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The impact of education on the probability of receiving periodontal treatment. 

Causal effects measured by using the introduction of a school reform in Norway 

Abstract 

The aim of the present study was to estimate the causal effect of education on the probability of 

receiving periodontal treatment in the adult Norwegian population. In Norway, a substantial part of the 

cost of periodontal treatment is subsidized by the National Insurance Scheme. In that case, one might 

expect that the influence of individual resources, such as education, on receiving treatment would be 

reduced or eliminated. Causal effects were estimated by using data on a school reform in Norway. 

During the period 1960-1972, all municipalities in Norway were required to increase the number of 

compulsory years of schooling from seven to nine years. The education reform was used to create 

exogenous variation in the education variable. The education data were combined with large sets of 

data from the Norwegian Health Economics Administration and Statistics Norway. Since 

municipalities implemented the reform at different times, we have both cross-sectional and time-series 

variation in the reform instrument. Thus we were able to estimate the effect of education on the 

probability of receiving periodontal treatment by controlling for municipality fixed effects and trend 

variables. The probability of receiving periodontal treatment increased by 1.4 to 1.8 percentage points 

per additional year of schooling. This is a reasonably strong effect, which indicates that policies to 

increase the level of education in the population can be an effective tool to improve oral health, 

including periodontal health. 

Key words: education, causal estimates, instrumental variable, periodontal treatment, observational 

data 
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1. Introduction   

 Periodontal disease is one of the most common chronic inflammatory diseases in humans. It was 

ranked as the sixth most prevalent disease in the Global Burden of Disease Study from 2010 

(Kassebaum et al., 2014). The estimated prevalence is about 10% (Kassebaum et al., 2014; Jenkins & 

Papapanou, 2001; Petersen, 2003). At the individual level periodontal disease can lead to tooth loss, 

discomfort, masticatory dysfunction and poor nutritional status. Periodontal disease is also a burden on 

the healthcare economy, mainly due to the cost of treating the disease (Brown, Johns, & Wall, 2002; 

PrNewswire, 2008, 2014). 

 Periodontal disease is due to the development of a pathogenic microbial biofilm at or below the 

margin of the gum (Chapple, 2014; Pihlstrom et al., 2005). In patients that are susceptible, this biofilm 

triggers an inflammatory immune response, which destroys the bone surrounding the teeth. 

Periodontal disease is associated with several chronic inflammatory diseases of ageing, such as 

atherogenic inflammatory disease, type 2 diabetes, rheumatoid arthritis, chronic kidney disease, 

obesity, and chronic obstructive pulmonary disease (Chapple, 2014;  Pihlstrom, Michalowicz, & 

Johnson, 2005).  

 When the disease is established, treatment is to remove the biofilm using manual or powered 

instruments, including biofilm debridement of periodontal pockets. In most cases, periodontal 

treatment, combined with good oral hygiene, is effective in reducing tissue inflammation and pocket 

depths, and in maintaining the attachment of the gum to the teeth (Hirschfeld & Wasserman, 1978; 

Drisko, 2001; Cobb, 2002; Pihlstrom, Ortiz-Campos, & McHugh, 1981). Periodontal treatment is also 

important for prevention of recurrence of the disease (Axelsson, Nystrom, & Lindhe, 2004; Axelsson 

& Lindhe, 1981; Wennström, Serino, Lindhe, Eneroth, & Tollskog, 1993; Becker, Becker, & Berg, 

1984; Morris, Steele, & White, 2001; Fardal & Grytten, 2014).  
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 Periodontal disease is more common among men than among women (Grossi et al., 1995; 

Albandar & Kingman, 1999; Shiau & Reynolds, 2010a). The reason for this difference is not clear. 

There are at least two possible explanations (Shiau & Reynolds, 2010b; Genco, 1996). First, men 

usually have poorer oral hygiene than women and they have fewer preventive dental visits. Second, 

there may be genetic factors that contribute to gender differences in the prevalence of periodontal 

disease. This is supported by the results from studies that have shown that gender is associated with 

periodontal disease even after oral hygiene has been corrected for (Grossi et al., 1994, 1995). In a 

comprehensive review, Shiau and Reynolds (2010b) suggest that the sex difference is because 

“women seem to have a more responsive and protective cell-mediated and humoral immune response 

to antigenic challenges compared to males”. Different gene regulation, in particular differences in sex 

steroid-responsive genes, most likely play a major role (University of Maryland Baltimore, 2010).  

 An important policy goal is to make periodontal treatment available to everybody in need of such 

care (Jin et al., 2011). Ideally, the probability of receiving treatment should be independent of social 

determinants of health, such as education, income and living conditions. Several studies have found a 

positive association between socioeconomic status and the prevalence of periodontal disease (for a 

review see Schuch, Peres, Singh, Peres, & Do, 2016). To our knowledge there are no studies in which 

the relationship between socioeconomic status and the probability of receiving treatment has been 

examined.  

 The aim of the present study was to estimate the causal effect of education on the probability of 

receiving periodontal treatment in the adult Norwegian population. In Norway, a substantial part of the 

cost of periodontal treatment is subsidized by the National Insurance Scheme. In that case, one might 

expect that the influence of individual resources, such as education, on receiving treatment would be 

reduced or eliminated.  
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 We were able to estimate the causal effect by using data on a school reform in Norway. During 

the period 1960-1972, all municipalities in Norway were required to increase the number of 

compulsory years of schooling from seven to nine years. The education data were combined with large 

sets of data from the Norwegian Health Economics Administration and Statistics Norway. Since 

municipalities implemented the reform at different times, we have both cross-sectional and time-series 

variation in the reform instrument. Thus we were able to estimate the effect of education on the 

probability of receiving periodontal treatment by controlling for municipality fixed effects and trend 

variables. We found that a higher level of education substantially improved access, measured as an 

increase in the likelihood of obtaining treatment. 

 Below we first briefly describe the background for the study – among other things the theory 

underlying using school reforms for identification of causal effects. We then describe the data and the 

empirical model. Finally, the results are presented and discussed. 

 

2. Theory and background  

 An important focus of our study was to estimate causal effects. This is because a causal estimate 

can be used to make valid predictions about the consequences of a change in education. For example, 

does more schooling for people with poor dental health improve the probability of receiving treatment 

for periodontal disease? An association, typically estimated by ordinary least squares (OLS) 

regression, may not reflect a causal relationship (Grossman, 2006; Eide & Showalter, 2011; Listl, 

Jürges, & Watt, 2016). Such an association is likely to lead to biased results, mainly because the 

estimation does not take account of unobserved variables that are correlated with both education and 

treatment. Unobserved variables that are frequently cited in the literature are ability, place of 

residence, time preferences and morbidity (Grossman, 2006; Oreopoulos & Salvanes, 2011; Grossman 

& Kaestnar, 1997).  
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 For example, smarter individuals may be more likely to obtain more schooling, and when 

necessary, to seek dental care, including periodontal treatment when necessary. Further, highly 

educated and wealthy individuals tend to live in affluent areas. These are also areas where the supply 

and quality of both schooling and dental services are likely to be high. Decisions about education and 

health involve trade-offs of different outcomes over time (Fuchs, 1982; Farrell & Fuchs, 1982). How 

does the individual trade off current outcomes over future outcomes? People with a strong preference 

for the future relative to the present are more likely to invest in education, and at the same time they 

are more likely to engage in healthier activities, such as having periodontal treatment. Conversely, 

people who value the present highly will invest less in both education and healthy activities, such as 

looking after their teeth. Therefore, time preferences must be controlled for (Ippolito, 2003; Van der 

Pol, 2011). As ability, place of residence and time preferences are positively correlated with both 

education and treatment, omission of these variables would lead to an upward bias of the OLS 

estimate. Morbidity is likely to be positively correlated with treatment and negatively correlated with 

education. Therefore, unless morbidity is taken account of by the identification strategy, the OLS 

estimate will be downward biased. 

 One way to control for unobserved variables is to use instrumental variables. So far, within the 

social science literature, the most promising type of instrumental variable has been the introduction of 

compulsory schooling laws (Eide & Showalter, 2011; Mazumder, 2012). Such laws were introduced in 

several European and North American countries in different time periods during the last century.  

 Typically, the effect of these laws was that the number of years of compulsory schooling was 

increased. In several countries, the number of years of compulsory schooling was increased from 7 to 

9 years during the 1960s and the 1970s (Gathmann, Jürges, & Reinhold, 2015). The laws were 

implemented at a national level and encompassed all preschool children. The “treatment” group was 

then comprised of children with 9 years of compulsory education, and the “control” group was 

comprised of children with 7 years of compulsory education. 
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 Several economists have used the random variation induced by the introduction of compulsory 

schooling to estimate causal effects of education on different types of health outcome measures (for 

example see: Lleras-Muney, 2005; Clark & Royer, 2013; Van Kippersluis, O’Donell, & Van 

Doorslaer, 2011; Fletcher, 2015; Braakmann, 2011; Lager & Torssander, 2013; Arendt, 2005; 

Kemptner, J¨rges, & Reinhold, 2011; Grytten, Skau, & Sørensen, 2014; Albuoy & Lequien, 2009; 

Auld & Sidhu, 2005). Such studies have been performed in the United States, Great Britain, the 

Netherlands and the Scandinavian countries. In several of the studies, but not all of them, a causal 

effect of education has been found (for a review see: Mazumder, 2012; Gathmann et al., 2015). For 

example, Oreopoulos (2007), using the introduction of compulsory schooling laws in the USA, 

Canada and the United Kingdom, found that an extra year of schooling at the age of 14 led to an 

increase in lifetime wealth of 15%, and to better mental and physical health. This was a consistent 

finding across all countries. Brunello, Fort, Schneeweis, & Winter-Ebmer (2016) investigated the 

causal effects of education on different health measures in 7 European countries. They found that one 

additional year of schooling reduced self-reported poor health by 4 to 6 percentage points, and led to 

less smoking, less drinking and more exercise. Powdthavee (2010) claims that part of the beneficial 

effect of more schooling on health, is a reduction in individuals’ stress level. This is supported by his 

finding that an extra year of schooling reduced the probability of having hypertension by nearly 10 

percentage points. In a few studies, no causal effect of education on health has been found (Arendt, 

2005; Albuoy & Lequien, 2009; Auld & Sidhu, 2005). In France, the minimum school leaving age was 

raised from 14 to 16 years in 1953. Albouy and Lequien (2009), using this increase in schooling, 

found no effect on mortality at the age of 50 years. A consistent finding in nearly all studies is that the 

regression coefficient from the instrumental variable estimation is different from the OLS estimation 

(for a review see: Mazumder, 2012; Gathmann et al., 2015). This underscores the importance of using 

a statistical technique in which confounding variables have been controlled for. To our knowledge, 

there are no studies within dentistry in which instrumental variables have been used to estimate the 

effect of education on any dental outcome. 
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3. Material and Methods 

3.1. Identification using a compulsory school reform in Norway  

 From 1960 and onwards a school reform was implemented in Norway. Comprehensive 

descriptions of the reform are given by: Grytten et al., 2014; Aakvik, Salvanes, & Vaage, 2010; Lie, 

1973; Telhaug, 1969. There are two key elements with this reform that need to be understood: 

 First, the reform increased the minimum number of years of schooling from seven to nine years. 

The school year was from mid August until mid June both before and after the reform. Before the 

reform, children started school in the year they became seven, i.e. they were between six and a half and 

seven and a half years of age when they started school. They finished their compulsory schooling at age 

14. When the new scheme was introduced, children still started school in the year they became seven, 

but finished their compulsory schooling the year they became 16. 

Second, for more than a decade Norway had two separate school systems. Which system the child 

was in depended on which municipality he/she lived in, and in which year he/she was born. The 

children in the first birth cohort who could start nine years compulsory schooling were born in 1947, 

and those in the last cohort to finish in the old system were born in 1958. The time of implementation 

was decided by the individual municipalities, but all had to implement the reform by the end of 1972. 

 This school reform has been used as an instrumental variable in several papers to study causal 

effects of education on the following outcomes: intergenerational transmission of education, family 

size, teenage births, mobility in the labour market, IQ and earnings (Aakvik et al., 2010; Black, 

Devereux, & Salvanes, 2005, 2007, 2008, 2010; Machin, Salvanes, & Pelkonen, 2012). The current 

dataset has been designed in a similar way to the design of Salvanes and co-workers (for details see 

Aakvik et al., 2010; Black et al., 2005). Thus our main analysis was performed on a sample that was 

restricted to individuals with 9 years or less of education. Black et al. (2005) have examined the 
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strengths and weaknesses of using a restricted sample (9 years or less of education) as opposed to the 

full sample (all lengths of education). They concluded that estimation using the restricted sample was 

preferred to estimation using the full sample. The reason is that with the restricted sample they were 

“able to estimate a much stronger first stage and obtain more precisely estimated second-stage 

coefficients”. They showed, at the same time, by doing several robustness-tests, that the coefficients 

from the restricted sample were not biased. 

 We identified the timing of the reform for 706 of the 735 municipalities that existed in 1960. The 

municipalities implemented the reform at different times, as shown in Fig. 1. We used the 1960 census 

to identify the municipality that each of the individuals grew up in. The individuals would then have 

been between 2 and 13 years of age, i.e. at an age where they would have been affected by the reform 

during the following years. We had no data on the timing of the reform for 29 municipalities. 

Therefore, we had to exclude all individuals in these municipalities from our sample. These 

individuals represent 3.2% of individuals with 9 years or less of education. It is not possible to 

determine whether this led to bias in our results. However, we believe that it is reasonable to assume 

that, if bias exists, it will be low. 

    (Fig. 1 here) 

 The key advantage of this design is the time series variation across municipalities. We could 

compare individuals in the same municipality who were subjected to 9 years of compulsory schooling 

with those who were not. Since municipalities implemented the reform at different points in time, we 

were able to include municipality fixed effects in the regression model. Therefore, all unobserved cross-

sectional variation between municipalities that could be correlated with individuals’ level of education 

and the probability of receiving periodontal treatment was cancelled out.  

 Let subscript mtj denote an individual j who has grown up in municipality m, and was born in year 

t. Rmtj is a dummy variable that equals 1 if the individual was 14 years or younger when the reform was 
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introduced in the municipality, (i.e. he/she was affected by the reform), and 0 otherwise. Tmt is a centred 

linear trend variable, i.e. defined as zero the first year of the reform. Since municipalities implemented 

the reform at different points in time, the trend variable is defined by the timing of the reform. The 

after-reform trend was flat when we restricted the sample to individuals with a maximum of nine years 

of education. We therefore allowed the model to have different time trends before and after the reform. 

This was captured by the interaction term between reform (Rmt) and time-trend (Tmt). The first stage 

regression for the individual’s years of education (Emtj) can be written as: 

 Emtj = 𝛾0Rmt + 𝛾1TmtRmt + 𝛾2Tmt + Fixed effect for year of birth + Municipality fixed effects + emtj  

            (1) 

      In additional analyses we also interacted the trend variable (Tmt) with municipality fixed effects to 

capture municipality-specific trends. We do not report the results from these additional analyses, since 

the main results, as shown in Table 3, did not change after the inclusion of these municipality-specific 

trends. 

 Let Êmtj be the predicted value of the individual’s years of education from the first stage 

regression, and the probability of obtaining treatment for periodontal disease (PCmtj = 1) be the 

dependent variable. The treatment involves professional debridement of the teeth; i.e. subgingival 

scaling and/or root planing. A minority of the patients, less than 10% in our data, have periodontal 

surgery (flap or gingivectomi). The second stage regression is then:  

 PCmtj = 𝛽0Êmtj + β1Tmt + Fixed effect for year of birth + Municipality fixed effects + vmtj (2)           

         Below, we present results based on samples with three time periods: 1) two years before to two 

years after the reform, 2) four years before to four years after the reform, and 3) six years before to six 

years after the reform. It is reasonable to assume that if more years are included in the analyses, our 

estimates are more vulnerable to bias, due to unobservable variables. One way to reduce the possibility 

for such bias is to include fewer years. With fewer years (for example two years before to two years 
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after the reform) the individuals who were not affected by the reform (just before) and the individuals 

who were affected (just after) would be more similar in relation to unobservable variables. In that way 

the likelihood of bias would be reduced. Naturally, with a narrow bandwidth the precision of the 

regression estimate may not be that high (large standard errors due to few individuals). By extending 

the number of years (a broader bandwidth) the regression estimate would become more precise, but at 

the risk of being biased. The bias would be small if the regression coefficient estimated in the sample 

with the broader bandwidth was not very different from the coefficient estimated in the sample with 

the narrower bandwidth. We used a linear probability model in the estimation (Angrist, 2001). The 

standard errors were clustered at the municipal level to take account of serial correlations and within-

municipal correlation (Cameron & Miller, 2015). 

 

3.2. Data   

 In Norway, all patients 20 years and above who receive treatment for periodontal disease have 

most of their costs covered by the National Insurance Scheme (Ministry of Health and Care Services, 

2014). Reimbursement payments are administered by the Norwegian Health Economics 

Administration (Norwegian Health Economics Administration, 2017). Due to a generous 

reimbursement system, it is reasonable to assume that virtually all adults who receive treatment are 

registered with the Norwegian Health Economics Administration. Thus for these adults, the dependent 

variable in Equation (2) equals 1. If not registered, the dependent variable equals 0. We used the data 

for 2013, since that was the first year they were available electronically. 

 All persons who live in Norway have a unique personal identification number. This made it 

possible to merge the data from the Norwegian Health Economics Administration with two data 

registers in Statistics Norway. The first register, the Norwegian Standard Classification of Education 

(Statistics Norway, 2000), contains information about the highest education of all persons living in 
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Norway from 1967. The second register, the Population and Housing Census, contains information 

about place of residence (municipality) of all persons living in Norway in 1960 (Statistics Norway, 

1987). By merging data from the Norwegian Health Economics Administration with data from 

Statistics Norway, our final data file encompasses the whole adult population. Most immigrants to 

Norway have not been exposed to the school reform (Grytten, Skau, & Sørensen, 2013). Therefore 

they were not included in our analyses. 

 

4. Results 

4.1. OLS estimates    

 The proportion of individuals who had received treatment for periodontal disease was about 10% 

in all three samples (Table 1). This proportion is similar to the proportion of periodontal disease that 

has been reported in numerous studies (Kassebaum et al., 2014; Jenkins & Papapanou, 2001; Petersen, 

2003). 

 Education had a positive effect on the probability of receiving treatment for periodontal disease. 

The sizes of the regression coefficients were in the range 0.006 to 0.010 (Table 2). This implies that 

the probability of obtaining treatment increased by 0.6 to 1.0 percentage points per additional year of 

schooling. 

 

4.2 First stage estimates  

 The reform resulted in 0.56-0.81 years of additional schooling (Table 3). The sizes of the 

coefficients for the effects of the reform on years of education are well within the range that Salvanes 

and co-workers report from their studies (Black et al., 2008; Machin et al., 2012).  



12 
 

 The regression coefficients were highly significant, with t-values ranging from 52 (two years 

before to two years after the reform) to 173 (six years before to six years after the reform). This means 

that we have high F-values for the instrumental variable, fulfilling all the criteria proposed in the 

literature for a strong instrument (Stock, Wright, & Yogo, 2002).  

 The sign of the regression coefficient for the trend variable was positive. This indicates that 

educational levels increased over time prior to the reform. The post-reform trend is given by the sum 

of the trend coefficient and the reform x trend coefficient. That sum was close to zero. This is because 

our sample was restricted to individuals who had maximum 9 years of education. 

 

4.3 Second stage estimates  

 In all three samples, education had a positive effect on the probability of receiving treatment for 

periodontal disease (Table 3). The sizes of the regression coefficients were fairly similar in all 

samples; ranging from 0.014 to 0.018. This implies that the probability of receiving treatment 

increased by 1.4 to 1.8 percentage points per additional year of schooling.  

In the analyses with the broader bandwidth, the estimate is clearly more precise than the estimate 

with the narrower bandwidth. However, the two estimates are fairly similar; i.e. the bias by having a 

broader bandwidth is small.  

 

4.4 Supplementary analyses  

 In order to test the robustness of our results, we carried out additional analyses. 

 First, we did three placebo tests. These tests were used to test the validity of the instrumental 

variable. This is an experiment in which we pretend that the increase in the number of years of 

schooling was introduced earlier than it actually was. In such an experiment, we do not expect the 
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reform to have any effect on the probability of obtaining treatment for periodontal disease. If there is 

an effect, the instrumental variable would be correlated with a third variable. Then we have a poor 

instrument.  

 In our three tests we pretended that the reform was introduced in the municipalities one, two and 

three years earlier than it actually was introduced. The results from the second stage regressions are 

presented in Table 4. The variable measuring the number of years of education was far from being 

statistically significant at conventional levels. Also, the regression coefficients were small in value, 

and they had the incorrect sign. These results stand in clear contrast to the second stage estimates from 

the main analyses as presented in Table 3.  

 Second, we extended our main analyses by including the following control variables: gender, 

single person household, unemployment benefits and disability pension (2013 figures). This was done 

to test the exogenity assumption of our instrumental variable. That assumption requires that the school 

reform increases the probability of obtaining treatment for periodontal disease only through more 

schooling. In that case the instrumental variable is not correlated with the error term in the regression 

equation; i.e. biases due to confounding are eliminated. 

 The second stage estimates are reported in Table 5. The regression coefficients for gender and 

disability pension had statistically significant effects on the probability of obtaining treatment for 

periodontal disease (p<0.05). For gender, the sizes of the regression coefficients were fairly similar in 

all samples, ranging from -0.039 to -0.035. This implies that the probability of receiving treatment 

increased by 3.9 to 3.5 percentage points for women compared to for men. However, the coefficient 

for our schooling variable was not influenced by the inclusion of the control variables. That gives 

some support to the belief that our instrumental variable is not biased due to confounding variables.  

In Table 5, there were missing values for the variables measuring unemployment benefits and 

disability pension. Individuals with missing values for these variables were excluded from the 
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analyses. The number of individuals with missing values varied according to the time period for 

inclusion of data (the bandwidths). There was no bandwidth for which the percentage of individuals 

with missing values was above 3%. This figure is so small that it is unlikely that this has led to bias. 

 Third, we tested whether the effect of education varied according to gender. This was done by re-

specifying Equation (2) by including an interaction term between gender and the predicted value of the 

individual’s years of education (Êmtj). Equation (1) was re-specified to include two endogenous 

variables: years of schooling (Emtj), and an interaction term between years of schooling (Emtj) and 

gender. 

 The second stage estimates are reported in Table 6. The regression coefficient for the interaction 

term between gender and education (Êmtj) was small in absolute value, and far from being statistically 

significant at conventional levels (p<0.05). This implies that increased schooling does not contribute to 

a reduction of the gender difference in the probability of receiving periodontal treatment.  

  

5. Discussion   

 We found an effect of education on the probability of obtaining treatment for periodontal disease. 

The causal estimates were larger than the estimates from the OLS regressions. This indicates that 

morbidity is an important confounding variable that has been omitted from the OLS estimation. 

Ability, place of residence and time preferences are not likely to be important confounders. This is 

because the OLS estimate is downward rather than upward biased. Our results from the instrumental 

variable estimation underscore the importance of using a statistical technique in which confounding 

variables have been controlled for. These variables are unobserved, hence their individual effects 

cannot be estimated.  
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 Our study was performed using panel data. Use of panel data is a great advantage, as it makes it 

possible to perform a placebo test (Jones, 2007). Such a test can be used to assess the validity of the 

instrumental variable. A placebo test provides counter evidence by estimating a model in a context 

where no effect should be found. If an apparent effect is found, then the validity of the instrumental 

variable is questionable (Jones, 2007). The results from the placebo tests indicate that our results are 

not biased due to unobservable variables. A further strength of our study is that the criterion about 

instrument relevance is fulfilled (Martens, Pestman, Boer, Belitser, & Klungel, 2006). According to 

that criterion the reform must explain a substantial part of the variation in number of years of 

schooling. That is the case with the Norwegian school reform.  

 In our study, selective migration may be a concern: families could have moved from a non-reform 

municipality in order to select a reform municipality. We cannot identify these families from our data. 

Therefore, it is not possible to control for selective migration in our analyses. This might have led to a 

small, but probably not significant bias, in our results. Very few children moved in Norway in the 

1960s. Yearly, only 2.5% of children in the age group 7-14 years moved from one municipality to 

another (Statistics Norway, 1968). The proportion of children who moved from a non-reform 

municipality to a reform municipality would be less than this figure. A similar school reform was 

implemented in Sweden in the 1960s. The Swedish population is fairly similar to the Norwegian 

population with respect to socio-demographic characteristics. Meghir and Palme (2005) were able to 

identify at the individual level those children who moved from a non-reform municipality to a reform 

municipality (=4.6%). In that way they could control for selective migration in their analyses. They 

found no evidence that selective migration led to any bias in their results.  

 The results from this study can be understood within the framework of the Grossman Model. The 

model was developed during the early 1970s (Grossman, 1972). Since then, it has been used as the 

theoretical framework for nearly all studies within the field of economics where the effect of education 

on any health outcome has been examined (for a review see: Grossman & Kaestner, 1997; Grossman, 
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2006). The core idea in the Grossman Model is that education improves one’s stock of skills. 

According to Grossman, skills make educated people more efficient producers of health than less 

educated people. In particular, educated people absorb and process information so that they can make 

healthy choices. This is termed allocative efficiency. In short, it is expected that with more schooling, 

people will make better and more sensible decisions about how to maintain good oral health. That 

involves, among other things, having periodontal treatment when necessary. Our results show that this 

decision is influenced by people’s level of education.  

 In most western European countries, there has been a marked increase in the level of education 

during the last decades (Dolton, Asplund, & Barth, 2009). This is a result of public policies, where a 

particular focus has been to increase the number of years of compulsory schooling from 7 to 9 years 

(Gathmann et al., 2015). One implication of these policies has been to raise the demand for periodontal 

treatment. In Norway, the authorities have responded to this increase in demand by training a 

sufficient number of dentists and specialists (Grytten & Lund, 1999). In that way the supply side of the 

market has adjusted to the demand side so that rationing of the services has been avoided (Grytten & 

Holmgren, 2017). 

Men are less likely than women to obtain periodontal treatment (Tables 5-6). This is the case 

even though periodontal disease is more common among men than among women. For example, in a 

study from Norway, Albander, Rise, Gjermo, and Johansen (1986) found that the mean bone loss 

among men was nearly 40% higher than among women. Similar results are reported from other 

Norwegian studies, for example see: Albandar, 1990; Hansen, Bjertness, & Gjermo, 1990; Fardal, 

Johannessen, & Linden, 2004). It is not obvious which strategy is most effective in reducing the 

gender difference in the probability of receiving periodontal treatment (Watt, 2007). We have shown 

that one strategy, that is to increase the number of years of schooling, is not effective (Table 6). 
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 Within dentistry, there are numerous studies where the association between dental care utilization 

and education has been examined (for example see the review by Petersen & Holst, 1995). These are 

all correlation studies. To our knowledge, there are no studies within dentistry where the causal effect 

of education on utilization of dental services has been estimated. We have estimated the causal effect 

on one type of utilization: the probability of receiving periodontal treatment. The instrumental variable 

methodology used in our study can easily be used to estimate causal effects on any type of dental 

outcome. An area of special interest would be dental health outcome, such as number of teeth, level of 

caries and periodontal disease, and patients’ subjective assessments of their own dental health. We 

were not able to perform analyses with such outcome measures due to lack of appropriate data. 

 Within dentistry, there is a growing interest in seeking causal inference from observational data 

(Listl et al., 2016). We have used an instrumental variable methodology. There are other designs as 

well: twins and siblings design, differences-in-differences design, and regression discontinuity design. 

These are designs that each have their strengths and weaknesses. However, they are powerful designs 

if used on the right type of data, and as long as the underlying statistical assumptions for the estimation 

are fulfilled (Listl et al., 2016). None of these designs were appropriate to use with our data. 

 In conclusion, we have estimated the casual effect of education on the probability of obtaining 

treatment for periodontal disease. We found a reasonably strong effect: the probability of receiving 

treatment increased by 1.4 to 1.8 percentage points per additional year of schooling. Our results 

indicate that policies to increase the level of education in the population can be an effective tool to 

improve oral health, including periodontal health.  
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