICE currently recommends use of a cross-
walk/mapping to the EQ-5D-3L valuation set (Hill et al. 2019, NICE 2019). The
EQ-5D-3L is available in more than 160 translated versions, while EQ-5D-5L is
available in more than 125 languages (Edwards and Mcintosh 2019).

The three most widely used adult instruments - EQ-5D, Health Utility Index
version 3 (HUI3) and Short Form 6 Dimensions (SF-6D) - are summarized in Table
2.2.
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Table 2.2 Commonly used adult generic preference-based HRQoL measures

No. of No. of .
. . . X Country Valuation
Instrument dimen- Dimensions severity . .
. of tariffs technique
sions levels
EuroQol 5 5 Anxiety/depression, 3/5 3L: UK, 3L: ranking,
dimensions (3 levels mobility, Us, plus TTO, VAS,
/ 5 levels): EQ-5D-3L pain/discomfort, self- 16 others 5L: TTO,
(Dolan 1997) / care, usual activities 5L UK DCE
EQ-5D-5L (Herdman plus
etal. 2011) others
Health Utility Index 8 Ambulation, cognition, 5-6 Canada, VAS
version 3 (HUI3) dexterity, emotion, France transformed
(Feeny et al. 2002) hearing, pain, speech, into SG
vision
Short Form 6 6 Energy, mental health, 4-6 UKand5 SG, ranking
dimensions (SF-6D) pain, physical others
(Brazier et al. 2002) functioning, role
limitation, social
functioning

TTO —time trade-off, VAS — visual analogue scale, DCE — discrete choice experiment, SG -
standard gamble. Adapted from (Brazier et al. 2017).

Child and adolescent generic preference-based HRQoL measures

The evaluation of technologies for children and adolescents presents particular
methodological challenges, and one of these challenges is in the assessment of
their HRQoL. Children and adolescents may be less able to report or assess their
own health or the impact of their condition on aspects of their health-related
quality of life, and this may require proxy-report and/or self-report of their
health according to what is appropriate for their age and cognition (Hill et al.
2019).

There has been a rise in the use of child self-report and proxy-report
instruments in paediatric clinical trials within the last decade (Germain et al.
2019). There is a consensus that child self-report should always be used where
possible, however, proxy reports are considered to be a valuable way of
obtaining information about children whose age or cognitive/health status
prevents them from self-reporting reliably. Proxy respondents include the child’s
parents, clinicians and teachers. Parents are deemed to be the most useful
proxies as they are the most familiar with their child’s health and life
(Thorrington and Eames 2015). Children under the age of five cannot provide

reliable self-reports, and for them proxy reports should be used (Wallander et
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al. 2001, Varni et al. 2007, Matza et al. 2013). However, there are a number of
issues surrounding proxy reports (Germain et al. 2019): for example, parents
may misjudge the health of their child owing to their own anxiety during the
illness (Thompson et al. 1992, Dahlquist et al. 1994), and studies have shown
differences between parent and child ratings for the child’s health (Thorrington
and Eames 2015).

Some methods have been developed for use exclusively in children and
adolescents, and some existing adult-specific methods have been modified to
make them child-friendly (Thorrington and Eames 2015). The EQ-5D has a
‘youth’ version where the questions for each dimension of health are easier to
read and more accessible to children, the EQ-5D-Y (Wille et al. 2010b).
However, EQ-5D-Y uses the same utility weights in each dimension as the adult
version, so does not yet incorporate child and adolescent preferences for health
states. Adult preferences for health states may be different from the
preferences of children and adolescents and the dimensions included may not
cover all dimensions of health relevant to children and adolescents (Keren et al.
2004).

The EQ-5D-Y descriptive system is almost identical to the adult version,
comprising of five dimensions: mobility; looking after myself; doing usual
activities; having pain or discomfort; feeling worried, sad or unhappy (Ravens-
Sieberer et al. 2010). These are the same dimensions of the adult EQ-5D, which
were reworded to ensure relevance and clarity for children and adolescents, and
each dimension has three levels (Wille et al. 2010a). The EQ-5D-Y can be
completed by a proxy (for example, a parent or carer) for children aged 4-7
years and can be self-reported for those aged 8-11 years. Between ages 12-16
the youth or adult versions can be used, and from 16 onwards the adult version
is generally preferred (Wille et al. 2010a). There is no EQ-5D-Y UK value set and
though it is possible to use the EQ-5D value set by applying the tariff to the
analogous domains and levels, there are limitations associated with this
approach (Kind et al. 2015, Hill et al. 2019).

A systematic review that aimed to evaluate the use of all direct and indirect

methods used to estimate health utilities in both children and adolescents
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(Thorrington and Eames 2015), revealed that the most widely used child and
adolescents QoL instruments were: EQ-5D, HUI and, to a much lesser extent, EQ-
5D-Y and the Short Form (SF).

Health Utilities Index (HUI)

The Health Utilities Index (HUI) is a preference-based measure originally
developed for use in children with cancer, although it is more widely regarded
and used as a generic preference-based measure (Hill et al. 2019). The HUI
consists of two systems, HUI2 and HUI3, both of which can be used for children
and adolescents. The HUI2 descriptive system comprises the following seven
dimensions: sensation; mobility; emotion; cognition; self-care; pain; and fertility
and each dimension has between three and five response levels (Torrance et al.
1996). The HUI3 has eight dimensions: vision; hearing; speech; ambulation;
dexterity; emotion; cognition; pain. Each dimension has between five and six
levels (Feeny et al. 2002). HUIZ has a UK value set (McCabe et al. 2005) and a
Canadian value set, while the HUI3 has a Canadian value set (Hill et al. 2019).
The questionnaires are appropriate for a broad range of subjects starting from
five years of age. For ages 5-8 years proxy assessment is recommended (by
parents/carers). For ages 8-12 years the interviewer administered self-
assessment version is recommended, and for individuals 13 years and older self-
assessment is appropriate (Brazier and Longworth 2011, Edwards and McIntosh
2019).

Short Form family of HRQoL measures

The Short Form family of HRQoL measures consists of three instruments SF-36,
SF-12 and SF-8. These instruments are health profiles consisting of eight scales:
physical functioning, physical role, pain, general health, vitality, social function,
emotional role, and mental health, and can be used in individuals aged 14 and
older. SF-12 is a shorter version of the SF-36. This questionnaire has the same
eight scales as in SF-36, however the number of questions referring to each scale
has been reduced. SF-8 is an even more reduced version of the SF36. It uses a
single item to measure each of the eight domains of health (Edwards and

Mclintosh 2019). Although these instruments are non-preference based, a
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separately developed preference-based instrument, the Short Form 6 Dimensions
(SF-6D) (Brazier et al. 2002), provides a means for using the SF-36 and SF-12 in
economic evaluation by estimating a preference-based single index measure for
health from these data using general population values. The SF-6D allows the
analyst to obtain QALYs from the SF-36 for use in cost-utility analyses. Any
patient who completes the SF-36 or the SF-12 can be uniquely classified
according to the SF-6D (The University of Sheffield 2020).

Child Health Utility 9 Dimensions (CHU9D)

There is also a more recently developed instrument, the Child Health Utility 9
Dimensions (CHU9D), which has been developed in the UK specifically for use in
children (Stevens 2009, Stevens 2011, Stevens 2012). The CHU9D has nine
dimensions, with five levels each. This instrument was developed with children
to assess the child/adolescent’s functioning across the health domains of worry,
sadness, pain, tiredness, annoyance, school, sleep, daily routine and activities.
It was designed for use in children aged 7-11 years, but can be completed via
parent/guardian proxy for children aged 4-7 years. Value sets exists for the UK
(Stevens 2012), Australia and the Netherlands (Hill et al. 2019). The UK value
sets were generated using standard gamble with adult general population
(Stevens 2012).

Chapter 4 of this thesis contains a review of instruments for measuring general
and oral health-related quality of life in preschool children aged 3-5 years,

where such instruments, including CHU9D, are covered in detail.

2.5.3 Cost-benefit analysis

Moving on from the CUA framework and the need for preference-based utility,
the cost-benefit analysis (CBA) framework converts all benefits and costs that
can be readily quantified into monetary terms. CBA sums the costs and benefits
separately to arrive at either a net monetary benefit or a ratio of benefits to
costs and consequently it usually operates with a societal perspective (NICE

2012). Besides the evaluation of healthcare interventions, CBA is extensively
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used in environmental economics and land use evaluation (Johannesson and
Jonsson 1991).

When choosing between interventions, two CBA approaches are commonly used:
a) The benefit to cost ratio approach, where projects are compared on the basis
of the return to resources employed, or the average benefit per unit cost. The
project with the greater ratio of benefits to costs is selected (Birch and
Donaldson 1987); and b) The net-benefit approach, where projects are compared
on the basis of the excess of benefits over costs (each project’s benefits minus
this project’s costs). Under this approach the higher cost option is chosen only if
the additional (marginal) benefits of the higher cost option exceed the

additional (marginal) cost of that option (Birch and Donaldson 1987).

The advantages of using CBA include: a) if it is society's interests we are
interested in, then all costs and all benefits should be included; b) CBA includes
benefits to individuals, such as those of a person being employed (compared
with not being employed) as the result of an intervention; and c) expressing
costs and benefits in money terms avoids the difficulties of aggregating data that

occur with cost-consequences analysis (NICE 2012).

However, there are some disadvantages to CBA, such as: a) some outcomes
cannot readily be quantified in monetary terms; b) if decisions are being made
about what a government department (or local government) should pay for, then
only the costs and benefits of interest to that sector might be required; c) CBA
may sometimes have large data requirements (over and above what would be
required for other types of evaluations, such as CCA): for example, a survey to
estimate “willingness to pay” (WTP) and appropriate estimates of all relevant
costs; d) WTP is a measure of demand rather than of need, whereas in the UK’s
National Health Service (NHS), healthcare is allocated according to need (this
may cause contradictions with equity objectives); e) there are measurement
issues concerning how health and non-health impacts can be valued in terms of
money (NICE 2012).

The methods for valuing benefits in monetary terms in CBA are described in

Appendix 2.
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2.5.4 Cost-consequence analysis

Cost-consequence analysis (CCA) is a form of EE where disaggregated costs and a
range of outcomes are presented to allow decision-makers to form their own
opinion on relevance and relative importance to their decision making context
(Drummond et al. 2005c¢). This is usually done using a clear descriptive table to
present the effectiveness results (both primary and secondary outcomes) in a
disaggregated format, together with the estimates of the mean costs with
appropriate measures of dispersion associated with each intervention (Hunter
and Shearer 2019). In the case of CCA, all impacts and costs are considered,
even if the impacts cannot be costed, when deciding which interventions
represent the best value. This type of analysis provides a “balance sheet” of
outcomes that decision-makers can weigh up against the costs of an intervention
(NICE 2013b). CCA enables decision-makers to consider the outcomes most
relevant to them (Edwards and Mcintosh 2019). CCA descriptive summary results
are often easier to interpret for decision-makers than CEA, CUA or CBA results.
In the United Kingdom, NICE has recommended CCA in addition to CUA for
evaluating public health interventions (PHIs) (NICE 2012).

CCA is sometimes referred to as a disaggregated approach because the benefits
and costs are not combined in a single ratio such as ICER in CUA, cost-benefit
ratio in CBA, or in financial terms. A drawback of CCA is that it doesn't provide
guidance as to how the different outcomes in the balance sheet should be
weighed against each other. When some outcomes show benefits and others
show disbenefits, it becomes necessary to consider the relative value of these
outcomes (Edwards and Mcintosh 2019).

2.5.5 Cost minimisation analysis

Cost minimisation analysis (CMA) is a method of comparing the costs of
alternative interventions, which are known, or assumed, to have an equivalent
medical effect. This type of analysis can be used to determine which of the
treatment alternatives provides the least expensive way of achieving a specific
health outcome for a population (York Health Economics Consortium 2016b).
CMA is thought to be of limited use outside of pharmacoeconomics (Briggs and

O'Brien 2001). In their paper titled The Death of Cost-minimization Analysis?
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Briggs and O'Brien argue that CMA is an appropriate method of analysis only in
rare specific circumstances. The central focus of their discussion is how analysts
determine whether programmes have “the same” outcomes under uncertainty.
The authors argue that, since “absence of evidence is not evidence of absence”,
unless a study has been specifically designed to show the equivalence of
treatments (in terms of costs or effects), it would be inappropriate to conduct
CMA on the basis of an observed lack of significance in the effect differences
between treatments. Instead, analysts should focus their attention on estimation
of cost-effectiveness rather than on hypothesis testing of cost or effect

differences (Briggs and O'Brien 2001).

2.5.6 Return on investment

Return on investment (ROI) is an economic measure used to indicate how much
economic benefit is derived from a program in relation to its costs (Brousselle et
al. 2016). It comes from the economics literature of project appraisal and is
closely related to cost-benefit analysis (Buck 2018). ROl seeks to compare the
cost and benefits of alternative actions to see whether the returns are worth the
costs of intervening. There are two different ways that ROl can be calculated
(Public Health England 2017): a) as a ratio of the total discounted benefits
divided by the total discounted costs; and b) it can also be calculated as total
net discounted benefits minus total discounted costs, divided by total discounted

costs.

The strengths and weaknesses of the ROl methodology were the focus of several
publications (Pokhrel 2015, Brousselle et al. 2016, Buck 2018, Ferguson 2018).
The main strength of ROl models lies in its simplicity, allowing decision makers
to simulate various investment packages by testing different policy options
(Pokhrel 2015). ROI can easily be used to compare investment priorities, namely,
the intervention with higher ROI get priority over the ones with lower RRs. This,
for example, would allow public health decision makers to use ROl modelling to
make their business cases explicit, either for investment or disinvestment. ROI
can help to advocate for public health interventions that have long term
implications and require substantial investments, by providing robust arguments

in their defence (Brousselle et al. 2016). In addition, the process of development
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of ROI tools may provide platforms for meaningful engagement of multiple
stakeholders and representation of stakeholder benefits in ways that are unique

to the stakeholders themselves (Banke-Thomas et al. 2015).

On the other hand, the weaknesses and risks of the ROl have also been
acknowledged. ROI only accounts for monetary value - which is derived from
market prices - and it has limitations in accounting for externalities and for
investments advancing the public good (Hamelmann et al. 2017). It is difficult to
attach financial values to “soft outcomes” and to establish what would have
happened without the intervention, the counterfactual (Banke-Thomas et al.
2015). There are important concerns related to the way ROIs are calculated,
specifically in case of complex public health interventions, which effects are
sometimes scattered and intangible (for example, increased well-being or
empowerment) and with externalities that are neither easily quantifiable nor

easily convertible into monetary terms (Brousselle et al. 2016).

It is often hard to compare ROI ratios across interventions and/or make
appropriate conclusions. For instance, if previous ROl modelling showed that the
ROI of water fluoridation is twice that of early education programs, does it mean
that water fluoridation should have priority over early education (Brousselle et
al. 2016)? If allocation decisions were based on ROI only, would it mean

interventions with the lowest ROIs should not be funded?

The cost-effectiveness and ROI ratios of public health interventions are discussed

further in this chapter in Section 2.10.2.

2.6 Cost data for economic evaluation

2.6.1 Economic evaluation perspectives

Consideration of which perspective should be used is very important before
starting any economic evaluation (Edwards and McIntosh 2019). The perspective
describes the point of view from which costs and benefits are collected and
assessed (Graf von der Schulenburg et al. 2008). The perspective is often
selected depending on the purpose of the evaluation, and on which costs and

outcomes are relevant to this evaluation. For health technology appraisals NICE
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recommends the use of an NHS and personal social services-only perspective
(NICE 2013b), however, a public sector perspective is recommended for public
health interventions (PHIs) (NICE 2012), as PHIs are complex and target several
different stakeholders and outcomes at a time. Public sector perspective
includes the health care payer perspective (the NHS perspective in the United
Kingdom), personal social services, and local government. PHIs may also be
evaluated using a societal perspective. The societal perspective encompasses
direct, indirect, and intangible costs, and is even broader than the public sector
perspectives (Edwards and Mcintosh 2019). Types of costs are explained in detail
in Section 2.6.2.

Employer and patient/client perspectives are less commonly used in EEs. The
employer perspective includes direct costs and indirect costs such as loss of
productivity due to illness. The patient/client perspective includes direct,
indirect and intangible costs but is focused more narrowly on the individuals
directly affected by an intervention rather than on population-level effects
(Edwards and Mcintosh 2019).

The broader the perspective, the more challenging is the task of identifying and
measuring resource use across multiple agencies. The benefit of a wider
perspective is transparency, as cost cannot be “shifted” into other sectors to
make an initiative appear more favourable. However, conducting an EE using a
broader perspective is time and resource intense, hence, time and funding
constraints may prevent a broad perspective being used (Edwards and McIntosh
2019).

The type of the economic evaluation framework used may also influence the
choice of perspective. CEAs generally take a public sector perspective, while
CBAs take a societal perspective. CCA usually also take a societal perspective
and are useful for complex PHIs because they present costs and consequences in
disaggregated form, therefore decision-makers are able to assess the impact of
an intervention on health and non-health outcomes across sectors (Edwards and
Mclintosh 2019).
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Whenever any type of full EE approaches is used, both the costs and benefits of

competing interventions need to be evaluated. Identifying, measuring and

costing the resources used for each option is one of the first steps of an EE

(Edwards and MciIntosh 2019). The categories of costs with examples from a

clinical setting (GP) and a non-clinical setting (school) are summarised in Table

2.3.

Table 2.3 Summary of the categories of costs with examples from a clinical setting and a
non-clinical setting

Type of
cost

Description

Clinical setting example
(GP clinic)

Non-clinical setting
example (school)

Direct

Indirect

(productivity
loss)

Intangible

Marginal

Costs that are directly
associated with the
programme under
evaluation (e.g. staff
salaries, equipment,
capital and overhead
costs of running a
programme).

Can be medical (e.g.
drugs, physician or
hospital services) or non-
medical (e.g.
transportation cost, care
provided by family
members).

Can be incurred by the
service provider, but also
can be incurred by the
person receiving
treatment (e.g. out of
pocket expenses).

Costs that are associated
with the programme under
evaluation but are not
directly attributable (e.qg.
lost wages due to missing
work, income forgone due
to a premature death).

Costs that are associated
with concepts that are
difficult to quantify and
measure (e.g. pain,
anxiety, suffering, grief,
social stigma).

Costs of providing one
more unit of a good or
service.

Staff costs (both monetary
and opportunity costs) for
a nurse to deliver a
smoking cessation
service.

Loss of earnings for the
individual to attend the
smoking cessation service
appointment during
working hours.

Cravings during first few
days of nicotine
withdrawal.

Treating one additional
person at the smoking
cessation service.

Teacher time (both
monetary and opportunity
cost) to deliver an anti-
bullying intervention.

Parental loss of wages to
meet with school to
discuss bullying incidents.

Emotional distress of child
who is being bullied.

Rolling out the anti-
bullying intervention to an
additional year group in
the school.
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Incremental  Additional costs incurred The additional cost of The additional cost of
by one service compared  providing the smoking providing the anti-bullying
to another. cessation service by a intervention by a
nurse compared to schoolteacher compared
providing the service to providing the
through a smoking intervention through a
cessation leaflet service. mobile phone app or other

online service.

Adapted from (Edwards and Mclintosh 2019).

In addition to the information presented in Table 2.3, direct costs can be
classified further into fixed, semi-fixed, and variable costs (Edwards and
MclIntosh 2019). Fixed costs are usually the capital and overhead costs for a
programme. They do not depend on the level of activity and will be incurred
whether a person attends their appointment or not (for example, heating and
lighting for the building). Semi-fixed costs include staffing costs (they are fixed
to a certain degree, but if extra staff are employed to deal with higher than
expected attendance rates the cost of providing the service increases). Variable
costs change proportionally with the volume of activity (for example, drugs,
consumables, fuel) (WHO 2020a). There are also stepped costs: they have the
same behaviour as the fixed costs until the level of activity reaches a threshold,
when they step to a higher level. For example, a doctor can treat a certain
number of patients, if this number is exceeded another doctor has to be hired,
the cost of labour jumps when the threshold has been surpassed (WHO 2020a).
Total cost is the sum of fixed, variable, semi-variable and stepped costs for a

certain volume of activity.

Assessments should make clear whether average costs or marginal costs are
being used in the analysis. Average cost analysis considers the total (or absolute)
costs and outcomes of an intervention, marginal cost analysis considers how
outcomes change with changes in costs (for example, relative to the standard of
care or another comparator). Marginal cost analysis may reveal that, beyond a
certain level of spending, the additional benefits are no longer worth the
additional costs (NICHSR 2020). Due to diminishing returns, the marginal cost of
producing an additional unit increases at higher levels of output. In economics,
the optimal level to produce a good or service occurs at the point where the
marginal cost is equal to the marginal revenue/benefit. This is where the total

profit is maximised (Edwards and McIntosh 2019).
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2.6.3 Costing approaches

It is generally accepted that costing approaches should be the same regardless of
the EE technique used: CEA, CUA or CBA (McIntosh et al. 2010). Costing can be
conducted as either a top-down or bottom-up approach. A top-down approach
uses total costs generated through information about budgets for the delivery of
a programme (overheads, administration, staff cost, and consumables) to
produce an average cost per person. The advantage of this approach is that it
requires less resource intensive data collection, but the disadvantage is that it
doesn't consider variation, a top-down costing of participants resource use
assumes that all people have used resources equally. On the other hand, a
bottom-up approach uses individual level data to calculate total costs (also
called micro-costing). This approach is more resource-intensive on the part of
the researcher, however, the richer data will allow analysis of the variation
between individuals and settings. Individual level resource use data can be
measured in two ways: a) by asking the person (or their proxy) to recall their
frequency and duration of contacts with relevant health and social care services
during a given period; and b) extracting routinely collected information from
health and social care databases, as well as using linked databases (Edwards and
Mcintosh 2019). When measuring individual level resource use data, the balance
between the quantity of information requested and the participant’s burden of
completing questionnaires should be considered. Obtaining resource use
information from routinely collected health and social care data removes the
burden from participants. In this case, however, participants consent is required

to access their personal data (Edwards and Mcintosh 2019).

2.7 Technical issues in economic evaluation

This section presents various technical aspects of economic evaluation in
healthcare, such as the time horizon and discounting, uncertainty, and missing
data.

2.7.1 Time horizon and discounting

Time is an important aspect of health economic evaluation, as the timing and

duration of clinical events, healthcare interventions and their consequences all
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affect estimated costs and effects (O’Mahony et al. 2015). According to the York
Health Economics Consortium’s health economic terms glossary, “the time
horizon used for an economic evaluation is the duration over which health
outcomes and costs are calculated” (York Health Economics Consortium 2016d).
It is recommended that resource use data are measured for as long as effects
relating to the intervention are present. However, this is not always practical,
especially for PHIs that are expected to acquire benefits over a long-term period
(Edwards and MciIntosh 2019). NICE guidance suggests that a time horizon of less
than a lifetime can be justified if there is no differential mortality effect
between the intervention and control groups, and if the differences in costs and
other outcomes relate to a shorter period (NICE 2012). NICE also states that “the
time horizon should be chosen so as to incorporate all important costs and
effects” (NICE 2012). Longer time horizons are applicable to chronic conditions
associated with on-going medical management, rather than a cure. A shorter
time horizon may be appropriate for some conditions or interventions, for which
long-term consequences are less important. The same time horizon should be
used for both costs and health outcomes (York Health Economics Consortium
2016d).

When cost and effect are incurred at substantially different times these
differences in timing must be accounted for (Glick et al. 2014). There are two
main adjustments that must be considered: inflation for costs and time
preference for cost and effect. Inflation refers to the general upward price
movement of goods and services overtime. Time preference, or discounting,
refers to people’s differential valuation of a good or service, depending upon
when the good or service is consumed (Glick et al. 2014). People tend to have a
positive rate of time preference (Edwards and McIntosh 2019). For instance,
being given £100 today is valued more highly than being given £100 in five years’
time. Due to the presence of inflation and time preference cost and effect in
different time periods are not directly compatible. Comparison requires
conversion to a common time period, for example, the first year of the trial or

the year the trial results will be reported (Glick et al. 2014).

Discounting is used to express costs occurring in the future (future value) in

present day values using Equation 2.4.
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Equation 2.4 Discounting

_FV
(1+)H"

where PV is present value, FV - future value, i - the discount rate, n - time period.

In the UK, generally, the same annual discount rate of 3.5% should be used for
both costs and benefits for the reference case, while the rate of 1.5% is
recommended to be used in sensitivity analyses (NICE 2013b). However, since
PHIs usually act over a long term and have effects lasting for many years, in this
case, NICE conversely recommends using a discount rate of 1.5% for all costs and
benefits for the base-case scenario, and using a higher 3.5% discount rate on

both costs and benefits in sensitivity analyses (NICE 2012).

2.7.2 Uncertainty

Historically, uncertainty in economic evaluation was handled using simple one-
way sensitivity analysis methods, where individual parameters of an analysis
were varied one-by-one (while holding all other parameters constant) over a
range of values. However, within the last two or three decades, with the
increasing use of the clinical trial as a vehicle for economic evaluation, there
has been increasing interest in the use of statistical methods for handling

uncertainty in patient-level data on both costs and effects (Briggs 2004).

There are several types of uncertainty in economic evaluation. Types of

uncertainty in modelling are described in Table 2.4.
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Table 2.4 Uncertainty for decision modelling: Concepts and terminology

Other terms

Preferred : Analogous concept in
Concept sometimes .
term regression
employed
Stochastic Random variability in Variability Monte Error term
uncertainty outcomes between identical Carlo error First-
patients order uncertainty
Parameter The uncertainty in Second-order Standard error of the estimate
uncertainty estimation of the parameter uncertainty
of interest
Heterogeneity  The variability between Variability Observed Beta coefficients (or the
patients that can be or explained extent to which the
attributed to characteristics heterogeneity dependent variable varies by
of those patients patient characteristics)
Structural The assumptions inherent  Model uncertainty The form of the regression
uncertainty in the decision model model (e.qg., linear, log-linear)

Source: (Briggs et al. 2012).

Sensitivity analyses can be deterministic or probabilistic. In a deterministic
sensitivity analysis, parameter values are varied manually to test the sensitivity
of the model's results to specific parameters or sets of parameters. In a
probabilistic sensitivity analysis, all parameters are varied simultaneously, with
multiple sets of parameter values being sampled from a priori defined
probability distributions (for example, bootstrapping techniques or Monte Carlo
simulations might be used). The outputs from a probabilistic sensitivity analysis
may inform several different forms of analysis, including confidence intervals,
cost-effectiveness planes, and cost-effectiveness acceptability curves (Briggs et
al. 2012).

2.7.3 Missing data

Incomplete data are inevitable in economic analysis conducted alongside clinical
trials (Glick et al. 2014). Cost and effect data may be incomplete due to item
level missingness. For example, data for visit 3 might be missing, but data for
visits 1, 2 and 4 are available. Cost/effect data may also be incomplete due to

loss to follow-up: for example, data for visits 1 and 2 are available but all data
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after visit 2 are missing. This type of data are called censored (Glick et al.
2014).

In the past, the most commonly used methods for analysing datasets with
incomplete observations were relatively ad hoc (for example, case deletion -
ignoring subjects with incomplete information, or mean imputation - substituting
the missing values with single estimates) and suffered from potential limitations.
More recently, several alternative and more sophisticated approaches (for
example, multiple imputation) have been proposed that attempt to correct the

flaws of the simple imputation methods (Manca and Palmer 2005).

According to Little and Rubin there are three types of missing data (Little and
Rubin 2019):

a) Missing completely at random (MCAR), occurs when the reason for the
missing data is independent of the mechanism that generates the data. It
implies that, for example, the cost for participants who have incomplete
follow-up is the same, except for random variation, as the cost for
participants with complete data (Glick et al. 2014). In case of MCAR,
incomplete observations are missing for reasons unrelated to the data,
and the complete cases are fully representative of the cases in the

original sample.

b) Missing at random (MAR), where the probability of observing y at time t
depends on the value of the same variable in the previous period, but not
on unobserved variables at time t. Missing observations are fully

predictable from the variables in the dataset.

C) Missing not at random (MNAR), in which the value of missing response y at
time t depends on some unobservable variable(s) at time t. This is also

called non-ignorable non-response.

A correct identification of the missing data mechanism is fundamental to the
choice of the approach to be used to handle the problem (Manca and Palmer
2005).
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2.8 Reporting and presentation of economic evaluation
results

This section will cover the means used for efficient reporting of EE results, such
as the cost-effectiveness plane and cost-effectiveness acceptability curve, as
well as describe the checklists used for EE reporting and the evaluation of the
quality of EEs.

2.8.1 Cost-effectiveness plane and cost-effectiveness
acceptability curve

The cost-effectiveness plane is used to visualize the differences in costs and
health outcomes between the intervention and the comparator in two
dimensions, by plotting the costs against effects on a graph (Figure 2.5). It is
usually used to present CUA results. Health outcomes (or effects) are usually
plotted on the x-axis and costs on the y-axis. More than two points can be
represented on the plane, with the line connecting cost-effective alternatives
being called the cost-effectiveness frontier. Cost-effectiveness planes are also
useful to show the uncertainty around cost-effectiveness outcomes, often
represented as a cloud of points on the plane corresponding to different
iterations of an economic model in a (probabilistic) sensitivity analysis (York

Health Economics Consortium 2016a).
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Note: The origin (C) is the current/old treatment. The dotted line is the maximum willingness to pay
threshold, the maximum acceptable ICER (incremental cost effectiveness ratio). Quadrants: NW —
north-west; NE — north-east; SE — south-east; SW — south-west.

Source: (Briggs and Tambour 2001)

The cost-effectiveness plane is divided into four quadrants, as is shown in Figure

2.5 and Box 2.2. Often, CUAs/CEAs deliver results in the north-east (NE)

quadrant, in which new interventions generate more health gains but are also

more expensive.
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Box 2.2 Four quadrants of the cost-effectiveness plane

v' South-east (SE) quadrant: C1 — Co < 0 and E;1 — Ep > 0; new treatment dominates —
accept new treatment as it is both cheaper and more effective than the existing
therapy.

v" North-west (NW) quadrant: C1 — Co > 0; E1 — Eo < O; old treatment dominates — reject
new treatment as it is both more expensive and less effective than the existing
therapy.

v" North-east (NE) quadrant: C1 — Co > 0; E1 — Eo > O; trade-off — consider the
magnitude of the additional cost of the new therapy relative to its additional
effectiveness.

v’ South-west (SW) quadrant: C1 — Co < 0; E1 — Eo < 0; trade-off — consider the
magnitude of the cost-saving of the new therapy relative to its reduced effectiveness.

Where C1 and E: are the cost and health effect of the new intervention, and Co and Eo are the
cost and health effect of the comparator.

Adapted from (Briggs and Tambour 2001).

Where one intervention is simultaneously cheaper and more effective than the
other (SE and NW quadrants), there is a clear treatment of choice, since one
treatment dominates the alternative (Briggs and Tambour 2001). However, NE
quadrant, where the new intervention is more effective and more costly, and SW
quadrant, where new intervention is less effective and cost-saving, are the
trade-off quadrants. When a new intervention falls into either of these
quadrants the adoption of the new intervention will be determined using a cost-
effectiveness threshold with regards to whether it is value for money compared
to the current standard of care. The cost effectiveness threshold, often referred
to as the “willingness to pay threshold”, represents the maximum amount of
money that the decision-maker (for example, the NHS) is willing to spend in
order to achieve one unit improvement in outcome (for example, to gain one
QALY) (Edwards and Mcintosh 2019). In the United Kingdom, the threshold of
£20,000 - £30,000 per QALY is used (NICE 2013b). This threshold value of the
ICER can be represented by the dashed line on the cost-effectiveness plane
(Figure 2.5). If the incremental costs and effects are plotted to the right (below)
of this line on the CE plane, then the treatment is considered cost-effective,
while points to the left (above) of this line represent cost-ineffective

interventions (Briggs and Tambour 2001).

Due to uncertainty often surrounding estimates of cost-effectiveness or cost-

utility, additional analysis is required. Non-parametric bootstrapping is one of
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the methods that has been widely adopted and used in both cost-effectiveness
and cost-utility studies for deriving confidence intervals for the ICER (Briggs et
al. 1997). Non-parametric bootstrapping is a re-sampling method, which involves
simple random sampling with replacement from the original data to build an
empirical estimate of the sampling distribution of the ICER (Briggs et al. 1997,
Drummond et al. 2015). This resampling is repeated a large number of times (for
example, 1,000 to 5,000 times). Figure 2.6 provides an example of a cost-
effectiveness plane with bootstrapped incremental cost and QALY dyads and two
cost-effectiveness thresholds (the diagonal lines) of £20,00 and £30,000 per
QALY.
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Figure 2.6 Cost-effectiveness plane comparing the intervention group to the control group
Doted green line represents £20,000/QALY willingness to pay threshold; dark blue line is
£30,000/QALY threshold. Reproduced from (Li et al. 2018).

Besides estimating Cls for the ICER, non-parametric bootstrapping can construct
a cost effectiveness plane with the bootstrapped replicates, while the
corresponding cost-effectiveness acceptability curve (CEAC) can then be
constructed based on the uncertainty in costs and effects differences. This CEAC
shows the probability that an intervention is cost effective given the observed
data, compared to its comparator at a range of willingness to pay thresholds /

cost-effectiveness thresholds. Figure 2.7 is an example of a CEAC for an
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intervention with 87% probability of being cost effective at the £20,000 per QALY
threshold, and 92% probability of being cost effective at the £30,000 per QALY
threshold (reproduced from (Li et al. 2018)).
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Figure 2.7 Cost-effectiveness acceptability curve
Reproduced from (Li et al. 2018).

2.8.2 Economic evaluation checklists

Healthcare EEs pose a particular challenge for reporting because substantial
information must be conveyed to allow scrutiny of study findings (Husereau et
al. 2013a). EE checklists are a common method to standardize assessments of
quality when reviewing the quality of submitted and published EEs (Drummond
and Jefferson 1996, Watts and Li 2019). They also can provide a framework for
researchers planning and conducting EEs, as to be useful, EE studies should be
methodologically comparable, of high quality and relevant for the health care

decision context (Langer 2012).

Many EE checklists have been published to date. A recent meta-review of
systematic reviews of health economic evaluations, which aimed to describe how
checklists have been used in these systematic reviews (Watts and Li 2019), found

that the use of checklists varied substantially. Watts and colleagues identified
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346 reviews published between 2010 and 2018 that used checklists. The most
common checklist used was the 36-item Drummond and Jefferson checklist from
the British Medical Journal (Drummond and Jefferson 1996), which was used in
117 (30%) reviews in total. The second most common checklist was the
Consensus on Health Economic Criteria (CHEC)-list used in 77 (18%) reviews
(Evers et al. 2005). After these were the Philips checklist (n = 59 [13%]) (Philips
et al. 2006), the Consolidated Health Economic Evaluation Reporting Standards
(CHEERS) checklist (n = 59 [13%]) (Husereau et al. 2013a, Husereau et al. 2013b),
the Quality of Health Economic Studies (QHES) checklist (n = 58 [13%]) (Chiou et
al. 2003) and the Drummond 10-item checklist (n = 41 [9%]) (Drummond et al.
2005a). However, the CHEERS checklist has experienced the largest increase in
use since its development and was the most frequently used instrument in the
most recent years: as of 2017, the CHEERS checklist is the most commonly used

checklist, followed by the CHEC list and the Drummond and Jefferson checklist.

The Consolidated Health Economic Evaluation Reporting Standards (CHEERS)
checklist (Husereau et al. 2013a, Husereau et al. 2013b) was developed
specifically to optimise the reporting of health economic evaluations. It was
developed by a task force supported by the International Society for
Pharmacoeconomics and Outcomes Research (ISPOR), as part of a broader
initiative to facilitate and encourage the interchange of expert knowledge and
develop best practices (Husereau et al. 2013b). The CHEERS task force members
were chosen by the chair of the task force primarily based on their longstanding
academic expertise and contribution to the multidisciplinary field of health
economic evaluation. The task force consisted of editors of health economic
journals and content experts from around the world. The resulting guidance was
co-published in ten health economics and medical journals to ensure wide

dissemination.

The CHEERS checklist contains 24 items, which are subdivided into six main
categories: (1) Title and abstract; (2) Introduction (background and objectives);
(3) Methods (target population and subgroups; setting and location; study
perspective; comparators; time horizon; discount rate; choice of health
outcomes; measurement of effectiveness; measurement and valuation of

preference based outcomes; estimating resources and costs; currency, price
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date, and conversion; choice of model; assumptions; analytical methods); (4)
Results (study parameters; incremental costs and outcomes; characterising
uncertainty; characterising heterogeneity); (5) Discussion (study findings,
limitations, generalisability, and current knowledge); and (6) Other (source of
funding; conflicts of interest). The full CHEERS checklist can be found in
Appendix 4.

2.9 Vehicles for economic evaluation

Evidence about cost-effectiveness can be obtained through various vehicles,
including randomised controlled trials and decision analytical modelling (such as
decision trees, Markov models, and other modelling approaches). These two
types of vehicles for economic evaluation (EE) are covered in brief in this

section.

2.9.1 Economic evaluations alongside clinical trials

Randomised controlled trials (RCTs) are commonly used as a vehicle for
conducting economic evaluations of healthcare interventions and programmes.
Many funders, such as the UK National Institute for Health Research Health
Technology Assessment Programme And the UK Medical Research Council,
routinely request that assessments of cost effectiveness are incorporated in the
design of RCTs (Petrou and Gray 2011, Glick et al. 2014). When an RCT is being
used as a vehicle for EE, the trial provides the sole source of evidence on
resource use and health effects that forms the basis of the estimate of cost-
effectiveness (Briggs et al. 2006). Collecting economic data at the same time as
evidence of effectiveness maximises the information available for analysis but

requires proper consideration at the trial design stage (Petrou and Gray 2011).

EEs conducted alongside RCTs have several advantages. They provide an early
opportunity to produce reliable estimates of cost-effectiveness at low marginal
cost. EEs conducted alongside RCTs allow for unbiased estimates of treatment
effects, as well as allow collection of outcome and resource use information
prospectively and obtain patient-specific data. Access to individual patient data
also permits a wide range of statistical and econometric techniques (Petrou and

Gray 2011). However, it has been also recognised that trials may exhibit certain
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weaknesses. This includes the limited number of comparisons, short follow-up
(for example, not allowing estimation of cost-effectiveness over a lifetime),
limited comparators, restricted generalisability to different settings or
countries, and the failure to collect all the evidence needed to address cost-
effectiveness (Briggs et al. 2006, Petrou and Gray 2011). A large proportion of
economic evaluation studies could be described as trial-based EEs. Since the
1990s approximately 30% of published economic valuations on the NHS Economic
Evaluation Database have been based on data from a single trial (Briggs et al.
2006). Notwithstanding the earlier mentioned limitations of trial-based
evaluations, they are likely to continue to have an important role in producing

reliable estimates of cost effectiveness (Petrou and Gray 2011).

According to Glick an colleagues (Glick et al. 2014), six sets of issues are needed
to be considered at the design stage of an RCT. These include: 1) What pre-
planning should be done in preparation for the trial? 2) What resource use should
be measured? 3) In what form should the data be collected? 4) Which unit cost
estimates should be used for the study? 5) How naturalistic should the study
design be? and 6) What should be done if the full benefit and cost of an
intervention are not expected to be observed during the period of observation in

the trial?

A case study of an EE alongside an RCT is presented in two chapters of this

thesis: Chapter 5 presents the methods and Chapter 6 the results of this EE.

Cost-effectiveness observed within a trial may be substantially different from
what would have been observed with continued patient follow-up and, as a
consequence, extrapolation of cost-effectiveness over an extended period, often
a lifetime, is considered important (Petrou and Gray 2011). One of the means of

such extrapolation is decision analytical modelling, described below.

2.9.2 Decision analytical modelling

In economic valuation, a decision analytic model uses mathematical
relationships to define a series of possible consequences that would flow from a

set of alternative options being evaluated (Briggs et al. 2006). A decision model
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can be based entirely on previously published evidence, or it can be built using
purposefully collected data from a trial. This could be supported by a wider
range of data beyond the trial time frame on costs and effects from other
sources, such as observational studies and meta-analysis, to be synthesised
within the model in order to derive cost-effectiveness outcomes (Edwards and
Mcintosh 2019). Based on the inputs into the model, the likelihood of each
consequence is expressed in terms of probabilities, and each consequence has a
cost and an outcome. This way it is possible to calculate the expected cost and
expected outcome of each option under evaluation. For a given option the
expected cost (or outcome) is the sum of the costs (or outcomes) of each
consequence weighed by the probability of that consequence. A key purpose of
decision modelling is to allow for the variability and uncertainty associated with
all decisions (Briggs et al. 2006). In recent decades there has been an increased
interest in decision analytic modelling as a vehicle for economic valuation in
healthcare (Briggs et al. 2006).

2.10 Economic evaluation of public health interventions

As the Protecting Teeth @ 3 trial, which forms the basis of this thesis, is a child
public health intervention (PHI), as is the integrated Childsmile programme

overall, this section is dedicated to specifics of EEs of PHlIs.

Increasing attention has been given to the evaluation of PHIs over the last
decade (Weatherly et al. 2009). An emerging applied subdiscipline of health
economics is referred to as “public health economics”, which may be defined as
how society uses scarce resources to meet preventive healthcare needs, prevent
ill health, reduce inequality in health, and more widely promote human thriving
through the life course (Edwards et al. 2016). Economic evidence can provide
insight into the value of public health investments to the overall health system.
Evidence suggests that increased investment in preventive activities and
improvements in public health practise and decision-making produce measurable

and sustainable health gains (Rabarison et al. 2015).
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2.10.1 Challenges specific to economic evaluations of public
health interventions

PHIs are delivered out-with the health care setting often in schools and
communities, can generate broad costs and benefits and are often directed at
populations or communities rather than specific individuals. This results in a
series of challenges specific to economic evaluations of PHIs (Weatherly et al.
2009). Weatherly and colleagues investigated five reviews that had explored the
economics of public health, with an aim to identify the methodological
challenges present. The authors identified four methodological challenges for
assessing cost-effectiveness of PHIs: attribution of effects, measuring and
valuing outcomes, identifying intersectoral costs and consequences, and
incorporating equity considerations. The first challenge is attribution of effects.
In current economic evaluation practice, there is a preference for evidence
derived from randomised controlled trials (RCTs) comparing the relevant
alternatives. As it is relatively difficult to undertake RCTs on PHIs, there is likely
to be fewer RCTs in this area. Therefore, other approaches for obtaining
unbiased estimates of intervention effects might be necessary. In addition,
measured outcomes are usually short-term while public health programmes,
especially prevention programmes, may impact on health over the longer term.
The second challenge is measuring and valuing outcomes. Health outcomes are
typically measured in QALYs, estimation of which requires both projections of
long-term outcomes and the classification and valuation of health outcomes.
Other outcomes might also have to be considered in evaluations of PHIs, for
example, the effects that interventions might have on individuals not directly
targeted by the programme and/or non-health-related outcomes. The next
methodological challenge is identifying intersectoral costs and consequences.
Due to the fact that the impacts of PHIs are wide-ranging, costs and benefits
associated with such an intervention might fall on many parts of the public
sector. The broad nature of the costs and benefits in PHIs requires an
intersectoral approach to identify them. The final challenge outlined by the
authors is incorporating equity considerations. Many PHIs are concerned with
health inequalities, whereas standard economic evaluation methods focus on
efficiency (the maximization of health gain) rather than on equity (the

distribution of health gains). Consequently, the evaluation of PHIs may need to
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pay more attention to equity considerations. The normal assumption in economic
evaluation studies is that the value of a QALY is the same, no matter who
receives it. However, as tackling inequalities is one of the primary goals of PHIs,
the distribution of QALY gains between population sub-groups has a particular

importance (Weatherly et al. 2009).

In addition to the four main challenges identified, Weatherly and colleagues also
mentioned two additional issues: discounting future costs and benefits and the
characterisation of uncertainty. The choice of discount rate is particularly
important when evaluating health programmes, which generate benefits far into
the future (most public health programmes, but also clinical preventative
measures). In the UK, NICE recommends using a lower discount rate for PHIs as
they act over a long term: a discount rate of 1.5% is used for all costs and
benefits in base-case analysis, while in sensitivity analysis a discount rate of
3.5% on both costs and benefits is used (NICE 2012). With regards to
characterisation of uncertainty (there is considerable uncertainty regarding
some of the future benefits of PHIs), some experts argue that a probabilistic
sensitivity analysis is required in all cases, while others believe that simpler
methods will suffice (Weatherly et al. 2009).

In 2003 the Chancellor of the Exchequer asked Sir Derek Wanless to undertake a
review of cost-effective approaches to improving public health, prevention and
reducing health inequalities. One of the findings of the Wanless Report -
Securing Good Health for the Whole Population - published in 2004 was the lack
of evidence about the cost-effectiveness of PHIs and preventive policies
(Wanless 2004). The report stated that the body of economic evidence relating
to PHIs was small in comparison to that related to health care. Since then NICE
have included a section on incorporating health economics to their methods for
the development of NICE public health guidance (NICE 2012).

2.10.1.1 NICE’s public health guidance: Incorporating health economics

In this section relevant information from Section 6 - Incorporating health
economics of Methods for the Development of NICE Public Health Guidance (NICE
2012) is briefly presented.
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In 2012 NICE broadened its approach to the appraisal of PHIs and placed more
emphasis on cost-consequences analysis (CCA) and cost-benefit analysis (CBA),
because QALY, as an outcome measure used in cost-utility analysis (CUA), may
fail to capture the full range of benefits across different sectors resulting from a
PHI. CCA can measure both welfare and quality of life more broadly than CUA. It
can take many other items into account that decision-makers in local authorities
may find important. CBA, on the other hand, allows all societal costs and all
benefits to be included, and expressing both costs and benefits in money terms
avoids the difficulties of aggregating data that occur in CCA. However, cost-
effectiveness analysis (CEA) and CUA are still required routinely, due to several
reasons: a) CUA provides a single “yardstick” or “currency” for measuring the
impact of interventions on health; b) CUA allows interventions in healthcare to
be compared so that resources may be allocated more efficiently; c) In some
circumstances, almost all benefits are health benefits. In that case, further

analysis (such as CCA or CBA) would not be required.

The NICE public health reference case (NICE 2012) proposed to use a public
sector perspective, instead of the NHS and personal social services perspective
recommended in the reference case for the evaluation of new drugs and clinical
health programmes (NICE 2013b). In addition to the public sector perspective,
the perspective of the department that administers the PHI should be used (for
example, local government or an NHS perspective). As was mentioned earlier,
for PHI evaluations NICE recommends using a lower discount rate of 1.5 for all
costs and benefits in base-case analysis, and a higher discount rate of 3.5% in
sensitivity analysis. A summary of the NICE’s public health reference case is

provided in Table 2.5.
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Table 2.5 Summary of NICE’s public health reference case

Element of assessment

Reference case

Defining the decision problem

The scope developed by NICE

Comparator

Interventions routinely used in the public sector, including
those regarded as best practice

Perspective on costs

Public sector, including the NHS and personal social services
(PSS), or local government

Societal perspective (where appropriate)

Perspective on outcomes

All health effects on individuals. For local government
guidance, non-health benefits may also be included

Type of economic evaluation

CCA
CBA
CUA - to ensure comparability with other parts of NICE

Synthesis of evidence on
outcomes

Based on a systematic review

Measure of health effects

QALYs

Measure of non-health benefits

Where appropriate, to be decided on a case-by-case basis in
conjunction with the Centre for Public Health Excellence
(CPHE) technical team

Source of data for measurement of
health-related quality of life
(HRQL)

Reported directly by patients or carers

Source of preference data for
valuation of changes in HRQL

Representative sample of the public

Discount rate

An annual rate of 1.5% on both costs and health effects
(sensitivity analyses should include discount rates used by
other parts of NICE, 3.5%)

Equity weighting

An additional QALY has the same weight, regardless of the
characteristics of the individuals who gain the health benefit

Source: Table 6.1 in Methods for the Development of NICE Public Health Guidance (NICE 2012).

For many PHIs, it will be necessary to extrapolate effectiveness evidence over

long time periods. It will also be necessary to derive long-term quality-adjusted

life year (QALY) outcomes from short-term, intermediate results. Various

modelling techniques can be used for this.

2.10.2

The cost-effectiveness of public health interventions

A review of cost-effectiveness estimates using English cost data that were

collected and analysed from 21 economic analyses underpinning public health
guidance published by NICE between 2006 and 2010 (Owen et al. 2012),

concluded that the majority of the assessed PHIs were highly cost-effective. The

authors analysed 200 base-case cost-effectiveness estimates. Out of these, 15%
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were cost saving (the intervention was more effective and cheaper than
comparator), 85% were cost-effective at a threshold of £20,000 per QALY and
89% at the higher threshold of £30,000/QALY. Only 5.5% were above £30,000,
and further 5.5% of the interventions were dominated (the intervention was
more costly and less effective than the comparator). Owen and colleges
highlighted that only 4% of the NHS budget (Marmot Review 2010) was spent on
prevention and that there was a paucity of evidence on the cost-effectiveness of
PHIs. Their analysis showed that the PHIs considered by NICE were generally
highly cost-effective according to the NICE threshold and that they represented
good value for money.

A more recent review looked at return on investment of PHIs (Masters et al.
2017). Masters and colleagues’ systematic review had been partly prompted by
government cuts to public health budgets in England, and the authors focused on
PHIs delivered in other high-income countries in order to maximise UK
relevance. Studies that calculated a return on investment (ROI) or cost-benefit
ratio (CBR) for PHIs in high-income countries were identified and 52 studies were
included into the review. ROl and CBR are two forms of economic evaluation
that value the financial return (benefits) of an intervention against the total
costs of its delivery. The CBR is the benefit divided by the cost, and the ROl is
the benefit minus the cost expressed as a proportion of the cost, that is, the
CBR-1. The median ROI for PHIs was 14.3 to 1, and median CBR was 8.3. The
median ROI for all 29 local PHIs was 4.1 to 1, and median CBR was 10.3. Even
larger benefits were reported in 28 studies analysing nationwide PHIs; the
median ROl was 27.2, and median CBR was 17.5. PHIs at a local level had a
median a ROI of 4, meaning that every pound invested yields a return of £4 plus
the original investment back. “Upstream” interventions delivered on a national
scale generally achieved even greater returns on investment: the median ROI for
national programmes was 27, whereas legislation had the median ROI of 46. The
results of the systematic review suggested that local PHIs were cost-saving, and
offered substantial returns on investment, nationwide programmes even more
so, therefore, as the authors concluded, the cuts to public health budgets

represented a false economy.
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However, the results and the conclusion of Macmaster and colleagues’ review
have to be interpreted with caution. Their systematic review sparkled a further
debate. For example, in a Public Health England (PHE) official blog, Brian
Ferguson, Chief Economist for PHE, posted regarding what is usually meant when
a question “are public health interventions ‘cost-saving’?” is asked (Ferguson
2018). He argued that often it means whether the intervention delivers cashable
financial savings to government budgets within the next two to five years. He
emphasised that it was not possible to conclude from the review that PHIs were
“cost-saving” in the narrow sense of delivering short-term cashable savings
(some interventions might be cost-saving in this way, but it could not be implied
from the evidence presented in the Macmaster and colleagues review). Given
the obvious interest in short-term savings among local government and NHS
decision-makers, a useful recommendation might be that future CBA and ROI
studies provide narrower, short-term, budget-focused breakdowns, as well as
findings from a broader longer-term societal perspective. On the other hand, it
is equally important to recognise the ethical point that the aim of public policy
is not solely to achieve maximum savings to public sector budgets, but also to
improve people’s health and wellbeing and reduce health inequalities (Ferguson
2018). David Buck at the King's Fund, an independent charitable organisation
working to improve health and care in England, warns that it is unknown how
that £14 return (the median ROI for PHIs in Macmaster and colleagues’ review),
breaks down into cash saving or health or other outcomes of value since the
authors didn’t report this information (Buck 2018). He also urged that there
should be more standardisation of inclusion and reporting criteria for ROI studies

in public health.

2.11 Summary

This chapter provides a detailed overview of economics and health economics
concepts and introduces economic evaluation terms and methodological
approaches specific to public health economic evaluation relevant to this thesis.
The concept of market failure was introduced, and it was explained how
economic evaluation helps to reconstruct the missing market in healthcare.
Economic evaluation frameworks (CEA, CUA, CBA, CCA and CMA) were described

and critiqued, as well as the concepts of quality-adjusted life year and health-
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related quality of life. Overviews of adult and child/adolescent preference-
based health-related quality of life measures and of direct preference elicitation
methods were provided. Issues related to costing and economic evaluation
perspectives, technical issues in economic evaluation, existing guidelines for
reporting and presentation of economic evaluation results, and vehicles for
economic evaluation were also covered. Specific attention was given to
economic evaluations of PHIs, including existing challenges, NICE’s health

economics public health guidance and an overview of cost-effectiveness of PHIs.

This chapter sets the scene for the following chapters, which focus on economic
evaluations of primary caries prevention in preschool children (Chapter 3), on
instruments for measuring health-related quality of life in preschool children
(Chapter 4), and on the economic evaluation of the Protecting Teeth @ 3
randomised controlled trial, based on the nursery fluoride varnish segment of

the Childsmile programme (Chapters 5 and 6).
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Chapter 3 Systematic review of economic
evaluations of primary caries prevention in two-
to five-year-old preschool children

3.1 Introduction to Chapter 3

The high prevalence of caries around the world, combined with the high costs
associated with the disease, pose an important preventive healthcare problem.
Economic evaluation (EE) can be adopted to examine the cost-effectiveness of
caries prevention programmes (Morgan et al. 2012). This can aid decision-makers
in making rational judgments to efficiently utilize limited resources
(Tonmukayakul et al. 2015) and to help plan future initiatives. As it was shown
in Section 2.10, public health interventions can be highly cost-effective, and EEs
have been used to evidence the cost-effectiveness of preventive caries

programmes (Anopa et al. 2015).

A number of child public health caries prevention strategies and intervention
types currently exist, and choosing between competing oral public health
programmes is not always an easy decision for public health planners (Morgan et
al. 2012). In a recent critique, Watt et al. recommended that the priority for
oral health (OH) research should be the promotion of applied health service and
implementation research, with methodologies including EE, so that planners are
able to assess programme performance comprehensively (Watt et al. 2019). EEs
help decision-makers to allocate limited resources the best way, in order to
achieve the greatest health benefit. A full EE is "a comparison of two or more
alternative courses of action, while considering both inputs (costs) and outputs
(consequences) associated with each” (Drummond et al. 2015). As was discussed
earlier in Chapter 2, Section 2.5, the most common types of full EEs are cost-
benefit analysis (CBA), cost-effectiveness analysis (CEA) and cost-utility analysis
(CUA). A partial EE measures a programme/intervention or disease costs, but
does not involve a comparison with alternative options and/or does not relate
costs to outcomes (Rabarison et al. 2015). Partial EEs include
programme/intervention cost analysis, cost-outcome description and cost-of-

illness analysis.
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In recent years, the number of published cost-effectiveness studies on the
prevention of dental diseases has increased (Marino et al. 2013, Tonmukayakul
et al. 2015), however, a recent systematic map of systematic reviews in
paediatric dentistry (Mejare et al. 2015) revealed that the cost-effectiveness of
the majority of strategies for the management of dental conditions in children
and adolescents remained uncertain. A systematic review of EE publications in
dentistry (Tonmukayakul et al. 2015), which covered all age groups, revealed
that over half of the total 114 studies included were EEs of dental caries
prevention. The review identified some common methodological limitations,
such as absence of sensitivity analysis, discounting, and insufficient information
on how costs and outcomes had been measured and valued. The authors
concluded that EE studies in dentistry had increased over the last forty years in
both quantity and quality. However, a number of publications failed to satisfy

some components of standard EE research methods.

According to a review of publications on EEs of caries prevention programmes in
all ages (Marino et al. 2013) the main methodological problems identified were
the limited information provided on adjustments for discounting in addition to
inadequate sensitivity analyses, similar to the conclusions of Tonmukayakul and
colleagues (2015). In addition, a more recent systematic review of EEs in child
OH research, which included full EE studies involving children aged 18 years old
and under (Rogers et al. 2019), highlighted that a wide range of outcome
measures was employed across the reviewed studies, which prevented inter-
study comparisons. Lack of meaningful involvement of children and of

consideration of their own perspectives and preferences were also emphasised.

Experiences and health-related behaviour patterns in early life are known to
affect OH throughout the life-course. Consequently, calls have been made for
priority to be given to interventions targeting early ages (ICOHIRP 2015).
Economic evidence suggests that there may be significant returns to early
investment specifically with regards to caries prevention (Anopa et al. 2015,
Public Health England 2016c, York Health Economics Consortium 2016e).
Therefore, this age group is the focus of the present systematic review. Just a
few studies conducted in preschool populations were identified in recent reviews
of EEs of OH interventions (Coffin et al. 2013, Hettiarachchi et al. 2018). There
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is only one non-systematic review, which collated the evidence on the cost-
effectiveness of interventions to improve the OH of younger children, aged 0-5
years (York Health Economics Consortium 2016e). This rapid review with a
narrow search timeframe (between 2012 and 2016) found only five studies
meeting the inclusion criteria. The authors found scarce cost-effectiveness
evidence but warned that this should not be interpreted as evidence that those

interventions were not effective or cost-effective.

This chapter therefore represents the first systematic review of EEs of primary
caries prevention, which is focused specifically on preschool children aged two
to five years. Primary caries describes a lesion on a previously sound surface, as
opposed to secondary or recurrent caries - a lesion which develops adjacent to a
restoration (Machiulskiene et al. 2020). This review includes both full and partial
EEs and uses a formal quality assessment tool. The Consolidated Health
Economic Evaluation Reporting Standards (CHEERS) checklist, the most recently
developed EE checklist that was created to update previous guidelines (Husereau
et al. 2013b, Frederix 2019), was used to assess the reporting quality of the
included full EE studies.

3.2 Aim and objectives

The overall aim of this chapter was to conduct a systematic review of scientific
papers on EEs of primary caries prevention in preschool children aged two to five
years and to further evaluate the reporting quality of the included full EE

studies.

Objectives: a) To describe and summarise currently available scientific literature
on EEs of primary caries prevention in preschool children aged two to five years;
b) To evaluate the reporting quality of the included full EE studies, using a

quality assessment tool developed for appraisal of economic evaluations.
3.3 Systematic review methods

The review followed the Preferred Reporting System for Systematic Reviews and
Meta-Analysis (PRISMA) strategy (Liberati et al. 2009). The protocol of this
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systematic review was registered in the international database of prospectively
registered systematic reviews in health and social care (PROSPERO), Centre for
Reviews and Dissemination, University of York (No: CRD42017083732) (Anopa et
al. 2017).

3.3.1 Eligibility criteria

A structured approach for framing questions that uses five components -
Participants, Interventions, Comparators, Outcomes, and Study design (PICOS)
(Schardt et al. 2007, Liberati et al. 2009) - was used in developing the eligibility
criteria. The interventions of interest were oral health interventions aimed at
primary caries prevention in children aged 2-5 years (e.g. water fluoridation,
fluoride toothpaste, fluoride varnish / gel, fluoride tablets, fissure sealant, oral
health educational interventions, etc.). Studies on interventions aimed at
secondary caries prevention were not included (e.g. restorative treatment of
existing caries). To be included into this review a study had to report relevant
results for children aged between two and five years old (inclusive). At least
some age groups from this range had to be reported. All types of economic
evaluations were included: full economic evaluations (e.g. employing CEA, CBA
or CUA) and partial economic evaluations (e.g. cost analysis, cost-outcome
description). A full list of inclusion and exclusion criteria is presented in Table
3.1.



Table 3.1 Eligibility criteria

Parameter
Population

Interventions

Comparators

Outcomes

Study
designs

Publication
type

Language

Publication
date

Inclusion
Children aged between 2 and 5 years old
(inclusive). At least some age groups from this
range have to be reported.

Oral health interventions aimed at primary caries
prevention in preschoolers (e.g. water
fluoridation, fluoride toothpaste, fluoride varnish
application, fluoride gels/tablets, fissure sealant,
oral health educational interventions, etc.).

— Other oral health interventions

— No intervention

— No comparator (e.g. a cost analysis of a single
intervention)

The study must include both:

— Cost-effectiveness outcomes (e.g. cost per
quality-adjusted life year (QALY), cost per filling
avoided, cost per extraction avoided) or other
economic outcomes (e.g. results of a cost
analysis, intervention costs, return on investment
of the initiative); and

— Oral health outcomes (e.g. levels of tooth
decay, numbers of fillings, numbers of teeth
removed, quality of life) or other outcomes
reflecting the oral health state (e.g. number of
dental visits or dental treatments)

— Full economic evaluations (e.g. employing
cost-effectiveness, cost-utility, cost-benefit, cost-
minimisation or cost-consequence analyses)

— Partial economic evaluations (e.g. cost
analysis, cost-outcome description, cost of
illness)

Original study papers with available full text,
published in a peer-reviewed journal

Any language

Up to 19/12/2017 (when the searches were run)
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Exclusion
— Participants younger or
older than 2-5 years.
— Studies with participants
aged around 5 years at
baseline who were then
followed up into older ages
— Studies of mixed
populations where data are
not reported for eligible
children separately.
— Oral health interventions
other than those specified by
the inclusion criteria (e.g.
restorative treatment of
existing caries).
— Studies of interventions
where the data for oral
interventions aimed at caries
prevention are not reported
separately.
Studies of interventions
where the data for oral
interventions aimed at caries
prevention are not reported
separately.
— Non-oral health outcomes.
— Non-economic outcomes.

Studies with no economic
evaluation component

— Systematic and other
reviews

— Abstracts

— Conference proceedings
— Letters to editor

— Case reports

— PhD / Doctoral Theses
— Study protocols



134

3.3.2 Data sources and search strategy

A systematic literature search was conducted in the following health sciences
and psychological electronic databases: MEDLINE and EMBASE (via the Ovid
platform), and EconlLit (via the EBSCO platform). Several previous systematic
reviews of economic evaluations of oral health interventions, their search
strategies used and reference lists were consulted (Kallestal et al. 2003, Coffin
et al. 2013, Marino et al. 2013, Tonmukayakul et al. 2015, York Health
Economics Consortium 2016e, Hettiarachchi et al. 2018). Reference lists of the
studies included in this systematic review were screened for any additional

eligible studies.

Search strategies and search terms for this systematic review were developed
based on the standardised EE filters (Glanville et al. 2009, CADTH 2016) with the
help from a University of Glasgow subject librarian, Mr Paul Cannon (Cannon
2017), in autumn 2017. Further, the University of York’s Centre for Reviews and
Dissemination (CRD) guidance for undertaking systematic reviews in health care
(Centre for Reviews and Dissemination 2008) was used, in particular Chapter 5,
Systematic Reviews of EEs, in the process of developing and conducting this
review. In addition, a series of papers on how to conduct a systematic review of
EEs were consulted (Thielen et al. 2016, van Mastrigt et al. 2016, Wijnen et al.
2016).

No publication time or language restrictions were applied. It was planned that
should any relevant papers be identified in languages other than English or
Russian, these would be to be translated with a help of professional translation

services.

The following blocks of search terms were used: a) The Canadian Agency for
Drugs and Technologies in Health (CADTH) based search filter (including various
types of EEs, economics, costs and economic modelling); b) Oral health (OH),
caries and OH interventions terms. OH experts were consulted to select the
typical terms (such as: oral health, caries, early childhood caries, dental decay;
toothbrushing, toothpaste, fluoride, fissure sealant, chlorhexidine, mouthwash;

educational, preventive and promotional oral health initiatives, etc.); and c)
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Terms related to preschool age (e.g. toddler, infant, preschool, early childhood,
nursery, kindergarten, early years). A separate block of search terms was related
to literature reviews. At the last stage of the search, such reviews were removed
from the results of the search. An example of the search strategy conducted in

Medline is shown in Appendix 3.

3.3.3 Study Selection Procedure

Titles and abstracts of all retrieved records were screened against the inclusion
criteria by one reviewer (Yulia Anopa, YA), using a method developed by Bramer
and colleagues (Bramer et al. 2017) employing EndNote (Clarivate Analytics,
Philadelphia, USA). Citations with a title but no abstract were assessed for
relevance based on the title only, and if the reviewer felt that a paper might be
relevant, an effort was made to acquire the full text. Twenty percent of all
titles and abstracts were checked by a second reviewer, one of the PhD
supervisors (Emma MclIntosh, EM, or Lorna Macpherson, LM). Any disagreements
were resolved by consensus-seeking discussions between all three reviewers. The
full texts of all potentially relevant articles were retrieved and screened by one
reviewer (YA) with any questionable cases discussed with a second reviewer (EM

or LM) or between all three reviewers, depending on the nature of an issue.

3.3.4 Data extraction

Descriptive study data were extracted using a pre-tested data extraction
template. Several sources were used during the development of an initial draft
data extraction template: CRD’s guidance for undertaking systematic reviews in
health care (Centre for Reviews and Dissemination 2008), data extraction
templates used in two previous reviews (York Health Economics Consortium
2016e, Hettiarachchi et al. 2018) and the Consolidated Health Economic
Evaluation Reporting Standards (CHEERS) checklist (Husereau et al. 2013b). The
draft template was tested on four papers that employed different types of
economic analysis (e.g. CEA or cost analysis), were of different study
type/design (e.g. a Markov model or observational study or evaluation alongside
a randomised controlled trial, RCT) and were published within a wide time

range. The proposed draft template was then discussed at a meeting between all
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three reviewers and the data extraction template was finalised. Data extraction
fields included into the final data extraction template are shown in Box 3.1.
Data were extracted by one reviewer (YA) and a randomly selected 20% were
checked by a second reviewer (EM). Any disagreements were resolved by a

discussion within the full review team.

Box 3.1 Data extraction fields

Study main author

Year of publication

Country

Aim of study

Type of study / Study design

Type of economic evaluation (full or partial)

Further type of economic evaluation (e.g. CUA, CBA, CEA, CMA,; cost analysis, return on
investment, cost-outcome description, cost of illness, etc.)

Participant characteristics:

- Mean or median age (with range) at baseline/or other point; Proportion of 2-5 y.o., if a wider age
group was participating

- Number of participants (separately for 2-5 y.o., if stated)
- Participant description
Setting (e.g. nursery; school; community dental clinic; general dental practice; hospital; modelling
based on multiple sources; other details)
Study perspective
Intervention(s) (description)
Comparator(s) (description)
Outcomes:
- Oral health outcomes (type)
- Cost-effectiveness / other economic outcomes (type):
* Preference based
* Non-preference based

- Other economic "outcomes" (type) (If not cost-effectiveness, e.g. costs only)

Time horizon / Duration of study

Discount rate

Summary of model / methods used (in particular, economics related)

Currency

Base year

Sensitivity analysis (Yes/No and type)

Results (short outline, economics related in particular, including sensitivity analysis)

Authors’ conclusions
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3.3.5 Reporting quality assessment of full economic evaluations

The reporting quality of full economic evaluations, which formed a subset of the
overall pool of papers included into this systematic review, was assessed with
the Consolidated Health Economic Evaluation Reporting Standards (CHEERS)
checklist (Husereau et al. 2013a, Husereau et al. 2013b). The CHEERS checklist
was developed by a task force supported by the International Society for
Pharmacoeconomics and Outcomes Research (ISPOR) specifically to optimise the
reporting of health economic evaluations. It attempted to consolidate and
update previous health economic evaluation guidelines efforts into one current,
useful reporting guidance (Husereau et al. 2013b). In recent years the CHEERS
checklist has been widely used in systematic reviews of economic evaluations in
healthcare (as of 2017, the CHEERS checklist was the most commonly used
checklist out of all existing EE checklists) (Watts and Li 2019) including those of
oral health interventions (Hettiarachchi et al. 2018, Rogers et al. 2019, Amilani
et al. 2020).

The CHEERS checklist contains 24 items, which are subdivided into six main
categories: (1) Title and abstract; (2) Introduction (background and objectives);
(3) Methods (target population and subgroups; setting and location; study
perspective; comparators; time horizon; discount rate; choice of health
outcomes; measurement of effectiveness; measurement and valuation of
preference based outcomes; estimating resources and costs; currency, price
date, and conversion; choice of model; assumptions; analytical methods); (4)
Results (study parameters; incremental costs and outcomes; characterising
uncertainty; characterising heterogeneity); (5) Discussion (study findings,
limitations, generalisability, and current knowledge); and (6) Other (source of

funding; conflicts of interest). The full checklist is shown in Appendix 4.

Each item of the CHEERS checklist was scored as "1" / "Yes", if the paper meets
the criteria in full; "0" / "No", if it does not met the criteria; or "Not applicable”.
Partial scores were not assigned. The items from “Other” category, namely
“Source of funding” and “Conflicts of interest” were not taken into account
when calculating a total score for each paper, as these are not directly relevant

to the economics related reporting quality of a paper, and as one or both of
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these items were often not met. Thus, a total of 22 was the maximum possible
score. Each study’s reporting quality was expressed as a proportion of items fully
met for each paper (out of 22 in total, for papers with all checklist items
applicable to their contents; or out of the total number of applicable items for
the papers where not all items were applicable). One reviewer (YA) assessed all
of the selected papers using the CHEERS checklist with a second reviewer (EM)
assessing 20% of these papers, selected at random. Any discrepancies were

resolved by discussion between the two reviewers.

3.4 Results

3.4.1 Literature databases search results

808 studies were identified, of which 42 (5%) met the inclusion criteria. At the
title and abstract screening phase the agreement rates between the author and
each of the two second reviewers were 90% and 98%, respectively (each of the
second reviewers were assigned a random 20% of the total number of identified
studies, i.e. 80 titles/abstracts each). Cases of titles and abstracts, which were
disagreed upon by the two reviewers, were discussed on an individual basis

among all three reviewers and, based on consensus, were voted in or out.

Figure 3.1, a PRISMA flow diagram, illustrates the study selection process. A set
of three papers reported on the same study (Ast et al. 1965, Ast et al. 1967, Ast
et al. 1970), with two of them reporting on intermediate results. Only the latest
of the three, reporting the study in full, was included into further review (Ast et
al. 1970). Two papers reported on another study, one of them being a Health
Technology Assessment (HTA) report (Tickle et al. 2016) and another a
conventional journal paper (O'Neill et al. 2017). The latter was included into the

review. The final humber of papers included into the review was 39.
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Records identified through
database searching, on 19.12.2017
(n=1,225)
: -
2 Medline = 797 Additional records identified
8 EMBASE = 420 through other sources
'-‘E', Econlit =8 (n=23)
L]
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h 4 h 4
Records after duplicates removed
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g Records screened N Records excluded
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— Y
1 Full-text articles assessed Full-text articles excluded, with
for eligibility » reasons
{n= 85) (n=43)
= Mo separate analysis for pre-school
= ages (n=13)
'-?I! ¥ Children outside the inclusion age
= i . range (n=10)
“ Studies, which met Mo economic evaluation component
eligibility criteria (n=7)
(n=42) Publication type doesn't meet
inclusion criteria (n=g)
Mare than one inclusion criteria not
R 4 met (n=2)
Othi =5). a8} N il ti
39 studies included into qualitative synthesis inte:vre[:tio]rratl} CDE;Z:E;:::;P:;:;:
- (after removing papers reporting on the same not the focus or the study; c) Not
_g studies): intervention costs per se, but rather
3 Cost anall,rsis,f Costing=23 costs for programme development
E CEA =12 and outreach and authors looked at
_ programme enrolment in general, mot
CBA=1 . . )
CEA + CBA =1 at the type of interventions delivered;
- d) Mo costs are reported; €] Threshold
CEA+CUA=1 analysis rather than an EE.
CEA+EVPI=1

Figure 3.1 PRISMA flow diagram

Abbreviations: CBA, cost-benefit analysis; CEA, cost-effectiveness analysis; CUA, cost-utility
analysis; EVPI — expected value of perfect information analysis.

3.4.2 Study characteristics

Out of the thirty-nine papers, 25 (64%) were published between 2000 and 2017,
inclusive. Twenty-three (59%) were partial EEs, namely cost analyses, and 16
(41.0%) were full EEs. Note, that the type of EE is reported in relation to the age
group of interest: two to five years. There was one study which was a CBA for a

full age range of participants (two to sixteen years), but only cost data were
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reported for the two to seven year old group (Potapova 1977). This study was
classified as partial economic evaluation, cost analysis. Figure 3.2 shows that the

proportion of full EEs increased over time, starting from the 1980s onwards.

16
14 + @Full EE
D )
= 12 | B Partial EE |
= |
> 10 9
© 8 4 —
o
c 6
o
S 4
>
2 ]
O |

1968-70 1971-80 1981-90 1991-00 2001-10 2011-17
Year of publication

Figure 3.2 EEs by year of publication and type (full or partial EE)

Most studies were observational in nature (non-RCT / non-modelling study): 24
(61%), followed by evaluations alongside RCTs: 4 (10%), Markov models: 4 (10%)
and simple calculations using previously published data (but not formal models):
3 (8%). Various other types of study design, such as decision-analytic modelling,
system dynamics modelling, and evaluations based on RCT data (but not

alongside an RCT), accounted for the remaining 10%.

Other main study characteristics are summarised in Table 3.2. The majority of
studies were conducted in the USA: 16 (41%), followed by 9 (23%) in the UK, and
3 (8%) each in Canada and Sweden. The majority investigated multi-component
interventions: 12 (31%), followed by water fluoridation: 7 (18%), oral health
education (with or without additional elements): 4 (10%), and topical fluoride
(varnish, foam, gel): 4 (10%). Cost analysis was the most frequently used type of
economic evaluation: 23 (59%) followed by cost-effectiveness analysis (CEA): 12
(31%).
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Characteristic

No of studies (%)
Total = 39

Year of publication:

1968-70 2 (5%); 2 partial EEs
1971-80 6 (15%); 6 partial EEs
1981-90 2 (51%); 1 partial and 1 full EE
1991-00 5 (13%); 3 partial and 2 full EEs
2001-10 10 (26%); 6 partial and 4 full EEs
2011-17 14 (36%); 5 partial and 9 full EEs
Type of EE:
Cost analysis * 23 (59%)
CEA 12 (31%)
CBA 1 (3%)
CEA + CBA 1 (3%)
CEA + CUA 1 (3%)
CEA + EVPI 1 (3%)
Type of study:
Observational in nature (non-RCT / non-modelling study) 24 (61%)
Alongside an RCT 4 (10%)
Markov model 4 (10%)
Calculations using previously published data (but not a formal 3 (89
model) (8%)
System Dynamics Modelling 2 (5%)
Based on an RCT, but not alongside it. (Costs of a hypothetical 1 (3%)
prevention programme, based on RCT results.)
EVPI + cost-effectiveness model 1 (3%)
Study country:
USA 16 (41%)
UK 9 (23%)
Canada 3 (8%)
Sweden 3 (8%)
Australia 2 (5%)
USSR 2 (5%)
Chile 1 (3%)
Finland 1 (3%)
Taiwan 1 (3%)
Uzbekistan 1 (3%)
Type of the intervention:
Complex / multi-component intervention 12 (31%)
Water fluoridation 7 (18%)
Oral health education (with or without additional elements) 4 (10%)
Topical fluoride (varnish, foam, gel) 4 (10%)
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Characteristic No of studies (%)
Total = 39
Multiple interventions compared 3 (8%)
Primary molar sealants 2 (5%)
Systemic fluoride (with or without additional elements) 2 (5%)
Toothbrushing 2 (5%)
Fluoridated milk and cereal 1 (3%)
Microbiological screening 1 (3%)
Preventive dental visit 1 (3%)

NOTE: CBA, cost-benefit analysis; CEA, cost-effectiveness analysis; CUA, cost-utility analysis;
EVPI — expected value of perfect information analysis.

* One study (Potapova 1977) was a CBA for a full age range of participants, two to sixteen years,
but only cost data were reported for the two- to seven-year-old group. For the purposes of our
review this study was classified as partial economic evaluation, cost analysis.

3.4.3 Partial EEs

Twenty-three partial EE studies were reviewed in total. All partial EEs were cost

analyses studies.

Interventions evaluated

Many of the partial EEs investigated the costs of water fluoridation: 7, or 30% of
the total number of partial EEs (Ast et al. 1970, Lewis et al. 1972, Dowell 1976,
Fidler 1977, Potapova 1977, Rugg-Gunn et al. 1977, Trubman et al. 1991). Six
(26%) investigated multi-component interventions (Jong and Leske 1968, Lewis
et al. 1977, Gisselsson et al. 1994, Kaakko et al. 2002, Jokela and Pienihakkinen
2003, Buckingham and John 2017). Three (13%) studies investigated topical
fluoride (varnish, foam or gel) (Hawkins et al. 2004, Chen and Lin 2009, Kranz et
al. 2014) and two (9%) compared multiple interventions (Hirsch et al. 2012,
Edelstein et al. 2015). There were single studies investigating each of the
following: fluoride drops (for younger children: two to four years old) and
fluoride varnish (for older children: five to six years old) (Pashaev 1982),
microbiological screening (for mutans streptococci) (Zavras et al. 2000), age at
the first preventive dental visit (Savage et al. 2004), OH education of parents,
with several additional components: fluoride tablets, toothbrushes and fluoride

toothpaste (Wennhall et al. 2010), and supervised toothbrushing in nurseries
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(Anopa et al. 2015). For further partial EE study description see Appendix 5 and
Appendix 6, and for full EEs see Appendix 7 and Appendix 8.

Country of origin

Nine (39%) partial EE studies were conducted in the USA (Jong and Leske 1968,
Ast et al. 1970, Trubman et al. 1991, Zavras et al. 2000, Kaakko et al. 2002,
Savage et al. 2004, Hirsch et al. 2012, Kranz et al. 2014, Edelstein et al. 2015),
followed by the UK - 5 (22%) studies (Dowell 1976, Fidler 1977, Rugg-Gunn et al.
1977, Anopa et al. 2015, Buckingham and John 2017) and Canada - 3 (13%)
(Lewis et al. 1972, Lewis et al. 1977, Hawkins et al. 2004). Two studies (9%)
were conducted in Sweden (Gisselsson et al. 1994, Wennhall et al. 2010) and two
(9%) in the USSR (Potapova 1977, Pashaev 1982). There was one study (4%) from
Finland (Jokela and Pienihakkinen 2003) and one (4%) from Taiwan (Chen and Lin
2009).

3.4.4 Full EEs

In the following sections the sixteen full EE papers will be classified by the
country of origin, interventions evaluated, EE evaluation perspective, study
settings, and type of EE used (CBA, CEA or CUA). The cost-effectiveness / cost-
benefit results of these studies will be presented, and specific attention will be

paid to the studies that investigated fluoride varnish applications.

Country of origin

Seven of the included full EE studies were conducted in the USA (44% of the total
number of full EE studies) (Ramos-Gomez and Shepard 1999, Quinonez et al.
2006, Stearns et al. 2012, Chi et al. 2014, Ney et al. 2014, Samnaliev et al. 2015,
Atkins et al. 2016); 4 (25%) in the UK (Donaldson et al. 1986, Davies et al. 2003,
Kowash et al. 2006, O'Neill et al. 2017); 2 (12%) in Australia (Pukallus et al.
2013, Koh et al. 2015) and one (6%) each in Chile (Marino et al. 2007), Sweden
(Widenheim and Birkhed 1991) and Uzbekistan (Ataniyazova et al. 2014).
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Interventions evaluated

Six (37%) of the full EE papers investigated complex multicomponent
interventions (Donaldson et al. 1986, Ramos-Gomez and Shepard 1999, Stearns
et al. 2012, Ataniyazova et al. 2014, Samnaliev et al. 2015, O'Neill et al. 2017);
three (19%) looked at OH education (with or without additional components)
(Kowash et al. 2006, Pukallus et al. 2013, Koh et al. 2015); two (12%) - at
primary molar sealants (Chi et al. 2014, Ney et al. 2014); and there was one
study (6%) investigating each of the following: fluoridated milk and milk cereal
(Marino et al. 2007), fluoride varnish (Quinonez et al. 2006), sodium fluoride
tablets (plus other underlying interventions) (Widenheim and Birkhed 1991),
toothbrushing (Davies et al. 2003), and comparing multiple interventions (Atkins
et al. 2016).

EE evaluation perspective

In seven studies (44%) (Donaldson et al. 1986, Widenheim and Birkhed 1991,
Ramos-Gomez and Shepard 1999, Davies et al. 2003, Kowash et al. 2006,
Pukallus et al. 2013, Ataniyazova et al. 2014) the evaluation perspective was not
stated; three studies (19%) used a Medicaid perspective (Quinonez et al. 2006,
Stearns et al. 2012, Atkins et al. 2016); three (19%) employed a public payer
perspective (Chi et al. 2014, Ney et al. 2014, O'Neill et al. 2017); a societal
perspective was used in two evaluations (12%) (Marino et al. 2007, Koh et al.
2015); and one study (6%) used a combination of perspectives (base case
analyses were conducted from the health care system and societal perspectives,
subgroup analyses were conducted from a public payer perspective) (Samnaliev
et al. 2015).

Settings

With regard to study settings, seven (44%) were modelling studies (Ramos-Gomez
and Shepard 1999, Quinonez et al. 2006, Pukallus et al. 2013, Chi et al. 2014,
Ney et al. 2014, Koh et al. 2015, Atkins et al. 2016); three (19%) were conducted
in dental settings (dental practice, dental clinic) (Widenheim and Birkhed 1991,

Samnaliev et al. 2015, O'Neill et al. 2017); two (13%) studies were conducted in
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multiple settings (Donaldson et al. 1986, Stearns et al. 2012), two (13%) at home
(Davies et al. 2003, Kowash et al. 2006); one study (6%) was kindergarten-based
(Ataniyazova et al. 2014) and one (6%) community-based (Marino et al. 2007).

Type of EE used

The most frequently used type of full EE was CEA: 12 studies (75% of the total
number of full EE studies) (Donaldson et al. 1986, Widenheim and Birkhed 1991,
Ramos-Gomez and Shepard 1999, Davies et al. 2003, Quinonez et al. 2006,
Marino et al. 2007, Stearns et al. 2012, Pukallus et al. 2013, Chi et al. 2014,
Samnaliev et al. 2015, Atkins et al. 2016, O'Neill et al. 2017). Other studies
employed CBA (Ataniyazova et al. 2014) or a combination of CEA with one of the
following: CBA (Kowash et al. 2006), CUA (Koh et al. 2015) and expected value
of perfect information (EVPI) (Ney et al. 2014) - one study used each method /
method combination. Table 3.3 illustrates a further breakdown of the full EE

studies by type of intervention and type of EE used.

Table 3.3 Full EE studies by type of intervention and type of EE used

CEA CEA CEA
Type of intervention evaluated CEA CBA + + + Total
CBA | CUA | EVPI

Complex / multicomponent

. . 5 1 6
interventions

Oral health education (with or 1 1 1 3
without additional elements)

Primary molar sealants 1 1 2
Fluoridated milk & cereal

Fluoride tablets (with other 1 1

underlying interventions)

Fluoride varnish

Multiple interventions compared

Toothbrushing

Total 12 1 1 1 1 16
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Cost-effectiveness analyses (CEAs)

Twelve studies employed CEA. Half of these CEA studies were conducted in the
USA (Ramos-Gomez and Shepard 1999, Quinonez et al. 2006, Stearns et al. 2012,
Chi et al. 2014, Samnaliev et al. 2015, Atkins et al. 2016), three (25%) were from
the UK (Donaldson et al. 1986, Davies et al. 2003, O'Neill et al. 2017), and there
was one study (8%) from each of these three countries: Australia (Pukallus et al.
2013), Chile (Marino et al. 2007) and Sweden (Widenheim and Birkhed 1991).

Five studies (42%) evaluated complex interventions, which included multiple
components (for example, a combination of fluoride varnish/gel application,
fissure sealants, OH education, and provision of toothpaste and toothbrushes),
and/or multiple levels of interventions (e.g. minimal, intermediate and
comprehensive) (Donaldson et al. 1986, Ramos-Gomez and Shepard 1999,
Stearns et al. 2012, Samnaliev et al. 2015, O'Neill et al. 2017). Additionally,
there were individual studies on the following: 1) Sodium fluoride tablets (plus
annual dental care from three years old, basic preventive programme: FVA once
a year, including weekly mouth rinsing with NaF solution from six years old, and
fluoride varnish once a year; high caries risk individuals received tailored
preventive care; it was assumed that all children used fluoride toothpaste daily
at home from at least four years of age) (Widenheim and Birkhed 1991); 2)
Postal programme: fluoride toothpaste and information leaflet encouraging
twice daily supervised TB (four times a year) and toothbrush (once a year)
(Davies et al. 2003); 3) Fluoride varnish applications (Quinonez et al. 2006); 4)
Fluoridated milk and milk-cereal (Marino et al. 2007); 5) Telephone OH
education programme, toothbrushes and toothpaste posted to home addresses,
with underlying water fluoridation (Pukallus et al. 2013); 6) Primary molar
sealant strategies (Chi et al. 2014); and 7) Multiple interventions were
compared: a) water fluoridation, b) dental sealants, c) fluoride varnish
applications, d) home tooth brushing with fluoride toothpaste, and e) conducting
initial dental exams on children less than 18 months of age with parents

receiving parental counselling (Atkins et al. 2016).
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Other types of full EE analyses

Three studies used a combination of CEA and one other type of economic
analysis. A British study used a combination of CEA and CBA (Kowash et al.
2006). The intervention was dental health education (diet and oral hygiene):
there were four intervention groups with varied intensity and components
included. One study conducted in Australia used a combination of CEA and CUA
(Koh et al. 2015). This was the only study included in the review that used a
preference-based instrument to obtain QALY as an outcome measure, namely,
the Child Health Utility 9 Dimensions (CHU9D) parental proxy questionnaire. This
study evaluated the cost-effectiveness of a home-visit intervention conducted by
oral health therapists relative to a telephone-based alternative and no
intervention. The authors used Markov modelling methods and the CHU9D data
were collected from a consecutive sample of 100 parents who presented to a
community paediatric dental clinic with their children aged 5 years and younger
with caries, within a specified two-month period. And, finally, an American
study employed a combination of CEA and expected value of perfect information
(EVPI) approach (Ney et al. 2014). The authors compared two primary molar

sealant strategies: a) always seal; b) standard care.

There was one study that employed CBA only (Ataniyazova et al. 2014). This
study was conducted in Uzbekistan and investigated a kindergarten-based
combined hand hygiene and OH promotion intervention. OH promotion included
distribution of toothpaste, toothbrushes and OH education materials. The
authors used various sources for their benefit-related data such as governmental
statistics published reports, WHO and the International Monetary Fund
databases, as well as household data based on a cross-sectional survey of
kindergarten-age children. Cost of illness approach was used to calculate
intangible costs. The results were presented as both net benefit per child and

cost-benefit ratio.

A wide variety of oral health outcome measures were used in the reviewed full
EE studies (Table 3.4). Four studies (Donaldson et al. 1986, Davies et al. 2003,
Marino et al. 2007, Koh et al. 2015) used mean dmft and/or dmfs. Two studies

used conversion from caries-free to caries-active (plus other secondary
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measures) (Kowash et al. 2006, O'Neill et al. 2017). Nine other OH outcome

measures were used in one study each. Five different cost-effectiveness

outcomes were used in individual studies. Only one study used the quality-

adjusted life year (QALY) as an outcome (Koh et al. 2015). The most widely used

options for reporting of costs and outcomes were the incremental cost-

effectiveness ratio (ICER) and the average cost-effectiveness ratio (ACER).

Table 3.4 Full EE studies: oral health and economic outcomes used, and reporting and presentation

of costs and outcomes

No of studies

Characteristic (%) Study references
Total =16
Oral health outcomes:
(Donaldson et al. 1986, Davies et
dmft or/and dmfs 4 (25%) | al. 2003, Marino et al. 2007, Koh
et al. 2015)
Conversion from caries-free to caries-active (Kowash et al. 2006, O'Neill et al.
2 (12%)
(plus other secondary measures) 2017)
Cavity-free months 1 (6%) | (Quinonez et al. 2006)
fs, dfsa 1 (6%) | (Widenheim and Birkhed 1991)
Mean No of restorations and extractions 0
averted 1 (6%) | (Ney etal. 2014)
Number of carious surfaces 1 (6%) (Ramos-Gomez and Shepard
1999)
Number of carious teeth 1 (6%) | (Pukallus et al. 2013)
Number of cases / incidence rates of caries 0 .
and stomatitis 1 (6%) | (Ataniyazova et al. 2014)
Rates of dental treatment 1 (6%) | (Stearns et al. 2012)
Reduction in dental treatments 1(6%) | (Samnaliev et al. 2015)
Reduction in No of carious teeth; reduction in 0 .
full mouth dental reconstructions 1(6%) | (Atkins et al. 2016)
N/A (tooth-level model) 1 (6%) | (Chi et al. 2014)
Preference-based outcomes:
QALY (based on Child Health Utility 9 o
Dimensions (CHU9D) - parental proxy questionnaire) 1(6%) | (Koh etal. 2015)
Reporting and presentation of costs and
outcomes:
(Quinonez et al. 2006, Marino et
al. 2007, Stearns et al. 2012,
ICER 7 (44%) | Pukallus et al. 2013, Ney et al.
2014, Koh et al. 2015, O'Neill et
al. 2017)
(Widenheim and Birkhed 1991,
ACER * 3 (19%) | Kowash et al. 2006, Atkins et al.
2016)
I o (Kowash et al. 2006, Ataniyazova
B/C ratio 2 (12%) etal. 2014)
Cost per carious surface averted, cost saving 1 (6%) (Ramos-Gomez and Shepard
threshold %) 1 1999)
Cost per event avoided (tooth is not restored 1(6%) | (Chi etal. 2014)
or extracted)
Cost per incremental change in dmfs 1 (6%) | (Donaldson et al. 1986)
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No of studies
Characteristic (%) Study references
Total = 16

Cost per tooth saved, cost per child saved
from caries experience, cost per child saved from 1 (6%) | (Davies et al. 2003)
extraction experience

Number of avoided (reduced) restorative or
surgical treatment visits in the ambulatory dental 1(6%) | (Samnaliev et al. 2015)
clinic or operating room at the hospital

NOTE: * One study (Kowash et al. 2006) reported both average C/E and B/C ratios.

Cost-effectiveness / cost-benefit results

Six out of 15 studies that employed CEA concluded that the intervention under
evaluation was cost-effective compared to the comparison. The interventions
were: a complex dental disease management programme (Samnaliev et al.
2015), OH education programmes (Kowash et al. 2006, Pukallus et al. 2013, Koh
et al. 2015), fluoridated milk and milk-cereal (Marino et al. 2007), and a study
with five different caries prevention interventions compared (Atkins et al. 2016).
In four cases the intervention was cost-effective for certain sub-groups or for
certain scenarios, but not the others (Donaldson et al. 1986, Widenheim and
Birkhed 1991, Ramos-Gomez and Shepard 1999, Stearns et al. 2012). In two
studies on primary molar sealants the ‘always seal’ intervention was more
effective, but more costly than st