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Abstract (246 words) 

Introduction: 

Treatment of dental diseases makes up 4.6% of global health expenditure and dental caries is the most 

prevalent condition worldwide. In higher-income countries, population-wide prevention has brought 

prevalence down and it is now concentrated in 20% of the population. Currently the only single 

predictor of future caries is caries, meaning risk cannot be assessed before the disease is already 

present. Additionally, studies show different types of caries patients respond differently to prevention. 

As resources to provide dental services are limited, there is a need to understand what these different 

groups are and how we currently allocate resources to optimize prevention. It has been shown that the 

bacteria S. mutans is cariogenic and that there is a genetic component to caries risk. 

Methods: 

A prospective cohort study in Västerbotten County, Sweden identified genetic polymorphisms (i.e. 

mutations) which predispose to dental caries. This thesis calculated expenditure on caries prevention 

based on the dental records of this study and examined allocation between different risk groups 

according to observed risk, professionally estimated risk, genetic and bacterial risk (S. mutans).  

Results: Prevention costs are distributed rather equally regardless of professionally estimated, genetic 

or bacterial risk. Spending was overall low (median = 26 SEK).  

Discussion: Compared to other diseases, this annual expenditure is negligible. There is scope to increase 

this and focus it on highest-risk patients. For this, more research is needed to refine risk groups as well 

as the development of diagnostic tools to allow early detection and effective prevention. 
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Introduction 

Epidemiology and economic burden of dental caries 

Globally 
Untreated caries in permanent teeth affects 2.4 million people and is the most prevalent condition 

worldwide1. Untreated caries in deciduous (child, primary, milk) teeth is the 10th most prevalent 

condition worldwide (Fig. 1) and across all ages, the prevalence of dental caries is 35%2 (Fig. 2).  

Direct treatment of dental diseases accounts for 4.6% of global health expenditure according to a 2015 

estimate3. In Europe, 6-10% of national health budgets go to oral care4.  In the year 2000, Europe spent 

an estimated € 54 billion on oral care, provided by 900,000 health professionals of which 1/3 were 

dentists5. Productivity losses from dental diseases have been evaluated at $ 144 billion, which as 

pointed out by Listl. et al is within the range of the recent evaluations of economic losses from each of 

the 10 main causes of death: 895-126 billion USD6. Seventeen percent of the productivity losses from 

dental diseases is attributed to caries6. 

Dental diseases cost a lot to society due to both high treatment costs and productivity losses, which is 

why prevention is key from an economics standpoint6. 

 

Oral diseases share some risk factors with other non-communicable diseases, such as diet, alcohol and 

tobacco, and parallel to the increase in NCDs in many lower- and middle-income countries, dental caries 

are also expected to increase7,8. As an example, a third of adolescents in Brazil report dental pain9. 

Dental diseases, especially caries in children and adolescents are a major hindrance for development. 

Caries affects school attendance, which in turn has a long-term impact on education. Caries causes pain, 

affects quality of sleep and concentration and can cause visible damage, which can lead to exclusion or 

shyness to engage socially. Caries can affect eating habits and have a long-term impact on nutrition and 

prevent children from developing optimally, both physically and mentally7,9. 

Not least, caries can progress into generalized infection, putting the individual’s systemic health at 

stake1. 
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On top of these medical and psychosocial consequences, for many patients the cost of treatment is not 

covered by any form of insurance, inducing high out-of-pocket expenses and delayed treatment with 

the resulting added suffering6. Thus, dental prevention is also important from an individual medical and 

social point of view. 

According to the World Health Organization (WHO) Oral Health report, while most industrialized 

countries have 1 dentist for a population of 2000, this ratio can reach lows of 1:150´000 in the African 

region8. As countries transition from low- or middle-income to high-income countries and their oral 

health systems follows suit, it can be speculated that the epidemiology of caries in these countries will 

over time transition to resemble that of Sweden. There are increasing calls for international 

cooperation in research to respond to common dental health challenges10. 

A common international way of measuring caries is the indicator Decayed, Missing and Filled 

Teeth/Surfaces (DMFT/DMFS) or DeMFS, the same including enamel caries11. In child and adolescent 

populations, the M component is omitted due to the fact that almost no teeth are missing due to caries 

but instead for orthodontic reasons. 

A study published in 2011 suggested 90% of dental caries were untreated in “Third World Countries” 

and that restorative dentistry on the permanent dentition of children in lower-income countries was 

unaffordable for the majority of the countries in question12. In 1981, the World Health Organization 

(WHO) and World Dental Federation jointly adopted global goals for oral health in 2000, which included 

a global average of DMFT at 12 years below or equal to three, and prevention targeted to high risk 

groups13. These goals have since been revised for 2020 with no global numbers but with a call to tailor 

targets to each region’s needs, reflecting the diversity in global epidemiology of oral diseases8,14. Both 

equity and youth feature prominently in the WHO oral health priorities8 . 

In Sweden 
Caries incidence has declined in the last decades in Sweden15–17 and now follows a positively skewed 

distribution with caries concentrated in around 20% of the population1819,20. In higher-income countries, 

oral health makes up 5-10% of public health expenditure4. In Sweden, 0.68% of the GDP is spent on oral 

health care, compared with 1.4% in Italy and 0,0016% in Kenya4. 

Socio-economic factors have been shown to impact oral health in Sweden, including dental caries in 

children. The main socioeconomic risk factors for dental caries in children and youth in Sweden are 

family environments with low education, low cash reserve and being foreign-born21–23.  
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Definition and aetiology of dental caries 
Dental caries is the destruction of the tooth from acid produced by oral bacteria fermenting 

carbohydrates, otherwise referred to simply as sugars24. The first stages of erosion damage the outer 

layer of the tooth, the enamel (crown of tooth) or cementum (root), before progressing into the 

dentine. The first stages are reversible, while more advanced stages of damage are known as carious 

lesions or cavities19. Plaque, also known as biofilm, is a substance mainly constituted of oral bacteria 

(known as microbiome) and salivary proteins25. Dental caries develops over time, through a cycle of 

demineralization and remineralization of the tooth, in contact with plaque26. Caries can be located in 

the crown or roots of teeth19. Left untreated, caries can lead to severe pain and tooth loss24.  

Dental caries activity is modulated by the diet, saliva and oral microbiome19.  Frequent sugar intake and 

loss of saliva can cause rampant tooth decay27. The microbiome load on teeth increases with poor oral 

hygiene and reduced salivary flow28. While all individuals have oral bacteria, some types create 

increased acidification of plaque and are referred to as cariogenic, meaning caries promoting29. Besides 

the acid attack on teeth, plaque acidification selects for acidogenic and aciduric species like 

Streptococcus mutans and lactobacill which increase the risk of caries even further29. Moreover, both 

general factors in saliva such as its secretion rate (mL/min) and viscosity, and specific factors such as 

acidic proline-rich proteins and salivary agglutinin influence caries30.  

Risk factors for caries 
While many tools and indicators have been explored for caries risk assessment, experience of caries 

remains the best predictor of future caries. In small children, prediction models with multiple variables 

such as lifestyle or salivary characteristics as well as caries experience were more precise, however no 

other single indicator could predict future caries31–34. There have been studies on adjunct methods such 

as fiber-optic or detection via fluorescence but the evidence quality has been assessed as low for these 

methods35. Caries in the primary dentition is known to be a strong predictor for caries in the permanent 

dentition with children with caries in primary dentition three times more likely to have caries in their 

permanent dentition36, and caries affecting the molars having the highest predictive value36.  

Many saliva, diet and microbiome factors coincide with caries in a cross-sectional setting, even though 

they do not predict prospective caries development effectively 37.  

The oral microbiome is a complex ecosystem of different types of bacteria, viruses, archaea and fungi38. 

The Human Oral Microbiome database includes over 600 types of microorganisms found in human oral 



UPPSALA UNIVERSITET Thesis Talia Salzmann  4 (55) 

 

   

 

 

flora39. The exact composition of the bacterial population in an individual can vary for example 

according to diet39, and strains can be transmitted vertically from parents to children40. The most 

important for caries is the bacteria S. mutans, which is a clinical risk factor for caries41. 

Research in twins has shown a strong genetic component to caries risk42 and a 2011 Genome-Wide 

Study suggested several minor genetic susceptibilities interact to create different risk profiles43, 

however no one genetic marker has been identified for use in risk assessment so currently, dental 

professionals providing care do not know the genetic types of their patients. 

 

Today, risk assessment is based on clinical presentation or information such as dietary habits. There is 

thus currently no better alternative than baseline caries count to assess risk, however this is when the 

disease is already present and does not allow risk-guided prevention before lesions arise44,45.  As these 

lesions cause pain and are relatively costly to treat, there is a need for risk factors capable of predicting 

caries before clinical presentation of the disease44.  

Novel risk assessment possible through results from a prospective cohort study 
A five-year study performed in Västerbotten County following caries development in adolescents 

identified increased caries risk linked to human genes encoding for Proline-rich protein (PRP) receptors. 

PRP receptors, encoded by the genes PRH1 and PRH230, are  receptors on the tooth surface to which 

oral bacteria binds to colonize tooth surfaces30. The PRPs are polymorphic, meaning individuals harbour 

different combinations of the five common alleles Db, PIF, Pa (PRH1) and PRP1, PRP2 (PRH2) and the 

acidic PRP composition generates phenotypes with different caries and bacteria binding profiles. 

Adolescents with P4a (Db-PIF-PRP1-PRP1), P6 (Pa-PIF/PRP1-PRP2) and P1 (PIF/PRP1-PRP1) phenotypes 

were found to display respectively high, moderate and low caries experience in certain conditions. It 

has been suggested the P4a phenotype could represent an immunodeficiency type of caries as these 

individuals develop caries independently of oral hygiene, S. mutans infection and sugar intake while P1 

and P4a negative phenotypes, on the other hand, represent a life style type of caries and accordingly 

develop caries from poor oral hygiene, sugar intake and infection by cariogenic S. mutans30. This same 

subset suggested P1 children were highly responsive to traditional prevention focusing on lifestyle 

factors but P4a were not, suggesting that self-care could be sufficient in lower-risk patient while clinical 

prevention should focus on P4a patients30.  
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Prevention of dental caries 
Fluoride is the main tool in prevention of dental caries. Population-scale fluoride provision through 

water supply, salt or milk have all shown to be effective, as well as more dental-specific tools such as 

toothpaste, mouthwash and gel8. Fluoride mainly prevents caries through two pathways, by protecting 

against demineralization and supporting remineralization of the tooth and by acting as an antimicrobial 

agent against cariogenic bacteria26. In higher-income countries, broad-scale population interventions 

such as fluoridation of toothpaste and drinking water, coupled with increased access to dental services, 

have massively reduced caries in the last few decades46,47. In 2012, around 435 million people globally 

had access to artificially fluoridated water48. 

Clinical interventions, such as the use of sealants, have also been shown to reduce caries49. Additionally, 

there is a behaviour and lifestyle component to dental caries, mainly related to diet, oral hygiene8 and 

tobacco50 which can be acted on through a preventive rather than curative approach to dentistry51. A 

systematic review by Bader, Shugars and Bonito on professional interventions to prevent caries in high-

risk individuals found the evidence insufficient regarding most types of prevention examined (sealants, 

fluoride rinses, chlorhexidine…) but judged the evidence on fluoride varnish as fair45. They also 

examined interventions to halt or reverse progression of carious lesions and found evidence on all 

interventions investigated to be insufficient. However, this was mainly due to the number of studies 

and design issues such as sample size rather than inconclusive results45. High-risk adolescents in 

Sweden have been found not to respond to traditional prevention20. It is increasingly being established 

that different groups respond to different types of prevention and risk-based prevention is strongly 

recommended33,52 and applied, with the means available, in the Swedish Public Dental System. 

Dental health systems 
Health promotion, disease prevention, cost-effectiveness and equity are key components of a good oral 

health care system53. In Europe there is a great diversity of oral health systems, which can be classed 

into six categories of similar systems, one of which is the oral health systems of the Nordic countries. 

The countries that are undergoing the most transition are the eastern European countries, which after 

the fall of the USSR  almost 30 years ago rapidly transitioned from a state-provided system to a private 

one and are now increasingly developing insurance systems5. In contrast, as described below, the 

Swedish system has been relatively stable since its establishment. 

In Sweden, dental care is integrated into the welfare system. The connection between dental health 

and general health is acknowledged and addressed, and the system aims to promote oral health and 
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preventive dentistry. The system has seen three major overhauls since its inception in 1974, though the 

above principles remain a constant54. Paediatric dentistry has always been considered of utmost 

importance as revealed by a review of dental legislation since the system was founded over forty years 

prior54. The connection between price and consumption of dental care and the principle of equal 

competition were established and integrated in 1999. The market for dental care is controlled by the 

state, which guarantees each patient’s ability to choose his or her dentist54. 

Sweden is separated into 26 counties named Landsting. The county councils make the decisions 

regarding budget allocation that affect how much is allocated to dental care for children and 

adolescents. Upstream of this, the government allocates money based on political priorities. Dental 

procedures and products covered by the State for patients are decided by the Dental and 

Pharmaceutical Benefits Agency, in Swedish Tandvårds- & Läkemedelsförmånsverket (TLV). These 

decisions are guided by three overarching principles: human dignity, need and solidarity and cost-

effectiveness55.  

Currently, for adults, there is a staged reimbursement system, both by levels of annual cost and by age 

of the patient56. This favours operative treatment (high costs once, covered beyond a certain level) 

rather than prevention (lower costs over a long period, never covered as below the cut-off). 

Presently a governmental investigation committee is examining the inclusion of oral care into the 

medical care insurance, which would make it free for the user above the sum of 1100 SEK. 

At the time of the study, dental care was free for children and adolescents until 19 years old. This age 

has since been raised to the age of 23. Most children (95-98%) receive dental care from Public Dental 

Clinics, though patients are free to choose a private or public provider57.  

As narrated in a discussion with the Västerbotten county council dental representative, counties have 

limited budgets to spend per child per year. Västerbotten had 1251 SEK, Stockholm has 1000 SEK and 

Norrbotten has 1500 SEK. However, the real cost for a child coming in to the clinic is 2200 SEK. This 

situation is only manageable because only 65-70% of children are called to the clinic annually. Current 

practice, including frequency of recalls, is according to professional judgement which may be influenced 

by outdated guidelines recommending annual visits for all patients. Thus, criteria for recall intervals and 

professionally administered caries prevention need to be developed to provide it to those who require 

or will benefit from it the most. 
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Economic analysis in caries prevention 
As mentioned, caries treatment is expensive. Prevention is less expensive as the consumables are low-

cost, however professionally administered prevention takes time from a dental health professional, 

which has a non-negligible monetary value. The question is how to best apply these preventive 

strategies – to those who need it most. For this we can only agree with Leake and Birch that “efficiency 

in the use of healthcare resources requires that those resources be employed in ways that make the 

greatest impact on the health of individuals and populations”58. 

There is little use of economic evaluation in dental care, though there is a positive trend toward 

increased quantity and quality of economic evidence in the field. A 2003 review of economic analysis of 

dental caries prevention found 17 articles with original data since 1966. The quality of these studies was 

judged to be mediocre59. Since 2003, informal literature review shows there has been an increase in 

studies and quality. There has also been an increase in the use of modelling and cost-utility analysis, 

which takes into account quality of life using Quality-Adjusted Life Years (QALYs), an indicator that 

incorporates quality of life and duration. A systematic review of cost-utility analyses in oral health of 

publications between 2000 and 2016 included 23 studies of which only 4 were about dental caries60, 

though there was an encouraging trend again of increased number of studies and quality especially 

since 2011. However, there was no consistency in the measurement tool for utility and all 

questionnaires used were non-specific to oral health. A study published in 2016 in Northern Sweden 

using a standardized health-related quality of life questionnaire (SF-36) showed caries impact mental 

and physical well-being, dimensions which will hopefully be incorporated into economic evaluations in 

the future61. However, it is hard to compare studies as they use different health economics methods, 

assess different interventions and look at different outcomes. Additionally, Cost-Effectiveness Analysis 

(CEA) generally focuses on new treatments or technologies and does not investigate current practice - 

meaning there is a gap in research focussing on current misallocation of funds which can be reshuffled 

and optimized62. 

The informal literature review mentioned above identified five studies using Incremental Cost-

Effectiveness Ratios (ICER) to evaluate prevention programs using DMFS/DMFT as an outcome. Four 

were facility-based studies in Europe63–66 and one was a school-based intervention in Brazil67. Among 

the European studies, a CEA within a Randomized Control Trial (RCT) reported a yearly cost of 511 SEK 

of which treatment represented 334 SEK per averted DeMFS in high risk Swedish adolescents, in the 

one prevention regimen they were found to be responsive to65. A study in Finland reported a direct cost 
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of 350 SEK per prevented DMFS using tailored prevention in adolescents, which was found to be more 

effective and, though initially more expensive, cheaper on the long term than standard care63. A study 

in the Netherlands reported similar findings for individualized prevention in 6-9 year-olds66. A study of 

non-risk-specific prevention in small children in Ireland on the other hand found a cost of about 3000 

SEK per prevented caries surface64. These findings point to the utility of applying risk-based, tailored 

prevention in order to optimize resources available.       

A retrospective analysis of caries management and risk in adults in Västerbotten County found that 

there were different profiles of patients who were at varying risk of caries. They found that despite 

improvement in high-risk patients receiving clinical prevention, the rates at which it was given were 

very low and did not reflect the need of each patient, underscoring the need to identify risk groups 

early on to focus prevention on those who need it most68. 

In summary, suffering and economic burden from dental caries is high, we have limited resources and 

we have prevention that works but different types of patients. Thus we need to understand how our 

limited resources are allocated to prioritize those most in need.  

Aims 
The aim of the present work is to evaluate caries-preventive expenditure and how it is allocated 

between risk groups in adolescents in Västerbotten County, Sweden. 

Specific objectives are to analyse: 

i) How prevention costs are allocated between risk groups based on clinicians' estimated risk and on 

observed risk  

ii) How prevention costs are allocated between risk groups based on newly identified genetically 

determined types of caries and presence or absence of cariogenic S. mutans. As practitioners are 

blinded to the genetic and bacterial group of the patient, prevention reflecting risk would suggest some 

intermediate factor that translates into more prevention for example higher caries count, in which case 

new diagnostic tools based on these criteria would not be useful. If the costs do not reflect the risk 

group, then there is a need for new diagnostic tools. 

iii) If determinants of caries and determinants of preventive expenditure coincide based on baseline 

caries, estimated, bacterial and genetic risk. 

iv) If per patient expenditure varies between clinics 
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Research question 

What are the costs for prevention in the groups defined and what are the determinants of caries 

preventive expenditure distribution in adolescents in Västerbotten county, Sweden?  

Hypothesis: Although they are at different risk of caries, the relative level of prevention and thus 

expenditure for disease prevention are quite homogenous for patients in the different risk groups.   

 

Implications 

This analysis could help guide resource allocation for dental caries prevention in adolescents by 

highlighting a gap between resource allocation and risk factor identification, which will help optimize 

county budgets. A collaboration with Västerbotten County Council is being explored. 

As dental caries is the most common condition worldwide, findings regarding dental caries prevention 

can have an impact far beyond Västerbotten County. Additionally, this is part of a broader move to 

increase the use of economic evaluation in dental care. 

Methods:  

This study is a secondary analysis of data from the study described below. 

Description of the original study  

Study design  

Due to the low prevalence and development time of dental cavities, the study is a prospective cohort 

study. The subjects were examined for caries at baseline and after five years, at age 17. Information on 

risk was recorded at baseline and information on prevention was collected throughout the duration of 

the study. During these five years, subjects were receiving standard dental care in Public Dental Service 

Clinics. Risk categorization as determined by genetic or bacterial testing was not communicated to the 

practitioners providing this standard care. 

Study setting: 

Sweden is located in Northern Europe, between Norway and Finland and has a population of 10.1 

million69. Västerbotten county is located in Northern Sweden and has a population of 268 00070 for an 

area of around 55 square kilometres. Less than half of these live in the capital, Umeå71, which hosts the 
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Norrlands University Hospital, which has around 1200 employees and 4 000 students. The faculty of 

odontology was incorporated into the faculty of medicine in 199972. 

The study was led by the Department of Cariology of Umeå University and took place in 14 public dental 

clinics in Västerbotten county in Sweden. Recruitment was done in two sets, recruited in 2008 and 2010 

and for each set the study lasted approximately five years. At baseline, samples were taken of oral 

bacteria and subject DNA. Bacteria was also tested at follow-up. 

 

Participants 

A total of 452 participants were recruited at age 12 using purposive sampling to include a variety of 

cases. This design is due to the long development time of dental caries and low prevalence of caries, 

which requires non-random sampling from the general population to create a sample containing 

enough cases to be able to draw conclusions. Unwillingness to participate was the only criterion for 

exclusion. The first set enrolled patients who were DFS = 0 and DFS > 0 in a 1:1 ratio (n=218), and the 

second intentionally widened the gap to ensure more cases by taking DFS>1 and DFS = 0 with a 2:1 ratio 

(n=234). Patients were selected randomly among low/high caries patients from the county statistic 

records. 

Variables, sources and data collection 
Clinical data collection was done by the research team dentist, dental nurse and laboratory assistant30. 

These were not the dentists providing care to the patients.  

Outcome:  
Secondary outcome / predictor:  

Caries level was recorded using the indicator Decayed, enamelled and Filled Surfaces (DeFS). Three 

examiners (dentists) recorded baseline ("DeFS12") and follow-up caries ("DeFS17") using mirrors, 

probes and bitewing radiographs. DeFS was measured at baseline (DeFS12) and at follow-up (DeFS17).  

Predictors: 
Estimated risk: Estimated risk is a three-levelled risk classification used by clinicians to estimate if a 

patient is at low, intermediate or high risk of caries. These three levels 0, 1 and 2 were assigned at 

baseline by the dental practitioner at the first consultation, reportedly based on clinical assessment of 

the presence, location and progression of carious lesions in the dentition as follows: 

Caries risk = 0 

No caries activity (no new caries-lesions and previous initial caries-lesions completely stopped). 
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Caries risk = 1 

1-2 new caries lesions on caries susceptible surfaces and / or moderate progression of initial caries 

lesions. 

Caries risk = 2 

Clear progression of several initial caries lesions.   

>3 new caries lesions. 

Caries on non-susceptible carious surfaces. 

Observed risk: Observed risk is calculated from recorded DeFS values using an artificial cut-off to select 

for the patients with the highest and with the lowest caries counts. The proportion of 20% was selected 

to create groups that were not too small (5% would have created groups too small for comparison) nor 

too big (for example 30%), which could dilute the effect observed. 

Genetic risk: Swabs were taken from the inside of the cheek at baseline and genomic DNA was 

extracted and sequenced.  Each participant was classified into one of eight Proline-rich protein (PRP) 

receptor phenotype categories according to the result of their genetic test. Of these eight groupings, 

the indicators of genetic risk used in this thesis are the highest-risk genetic group (P4a) and the lowest 

(P1). Accordingly, patients were classified for this analysis as P4a+ / P4a- and P1+ / P1-. This information 

on each patient's genetic risk was not communicated to the dental health professionals providing 

standard care. 

Bacterial risk: Detection of S. mutans was done by qPCR from saliva and plaque at baseline and follow-

up and bacterial risk was recorded as presence or absence of S. mutans. This information on each 

patient's bacterial risk was not communicated to the dental health professionals providing standard 

care. 

Clinics: The fourteen participating clinics were numbered and used as a predictor.  

Description of the economic evaluation 
 

Primary outcome: Preventive expenditure  

Preventive expenditure, referred to as costs, is the main outcome and is considered a proxy for the 

amount of prevention received by each child. Costs were calculated in SEK from the records of 

prevention administered which was recorded as extensive prevention by a dentist or a hygienist or 

simple prophylaxis. These sessions include interventions such as application of fluoride varnish, advice 
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on use of chlorhexidine and fluoride and lifestyle advice relating to oral hygiene and diet. 

Given the low costs of consumables used in the dental caries prevention applied in Västerbotten 

County, salaries were estimated to represent > 99% of the total costs per prevention session and thus 

other costs were left out. Salaries for dentists and dental hygienists were estimated by a committee of 

three dentist-researchers from Umeå University Hospital as were the durations of simple and extensive 

prophylaxis sessions. Salaries per minute were calculated from the assumption that a monthly salary 

covers 20 working days of 8 hours each and with a 50 % addition of social contributions of the 

employer, known as Lönekostnadspålägg (LKP) in Swedish. These estimations are given in Annex 3. 

These were used to calculate aggregate costs for prevention. Average costs per child were calculated 

for one year, using costs for the duration of the study divided by the time during which that child was in 

the study to have a standardized, per child per year value. 

 

Quantitative variables - treatment 
Outcome: 
Costs and DeFS17 as outcomes for crude and adjusted analysis 

Due to the skewed distribution of costs and outliers, both these variables were transformed into ordinal 

variables of five categories equivalent to the quintiles of each variable. This transformation is robust to 

outliers and was used for the ordinal logistic regression. The cut-off points used were the 20th, 40th, 

60th and 80th percentiles. For DeFS17, these were rounded up since DeFS17 counts are integers. 

Besides for the ordinal regression, costs and DeFS17 were treated as continuous variables. 

Caries increment: Caries increment was used for additional analysis and is the difference between the 

follow-up and baseline counts, normalized to a year, meaning it was calculated as the difference 

between DeFS17 and DeFS12 divided by the duration the patient was included in the study. 

Predictors - all categorical: 
Observed risk 

Three categorical variables for observed risk were created, each with two mutually exclusive categories. 

Patients were included in one of the two categories for each variable depending on if he/she was above 

or below the corresponding cut-off for DeFS counts. 

a) from baseline: Low80 (medium observed risk) and High20 (high observed risk). The 80th percentile 

was used as the cut-off between high and medium risk. This was calculated with the Excel function 

"percentile" which gave the cut-off value 80th percentile = 5. The lower 20% could not be calculated 

due to the study design that recruited approximately half the participants with DeFS12 = 0 
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b) from follow-up caries: Low20/High80 (low and medium observed risk) and Low80/High20 (medium 

and high observed risk). The 20th and 80th percentiles were used as cut-off points for low and high risk, 

and as above these were calculated in Excel: 20th percentile = 2.3, 80th percentile = 10. 

Estimated risk: A variable with three mutually exclusive categories was used to classify patients as low 

(0), intermediate (1) or high (2) risk. 

Genetic risk: Two separate binary variables were created for P1 and P4a and each patient was either 

positive or negative for each one. They were mutually exclusive. 

Bacterial risk: A binary variable was created to indicate infection by S. mutans. 

Clinics: A variable with fourteen mutually exclusive categories was used to indicate the clinic a patient 

was treated at. 

 

Potential confounders /effect modifier:  

Genetic risk could be a confounder for bacterial risk30 and there could be a confounding effect between 

bacterial risk and estimated risk. Clinics, as a proxy for geographic location and through different 

standard practice could be a confounder. Other variables that could be confounding such as socio-

economic status or ethnicity were not available. 

Bias and sample size 
These are not applicable to the economic evaluation. 

Statistical methods 

Due to the skewed nature of the primary outcome (Fig. 2), non-parametric tests were used. Wilcoxon 

rank-tests were used to check for differences in cost distribution among binary variables (P4a, P1, S. 

mutans and observed risk) and Kruskal-Wallis was used for variables with more categories (estimated 

risk and clinics). In initial findings, costs and caries per group are reported as medians due to their 

skewed distribution however for costs, means and standard deviations are reported in the table as well 

in order to get perspective on total expenditure.  

Due to the skewed distribution of the outcomes, they were transformed into ordinal variables, quintiles 

as described above, for regression analysis. Ordinal logistic regression was applied to determine which 

factors affected costs and to look for effect modification (interaction). Bivariate analysis was done with 

P4a, P1, S. mutans, estimated risk, clinics and baseline DeFS. Due to a possible situation of collinearity, a 

first adjusted model included all except DeFS12, the second adjusted model also included DeFS12. 
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Observed risk was not included as observed risk is calculated from baseline DeFS, and follow-up 

observed risk is a reflection of the outcome. For risk factor validation, ordinal logistic regression was 

also done using the same predictors and with DeFS17 as the outcome, also separated into quintiles and 

with two multivariate analyses, one with and one without DeFS12. An extra factor was added in to this 

analysis, costs. 

 

Noting the significant distribution of costs among clinics, the distribution of other factors between 

clinics was checked using two-way contingency tables with Pearson's Chi square (goodness of fit) (P4a, 

P1, S. mutans, observed risk, presence at follow-up and presence of genetic status) or ANOVA tests 

(estimated risk).  

For all tests, the significance level  = 0,05 was used. 

 

For all variables, the negative or lowest level was used as a reference, while for clinics "Clinic 1" Umeå 

University Dental Clinic was used as a reference as it is the university having conducted the initial study 

and as the teaching hospital was assumed to follow procedures consistently, to a high standard and be 

up-to-date with the latest recommendations. The software used was Excel version 16.11 and R version 

3.3.2. using the R Commander interface.  

Missing data  
Duration 

Patients for whom there was no total duration of the study (14%) were assigned the average duration 

from the other subjects (5.26 years) for the calculation of their cost per year. 

Genetic status 

Subjects with no genetic status (4.5%) were excluded from the calculations by genetic status but 

included in all others. 

Bacterial status 

There is 1 missing value for S. mutans presence and that subject was excluded from analysis using this 

variable and included in all others. 

 

Ethical considerations 

The study was approved by the Ethics Committee for Human Experiments at Umeå University, Sweden 

(Dnr 08-047M, Addendum Dnr 2019-253-32M). Additionally, informed consent was obtained from the 
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participants and their parents before participation, with a requirement of signed parental consent due 

to the underage status of the subjects. The adolescents had the opportunity to leave the study at any 

time without giving reason. Data was treated confidentially and stored in a secure data environment 

with each participant assigned a number at enrolment that cannot be linked to the patient by anyone 

other than the primary investigator (PI). 

Results 

Participants 
A total of 452 subjects were included of which 389 remained throughout the study, resulting in a drop-

out rate of 14% (Fig. 1, Table 1). The mean duration of inclusion in the study was 5.26 years, though 

inclusion time could be years longer if the follow-up visit was delayed for any reason, such as change of 

address or ignoring the recall invitation (longest inclusion period was 7.5 years). 

Figure 1 

Participant flow through the study, from baseline to follow-up 

Descriptive data 
During the study period, children had a mean of 1.6 (median = 1) simple prevention sessions which 

were administered by either a hygienist or a dentist, 0.77 extensive prevention sessions with a hygienist 

(median = 0) and 0.16 extensive prevention sessions with a dentist (median = 0). 

Costs followed a skewed distribution which ranged from 0 to 1334 SEK (Fig. 2), with mean and median 

costs per child per year at 78 SEK and 26 SEK respectively. 

Baseline and follow-up caries also followed skewed distributions with a median of 2 and 5 respectively. 

The distribution among the three levels of estimated risk was around 45%:25%:30%. 
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Approximately 20% of the patients were in the P4a+ genetic group, the highest-risk group and 30% 

were in the lowest risk group P1+. Around 50% had S. mutans in their oral flora.  

Subjects were not evenly distributed amongst the clinics, with clinics 1 and 4 providing the most 

subjects (Table 1). 

 Table 1 

Data overview - characteristics of study population, average duration, costs and caries and distribution 

of subjects in risk groupings and clinics 

 
 

Range Mean ± standard 

deviation (SD) / mode/ 

median 

Frequency 

(%) 

Missing 

values 

frequency 

(%) 

Total participants 
 

  452 (100) 
 

Total at follow-up 
 

  389 (86) 
 

Drop-outs 
  

63 (14) 
 

Years of follow-

up per child 

3.44-7.5 5.26 ± 0.82/4.13/5.35 
 

62* (13.7) 

Cost per child per 

year SEK) 

0-1334 77.58 ± 122.62/ 0 / 26.2 
 

0 (0) 

DeFS baseline (12 

years) 

0-15 2.6 ±  2.8 / 0 / 2 
 

0 (0) 

DeFS follow-up 

(17 years) 

0-58 6.9 ± 7.6 / 0 / 5 
 

62* (13.7) 

Estimated risk 

levels 

      0 (0) 

0   203 (45)  

1   104 (23)  

2   145 (32)  

Genetics       20 (4.4) 

P4a+ 
  

84 (18.6) 
 

P4a- 
  

348 (77) 
 

P1+ 
  

143 (31.6) 
 

P1- 
  

289 (64) 
 

Bacterial risk       1 (0.2) 
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S. mutans 

present 

  
217 (48.1) 

 

S. mutans absent 
  

234 (51.9) 
 

Clinics       0 (0) 

1 
  

98 (21.7) 
 

2 
  

49 (10.8) 
 

3 
  

31 (6.8) 
 

4 
  

88 (19.5) 
 

5 
  

50 (11.1) 
 

6 
  

31 (6.8) 
 

7 
  

26 (5.8) 
 

8 
  

27 (6) 
 

9 
  

4 (0.9) 
 

10 
  

4 (0.9) 
 

11 
  

12 (2.7) 
 

12 
  

18 (4) 
 

13 
  

6 (1.3) 
 

14 
  

8 (1.8) 
 

* One of the drop-outs provided values before leaving the study which is why these values are not the same as the number of drop-outs.  

 

 

.  
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Figure 2 

 Cost distribution in the full sample  

y axis shows distributions and x axis shows total expenditure per child per year of follow-up 

Outcome data  
Costs for different categories 
A first look at the cost distribution suggests the following (Table 2). 

Observed risk is consistently significantly associated with expenditure at both baseline and follow-up. 

This is equivalent to higher expenditure related to higher baseline and follow-up DeFS scores. At 

baseline, the median expenditure for the 20% of subjects with highest caries is 53 SEK above the 

average for the lower 80%. At follow-up, comparing medians the top 20% received 69 SEK more than 

the lower 80% and lowest 20% receive 23 SEK less than the higher 80%. 

Estimated risk category is significantly associated with costs, with the median increasing by 21 SEK 

(mean +35 SEK) between risk 0 and risk 1, and decreasing by 10 SEK between risk 1 and risk 2 (mean 

+10 SEK).  

There is no difference in resource allocation in the genetic groupings, despite allowing for an extremely 

high significance cut-off ( = 0.5). The median in the low-risk P1+ is 1 SEK lower than the P1- group and 

the median expenditure in the high-risk group P4a+ is in fact 3 SEK lower than in the P4a- group (Table 

2). 

Presence of S. mutans meant a median expenditure 3 SEK above the median for S. mutans negative 

patients however this difference was not significant. 

Clinics were significantly associated with expenditure, with median expenditure per adolescent per year 

varying from 18 SEK to 170 SEK (Table 2). Visual depiction of the relationship between baseline caries 

and preventive expenditure by clinic suggests a consistent trend but with some variation between 

clinics and outlying cases (Fig. 3). Clinic 1 shows several cases that stand out from the main cluster. 

Clinic 1 shows patient with the same number of baseline caries who received different amount of 

prevention, for example 4 patients of DeFS12 = 11 who are distributed widely across the cost axis, and 

two patients who had DeFS12 = 5, one of which received around 600 SEK and the other over 1300 SEK. 

Another patient that stands out is a patient from clinic 2 who entered the study with a DeFS of around 

15 and received virtually no prevention.   
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Caries in different categories 
Baseline, follow-up and increment caries followed similar patterns to cost distribution for estimated 

risk, genetic risk, bacteria risk and presence at follow-up. 

 

Table 2 

Mean costs (SEK) by risk groupings and clinic; baseline caries by clinic and estimated risk group and 

caries increment by estimated risk group.  
  

Costs 

(SEK) 

Median

, Mean 

(SD) 

P-value 

(Wilcoxon or 

Kruskal-

Wallis) 

Baseline 

caries 

median 

(DeFS) 

P-value 

(Wilcoxon 

or Kruskal-

Wallis)** 

FOLLOW-

UP CARIES 

MEDIAN 

(DeFS) 

P-value 

(Wilcoxon 

or Kruskal-

Wallis) 

Caries 5-

year 

increment 

MEDIAN 

P-VALUE 

(WILCOXO

N OR 

KRUSKAL-

WALLIS) 

OBSERVED RISK, 

GROUPED BY 

DEFS12 

Top 20% (above) 

76.41 

117.8 

(135)  

< 0.001 7 N/A 14 < 0.001 5.68 < 0.001 

 Lower 80% 

(below or equal 

to cut-off) 

23.73 

71.3 

(120)  

 2  4  2.42  

OBSERVED RISK, 

GROUPED BY 

DEFS17 

Top 20% (above) 

91.59 

149.4 

(195)  

< 0.001 4.5 < 0.001 16 N/A 10.9 < 0.001 

 Lower 80% 

(below or equal) 

22.46 

60 (94)  
 1.0  4  1.7  

Lowest 20% 

(below cut-off) 

18.11 

64.5 

(68)  

< 0.001 0 < 0.001 1 N/A 0.00 < 0.001 

 Higher 80% 

(above or equal 

to cut-off) 

40.62 

97.4 

(145)  

 3  8  4.49  

ESTIMATED RISK 

0 

20.80 

55.6 

(88)  

0.002 
2.77 

(3.78) 0 
< 0.001 

2.55 (3.67) 

2 
< 0.001 1.67 < 0.001 

1 

42.25 

89.2 

(109)  

 
7.24 

(8.52) 4 
 

6.15 (7.42) 

8 
 3.54  

2 

31.78 

100 

(163)  

 
4.93 

(6.50) 4 
 

5.40 (7.19) 

8 
 3.38  

DISTRIBUTION BY 

GENETIC GROUP P4a+ 

23.72  

74.3 

(163)  

0.908 2 0.060 5 0.119 3.05 0.496 
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P4a- 

26.52 

76.3 

(109)  

 2  5  2.46  

P1+ 

25.18 

73.7 

(110)  

0.367 2 0.099 4 0.034 2.3 0.215 

P1- 

26.24 

77 

(127)  

 2  5  2.64  

Total with 

genetic status 

25.81 

76 

(121)  

0.501 2 0.735 5 0.184 2.49 0.098 

Patients without 

genetic group 

assigned (n=20) 

62.75 

114 

(145)  

 2   7  4.39  

BACTERIA RISK 

(S. mutans) Yes 

28.23 

89.5 

(122)  

0.068 3 < 0.001 7 < 0.001 3.40 < 0.001 

 

No 

25.36 

66.3 

(122)  

 1  3  2.05  

CLINIC NUMBER* 

1 

24.89 

87.1 

(174)  

< 0.001 
2.45 

(2.80) 2 
0.004 3 0.03 2.31 0.048 

2 

33.89 

65.3 

(74.6)  

 
2.86 

(2.76) 2 
 8.5  6.15  

3 

26.24 

69.5 

(125)  

 
1.70 

(1.94)1 
 3  1.68  

4 

18.26 

46.6 

(73)  

 
2.13 

(2.40)1.5 
 

5 

 
 2.52  

5 

34.01 

66.3 

(74)  

 
2.58 

(2.80) 2  
 5  2.47  

6 

93.83 

137 

(122)  

 
2.23 

(2.80) 2 
 5.5  3  

7 

22.52 

82.5 

(125)  

 
2.22 

(2.80) 3 
 8  4.03  

8 

26.06 

95.1 

(151)  

 
3.11 

(2.44) 3 
 5.5  1.85  
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9 

24.83 

29.3 

(21)  

 
3.63 

(2.78) 2 
 0  0  

10 

59.21 

164 

(244)  

 

2.25 

(2.63) 

2.5 

 7  4.03  

11 

24.63 

41.8 

(42.7)  

 

3.25 

(1.89) 

2.5 

 7  3.51  

12 

169.59 

165.7 

(125)  

 
3.6 

(3.62) 4 
 8  1.1  

13 

22.11 

17.3 

(14)  

 

4.72 

(3.37) 

2.5 

 3  1.6  

14 
24.02 

56 (66)  
 

2.50 

(2.26) 3 
 4  0  

PRESENCE AT 

FOLLOW-UP *** Yes 

20.8 

76.5 

(123)  

0.558 2 0.008 5 N/A N/A N/A 

No 

26.6 

84.2 

(116)  

 3  N/A  N/A  

* Clinics 9, 10, 13 and 14 are flagged as having n < 10 

** p-values for caries do not apply where this same variable was used to define the group 

*** patients not present at follow-up did not allow calculation of increment or DeFS17 
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Figure 3 

 Baseline caries against preventive expenditure by clinic 

Main results - Ordinal logistic  

Expenditure as outcome 
Crude analysis showed an association between baseline DeFS (equivalent to observed risk) and 

expenditure and confirmed that there was no significant association of estimated, genetic or bacterial 

risk with expenditure (Table 3). In the crude analysis clinics 2, 6, 7 and 12 were significant. All significant 

factors show higher costs than the reference. Adjusted analysis shows the same conclusion, with 

adjustment for DeFS removing significance of clinic 12 (Table 3). More detail of the relation between 

expenditure and both baseline caries and caries increment over 5 years is given in Fig. 4a and 4b 

respectively.  

 

Figure 4a    Figure 4b 

Baseline caries (y axis) against costs (x axis) Caries increment (y axis) against costs (x axis) 

DeFS17 as outcome - for comparison 
Baseline DeFS is consistently a strong predictor of DeFS17 though the estimate diminishes slightly in the 

adjusted model. Spending, on the other hand, is significantly positively related to DeFS17 in the crude 

analysis but this effect disappears in both the adjusted models (Table 3). 

Estimated risk shows a strong association with DeFS17 in all three models. In the crude analysis, the 

intermediate estimated risk group has more caries (3.39, 95% CI 2.19, 5.21) than the high-risk group 
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(2.99, 95% CI 2.07, 5.21). In the full adjusted model, the intermediate risk group has slightly lower DeFS 

(1.95, 95% CI 0.57, 3.85) than the higher estimated risk group (2.07, 95% CI 0.52, 4.03) but the 

confidence intervals overlap almost entirely. In the adjusted model that does not include baseline DeFS, 

the DeFS17 estimates for intermediate and high risk groups are very close to the crude values, but with 

the same pattern as in the full adjusted analysis, which is intermediate risk having slightly lower DeFS 

count. 

In this dataset, with these groupings, genetic groups P4a and P1 do not have a significant effect on 

caries at follow-up. S. mutans presence does, but this effect disappears in both the adjusted models. 

In the crude analysis, clinic 2 and 7 are associated with higher DeFS17, however both of these disappear 

in the adjusted analysis. Clinics 8 and 12 appear to have significantly more DeFS17 in the adjusted 

model. Clinics 2, 8 and 12 have significantly more caries in the intermediate adjusted model (without 

DeFS12).
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Table 3 

Crude and adjusted analysis of association of different risk factors for caries with preventive expenditure 

and caries at follow-up 

 

 

p-value cut-off 0.05 0.08 0.1 

  
Outcome: expenditure Outcome: DeFS17 

  
Bivariate 

Multivariate without 

DeFS Multivariate with DeFS Bivariate 

Multivariate 

without DeFS Multivariate with DeFS 

  
Estimate 95% CI Estimate 95% CI Estimate 95% CI 

Estimat

e 95% CI 

Estimat

e 95% CI 

Estimat

e 95% CI 

Baseline DeFS 

Continuo

us 0.15 0.05, 0.25 
  

0.20 0.05, 0.36 1.06 0.78, 1.4 

  

0.72 0.35, 1.15 

Estimated risk (ref 0) 

1 0.3 

-0.28, 

0.93 0.23 -0.43, 0.9 -0.35 -1.14, 0.56 3.39 2.19, 5.21 

3.31 2.07, 

5.16 1.95 0.57, 3.85 

2 0.22 -0.3, 0.76 0.05 -0.59, 0.68 -0.62 -1.44, 0.19 2.99 2.07, 4.2 

3.82 2.50, 

5.64 2.07 0.52, 4.03 

P4a genetic (ref P4a-) P4a+ 0.23 

-0.38, 

0.89 0.03 -0.66, 0.77 -0.05 -0.75, 0.68 0.42 -0.24, 1,16 

0.66 -0.20, 

1.58 0.63 -0.27, 1.6 

P1 genetic (ref P1-) P1+  -0.46 

-0.95, 

0.03 -0.5 -1, 0.06 -0.48 -1.04, 0.08 0.03 -0.5, 0.58 

0.47 -0.22, 

1.18 0.55 -0.16, 1.28 

S. mutans infection ( ref s.m 

negative) s.m.+ 0.13 

-0.33, 

0.59 -0.16 -0.68, 0.35 -0.30 -0.84, 0.22 0.9 0.3, 1.45 

0.48 -0.17, 

1.14 0.28 -0.4, 0.97 

Clinics (ref 1) 

2 0.95 0.04, 2 1.06 0.13, 2.12 0.97 0.03, 2.04 1.15 0.11, 2.44 

1.39 0.21, 

2.77 1.05 -0.19, 2.46 

3 0.41 

-0.54, 

1.48 0.52 -0.46,1.63 0.54 -0.45, 1.65 0.26 -0.72, 1.35 

0.64 -0.53, 

1.88 0.53 -0.66, 1.8 

4 -0.46 

-1.09, 

0.16 -0.31 -0.99, 0.37 -0.32 -1.02, 0.4 0.23 -0.47, 0.97 

0.53 -0.35, 

1.42 0.43 -0.47, 1.35 

5 0.8 

-0.08, 

1.78 0.7 -0.23, 1.75 0.60 -0.34, 1.65 0.21 -0.62, 1.1 

0.54 -0.45, 

1.57 0.41 -0.62, 1.47 

6 2.38 0.76, 5.28 2.46 0.79, 5.37 2.43 0.76, 5.35 0.17 -0.82, 1.266 

0.11 -1.17, 

1.42 0.05 -1.29, 1.42 

7 1.47 0.16, 3.34 1.55 0.2, 3.44 1.55 0.2, 3.44 1.4 0.08, 3.3 

0.87 -0.75, 

2.88 0.8 -0.86, 2.83 

8 1.06 

-0.09, 

2.55 1.14 -0.05, 2.66 1.08 -0.12, 2.6 0.21 -0.93, 1.55 

-1.79 -3.94, 

0.1 -2.11 -4.32, -0.16 

9 15.55 N/A 15.78 N/A 15.76 N/A -1.73 -4.83, 0.66 

-2.45 -6.6, 

0.86 -3.12 -8.17, 0.92 

10 15.55 N/A 15.4 N/A 15.14 N/A 15.53 N/A 15.67 N/A 14.59 N/A 

11 0.08 

-1.21, 

1.64 0.16 -1.15, 1.74 0.04 -1.31, 1.63 1.34 -0.36, 4.29 

1.30 -0.79, 

4.36 1.03 -1.14, 4.12 

12 1.81 0.16, 4.73 1.76 0.06, 4.7 1.70 -0.02, 4.64 0.17 -1.11, 1.72 

-2.42 -4.67, -

0.20 -3.27 -5.9, -0.75 

13 -0.33 

-2.02, 

1.69 0.28 -1.72, 3.33 0.21 -1.78, 3.22 15.53 NA 

15.44 N/A 

15.5 N/A 

14 0.93 

-0.87, 

3.88 0.76 -1.1, 3.74 0.56 -1.33, 3.55 0.75 -1.08, 3.72 

-0.75 -3.76, 

2.80 -1.23 -4.9, 2.71 

Spending Continuous 
     

0.004 

0.001, 

0.008 

0.002 -0.001, 

0.007 0.002 

-0.002, 

0.007 



UPPSALA UNIVERSITET Thesis Talia Salzmann  25 (55) 

 

   

 

 

 

Comparison between predictors of cost and predictors of DeFS 
Baseline DeFS is significantly associated to both costs and DeFS17. Estimated risk has a strong 

association with caries but with not with cost. Genetic groups do not predict either expenditure or 

caries at follow-up. In the crude analysis, infection with S .mutans is associated with DeFS17 but not 

with costs, and otherwise not. The two clinics with significantly higher DeFS are not the same as any of 

the three clinics that have significantly higher expenditure per adolescent.  

Other analysis  

A closer look at clinics 

The high variation in cost between different clinics led to an investigation of which factors were 

unevenly distributed among the clinics in an attempt to find what drives different expenditure in clinics 

(Annex 4). Of the three observed risk groupings, the highest 20% of baseline caries ((p=0.006) with 0-

39% of patients in a clinic being in the highest 20%) and lowest 20% of follow-up caries ((p=0.027) with 

lowest 20% making up between 0-75% of patients) were unevenly distributed. However, the 80th 

percentile was not significantly uneven. Estimated risk was unevenly distributed between clinics (p 

<0.001).  Genetic and bacterial risk were not unevenly distributed among the clinics (Annex 4). 

A closer look at the drop-outs: 
There are 62 missing values at follow-up, which according to records is due to moving from the area 

(n=20) and to repeatedly missing appointments (n=42). As the reason for dropping out was not included 

in this data all drop-outs were combined and checked for baseline caries.   

Baseline caries were significantly higher in those that dropped out with a difference in median of 1 DeFS 

(p=0,008) (Table 2). The mean and median of expenditure are higher in those without recorded genetic 

status and those absent at follow-up though these differences are not significant (Table 2). 

There was no difference in P4a status between those present and absent at follow-up (p=0.638); and 

approximately 20% were P4a and 80% P4a- in both groups. Contingency tables show that with a 

significance level of just above 0.05, for example 0.06, drop-outs are significantly unevenly distributed 

between clinics (p=0,053) (Annexe 4).  

A closer look at estimated risk  
Cost distribution is similar in all three estimated risk groupings (Fig. 5). 
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Figure 5 

Cost distribution in each estimated risk category. Each colour is a different estimated risk category, total 

expenditure per year are on the x axis, density on the y axis. 

Kruskal-Wallis rank sum tests show there is a significant difference between the median of baseline 

caries, follow-up caries and caries increment in each risk group (all p < 0.001). Level 1, "intermediate 

risk" has the highest mean of both baseline and follow-up caries (7,24 and 6,15) but intermediate and 

high risk have the exact same medians of baseline (4) and follow-up caries (8). The first level, level 0 

"low risk" has the lowest medians ( 0 and 2) and means (2,77 and 2,55) while level 2 "high risk" shows 

mean values in between level 0 and level 1 (4,93 and 5,40).  Caries increment medians follow the same 

pattern with lowest risk displaying the lowest increment (1.67) and the two other levels showing very 

close values but with intermediate risk slightly higher (3.54 and 3.38). 

There is no significant association between genetic and estimated risk groups. Grossly rounded, each of 

the risk groups is approximately 20% P4a+ and 30% P1+ (Annex 5). 

There was a significant association between S. mutans presence and estimated risk, with 35% of low-

risk subjects being S. mutans positive with this rising to 60% for both medium and high-risk groups, with 

a difference of less than one percentage point. 

Discussion: 

Key findings 

Responding to the aim of this thesis, the main findings are as follows: 

1) Average spending on prevention is low in all groups with a general mean and median of 78 SEK 

and 26 SEK respectively. 
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2) Preventive expenditure is not distributed according to risk groups however the risk is defined 

(observed, estimated, genetic or bacterial risk)  

3) Preventive expenditure is driven by baseline caries and caries development ( "increment") 

4) Baseline caries is a driver of both preventive expenditure and DeFS17 

5) Besides baseline caries, there is a mismatch between predictors of DeFS17 and predictors of 

preventive expenditure 

6) Expenditure per patient seems to vary between clinics 

An additional finding is that estimated risk is strongly associated with baseline caries and caries 

increment. 

 

The overall spending on prevention for the whole sample was extremely low. The median of 26 SEK and 

mean of 78 SEK of preventive expenditure per adolescent per year is surprisingly little considering the 

consequences of caries on physical and mental wellbeing and child development as discussed in the 

introduction. While the range was wide, from zero to 1334 SEK, the distribution was extremely skewed 

to the right. All genetic groupings received a median of around 25 SEK per year (mean 75 SEK). For 

perspective, a recent review of TLV reimbursement decisions between 2005 and 2011 found that the 

lowest cost per QALY of reimbursement applications rejected by TLV was 700 000 SEK and that the 

highest was 1 220 000 SEK73. In comparison to these sums, the amount calculated in this thesis is 

negligible and shows that caries prevention is given low priority. Though there is of yet no 

internationally validated QALY value for dental caries, recent estimates from the UK suggest that the 

toll from living with decay with pain (advanced caries, when it goes untreated) was 0.6974, showing that 

while the severity of dental caries is recognized, it is neglected by decision-makers. QALY values are not 

currently available for the earlier stages of caries. A study published in March 2018 found that the 

British equivalent of TLV, the National Institute for Health and Care Excellence (NICE), would consider 

an expenditure of around 650 SEK per high-risk child for supervised tooth brushing or 1200 SEK per 

child for fluoride application, though they have different assessment criteria than TLV75. The amount 

spent per child in this study in Västerbotten is only a fraction of the annual 1251 SEK the county has 

available per child, suggesting that there is scope to reallocate some funds to focus prevention on high-

risk patients. For example, this sum could be reallocated to the 20% highest-risk patients or, given the 

high imbalance between severity and preventive expenditure and the WTP indicated above for NICE, 

the counties could consider spending their entire budget per child on dental caries prevention and 
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covering treatment costs from another source - for example from revenue from treating adults as this is 

a profit-based system. It seems that after covering rent, salaries and consumables in the Dental Public 

Health System there is very little funding left for prevention. The fact that there was not alignment of 

expenditure according to previously demonstrated bacterial and genetic risk factors points to the need 

for new diagnostic tools to detect risk at an early stage to allocate prevention accordingly. 

Other findings 

A closer look at costs 
Between baseline and follow-up, the difference in median cost between the highest 20% observed risk 

group and the others goes from 50 SEK to 70SEK. This difference might indicate that the high-risk group 

are insensitive to prevention and that as their caries progress they are given more funding but that it 

does not translate into a reduction of DeFS increase. This is consistent with the study previously 

mentioned in Swedish high-risk adolescents showing they are not very responsive to traditional caries 

prevention20. In this RCT study, costs for prevention resulting in only 15% caries reduction were already 

much higher than the costs found here65, suggesting that an increased investment in caries prevention 

in high-risk patients will translate into caries reduction, and that more studies are needed to determine 

how much should be invested to maximize caries reduction. 

The results were different between the non-parametric tests and the ordinal regression, for example 

with the ordinal regression showing slightly higher expenditure for P4a+, to the opposite of the non-

parametric tests. This could be a loss of information when transforming to quintiles or the removal of a 

spurious association which was due to outliers. 

Clinics with higher DeFS and those with higher costs do not match. This is surprising as one would 

expect baseline caries to drive cost via estimated risk as the dental practitioner supposedly administers 

more or less prevention according to his risk estimation, though the results show that is not the case. 

This is coherent with the findings on estimated risk detailed below and again, this highlights the 

mismatch between predictors of caries and drivers of cost.   

A closer look at estimated risk 
As stated above, estimated risk does not show an association with costs, but shows an association with 

DeFS17, and varies between clinics. The lack of cost association revealed in the ordinal regression is 

surprising given that current prevention protocols are based on the dental health practitioner's 

assessment of risk, which according to the official classification looks at number of active lesions and 
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caries progression. As such, estimated risk should be a possible proxy for baseline DeFS in which case 

the relationship with cost would be similar, but it is not. The ordinal regression shows higher DeFS17 in 

the intermediate estimated risk group than in the higher risk group. This is surprising at first glance as 

the main factor for risk assessment is number of caries, however location of the caries is taken account 

and lesions on non-susceptible surfaces get an individual classified as high-risk. Additionally, enamel 

caries is included in the DeFS count but not in the risk assessment. This also explains the patterns of 

caries increments. 

It is noteworthy that the crude values and those adjusted for without taking DeFS12 into account are 

very close whereas adding DeFS12 into the model approximately doubled some of the estimated risk 

DeFS17 estimates, suggesting a lot of the effect of estimated risk was masked by baseline caries. 

The initial findings from simple non-parametric tests however showed lower DeFS17 counts in the 

higher risk group and slightly higher expenditure suggesting prevention expenditure successfully 

reduced caries progression (see limitations section below for discussion of timing for causality 

deduction). The increase in expenditure between estimated risk 0 and 1 is coherent so as to reflect the 

increase in risk recognized by the practitioner, however at first glance the decrease in median cost 

between risk 1 and 2 (-10 SEK) is surprising as it suggests the highest risk patients received less 

prevention than the intermediate risk group. However, considering that one caries on a non-susceptible 

surface was sufficient to be classed at highest risk, this might just indicate that the provider focussed on 

different measures depending on the reason for high-risk classification. Additionally, the mean 

expenditure increased (+10 SEK) suggesting a skewed distribution with outliers receiving much higher 

prevention, which would support the hypotheses that within the group there were two sub-

populations, one with low number of carious lesions but on non-susceptible surfaces, who received 

relatively little prevention and one sub-population with high number of carious lesions receiving much 

more prevention. 

As shown in Annex 5, there is no significant association between genetic or bacterial risk groupings and 

estimated risk groups, which points again to the complexity of caries prediction, where multiple factors 

have some predictive power but no single predictor as far accurately predicts future caries37.  

Since this study took place, there has in fact been a new risk assessment guideline put in place in 

Västerbotten County that takes into account many other dimensions of risk such as oral hygiene habits, 

tobacco use or lip piercings68. 
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A closer look at clinics 
There remains a wide difference in expenditure between the different clinics (up to factor 10), though 

the small numbers in some clinics make it impossible to interpret those findings. The variation in 

volume of subjects per clinic is down to the size of the clinics and volume of patients as patients were 

picked at random from the regional records. The number of patients per clinic reflects the size as a 

larger clinic is more likely to have more patients picked at random from the regional register however 

there may also be bias from the type of clinics as some might specialize in specific types of care, difficult 

cases or patients (ex: lower SES). In any case as clinics were not a variable taken into account at 

sampling, we cannot draw any conclusions on overall costs and other findings must be examined with 

prudence. With this in mind, analysis suggests the following. 

Estimated risk was unevenly distributed between clinics (p <0.001), as were the highest 20% of baseline 

caries and lowest 20% of follow-up caries, suggesting the difference in cost between clinics could be 

explained by estimated risk and caries distribution. Baseline caries as separated by the 80th percentile 

was very significantly uneven (p=0.006) with 0-39% of clinics being in the highest 20%. At follow-up 

however, the 80th percentile was not significantly uneven, indicating some kind of change in the DeFS 

distribution towards something more homogenous. We could speculate this could be due to drop-outs 

or effective prevention. The 20th percentile did show an uneven distribution (p=0.27) with lowest 20% 

making up between 0-75% of clinics. Though these show a difference it does not show which clinics 

have significantly more of each category and small numbers (smallest clinic n=4) can create sampling 

bias. Some patients have negative DeFS increments which could seem like a problem in the data, but 

they are patients whose tooth was removed and seeing as missing teeth were not included in this 

study, the DeFS count goes down. Additionally, the classification refers to active caries so if they are not 

active anymore they do not count anymore. This might explain the shift in distribution of observed risk 

between the clinics, from significant at baseline to non-significant at follow-up. The significance of 

certain clinics in predicting DeFS17 changed between the different models, suggesting that sometimes 

the association between a clinic and higher DeFS17 was accounted for by baseline caries (clinic 2) or on 

the contrary masked by baseline caries (clinics 8 and 12).  

A singularity displayed in the results is the variation within the same clinic of expenditure on patients 

with the same number of baseline caries. Markedly, clinic 1 displayed varying costs for patients entering 

the study with the same DeFS scores. Clinic 2 showed a patient entering with DeFS = 15 who received 

hardly any prevention whereas patients from that clinic with lower DeFS12 received more prevention. 



UPPSALA UNIVERSITET Thesis Talia Salzmann  31 (55) 

 

   

 

 

This raises the question questions as to how individual clinics and practitioners apply prevention to 

their patients. Are these patients clinically different in some other way that would justify them receiving 

different treatment? Are they more or less compliant with coming to their appointments? Are 

professionals using other criteria such as their perception of the patients’ lifestyle risk factors? Is there 

some kind of incentive system or informal guideline in place in some clinics? Either way, the new 

guidelines mentioned above will hopefully support clinicians in making the best choices for their 

patients. 

The distribution of drop-out among the clinics was almost significant (p=0,053), suggesting some clinics 

have more difficulty retaining patients. 

Clinics may not have the same offer nor the same clientele, as some might offer specialist care. 

Clinic number indicated location, which could be a proxy for SES, which has been shown to influence 

dental health in Sweden21. Adolescents attending the same clinics may have the same lifestyle habits 

through their family, social circles or schools and factors such as bad oral hygiene, shared virulent S. 

mutans strains or tobacco50 have been shown to contribute to caries in adolescents in Sweden. 

It can be noted that visual inspection of the data showed patients with very high costs are often after 

one another in the list, suggesting they could be family members which would also be consistent with 

research on genetic determinants of caries76 seeing as baseline caries was a predictor of cost. 

Genetic risk and predictors of DeFS17 
Caries at baseline and follow-up followed a skewed distribution, which is consistent with a recent study 

on caries in Sweden led by Gothenburg University22. Both costs and S. mutans showed an association 

with DeFS17 but these disappeared in both the adjusted models, suggesting the difference is accounted 

for by something else, not just baseline caries – possibly to some extent estimated risk. However, S. 

mutans is a recognized risk factor for caries41 and this is coherent with the results from the non-

parametric tests. While evidence shows there is a genetic component to caries risk, it has also been 

demonstrated to be due to a multitude of different loci43. This supports the fact that while the P4a 

group may not have had significant association with DeFS17 in this sample, it is still relevant to test for 

it, as it has been shown in sub-groups to be associated with higher caries burden and probably accounts 

for part of the genetic component30. The main benefit of genetic testing is to be able to do it before the 

clinical manifestation of disease77, so early genetic testing is called for to determine risk. This requires 

the development of a diagnostic tool. Currently, genetic tests are done in the laboratory and it is not 
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possible to scale this up for logistic and financial reasons so there is a gap. However, there is potential 

with these identified genes to develop a diagnostic test which would help focus prevention efforts on 

those who need it most and on the long term, improve dental health through cost-effective 

interventions. Our findings that the main predictor of caries is baseline caries is consistent with 

previous studies68,78–81. 

Limitations  
The costs calculated here are not absolute costs. Only salaries were included, and these were informed 

estimations but not official salaries from the years the study took place. From a healthcare perspective, 

other costs could have been included such as consumables, rent and salaries from the other clinic staff. 

Additional costs of prevention from a societal perspective could be included such as patient 

transportation costs of patient time away from school, however given that costs were being assessed 

from the county council perspective these were not considered relevant. The aggregate cost data is also 

a bit limiting and entails a loss of precision in the cost calculations. If this information was available, 

more detailed breakdown of costs according to number of sessions of counselling or fluoride 

applications could have been informative. It could also have helped identify for what reason a patient 

received more prevention, for example low compliancy. 

A major limitation is that we do not have the timing of any of the events recorded, the patient receiving 

prevention or developing caries. This means our study is a sort of black box. We know what went in 

(prevention) and what came out (caries) but this does not allow us to tell for example if there was an 

improvement over time, if prevention helped avoid caries since we do not know which came first the 

prevention or the caries or if some patients are requiring extra prevention. Thus, we cannot assess 

effectiveness. 

A limitation was using the average for those subjects for which duration was not recorded (drop-outs) 

as their costs were presumably on a shorter period than then average study duration so if normalized 

correctly would have been much higher.  

Additionally, there could be an issue with the explanatory variables used in the ordinal logistic 

regression. There may be dependencies between the different categories. Most obviously, P4a+ are all 

included in P1- and vice-versa. Next, associations between S. mutans and genetic status have been 

demonstrated82. There might also be high correlation between some variables which would cause a 

situation of collinearity - for example, baseline caries and costs in the prediction model for DeFS17. As 
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baseline caries are established to predict caries it is highly likely that we are in a situation of collinearity 

in both full adjusted models. 

According to these records, 71 patients received no prevention at all over the period of five years which 

is peculiar and could warrant further investigation as it might be a problem in the data since they were 

enrolled in the study and present at follow-up. 

The initial analysis using observed risk used an arbitrary cut-off value, 20%, for the patients with the 

highest and lowest caries, and could be redone with different cut-off values such as 5% or 20% for more 

information on where costs are focussed though cause-effect bias as described below would still apply. 

The distribution of subjects among the clinics makes analysis less conclusive. Two clinics were a size n=4 

which is too small a sample to draw any conclusions as it could be a situation of sampling bias. 

Additionally, the use of Norrlands University Hospital (clinic 1) as a reference is questionable as it is 

based on the assumption that they provide the best care. 

Bias 
The relationship between cost and DeFS score is a complex one which can be referred to as cause-effect 

bias (Fig. 8). In the unadjusted ordinal regression, costs were found to be associated with DeFS17 

scores. We cannot differentiate if this means the money is spent on those who need it, or if it is having 

no effect and likewise if high expenditure and low caries mean the money is wasted on low-risk groups 

or has been effective.   

Figure 6 

Cause-effect bias 

 

A similar issue arises in economic evaluation of dental care in distinguishing which costs are purely 

preventive and which are in fact a form of disease treatment already – the line is blurry6.  

Many factors are not accounted for in this model that could affect preventive expenditure such as 

socioeconomic factors, nationality, gender or family ties which would be a case of omitted variable bias. 
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There might be an influence of who did data collection, whether it was a dentist or hygienist as well as 

an influence from the drop-outs (14%). Twenty had moved from the area which can be considered 

random but 42 just stopped coming to recalls, and all those missing at follow-up have significantly 

higher baseline caries and could have dropped out due to treatment at a private clinic for severe dental 

disease. They could also be unevenly distributed across the different clinics (p=0.053). Additionally, in 

this study, 15% of these subjects underwent orthodontic treatment; however, this information was not 

available in the dataset. It could be a source of bias, as orthodontics are known to increase caries 

burden83. 

Another factor that can affect evaluation of prevention programs is compliancy – it is hard to know if 

patients actually follow advice, such as eating xylitol lozenges before snacking. This can hide effects but 

also be a source of confounding as this could depend for example on family culture or school 

environment. 

Similarly, we do not have frequency recall in our data so it is hard to break down what is currently 

applied. One way of getting further findings on efficiency from our data would be to look at transitions 

in and out of the highest 20th percentile and see how that is associated to cost, it might be a better 

reflection of the impact of prevention with the dimension of time. However, the limitation of this 

approach is that since percentiles are a relative measure which will always contain the same number of 

patients in each category, we could not assess absolute progress, as when a patient leaves the 20th 

percentile it could be either because this patient has improved relative to the others or because 

another patient has worsened. 

Missing genetic status 
According to the research team, there are two reasons for which subjects did not have a genetic status. 

Either there were low levels of DNA in the sample or the DNA method did not work. As they are not 

unevenly distributed throughout the clinics, this cannot be assigned to systematic error on behalf of 

one staff member in a specific clinic. Difference in average cost is high but not significantly different, 

nor is baseline caries or caries increment significant despite averages being higher in the group without 

genetic status. The higher costs for this group could be a random effect or could be biological/clinically 

significant but due to the small number (n=20) of missing data it is hard to find statistically significant 

effects and draw conclusions – though there may be an explanatory biological model. 

If we had high numbers and significant results, we could hypothesize that these individuals have highly 

mucous saliva or an epigenetic specificity impeding the DNA test that might be relevant. 
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 Caries is not straightforward to predict. A recent Swedish study from 2009 using partial least squares 

approach to examine the predictive power of 88 variables related to either saliva, previous caries, diet 

or plaque on DMFS values found one fifth of them to be predictive. They also found that using 

multimarkers was a better approach than using single markers; that previous caries remained the 

strongest predictor, more than biomarkers, and that plaque indicators were the strongest biomarkers 

followed by diet followed by saliva37. 

Ethnicity and culture 
In the analysis of clinical results for identification of genetic risk, the researchers only took ethnically 

Swedish adolescents for a more homogenous sample. The analysis in this paper included all patients 

regardless of ethnicity. This could affect results as being foreign-born has been shown to be a risk factor 

for caries in children and general poorer oral health in adults in Sweden21. In 2003 in Sweden, the 

likelihood of having had dental caries was 6 times higher in children who had two foreign parents23. 

Similar disparities have also been reported in Denmark84. A study published in 2014 points to 

immigration as risk factor for childhood caries in Västerbotten county itself85. A 2018 review of 

prevention in immigrants found several interventions to be effective such as supervised tooth-brushing 

for 5 year olds and parental education about oral health and nutrition86. In adolescents, acidulated 

phosphate fluoride (APF) gel showed effectiveness as well as slow-release fluoride devices86.  

Economic analysis 
In order to develop a diagnostic tool we would require information on the willingness-to-pay (WTP) of 

future customers such as the counties , however there is a lack of high quality WTP studies in this 

field87. A type of economic analysis to explore is cost-utility analysis, which takes into account quality of 

life and the use of which is increasing and encouraged in the field of dentistry60. Another approach that 

may  be relevant for dental caries prevention is Amartya Sen´s “sufficient capability” approach in which 

a narrow outcome such as DeFS is replaced by the broader notion of capabilities88. This approach also 

takes into account that the two-way relationship between the individual´s health and environment and 

the disease. 

Current cost-effectiveness approaches focus on evaluation of new interventions against current ones, 

but this is a restrictive and resource-intensive approach. To this end, the World Health Organization 

now recommends Generalized Cost-Effectiveness Analysis, which allows to evaluate a mix of 

interventions including current practice to find the most cost-effective combination62. 
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Generalizability (external validity) 
Due to the study design, this population does not reflect society at large. Research on the general 

population would be much more resource intensive due to the long development time of dental caries 

and the low prevalence rate (around 20%). 

This analysis focusses on high risk groups because of the low prevalence of cavities in Sweden89. 

Findings from this cannot be extended to countries with different disease patterns, such as India which 

shows much higher dental caries burden with a very high contribution of lifestyle factors such as diet 

and oral hygiene90, however there are other countries with similar epidemiological profiles which could 

benefit from findings from Sweden, such as China91 and other countries are likely to transition to a 

similar disease pattern in the future10. 

Additionally, a Canadian review “Public Policy and the market for dental services” comes to the 

conclusion that social health insurance systems that integrate dental health are the most equitable 

model as of today58. This is the model in Sweden so it cannot be expected in transposing any findings to 

another context that other systems will favour more equity in any way. 

A market for dental diagnostics? 
Some claim that practitioners naturally want what is best for their patient, to be absent of disease77. 

However, in systems where clinic, practitioner or health system income comes mainly from curative 

treatment, preventive care is not supported. This is by design, regardless of the practitioner´s 

intentions. One such example is reports of clinics having quotas of curative interventions per 

practitioner. Where this is the source of funding, either from patients, insurance or from the state, this 

will naturally incline the system to prioritize interest over the patient´s wellbeing, if we accept the 

assumption that patients are better off in a preventive rather than curative system. This dysfunction 

has also been widely reported for other diseases such as cardiovascular disease92. 

As described by Leake and Birch, “Private markets for oral healthcare […]make no pretence of 

attempting to achieve allocations of services that reflect relative needs for care ” and “[take]no account 

of efficiency or equity in the use of oral healthcare resources”58 

While circumventing many issues described above, a system like in Sweden where private and public 

health care providers coexist has its own challenges; the public system has to be sufficiently attractive 

to retain practitioners for whom working in the public sector has the “opportunity cost “of not earning 

in private care58. Situations where practices have tied conditions to accepting new public or non-paying 



UPPSALA UNIVERSITET Thesis Talia Salzmann  37 (55) 

 

   

 

 

patients such as bringing paying or private patients simultaneously ( parents for example) have been 

documented in the UK58 as well as in Sweden. 

In a system like this, it is also hard to develop a dental diagnostic as the market is not lucrative. If dental 

care is state-funded, then as the main user the state must be involved. Thus, there is a big potential for 

a transformative public-private partnership. 

Moving forward - where to next and knowledge gaps 
Once an established risk assessment method is available such as a diagnostic test, further research 

regarding risk assessment and resource allocation could use pilot studies combined with modelling and 

include in-depth interviews with staff of different clinics to understand local practice. The pilot study 

would provide the basis data for the modelling, which can then, with values from the literature, be used 

to simulate other settings and time periods or to capture the complications/natural progressions of 

dental caries. 

Further research is needed to categorize different types of dental caries and find appropriate 

prevention and treatment for each type, as even the prevention and treatment we currently use is 

under threat, for example by the appearance of fluoride-resistant S. mutans48. Several compounds are 

being explored for vaccine development, which would combine well with a tailored approach to 

prevention93. 

Additionally, knowledge of caries prevalence by area78 and geomapping is being explored as a tool for 

risk assessment94. 

Conclusion 
The amount spent by the county council on caries prevention in adolescents is overall very low and 

does not reflect professionally estimated, genetic or bacterial risk. There is scope to increase the 

amount spent on caries prevention, a need to develop more risk assessment tools and an imperative to 

use the later to redistribute the former. 
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Annexes: 
Annex 1 Age-standardized prevalence (proportion) of untreated caries in deciduous teeth in 20102 

 

 

Annex 2 Age-standardized incidence (proportion) of untreated caries in permanent teeth in 20102 
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Annex 3: Salaries used for cost calculation 

 DENTIST HYGIENIST NURSE 

MONTHLY SALARIES (SEK) 40000 30000 25000 

SALARIES PER MINUTE 4.16666667 3.125 2.60416667 

SALARIES PER MINUTE ADDING LKP = TOTAL COST 

TO THE SYSTEM 

6.25 4.6875 
 

 

Annex 4: Distribution of risk groups in the different clinics 

Absolute numbers/ Column percentages / Row percentages (denominator = total for each clinic) 
 

Clinic 1 2 3 4 5 6 7 8 9 10 11 12 13 14 P-value ( 

Pearson or 

Anova) 

Observed risk 

baseline 

 Low80 89 

(22,8) 

(90,8) 

42 

(10,7) 

(85,7) 

30 (7,7) 

(96,8) 

80 (20,5) 

(90,9) 

41 

(10,5) 

(82,0) 

28 

(7,2) 

(90,3) 

23 

(5,9) 

(88,5) 

18 

(4,6) 

(66,7) 

4 

(1,0) 

(100) 

3 

(0,8) 

(75,0) 

10 

(2,6) 

(83,3) 

11 (2,8) 

(61,1) 

6 

(1,5) 

(100) 

6 

(1,5) 

(75,0) 

p=0.006 

 High20 9 (14,8) 

(9,2) 

7 (11,5) 

(14,3) 

1 (1,6) 

(3,2) 

8 (13,1) 

(9,1) 

9 (14,8) 

(18,0) 

3 (4,9) 

(9,7) 

3 (4,9) 

(11,5) 

9 (14,8) 

(33,3) 

0 (0,0) 

(0,0) 

1 (1,6) 

(25,0) 

2 (3,3) 

(16,7) 

7 (11,5) 

(38,9) 

0 (0,0) 

(0,0) 

2 (3,3) 

(25,0) 
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Observed risk 

follow-up 

Low 20 47 

(30,7) 

(53,4) 

8 (5,2) 

(20,0) 

15 (9,8) 

(53,6) 

27 (17,6 

)(34,6) 

17 

(11,1) 

(37,8) 

9 (5,9 

)(34,6) 

7 (4,6) 

(28,0) 

8 (5,2) 

(44,4) 

2 (1,3) 

(66,7) 

0 (0,0) 

(0,0) 

4 (2,6) 

(33,3) 

4 (2,6) 

(30,8) 

3 (2,0) 

(75,0) 

2 (1,3) 

(28,6) 

p=0.027 

 High 

80 

41 

(17,3) 

(46,6) 

32 

(13,5) 

(80,0) 

13 (5,5) 

(46,4) 

51 (21,5 

)(65,4) 

28 

(11,8) 

(62,2) 

17 (7,2) 

(65,4) 

18 (7,6) 

(72,0) 

10 (4,2) 

(55,6) 

1 (0,4) 

(33,3) 

3 (1,3) 

(100) 

8 (3,4) 

(66,7) 

9 (3,8) 

(69,2) 

1 (0,4) 

(25,0) 

5 (2,1) 

(71,4) 

 

 Low80 76 

(23,9) 

(86,4) 

26 (8,2) 

(65,0) 

25 (7,9) 

(89,3) 

68 (21,4) 

(87,2) 

37 

(11,6) 

(82,2) 

21 (6,6) 

(80,8) 

19 (6,0) 

(76,0) 

13 (4,1) 

(72,2) 

3 (0,9) 

(100) 

3 (0,9) 

(100) 

9 (2,8) 

(75,0) 

8 (2,5) 

(61,5) 

3 (0,9) 

(75,0) 

7 (2,2) 

(100) 

p=0.124 

 High 

20 

12 

(16,7) 

(13,6) 

14 

(19,4) 

(35,0) 

3 (4,2) 

(10,7) 

10 (13,9) 

(12,8) 

8 (11,1) 

(17,8) 

5 (6,9) 

(19,2) 

6 (8,3) 

(24,0) 

5 (6,9) 

(27,8) 

0 (0,0) 

(0,0) 

0 (0,0) 

(0,0) 

3 (4,2) 

(25,0) 

5 (6,9) 

(38,5) 

1 (1,4) 

(25,0) 

0 (0,0) 

(0,0) 

 

Estimated risk 0 (low) 49 

(24,1) 

(50,0) 

22 

(10,8) 

(44,9) 

17 (8,4) 

(54,8) 

44 (21,7) 

(50,0) 

25 

(12,3) 

(50,0) 

16 (7,9) 

(51,6) 

8 (3,9) 

(30,8) 

7 (3,4) 

(25,9) 

2 (1,0) 

(50,0) 

2 (1,0) 

(50,0) 

4 (2,0) 

(33,3) 

3  (1,5) 

(16,7) 

2 (1,0) 

(33,3) 

2 (1,0) 

(25,0) 

 p < 0.001 

 
1(mod

erate) 

11 

(10,6) 

(11,2) 

13 

(12,5) 

(26,5) 

10 (9,6) 

(32,3) 

27 (26,0) 

(30,7) 

25 

(24,0) 

(50,0) 

14 

(13,5) 

(45,2) 

0 (0,0) 

(0,0) 

0 (0,0) 

(0,0) 

0 (0,0) 

(0,0) 

1 (1,0) 

(25,0) 

0 (0,0) 

(0,0) 

1 (1,0) 

(5,6) 

2 (1,9) 

(33,3) 

0 (0,0) 

(0,0) 

 

 
2(high) 38 

(26,2) 

(38,8) 

14 (9,7) 

(28,6) 

4 (2,8) 

(12,9) 

17 (11,7) 

(19,3) 

0 (0,0) 

(0,0) 

1 (0,7) 

(3,2) 

18 

(12,4) 

(69,2) 

20 

(13,8) 

(74,1) 

2 (1,4) 

(50,0) 

1 (0,7) 

(25,0) 

8 (5,5) 

(66,7) 

14 (9,7) 

(77,8) 

2 (1,4) 

(33,3) 

6 (4,1) 

(75,0) 

 

Genetic risk % of 

each genetic group 

P4a+ 19 

(22,6) 

(20,2) 

12 

(14,3) 

(24,5) 

3 (3,6) 

(9,7) 

15 (17,9) 

(18,8) 

9 (10,7) 

(18,4) 

2 (2,4) 

(6,7) 

6 (7,1) 

(24,0) 

8 (9,5) 

(30,8) 

0 (0,0) 

(0,0) 

0 (0,0) 

(0,0) 

3 (3,6 

)(25,0) 

5 (6,0)  

(31,2) 

1 (1,2) 

(20,0) 

1 (1,2) 

(14,3) 

p=0.521 

 P4a- 75 

(21,6) 

(79,8) 

37 

(10,6) 

(75,5) 

28 (8,0) 

(90,3) 

65 (18,7) 

(81,2) 

40 

(11,5) 

(81,6) 

28 (8) 

(93,3) 

19 (5,5) 

(76,0) 

18 (5,2) 

(69,2) 

4 (1,1) 

(100) 

4 (1,1) 

(100) 

9 (2,6) 

(25,0) 

11 (3,2) 

(31,2) 

4 (1,1) 

(20,0) 

6 (1,7) 

(14,3) 

 

 P1+ 64 

(22,1) 

(31,9) 

28 (9,7) 

(42,9) 

17 (5,9) 

(45,2) 

53 (18,3) 

(33,8) 

39 

(13,5) 

(20,4) 

18 (6,2) 

(40,0) 

17 (5,9) 

(32,0) 

17 (5,9) 

(34,6) 

2 (0,7) 

(50,0) 

4 (1,4) 

(0,0) 

8 (2,8) 

(33,3) 

12 (4,2) 

(25,0) 

4 (1,4) 

(20,0) 

6 (2,1) 

(14,3) 

 

 P1- 30 

(21,0) 

(68,1) 

21 

(14,7) 

(57,1) 

14 (9,8) 

(54,8) 

27 (18,9) 

(66,2) 

10 (7,0) 

(79,6) 

12 (8,4) 

(60,0) 

8 (5,6) 

(68,0) 

9 (6,3) 

(65,4) 

2 (1,4) 

(50,0) 

0 (0,0) 

(100) 

4 (2,8) 

(66,7) 

4 (2,8) 

(75,0) 

1 (0,7) 

(80,0) 

1 (0,7) 

(85,7) 

 

S. mutans infection yes 58 

(24,8) 

(40,8) 

26 

(11,1) 

(46,9) 

17 (7,3) 

(45,2) 

49 (20,9)  

(44,3) 

24 

(10,3) 

(51,0) 

14 (6,0) 

(54,8) 

10 (4,3) 

(61,5) 

11 (4,7) 

(59,3) 

1 (0,4) 

(75,0) 

3 (1,3) 

(25,0) 

7 (3,0) 

(41,7) 

5  (2,1) 

(72,2) 

5 (2,1) 

(16,7) 

4 (1,7) 

(50,0) 

p=0.276 

 
no 40 

(18,4) 

(59,2) 

23 

(10,6) 

(53,1) 

14 (6,5) 

(54,8) 

39 (18,0) 

(55,7) 

25 

(11,5) 

(49,0) 

17 (7,8) 

(45,2) 

16 (7,4) 

(38,5) 

16 (7,4) 

(40,7) 

3 (1,4) 

(25,0) 

1 (0,5) 

(75,0) 

5 (2,3) 

(58,3) 

13 (6,0) 

(27,8) 

1 (0,5) 

(83,3) 

4 (1,8) 

(50,0) 

 

Presence at follow-

up 

yes 
              

p=0.053 

 
no 

               

Genetic status 

present 

yes 
              

p=0.289 

 
no 

               

 

Annex 5:  Distribution of genetic groups among estimated risk groups  
ABSOLUTE NUMBER, % OF GENETIC GROUP COVERED AND % OF ESTIMATED GROUP COVERED 

  
Genetic risk 

  
P4a+ P4a- P1 

ESTIMATED RISK 0 33 (39,29) (16,26) 161 (46,26) (79,31) 70 (48,95) (34,48) 

1 20 (23,81) (19,23) 82 (23,56) (78, 85) 30 (20,98) (28,85) 

2 31 (36,9) (21,38) 105 (30,17) (72,41) 43 (30,07) (29,66) 
 

p-value 0,425 0,463 
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