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Abstract
OBJETIVES: This study illustrates the use of a decision analytic model (DAM) to evaluate whether fluoride varnish application (FV) increases the proportion of caries-free children in the Chilean preschool population, at an acceptable cost.
METHODS: Different FV interventions were compared with an oral health counselling-only intervention. The FV interventions were tested (with and without screening) every 6 months over 2 years, in either a preschool setting or during a well-child programme appointment in a primary care setting.  A Markov model was developed to simulate the FV performance. The model was populated with data obtained from Chilean epidemiologic studies, a systematic review and a costing study. The counselling-only intervention was compared with FV interventions to estimate the incremental cost per child. As there was uncertainty in terms of precise parameter values both probabilistic and deterministic sensitivity analyses were performed.
RESULTS: Delivery of FV in a primary care setting without screening was the most effective and the least costly intervention. Compared with counselling-only, this intervention increased the prevalence of caries-free children in the population by 3.7%, with an extra cost (in March 2015) of £3 per caries-free child.  The results were sensitive to the starting age of FV application; increasing age would reduce the cost-effectiveness of the FV intervention. Furthermore, cost-effectiveness improves if some equipment such as an oral hygiene kit was not used and if less costly but qualified staff applied FV rather than dentists.
[bookmark: _Toc465100261]CONCLUSION: This analysis allowed the comparison of the performance of FV in realistic scenarios incorporating important aspects of health and education policies.  The application of FV in a primary care setting was the most cost-effective strategy. The work demonstrated that both the methodology and results are useful for decision-makers.

Main Text

Introduction
Dental decay or caries is a global problem typically starting at very young ages.  For instance, only 47% of Brazilian children have no history of caries (or are caries-free) at 5 years of age 1. Developing caries at an early age is strongly associated with development of caries in the permanent dentition 2,3 and directly impacts on oral health related quality of life 4. This highlights the importance of finding a technology able to reduce caries in the primary dentition. 
One such technology may be fluoride varnish (FV), as there is evidence 5 about the positive effect on caries that FV has on the primary dentition at surface level (prevented fraction of 0.37; 95% CI 0.24 to 0.51; P < 0.0001); however, with a very limited number of  exceptions 6-8, there are no experimental studies evaluating the effect of fluoride varnish on caries-free preschool populations.  The preschool population may be targeted for FV in several ways (e.g. setting) some of which have been studied 9-11 but there is a lack of clarity about which is the best alternative. 
In Chile only 23% of children attending public education (primarily a low socioeconomic status group) are caries-free (dmft=0) at 6-year-old 12 compared to 61% of those attending private school (primarily high socioeconomic status). To increase the number of caries-free children at 6 years old, the application of FV every 6-months to preschool children attending preschool institutions has been proposed 13. 
However, given the lack of evidence about the effect of FV on caries-free children and the best mode of delivery, it is reasonable to consider what effect the FV intervention (and the chosen way to deliver it) would have on the preschool population and if taxpayers’ money would be wisely expended on providing a FV intervention to this group. One possibility for studying this would be a cost-effectiveness analysis conducted as part of a randomised controlled trial (RCT) 14,15. However, RCTs are time-consuming, very expensive, and difficult to implement.  An alternative would be the use of a decision analytic model (DAM). 
A DAM is a systematic approach which allows the incorporation of all information from a variety of sources related to clinical scenarios, interventions, settings, variabilities and uncertainties into a mathematical model or framework 15,16 and can be used to explore expected costs and outcomes of alternative courses of action 17. This DAM-based cost-effectiveness analysis aims to evaluate the costs and effects (in terms of caries prevalence) of a Chilean FV programme.
[bookmark: _Toc465100262]Methodology
Model selection
The DAM attempted to replicate the natural history of caries and calculate expected values (caries prevalence and costs) after a two-year follow-up. A Markov model with decision trees representing initial events and events within each state was used 18. 
The Markov model allows the natural history to be described as a set of discrete states which individuals can move between over time.  Individuals must be in one state but no more than one at any time, and movement (transition) between states is governed by a set of transition probabilities. An individual would spend a minimum period of time within a given state (called the cycle length) before being allowed to move. Normally, in any Markov model there is at least one state, which an individual can enter but cannot leave called an absorbing state 18.  Two states were created in this model, caries and caries-free, with the former being the Markov absorbing state (Figure 1). 
In a decision tree the sequence of events is described by a set of branches where each branch represents an event that may occur in the future 15. They possess three types of nodes (decision, chance, and terminal). Every decision node has two or more chance nodes (shown as circles) which represent mutually exclusive possible events or pathways for an individual and are associated with probabilities and cost. Chance nodes, depending on the complexity of the model, can be linked to another chance node or end in a terminal node (shown as a triangle). 
In this model, the decision node was replaced by a Markov node (shown as a circle with a M inside), whose states were represented as the initial branches (caries and caries-free). The variables that affect caries prevalence and cost, were represented as chance nodes. Finally, two terminal nodes were created representing the Markov states (caries and caries-free).
As an illustration, to obtain the proportion of caries-free children at the end of Markov cycle 1, the initial proportion of caries-free children was used at the beginning of the caries-free branch of the decision tree. Depending on the pathway taken by caries-free children (e.g. whether they attend on the application day, whether they accept the FV, etc.), a proportion of them develop caries, based on both the natural history of the disease and the FV efficacy. For instance, the proportion of caries-free children in the pathway where FV was effective (Figure 1) was obtained by multiplying all branch probabilities of this pathway: proportion of caries-free children at cycle 0, probability of being covered by the public educational system, probability of attending the day of application, probability of being authorised to receive FV, probability of FV being accepted, and the FV effect. At the end of the Markov cycle 1, all caries-free pathways proportions (caries-free terminal nodes) were added and maintained as the new initial proportion in the caries-free branch for the next cycle. On the other hand, the proportions for all caries pathways (caries terminal nodes) were added and moved to caries branch for the next cycle. To obtain the whole programme effect on the proportion of caries-free children, this process was repeated 4 times (i.e. 4 Markov cycles). As being carious was the Markov absorbing state, the proportion of caries-free children was smaller at the end of each cycle.
In order to get the cost of a possible nationwide programme, the application was simulated for both carious and caries-free children. Consequently, the costs associated with the chance nodes of both branches were taken into account.
The cycle length was set at 6 months, in line with recommended protocols for FV application 13. A 2-year time horizon was selected to simulate the application during the last years of preschool education (pre-kindergarten and kindergarten). Caries prevalence and costs were not estimated after kindergarten because other oral public health programmes are performed after this  educational level 19. The model was developed in TreeAge Pro 2015 (TreeAge Software Incorporated. Massachusetts, USA).
Interventions (comparators)
A public health system perspective was used and out of pocket expenditure by the families of the children was not included. Five health interventions were compared: counselling-only (based on a current dental well-child programme), FV application in preschool setting (PSS) with and without screening, and FV application in primary health care setting (PCS) with and without screening. The base-case scenario compared these 5 interventions in low socio-economic status children, included those attending public preschool institutions and those attending the public health system during a “well-child “programme appointment.  
Transition and other probabilities
A proxy of the natural history of caries in Chile was constructed using several Chilean cross-sectional epidemiologic studies 12,20-22. The average caries prevalence was estimated for several ages and considered as the probability of having caries (d3mft>0) from one-year-old to a specific age. These prevalences were converted into rates of caries development over time and then the probability of moving from non-carious to carious states at each 6 monthly cycle was determined from these rates (See Appendix Formula 1).  Given that not all children start the academic year at the same age, FV application was considered from different starting ages from 4 to 5.5-year-olds in PCS and from 4.5 to 6-year-olds in PSS. The probabilities and the sources are shown in Table 1. 
As per Chilean FV protocols 13, an oral hygiene kit (toothpaste and toothbrush), was assumed to be given to each child and screening (by a dentist) was included in some models as this is a legal requirement. Based on the Chilean methodology guideline for economic evaluations 23, a discount rate of 3% was used for both costs and health outcomes with a range of 0-5% used in sensitivity analysis.
Costs
All costs were calculated in Chilean pesos (CLP) in March 2015 prices. The FV application time was defined as five minutes 24. PSS considers that the dental team is transported to and from nurseries/preschool institutions, assuming that one class with an average of 27 children 25 is treated per half-day. PCS considers that children go to a primary care facility.  A Chilean study ordered by Health National Fund 26, and the Chilean public system for procurement of good and services or ChileCompra 27 were used to obtain the costs. Cost values are shown in Table 2.
Efficacy values
The efficacy of FV for a caries-free preschool population was obtained from an update (up to March 2015) of a Cochrane systematic review 5. This review update included studies that related to a caries-free and low socioeconomic status baseline population, and with a 6 monthly FV application. Only one study 6 met this inclusion criteria and this study was therefore used to obtain the probability of FV effect (Appendix Formula 1 was used to produce the 6-monthly probability).
Cost-effectiveness analysis
The total cost and effectiveness for each intervention were calculated by running the model. Then, the differences in cost and effect between interventions were calculated comparing each intervention with the immediate less expensive alternative.  Those interventions that were dominated (i.e. more costly and less effective than their comparators) were eliminated from further considerations. After having eliminated all dominated interventions, the incremental cost-per additional caries free child was calculated.
Sensitivity analysis 
[bookmark: _Toc465100284]Univariate deterministic sensitivity analyses were performed for every variable and, the probabilistic sensitivity analysis involved running a Monte Carlo simulation with 1,000 iterations. In order to run a Monte Carlo simulation, each parameter was assigned a distribution. Then, to calculate the outcomes, each iteration included a random draw from each parameter distribution 14. A triangular distribution, ±25% considered as the range of uncertainty, was used for all cost parameters and for those variables where it was not possible to identify any data to define a distribution. Beta distributions were used for those probability parameters obtained from binomial data (Table 2).
Results
The cost-effectiveness analysis for the base-case scenario showed FV application in a primary care setting without screening was less costly and more effective than any other FV intervention (Figure 2); this intervention had an average cost of CLP 7,620 per child and 27.2% children remained caries free. Compared with counselling-only, this intervention increased the caries-free population by 3.7% (from 23.5%) at an extra cost of CLP 4,836 per child; giving an incremental cost per additional caries-free child of CLP 130,849. 
In the deterministic sensitivity analysis of the base-case scenario, the lowest average cost (CLP 5,148) per child was observed when the oral hygiene kit was removed. The highest average cost (CLP 19,344) occurred when either the initial caries prevalence was increased in the PCS or reduced in the PSS. The highest percentage of caries-free children was 28.9%, which occurred when either the discount rate was not included or when the initial caries prevalence was reduced in PCS.  
In the probabilistic sensitivity analysis for the base-case scenario, all FV simulations were more effective but more costly than counselling-only (Figure 3). The Monte Carlo estimations for all interventions had a high variability in effect and a low variability in cost. The average of such estimations showed that the only undominated FV intervention was the application in the primary care setting without screening; in this case an average effect of 26.9% caries-free population was estimated with an average cost of CLP 7,314 per child. Compared with the counselling-only intervention, this intervention increased the caries-free population by 3.3% with an incremental cost of CLP 4,535 per child. 
A best-case scenario was constructed based on the results of deterministic sensitivity analyses and, included the same parameters as the base-case scenario with the exception that the Markov model was run for a period of 3 years starting from 3-year-olds. The FV efficacy was maintained at a constant rate over the follow-up period extrapolating the data reported in the literature review by one year.
[bookmark: _Toc465100293]The most effective and least costly FV intervention was the PCS without screening. This intervention resulted in 31.1% of children being caries-free at an average cost of CLP 7,541 per child; compared with counselling-only, the incremental cost was CLP 4,758 per child with a 7% of incremental effect. The incremental cost of one additional caries-free child was CLP 66,021.

Discussion
The aim of this study was to evaluate the effect of a possible nationwide FV application programme on the cost and on the proportion of caries-free preschool children in Chile. The results showed that all FV interventions increased the caries-free population but at an additional cost compared to counselling-only. The increment in effect detected in all FV interventions was similar and clinically insignificant in all simulations, where the best effects were observed for PCS. The deterministic sensitivity analysis showed that the results were sensitive to the type of staff performing FV, whether an oral hygiene kit was provided, initial caries prevalence, coverage of well-child programme, and FV efficacy and its acceptance in PCS. The probabilistic sensitivity analysis showed small variations in cost but considerable variation in effect.
The best-case scenario provided the highest effect and lowest cost because the FV programme started at a younger age and so the children had the greatest capacity to benefit from FV application.  It was the lowest cost as the cost of the oral hygiene kit was removed and dental practitioners were substituted with lower cost staff.  The 7% increase in caries free prevalence, detected in this scenario would be comparable to 5% effect reported in a cost-effectiveness analysis conducted as part of a randomised controlled trial 11. Both the best-case scenario for the model reported here and the O’Neill analysis had a follow-up period of three years and both involved FV application in a primary care setting.
All the analyses reported in the results assumed that all children receive all FV applications. In reality some children might not receive all scheduled FV applications, meaning that the effect of FV on caries-free population is likely to be smaller than shown here.  Further work is needed to determine any reduced effect if not all FV applications are received. 
The use of validated Chilean data in the model makes the study relevant to the chosen decision-making perspective. Given that this study was able to demonstrate the most cost-effective alternative among several strategies in the Chilean context, it would support the use of economic evaluations in aiding decisions in public health policies 23.
There have been other studies where the cost-effectiveness of FV was evaluated using a Markov model.  For instance, a study in North Carolina-USA 28 evaluated FV application during attendance at a Medicaid well-child appointment. However, this study included clinical data only and used the number of months without cavities per child as the outcome. Such an outcome is less relevant in a public health programme and more difficult to measure. 
A further German study 29 using a lifetime Markov model to estimate caries increment in DMFT, considered FV application for both adolescent and adult populations, and showed that the application of FV in a clinical setting is unlikely to be cost-effective in low-risk populations. However, the Schwendicke study used data from a birth cohort study from New Zealand which is of less relevance to this context.
This research was able to evaluate FV interventions before implementing them and the modelling approach permitted the evaluation of more realistic scenarios (even considering both health and educational policies), avoiding costly and time-consuming clinical trials.
The study is limited by the lack of an underlying evidence base. There was a lack of prospective epidemiological studies, which meant that less robust data were used for both the natural history of caries and as the basis of transition probabilities. Similar limitations have been identified in other studies and Mariño and colleagues noted that cross-sectional studies are usually used in dental economic evaluations as the source of epidemiological data 30. These limitations and a generally limited application and understanding of economic evaluation methods in the dental research community mean there is a risk of potential bias in existing research in the field. Moving forward, stronger collaborations and knowledge exchanges between dental researchers and health economists are needed to improve the quality of health economic evaluations in dentistry.
The limited number of studies about the effect of FV on caries-free populations meant that the model was reliant on data drawn from a single study 6.  Some additional studies concerning this topic have been published since undertaking the modelling 8,11.  These report that there was no evidence of the effect of FV on caries-free populations. Undoubtedly, more studies are required to determine the effect on caries-free populations. On the other hand, the use of a single study as source of efficacy is not a problem unique to dentistry; for instance, a systematic review of the quality of cost-effective analyses in Spain reported that 39% of analyses were based on a single study 31.
Given that all FV interventions in this study showed a small increment in the number of caries-free children and a substantial increment in cost, compared with counselling-only, decision-makers should consider carefully the incorporation of any FV interventions into public health programmes. To help make judgements decision-makers could use a threshold value for the cost per caries-free child. However, there is no evidence about how much Chilean (or any) society is willing-to-pay for a 6-year-old caries-free child 32. Further studies, addressing this evidence gap are needed.
[bookmark: _Toc465100303]Conclusions
The effect for all fluoride varnish interventions was similar and only a small increment compared to counselling-only, however, large differences in cost were detected. Application in a primary care setting without screening was the most cost-effective fluoride varnish intervention. 
This research was able to model the performance of alternative ways of administering fluoride relevant to the Chilean decision-making context. It also demonstrated that the methodology could be useful for policy decision-makers.
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Table 1. Estimated caries prevalence, rates, and transitional probabilities for those children attending Chilean public preschool education (2006-2010). 
	Cycles
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	Year-olds
	1.5
	2
	2.5
	3
	3.5
	4
	4.5
	5
	5.5
	6
	6.5

	
	
	
	
	
	
	
	
	
	
	
	

	Prevalence
	0.104
	    0.196 *
	0.287
	0.379
	0.471
	  0.562*
	0.615
	0.667
	0.719
	 0.772*
	0.824

	Rate for six months
	0.11
	0.109
	0.113
	0.119
	0.127
	0.138
	0.136
	0.137
	0.141
	0.148
	0.158

	Probability for six months
	0.104
	0.103
	0.107
	0.112
	0.119
	0.129
	0.127
	0.128
	0.132
	0.137
	0.146


[bookmark: _Toc492871199] (*) Based on cross-sectional studies 12,20-22. 











Table 2. Parameters inputted in TreeAge for baseline, deterministic, and probabilistic sensitivity analyses in the base-case scenario (see in the appendix, the data inputted as table in TreeAge). 
	Variable
	Distribution
	Parameter 1
	Parameter 2
	Parameter 3
	Source

	Cost of consumables at counselling-only
	Triangular
	125
	166
	208
	27

	Cost of dental well-child programme *
	Triangular
	2,174
	8,699
	10,874
	26

	Cost of equipment at counselling-only
	Triangular
	297
	396
	495
	26

	Cost of equipment PCS
	Triangular
	50
	66
	83
	26

	Cost of one dose of fluoride varnish
	Triangular
	844
	1,125
	1,406
	27

	Cost of human resources at counselling-only
	Triangular
	5,302
	7,069
	8,836
	26

	Cost of human resources at PCS
	Triangular
	1,052
	1,402
	1,753
	26

	Cost of human resources at PSS
	Triangular
	850
	1,133
	1,416
	26

	Cost of oral hygiene kit
	Triangular
	983
	1,310
	1,638
	27

	Indirect cost (%)
	Triangular
	1.105
	1.14
	1.175
	26

	Cost of informed consent
	Triangular
	17
	22
	28
	27

	Cost of instruments 
	Triangular
	58
	77
	96
	26

	Screening coefficient for costs (%)
	Triangular
	0.38
	0.5
	0.63
	Estimated

	Cost of transport to and from school
	Triangular
	1025
	1367
	1709
	27

	Discount rate 
	Triangular
	0
	0.03
	0.05
	23

	Preschool attendance
	Beta
	Inputted as table 
	33

	Initial probabilities at PCS
	Beta
	0.562
	0.027
	
	12,20-22

	Initial probabilities at PSS
	Beta
	0.615
	0.026
	
	12,20-22

	Transition probabilities at PCS
	Beta
	Inputted as table
	12,20-22

	Transition probabilities at PSS
	Beta
	Inputted as table
	12,20-22

	Dental well-child programme coverage
	Beta
	0.32
	0.08
	
	34

	Well-child programme coverage
	Beta
	Inputted as table
	35

	Preschool coverage
	Beta
	Inputted as table
	35{MIDEPLAN, 2009, [National survey of socioeconomic characterization]}

	Efficacy of FV 
	Beta
	0.046
	0.012
	
	6

	FV acceptance at PCS
	Triangular
	0.68
	0.9
	1
	9,36

	FV acceptance at PSS
	Triangular
	0.71
	0.95
	1
	9,36

	Informed consent positive at PCS
	Triangular
	0.71
	0.95
	1
	37

	Informed consent positive at PSS
	Triangular
	0.68
	0.9
	1
	37

	Screening acceptance at PCS
	Triangular
	0.68
	0.9
	1
	9,38

	Screening acceptance at PSS
	Triangular
	0.71
	0.95
	1
	9,38


    (*) cycle one only.
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