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ABSTRACT

Objective: The primary purpose of this study was to assess the cost-effectiveness of caries preventive
interventions.

Material and methods: A systematic review was conducted, following the PRISMA Statement. Four
electronic databases were searched (final search 16 March 2020). Studies fulfilling the inclusion criteria
were independently critically appraised, by two reviewers in parallel. Data from each included study
were extracted and tabulated: the analysis used a narrative approach to present the results of the esti-
mated cost-effectiveness.

Results and conclusions: Twenty-six publications fulfilled the inclusion criteria and were of low or
moderate risk of bias. Ten publications were economic evaluations, directly based on empirical studies,
and the other 16 were modelling studies. Most of the studies concerned interventions for children
and the most common were analyses of fluoride varnish and risk-based programs. Some of the studies
showed both reduced cost and improved outcomes, but most studies reported that the improved out-
come came with an additional cost. The results disclosed several cost-effectiveness evaluations of car-
ies preventive interventions in the literature, but these target primarily children at high risk. There is a
scarcity of studies specifically targeting adults and especially the elderly.
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Introduction procedure when new drugs or health technologies are intro-
duced. There are, however, few health economic analyses of

Caries, demineralization of dental hard tissue caused by acid- ) S
dental care, which makes it difficult to assess the cost-effect-

producing bacteria, is globally the most prevalent noncom-

municable disease, causing pain and detracting from quality
of life [1,2]. Although it is a chronic multifactorial disease,
caries is largely preventable through a combination of meas-
ures at individual, professional and community levels [3-5].
Once the disease is established there is increased risk of fur-
ther progression, and this takes its toll, from both health and
economic perspectives [6,7]. Dental caries is unevenly distrib-
uted in society and there is evidence, in both children and
adults, of an association between socioeconomic status and
dental caries [8,9]. The same pattern occurs regionally and
nationally as well as globally: the oral health of the socially
disadvantaged is poorer than that of those with better living
conditions [9-11]. For all levels of society to have good den-
tal health, effective oral health preventive interventions need
to be implemented.

To ensure effective use of health care resources, health-
economic analyses are required [12]. This is an accepted

iveness of interventions. A recent scoping review indicated
that the number of economic evaluations in dentistry is
increasing [13], but the need is still great and thus more
work in this field is necessary.

As the societal cost of caries preventive interventions may
not equal the direct cost of the intervention, the cost-effect-
iveness result will depend on the perspective of the analysis.
Furthermore, costs and effects resulting from various inter-
ventions usually occur over a longer period than that cov-
ered by controlled studies and this applies, for example, to
caries preventive interventions. To achieve optimal decision-
making, it may therefore be necessary to apply simulation
models that take into account long-term consequences. Such
models, however, will always be surrounded by uncertainty
and the results they provide are dependent on the quality of
the data that are used [12].
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A systematic review is used to provide evidence for an
intervention, based on the summary of current literature,
and to identify knowledge gaps to guide future research
within a knowledge field. In systematic reviews which
include economic evaluations, information is compiled not
only on whether interventions are clinically effective, but
also on economic aspects of the interventions. Systematic
reviews of health economic analyses, however, do not strive
to find a mean cost-effectiveness value based on all studies,
but rather to find the most relevant analysis for the specific
decision or to find important parameters to use when mod-
elling the cost-effectiveness [14]. Aspects such as the setting
where the intervention is implemented, cost level, private or
publicly financed, preferences of health, and willingness-to-
pay thresholds, can vary between different scenarios and
make it impossible to find one true estimation of the cost-
effectiveness.

The primary purpose of this study was to assess the cost-
effectiveness of caries preventive interventions for individuals
of all ages. The specific aim was to help decision-makers to
prioritize limited resources for dental care, and furthermore
to inform researchers and research funds about the current
state of knowledge.

Methods

A systematic review was conducted. The systematic review is
part of a project which will analyse the cost-effectiveness of
various caries preventive interventions, applying a decision
analytic model. The findings are intended to aid Swedish
decision makers to narrow the gap in socio-economically
related inequalities in dental health.

To ensure a systematic approach, the systematic review
was structured in four subsequent steps: (i) systematic review
questions, (ii) sources, (iii) study selection, and (iv) data extrac-
tion, critical appraisal, and analysis. We followed the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) Statement [15], and the systematic review was reg-
istered in the International Prospective Register of systematic
Reviews (PROSPERO) [16], registration nr CRD42019129173.

Systematic review questions

The systematic review of the literature on the economic
evaluation of caries preventive interventions aimed to
address the following questions:

e Which caries preventive interventions have been analysed
in terms of cost-effectiveness?

e What are the estimated costs and cost-effectiveness of
the interventions analysed?

Sources

Four electronic databases were searched for publications
reporting cost-effectiveness of caries preventive interven-
tions: MEDLINE via PubMed, Scopus via Elsevier, the Web of
Science, and the ABIl/Inform Global. Mesh-terms as well as

free-text terms were combined, presented in Supplementary
Table 1. The final search was conducted on 16 March 2020.
In addition, the reference lists of included publications were
screened for publications not captured by the elec-
tronic searches.

Study selection

The retrieved publications were assessed according to title
and/or abstract by two independent reviewers in parallel and
selected according to the systematic review questions, and
following eligibility criteria, which were aligned with compo-
nents of PICO (Population, Intervention,
Comparator, Outcomes):

e Population: Humans of all age groups

e Intervention: All caries preventive interventions except
water fluoridation

e Comparator: All alternatives with a minimum of fluor-
ide toothpaste

e Outcomes: Measures of cost-effectiveness, any health eco-
nomic measures relevant for a decision-maker

Interventions undertaken in settings which are not trans-
ferable to a European setting were excluded. Also excluded
from the systematic review is water fluoridation as this is not
permitted in Sweden [17].

All types of economic analyses were accepted if it pro-
vides a cost-effectiveness estimate. Publications selected by
at least one reviewer were retrieved in full text for further
assessment. The publications included were original studies
of an economic evaluation of caries preventive interventions.
Studies were excluded if they comprised topics other than
caries preventive interventions or analyses of water fluorid-
ation. Publications found in the reference lists of the
included studies were assessed and included if they were in
accordance with the systematic review questions.
Disagreements were discussed until consensus was reached.

Data extraction, critical appraisal, and data analysis

For critical appraisal of the strengths and weaknesses of the
methodological risk of bias of the included studies, two
checklists were used: one for empirical health economics
studies and one for modelling studies [18], both based on
the critical appraisal checklist presented by Drummond et al.
[12]. Using the checklists, two independent reviewers
assessed the studies by selecting a ‘Yes’, 'No’, ‘Unclear’ or
‘Not applicable’ option for each signalling question.
Thereafter, each reviewer independently undertook a critical
appraisal of the risk of bias. Risk of bias is a combined
assessment, derived from clinical as well as economic per-
spectives, and the risk of bias level in this systematic review
was defined as the reviewer's final assessment based on all
criteria within the checklist. Discrepancies about the appraisal
of risk of bias were discussed until consensus was reached.
The transferability of the analysis to a European setting was
also appraised, with respect to the background caries risk,
the treatment pattern and the cost level used in the analysis.
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Data from each included study were extracted and tabu-
lated: the analysis used a narrative approach to present the
results of the estimated cost-effectiveness.

Results
Study selection

As shown in Figure 1, 6254 records were identified after the
removal of duplicates, 93 full-text publications were read,
and 67 full-text publications were excluded. The excluded
studies and the reasons for exclusion are presented in
Supplementary Table 2. Twenty-six publications listed in
Table 1 fulfilled the inclusion criteria and were of low or
moderate risk of bias.

Study findings

Of the 26 included studies, ten were economic evaluations
directly based on empirical studies [19-28] and the other 16
were modelling studies [29-44]. In nine studies, the target
population comprised pre-school children up to five years of
age [19,22,25,26,31,32,35,36,38]. Twelve studies were analyses
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[20,21,23,24,27-30,33,35,40,41]. Only two studies targeted
adults [39,44]. Five studies modelled more or less whole pop-
ulations [32,34,37,42,43].

A majority (n=18) of the included studies analysed fluoride
varnish [19-28,30,35,37-41,44], sometimes as a consequence of
a risk-based program [21,23,25,26,28,44], while four studies ana-
lysed fissure sealants [29-31,33]. One study analysed the fre-
quency of dental check-ups [32] and two studies [34,42]
analysed the adoption of a tax on beverages containing sugar.

Eight studies reported dominant results (lower costs and
improved outcomes) of the assessed interventions
[25-27,30,34,36,42,43], while the remainder reported
increased costs and improved outcomes: thus their cost-
effectiveness depends on the willingness to pay per add-
itional added effect. Only four studies used QALY as the out-
come measure [30,35-37]. Generally, many studies conclude
that the cost-effectiveness of the interventions depends on
the caries risk of the population.

Discussion

In this systematic review we identified 26 studies, with low

of interventions for schoolchildren aged from 6 to 15years or moderate risk of bias, which analysed the cost-
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from reference lists of =
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Figure 1. Flow diagram according to PRISMA Statement [15] presenting results of searches and study selection.
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effectiveness of caries preventive interventions. In most of
the studies the subjects were children and the most com-
mon intervention was the application of fluoride varnish.

Most of the findings referred to patients with high caries
risk and are not directly applicable at the general population
level, where the caries incidence may be lower. However,
even in societies with relatively low caries incidence, there
may be some pockets of higher incidence, and the economic
analyses can therefore be applied to interventions in these
areas, hopefully leading to greater equality of dental health
in the society. Interventions found to be successful at the
population level include risk-based interventions, frequency
of dental check-ups, and taxes on sugar. Basically, all these
interventions have promising cost-effectiveness results (either
a dominant result or very low increased costs).

The findings of the present study may be viewed in the
context of those of other recent systematic reviews of eco-
nomic studies of preventive dentistry. For example, Eow
et al. [13] presented a scoping review of economic evalua-
tions in dental care in 2019. Preventive interventions, includ-
ing fissure sealants and fluoride treatments, were the
predominant intervention of interest, comprising 34 studies.
In 2019, a systematic review by Fraihat et al. [45], evaluating
the clinical effectiveness and cost-effectiveness of oral-health
promotion programs for children, identified 19 studies,
mostly of high quality, and concluded that such a program
achieves a reduction in child DMFT and lowers the costs. A
systematic review of economic evaluations applied to child-
ren’s oral health by Rogers et al. [46] concluded that there is
a paucity of high-quality economic evaluations in this field.
Furthermore, a systematic review which focussed on decision
analytic modelling techniques for the economic evaluation of
dental caries interventions found 25 studies, from different
settings and using different modelling techniques, concluded
that the methodological quality was unsatisfactory [47].
Finally, Hettiarachi et al. [48] presented a systematic review
of cost-utility analyses of oral health interventions in 2018,
identifying 23 studies of which only four concerned den-
tal caries.

Our current findings are in accordance with those of these
recent reviews: differences seem to be attributable primarily
to variations in scope. The number of economic evaluations
in caries preventive interventions is increasing but is limited
mainly to children at high risk of caries. There is, however, a
risk for publication bias in economic evaluations, especially
because of the difficulty in publishing economic evaluations
conducted alongside inconclusive clinical trials. This may
have led to that all systematic reviews have missed import-
ant information.

A further consideration is the extent to which the evalua-
tions can help decision-makers to direct resources efficiently.
Cost-effectiveness analyses in other areas of health care
often use QALY as the outcome measure, but the lack of
studies using QALY, disclosed by the present review, may
hinder decision-makers in prioritizing caries preventive inter-
ventions effectively in relation to other interventions.
Furthermore, to determine whether an intervention is cost-
effective, willingness to pay per improved outcome must be

known, but this is rarely studied. Some interventions, how-
ever, led to a dominant result and are thus adequate as a
basis for effective decisions (but there may of course still be
ethical or political issues to consider). Such dominant results
were the case with the sugar tax and some risk-based pro-
grams. Many caries preventive interventions measured the
outcomes in preventive dmft/DMFT, and there is a need to
know the value of such an outcome to know what interven-
tions are cost-effective.

In this systematic review, we found that the perspective
of most analyses is clearly stated, i.e. either a dental health
care or a societal perspective. The cost-effectiveness estima-
tion of the intervention is directly affected by the perspec-
tive, and different willingness-to-pay thresholds may be used
depending on perspective. At a societal level, it is the will-
ingness of society to pay for health that sets the threshold
for cost-effectiveness, but in the case of a more restricted
budget, the threshold may be set at a different level. If den-
tal care is privately financed, the relevant question of cost-
effectiveness is then a matter for the individual. If, however,
technologies are to be subsidized from public funds, it would
be necessary to analyse societal willingness to pay.
Furthermore, guidelines may use a broad perspective to
strive for a societal optimum, even if individuals pay them-
selves. In such a situation the individuals can be guided in
their decision making, but themselves make the final deci-
sion as to whether they find the technology cost-effective in
relation to their own willingness to pay. Systematic reviews
of health economic analyses differ in some respects from
reviews of clinical effects. For example, the latter combines
all studies of an intervention and tries to find the mean
effect, but the former does not try to find a mean cost-
effective value based on all studies. The reason is that this
value would be affected by several methodological choices,
but even more importantly, by the local context of the inter-
vention, the setting and the attributes and willingness to pay
of the person in question. Instead, the main purpose of sys-
tematic reviews of economic evaluations is to find the most
relevant analysis for the specific decision, or to find import-
ant parameters to use when modelling the cost-effectiveness
[14]. Therefore it is not meaningful to assess the findings in
a summary or try to use any evidence system such as GRADE
[49] as a quality indicator of the results. GRADE is useful
when grading the evidence of resource use, preferable pre-
sented in natural units, but not when combining measures
or when results come from simulation models [50].

The present review excluded studies on water fluorid-
ation. However, several such studies were captured in the
systematic process and although they were not fully assessed
by the reviewers, they seem to show dominant results, i.e.
water fluoridation was found to save costs and to reduce
caries [51,52]. Also fluoridated salt or milk-products may be
cost-effective [53-55] and able to address inequities in dental
health, but those studies in the present review were
appraised as not transferable.

In conclusion, this review disclosed several cost-effective-
ness evaluations of caries preventive interventions in the lit-
erature, but these target primarily children at high risk. There
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is a scarcity of studies specifically targeting adults and espe-
cially the elderly. The latter often suffer from poor oral health
and need effective preventive interventions.

Prospero registry

The systematic review was registered in the International
Prospective Register of systematic Reviews (PROSPERO),
registration nr CRD42019129173.
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