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Heterogeneous Selection in the Market for Private Supplemental Dental 

Insurance: Evidence from Germany* 

Jan Michael Bauera, Jörg Schillerb and Christopher Schreckenbergerb,c 

Abstract 

This paper analyzes the German market for supplemental dental insurance to identify selection 

behavior based on individuals’ private information. The rather limited underwriting by German 

private health insurers makes this market especially prone to selection effects. Although the 

standard positive correlation test does not indicate asymmetric information in this market, we 

conjecture that this outcome may result from sample heterogeneity when adverse and 

advantageous selection occur simultaneously and offset each other. Examining a large set of 

potential sources of selection effects, we find mainly that the holding of other supplemental health 

insurance policies, which is related to risk preferences, contributes to an advantageous selection 

in this insurance market. Our results suggest that even in the absence of a positive correlation 

between risk and insurance coverage, the German market for supplemental dental insurance 

suffers from information asymmetry, which is caused by multidimensional private information.  
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insurance; supplemental health insurance 
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1. Introduction 

Growing health care expenditure has led to a financial burden for health care systems with 

universal insurance coverage. Increasing copayments and benefits restrictions in public health 

insurance, while offering a market for voluntary private health insurance for coverage gaps may 

be an option to limit public health care expenditure. In many OECD countries, especially dental 

care for adults is one type of benefits not at all or only partly covered by basic health insurance 

(Paris et al. 2010) and thus on average, 55% of the total expenditure for dental care was paid for 

out-of-pocket in 2011 (OECD 2013). In the German statutory health insurance (SHI), for 

instance, insurance coverage for dental benefits has been incrementally reduced. This led to a 

tripling of SHI enrollees holding a private supplemental dental insurance (SuppDI) in addition to 

their SHI coverage between 2004 and 2012. Among several different supplemental health 

insurance (SuppHI) policies, the highest demand is on SuppDI in Germany (Grabka 2014). 

However, shifting coverage to voluntary private health insurance may raise equity concerns1 and 

carries a risk of inefficiency since asymmetric information and related selection effects may lead 

to a suboptimal insurance coverage at least by some individuals (Finkelstein and McGarry 2006; 

Rothschild and Stiglitz 1976). 

The purpose of this paper is to analyze selection effects in the German market for SuppDI. 

This is a particularly appropriate context given that the rather limited underwriting by German 

private health insurers at the date of contract signing makes this market prone to selection. In a 

first step, we examine whether SHI enrollees have private information leading to selection effects 

in the aggregate. Using standard approaches for testing for asymmetric information, such as 

based on Chiappori and Salanié (2000), we do not find support for the basic prediction that 

SuppDI coverage correlates positively with the risk of needing dental care. As this finding may 

 
1 Kiil (2012) discusses equity concerns in universal health care systems with the option to buy voluntary private 

health insurance. 
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result from an offsetting of adverse and advantageous selection, combined with a possible 

inefficient market outcome (Finkelstein and McGarry 2006), we analyze whether we identify 

potential sources of selection in a second step. Based on theory (de Meza and Webb 2001; 

Rothschild and Stiglitz 1976) and previous studies (Buchmueller et al. 2013; Fang et al. 2008; 

Finkelstein and McGarry 2006), we focus on risk preferences, socioeconomic characteristics and 

the individual’s health status as potential sources. We mainly find the preference for insurance 

proxied by the number of other SuppHI policies except SuppDI as the main driver for 

advantageous selection. This is consistent with Lange, Schiller, and Steinorth (2017) who also 

find a positive impact of preference for insurance, proxied among others by the holding of other 

SuppHIs, on SuppDI coverage. In contrast to their study, which is based on data from the German 

Socio-Economic Panel, our data include information on dental risk enabling us to analyze 

selection effects. By providing evidence of heterogeneous selection despite not rejecting the null 

hypothesis of an insignificant coverage-risk correlation, we complement the mixed evidence on 

selection effects in markets for private dental insurance (e.g., Godfried et al. 2001; Srivastava et 

al. 2017). More generally and in line with Finkelstein and McGarry (2006), this finding suggests 

that a coverage-risk correlation is not a necessary condition for information asymmetry in 

insurance markets. Moreover, using a rich set of data, we extend the empirical literature on 

sources of selection. We particularly contribute to the still mixed evidence on the role of risk 

preferences with respect to selection behavior by identifying the holding of other insurance 

policies as a key source of advantageous selection in this market (e.g., Browne and Zhou-Richter 

2014; Fang et al. 2008). Moreover, our findings are useful for policy implications concerning the 

decision to decrease coverage in the public health insurance system and to provide the option of 

voluntary private health insurance for coverage gaps in the public system.  

The remainder of the paper proceeds as follows. Section 2 gives an overview of the 

German health insurance system. Section 3 then summarizes the basic theoretical effects of 
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information asymmetry in insurance markets and reviews the related literature. Section 4 presents 

the data and empirical model. Section 5 reports and discusses the results of both the main analysis 

and several robustness checks. Section 6 concludes the paper. 

2. Institutional Background  

In Germany, the SHI covers nearly 90% of the population while about 10% has substitutive 

private health insurance (PHI). SHI has a highly uniform standard benefit package for all funds, 

one that is quite comprehensive compared to those in other industrialized countries (Beske et al. 

2005). Due to rising health care expenditure, out-of-pocket expenses from copayments and 

standard benefit exclusions have recently been increasing in the SHI (Grabka 2014). In particular, 

a 2004 reform changed the 35%–50% coinsurance rate for dental prostheses to diagnosis-based 

fixed benefits covering 50%2 of the cost of standard treatment (Klingenberger and Micheelis 

2005).3 Dental prostheses costs exceeding these benefits must be paid out of pocket, subjecting 

SHI enrollees to an increased financial risk associated with dental care. 

To reduce coverage gaps in the SHI benefit package, SHI enrollees may buy SuppHI 

directly from private health insurers. The German market for PHI including SuppHI is 

imperfectly competitive (Hofmann and Browne 2013). SuppHI contracts are guaranteed 

renewable (Pauly et al. 1995). Among various types of SuppHI available to SHI enrollees, such 

as SuppDI or supplemental hospital insurance, SuppDI is the most prevalent and has the highest 

growth rate probably due to the 2004 reform. The proportion of SHI enrollees having SuppDI 

tripled after the 2004 reform from 5.6% in 2004 to 16.6% in 2012 (Grabka 2014). The main 

purpose of SuppDI policies is to reduce out-of-pocket expenses for dental services, especially for 

 
2 By law, the fixed benefits can rise by 20% (30%) if there is evidence that the insured performs regular prevention 

and can prove yearly dental check-ups during the last 5 (10) years before treatment. 
3 This rule applies to all but low-income SHI enrollees, who are eligible to receive the full cost of standard treatment. 

According to Barmer GEK, in 2012, about 9% of SHI enrollees received diagnosis-based fixed benefits covering 

100% of the cost of standard treatment (Rädel et al. 2014). 
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dental prostheses. Since only the cost of standard treatment for dental prostheses is partly covered 

by SHI, SHI enrollees may profit even more from SuppDI policies if they prefer higher quality 

prostheses. Premiums for SuppDI are generally risk adjusted based on individual age at date of 

contract signing and gender. 4  Additionally, insurers may ask applicants about past dental 

prostheses and advised dental or orthodontic treatment.5 Yet, the ex-ante premium differentiation 

for SuppDI is limited, since only few characteristics are used for pricing SuppDI policies. This 

may lead to selection effects from information asymmetry.6 

3. Theoretical Background and Related Literature 

The classical type of selection based on asymmetric information is adverse selection. In the 

standard model with adverse selection (Rothschild and Stiglitz 1976), individuals have only 

private information with respect to their risk type. In a separating equilibrium, high-risk 

individuals choose policies with higher coverage compared to low-risk individuals. In our 

context, this model predicts that high-risk SHI enrollees purchase SuppDI with a higher 

probability or – in an extreme case – are the only risk-types purchasing SuppDI, meaning that 

the demand of low-risk individuals is inefficiently low. The basic empirical prediction of adverse 

selection is that the amount of insurance coverage is positively correlated with the risk of loss 

controlling for all relevant characteristics used by insurers for risk-based rate making (Chiappori 

et al. 2006). Numerous studies have confirmed this correlation prediction in different insurance 

markets (see Cohen and Siegelman 2010 for a review). In a closely related paper, Godfried, 

Oosterbeek and van Tulder (2001) identify adverse selection in the Dutch SuppDI market after 

 
4 Since the introduction of unisex tariffs in December 2012, gender has been prohibited for determining the premiums 

for private health insurance policies, such as SuppDI.  
5  Moreover, insurers may reject applicants based on risk-related responses. For instance, some insurers reject 

applicants with missing teeth above a certain threshold. We will discuss this issue in our empirical model (Section 

4.2) and in our robustness checks (Section 5.2) into account. 
6 In addition, there is no consideration of past premium payment history, meaning that the information asymmetry 

from a lack of ex-ante premium differentiation preserves over time. 
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dental service exclusion from compulsory health insurance. They show that individuals with 

poorer dental health or more frequent past dentist visits are more likely to purchase SuppDI than 

individuals with better dental health or fewer past visits. 

However, the prediction of a positive coverage-risk correlation is not only consistent with 

adverse selection, but may also arise from moral hazard (Chiappori et al. 2006). Based on theory 

on moral hazard (Pauly 1968; Shavell 1979), individuals with SuppDI coverage may reduce their 

effort into preventive dental care (ex ante moral hazard) or increase their consumption of dental 

care after occurrence of a dental disease (ex post moral hazard). As discussed by Cohen and 

Siegelman (2010) as well as Dionne (2013), different approaches have been applied in empirical 

studies to separate selection effects from moral hazard in insurance markets. One way is based 

on a natural experiment (Chiappori et al. 1998) or randomized experiment, such as in the RAND 

Health Insurance Experiment (Manning et al. 1987), or on exploiting other exogenous variations 

in the uptake of different insurance plans (e.g., Ettner 1997; Lahiri and Xing 2003). In settings 

with non-experimental data, another possible approach is to use simultaneous equations models 

or instrumental variables (e.g., Holly et al. 1998; Keane and Stavrunova 2016; Paccagnella et al. 

2013; Srivastava et al. 2017).  

A crucial limitation of the positive correlation test is that the correlation between 

insurance coverage and risk occurrence may also be negative in an imperfectly competitive 

insurance market like the German market for SuppDI (Chiappori and Salanié 2013). An absence 

of a positive correlation can be explained either by negligible information asymmetries or, for 

instance, by unobserved preference heterogeneity in addition to heterogeneity in risk, i.e. 

multidimensional private information (e.g., Cutler et al. 2008).7 Hemenway (1990) suggests that 

a negative risk-coverage correlation can be explained by highly risk-averse individuals that are 

 
7 Further possible explanations for the lack of a positive correlation between insurance coverage and risk occurrence, 

are discussed by Cohen and Siegelman (2010). 
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more likely to buy insurance coverage and invest more in prevention so as to reduce their risk of 

loss. This mechanism can produce an advantageous selection in a market equilibrium as shown 

in the theoretical model by de Meza and Webb (2001). Based on this theory, one would expect 

low-risk individuals to buy SuppDI coverage more likely. 

Several recent studies do find evidence for the importance of multidimensional private 

information in different insurance markets. Srivastava, Chen, and Harris (2017), for instance, 

find a positive correlation between private dental insurance in Australia and oral health as well 

as preventive behavior towards dental health (e.g., flossing), which is consistent with 

advantageous selection. In another related paper, Finkelstein and McGarry (2006) find evidence 

of multidimensional private information in the U.S. long-term care insurance (LTCI) market. As 

they do not identify a significant correlation between risk occurrence and LTCI coverage, they 

conclude that adverse and advantageous selection offset each other in the aggregate. Their 

findings indicate that a positive coverage-risk correlation is not a necessary condition for 

implying that an insurance market suffers from inefficiencies due to information asymmetry.  

Based on de Meza and Webb (2001), risk aversion is of primary interest as a source of 

advantageous selection. Some studies provide evidence that factors related to risk preferences 

contribute to advantageous selection (e.g., Buchmueller et al. 2013; Doiron et al. 2008; 

Finkelstein and McGarry 2006; Schmitz 2011). Browne and Zhou-Richter (2014), for instance, 

find that preference for insurance measured by the holding of SuppHI policies, is a source for 

advantageous selection in the German LTCI market. However, insurance markets differ in 

whether risk preferences are an important source of advantageous selection. Fang, Keane and 

Silverman (2008), for instance, find that risk preferences cannot be considered as a source of 

advantageous selection in the U.S. Medigap insurance market. They suggest that potential 

sources of advantageous selection in general may be any private information about characteristics 

that positively correlates with insurance coverage, but negatively with the risk of loss. For 
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instance, there is some evidence that socioeconomic characteristics, particularly wealth or 

income, contribute to advantageous selection (Buchmueller et al. 2013; Fang et al. 2008; 

Finkelstein and McGarry 2006). 

The previous literature has provided evidence that indicates that the dominating type of 

selection and the role of risk preferences with respect to selection behavior is still mixed. Hence, 

further evidence is required to provide a better understanding of selection effects and their sources 

that can be used to improve market efficiency. Our paper is, to the best of our knowledge, the 

first study analyzing heterogeneous selection in the German market of SuppDI based on a rich 

data set with particularly detailed dental information. We use a comprehensive set of statistical 

tests to provide robust and novel insights into selection behavior in markets for SuppHI. 

4.  Data and Methods 

4.1 Data 

In our paper, we use data at the individual level from the Healthcare Monitor, a representative 

survey of a cross-section of the German population.8 For the present analysis, we rely exclusively 

on wave 19 (from 2011) because it contains very detailed information of individuals about dental 

health and dentist visits in addition to information on the general health status, health insurance 

coverage, socioeconomic characteristics and the number of physician visits. Concerning dental 

health, respondents were asked whether or not they have periodontitis, dental fillings, implants, 

dental prosthesis, caries, jaw point pain, missing teeth, toothache, and whether they wear braces 

or a splint against teeth grinding. With respect to health insurance, the survey collected data 

whether the respondents are SHI or PHI enrollees and which SuppHI policies they hold. The 

survey does not provide information about the premiums and the comprehensiveness of the 

 
8 The Healthcare Monitor (“Gesundheitsmonitor”) is administered since 2001 by the Bertelsmann Foundation. Since 

2011, the SHI fund Barmer GEK has been cooperating with the Bertelsmann Stiftung on the Healthcare Monitor. 
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insurance policies. For this wave, a total of 2,200 individuals aged 18 to 79 were contacted by 

mail, of whom over 80% responded (GfK Health Care 2011). Our final sample consists of 1,781 

individuals. 

Table 1 shows some descriptive statistics divided by insurance status.9  PHI enrollees 

(column 1) tend to be older, have higher incomes, and be more predominantly male than SHI 

enrollees (column 2). With regard to dental health, however, we observe no major differences 

between the two groups. Given our focus on selection in the SuppDI market, we are particularly 

interested in differences between individuals with and without a SuppDI policy. Since the 

insurance coverage covered by SuppDI is already included in most PHI plans, we exclude PHI 

enrollees (𝑛 = 285 ) and only consider SHI enrollees (𝑛 = 1,496 ) in our analysis.10  Among 

individuals with SHI, less than one third (29%) holds a SuppDI. The comparison between SHI 

with (3) and without (4) SuppDI shows that SuppDI policyholders are more likely to be married 

and, in line with most findings in the literature (see Kiil 2012 for a review), have a higher income. 

Srivastava et al. (2017), for instance, show that private dental insurance coverage is positively 

correlated with income in Australia. Consistent with previous findings (Browne and Zhou-

Richter 2014; Buchmueller et al. 2013; Lange et al. 2017), SuppDI policyholders are more likely 

to hold further SuppHIs. 

  

 
9 Note that we do not use sampling weights in Table 1. When considering sampling weights, the descriptive statistics 

are quite similar for most variables (results available upon request).  
10 Please note that only individuals without missing values for all variables are considered in Table 1. Thus, the 

number of observations in Table 1 is slightly lower. 
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Table 1 Descriptive Statistics by Insurance 
 PHI SHI SHI 

 (1) (2) (3)        SuppDI       (4) 

 All All Yes No 

Utilization of dental services    

Dentist visits per year 1.836 1.763 2.060 1.639*** 

Usual preventive dentist visits per year     

    Seldom/only in pain 0.108 0.054 0.022 0.068*** 

    Once in 2 years 0.082 0.032 0.022 0.036 

    Once  0.353 0.373 0.348 0.383 

    Twice  0.387 0.491 0.556 0.464*** 

    Three times or more 0.071 0.050 0.053 0.049 

Dental issues     

    Periodontitis 0.145 0.178 0.159 0.186 

    Filling 0.625 0.677 0.732 0.654*** 

    Prosthesis 0.383 0.420 0.440 0.412 

    Implant  0.201 0.108 0.130 0.098* 

    Braces 0.022 0.020 0.017 0.021 

    Grind teeth 0.056 0.066 0.075 0.063 

    Missing teeth 0.082 0.097 0.098 0.096 

    Toothache 0.011 0.016 0.024 0.012* 

    Chewing/jaw 0.007 0.022 0.024 0.021 

    Caries 0.074 0.074 0.060 0.080 

    No issues 0.123 0.113 0.087 0.124** 

Socioeconomic characteristics   

Male 0.684 0.453 0.425 0.463 

Age 54.513 49.453 50.271 49.111 

Marital status     

    Married 0.688 0.576 0.640 0.549*** 

    Widowed 0.030 0.047 0.056 0.043 

    Divorced 0.071 0.089 0.089 0.089 

    Single 0.212 0.288 0.215 0.319*** 

Income 3.691 2.778 2.990 2.689*** 

Education     

    University 0.476 0.176 0.152 0.186 

    Higher education entr qual 0.138 0.171 0.174 0.170 

    Secondary school leaving certificate 0.219 0.381 0.372 0.385 

    Lower sec education / no graduation 0.156 0.256 0.283 0.245 

    Other graduation 0.011 0.011 0.014 0.010 

Employment     

    Full time work 0.424 0.391 0.408 0.384 

    Part time work 0.052 0.124 0.121 0.125 

    Hourly based work 0.022 0.060 0.060 0.060 

    Unemployed  0.454 0.354 0.367 0.349 

    Job training 0.048 0.071 0.043 0.082** 

Household size 2.286 2.315 2.343 2.303 

Self-rated health status      

    Bad  0.007 0.013 0.014 0.012 

    Less than good 0.126 0.180 0.169 0.185 

    Good 0.580 0.506 0.514 0.503 

    Very good 0.216 0.242 0.249 0.239 

    Excellent 0.063 0.049 0.039 0.054 

Continued on next page 
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 PHI SHI SHI 

 (1) (2) (3)        SuppDI       (4) 

 All All Yes No 

Proxies for risk preferences and health-related behavior   

Number of other SuppHIs 1.156 0.507 1.179 0.226*** 
Care about health 3.572 3.505 3.502 3.507 

Never smoker 0.543 0.558 0.531 0.569 

BMI 26.494 26.419 26.529 26.373 

Activity 4.123 3.937 4.024 3.901 

Diet     

    Fruits 3.171 3.219 3.266 3.199 

    Vegetables 3.152 3.078 3.143 3.052** 

    Fast food 1.825 1.821 1.824 1.820 

    Sweets 2.353 2.411 2.428 2.404 

Observations 269 1,403 414 989 

Notes: Only individuals without missing values are considered. Income is measured in €1,000 intervals from < €1,000 up to > €5,000 monthly net 
household income. Activity: never = 1 to daily = 6. Diet: never/seldom = 1 to daily = 4. The level of significance for the statistical differences in a 

two-sided t-test between the two groups (see columns 3 and 4) is designated as follows: *p<.10; **p<.05; ***p<.01. 

 

To test for selection effects, we must find an appropriate measure for the financial risk 

associated with dental treatments. Because our data include no information on specific type of 

dental care or resulting expenditure for dental treatments, we cannot fully measure individual 

risk. Rather, we proxy risk by the number of dentist visits. The individuals were asked about the 

number of dentist visits in the previous twelve months. Table 1 shows that SuppDI policyholders 

go to the dentist more often than the comparison group. This finding might indicate that SuppDI 

policyholders are higher risks as they are also more likely to have a dental implant or dental 

filling and less likely to have no dental problems. Simply comparing the numbers for SuppDI 

enrollees and non-enrollees, however, is inadequate for risk assessment because the former may 

also be more likely to have annual check-ups. In fact, Table 1 confirms that SuppDI policyholders 

tend to have more preventive dentist visits than non-enrollees.  

To improve our risk measurement, we adjust our risk proxy to disentangle acute treatment 

visits from preventive check-ups. Fig. 1 shows the distribution of dentist visits for the whole 

sample of individuals with SHI. As is evident, many individuals go to the dentist only once or 
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twice a year, which indicates actual treatment or a dental check-up.11 Since SHI only cover two 

annual check-ups, we assume that three or more annual dentist visits clearly point to acute 

treatment. We thus transform our variable for risk (DentVisits) into a dummy equal to 1 if an 

individual went to the dentist more than twice in the previous year, and 0 otherwise. This 

transformation of the count variable, also used by Godfried et al. (2001), should minimize 

incorrect measurement of preventive dentist visits as a proxy for risk. In our robustness checks, 

we consider alternative specifications of the main dependent variable as well as an alternative 

risk proxy (Section 5.2).  

 

 

Fig. 1 Number of dentist visits for all individuals with SHI 

  

 
11 SHI members have a financial incentive to go for regular dental check-ups because if they do so during the 5 or 

10 years preceding treatment, they receive higher benefits for dental prostheses. 
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4.2 Econometric Approach 

In a first step, we analyse the coverage-risk correlation to test for asymmetric information in the 

aggregate. Here, we apply two approaches which have been used in several previous studies 

(Cohen and Siegelman 2010). In our first approach (“one-equation approach”), we estimate the 

relation between the ex-post risk of an individual with respect to dental treatment and the SuppDI 

coverage by specifying the following linear probability model (LPM): 

 

𝑃(𝐷𝑒𝑛𝑡𝑉𝑖𝑠𝑖𝑡𝑠 = 1|𝑆𝑢𝑝𝑝𝐷𝐼, 𝑋, 𝐶)  =  𝛼0 +  𝛼1𝑆𝑢𝑝𝑝𝐷𝐼 + 𝛼2𝑋 +  𝛼3𝐶  (1) 

 

𝐷𝑒𝑛𝑡𝑉𝑖𝑠𝑖𝑡𝑠 is our risk proxy as described in the previous section. 𝑆𝑢𝑝𝑝𝐷𝐼 equals 1 if an 

individual has SuppDI, 0 otherwise. As the premiums for SuppDIs are generally risk adjusted, 

we include the vector 𝑋 to control for the risk classification in SuppDI policies. In line with the 

pricing of all German health insurers offering SuppDI, we include the insured’s age12  and 

gender13. As insurers may ask applicants about missing teeth, past dental prostheses and advised 

dental or orthodontic treatment, we also include whether the individual has a dental prosthesis, a 

dental implant or missing teeth to be more conservative and to reflect the more thorough risk 

classification used only by some insurance companies. All these variables are included in 

nonparametric form and fully interacted. Finally, we control in our models for the usual number 

of annual dentist visits for patients without any major dental issues. We assume these to represent 

preventive dentist visits (vector 𝐶).14 Hence, this should capture overly cautious individuals, i.e. 

those getting more than the recommended two annual check-ups. In addition, we control for the 

 
12 As the data are only cross-sectional, we cannot include characteristics related to time of contract finalization. As a 

proxy, we use current information from the survey. In fact, age at contract entry is decisive for risk classification; 

however, since the survey does not report this datum, we control for the age of the insured at time of survey. We 

assume this bias to be relatively small since the majority of policies were finalized after the 2004 health care reform.  
13 As our survey data are from 2011, the introduction of unisex tariffs in December 2012 does not affect our analysis.  
14 Possible answers to the correspondent survey item are “three or more times a year,” “about twice a year,” “about 

once a year,” “about once in two years,” or “seldom, only in pain.” 
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individuals’ fear of the dentist, which might capture possible skipping of annual check-ups or an 

avoidance of necessary treatments.15 Because the dependent variable is dichotomous, we also 

estimate a probit model.  

In our second approach (“two-equation approach”), we rely on the bivariate probit model 

introduced by Chiappori and Salanié (2000) with the following two equations: 

 

𝐷𝑒𝑛𝑡𝑉𝑖𝑠𝑖𝑡𝑠 = 𝟏(𝛽1𝑋 +𝛽2𝐶 + 𝜀 > 0)       (2) 

 

𝑆𝑢𝑝𝑝𝐷𝐼       = 𝟏(𝛾1𝑋 +𝛾2𝐶 + 𝜂 > 0)       (3) 

 

The specifications of the variables are the same as in equation (1). In this approach, we 

regress both our risk proxy 𝐷𝑒𝑛𝑡𝑉𝑖𝑠𝑖𝑡𝑠  and our proxy for insurance coverage 𝑆𝑢𝑝𝑝𝐷𝐼 

conditional on 𝑋 and the vector 𝐶. Testing the independency of the residuals by the correlation 

coefficient 𝜌 (𝜀, 𝜂)  enables to determine the relationship between 𝐷𝑒𝑛𝑡𝑉𝑖𝑠𝑖𝑡𝑠  and 𝑆𝑢𝑝𝑝𝐷𝐼 . 

Finding a correlation between the residuals that is significantly different from zero, i.e.  

𝜌 (𝜀, 𝜂) ≠ 0, indicates that 𝐷𝑒𝑛𝑡𝑉𝑖𝑠𝑖𝑡𝑠 and 𝑆𝑢𝑝𝑝𝐷𝐼 are correlated. This finding would point to 

the existence of asymmetric information. 

The sign of the coefficient of interest  𝛼1  in equation (1) as well as the correlation 

coefficient 𝜌 (𝜀, 𝜂)  based on equation (2) and (3) indicate the dominant selection type in the 

aggregate. Identifying that  𝛼1  or 𝜌 (𝜀, 𝜂)  is not significantly different from zero may be 

explained by different effects. First, it could indicate that asymmetric information in the SuppDI 

market is empirically negligible. Second, it could lead to a false rejection of asymmetric 

information when both adverse and advantageous selection types offset each other in the 

 
15 Measured by a 6-item scale from “no fear” to “panic.” 
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insurance market. The latter is unlikely to result in an equilibrium that is first best (Finkelstein 

and McGarry 2006). Third, an insignificant coverage-risk correlation could also be due to the 

existence of advantageous selection and an offsetting effect of insurance coverage on the use of 

dental services positively affecting the coverage-risk correlation. Note that the latter may be the 

classical ex-post moral hazard effect or other positive effects of insurance coverage on the use of 

dental services.16  

Some studies (e.g., Manning et al. 1986; Meyerhoefer et al. 2014) find that having dental 

insurance positively affects utilization of dental services. However, there is also empirical 

evidence (see Grembowski et al. 1988 for a review) that documents a rather low price elasticity 

for dental services. Furthermore, Meyerhoefer, Zuvekas, and Manski (2014), for instance, find 

that the use of dental services is significantly increased for people holding a dental insurance, but 

insensitive to variation of out-of-pocket costs. Consistent with previous studies (Manning et al. 

1986; Mueller and Monheit 1988), this finding indicates that varying the mere level of dental 

insurance coverage does not considerably impact the use of dental services. Thus, we cannot 

reject a possible bias caused by a causal effect of insurance coverage on dental care use. However, 

we conjecture that the probability of a causal effect of SuppDI coverage in Germany is rather 

low since each SHI enrollee is fully covered for basic tooth preservation and at least for 50% of 

the cost of standard treatment for dental prostheses. We suggest that an insignificant coverage-

risk correlation arises at least to some extent from an offsetting effect of heterogeneous selection. 

To get a clearer picture on the selection behavior in the SuppDI market, we test for the 

potential sources of selection effects in a second step. Consistent with previous studies (e.g., 

 
16 It should be noted, that a positive effect of insurance coverage on the utilization of dental care is not a sufficient 

condition for ex-post moral hazard and a related welfare loss. If insurance coverage gives individuals access to 

unaffordable health care (Nyman 1999), or provides incentives to use more preventive health care, an increased 

utilization of dental services due to insurance coverage is not inefficient.  
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Browne and Zhou-Richter 2014; Finkelstein and McGarry 2006), we add potential drivers to our 

basic model in equation (4) and (5): 

 

𝐷𝑒𝑛𝑡𝑉𝑖𝑠𝑖𝑡𝑠 = 𝟏(𝜃1𝑋 +𝜃2𝐶 + 𝜃3𝐷 + 𝜑 > 0)    (4) 

 

𝑆𝑢𝑝𝑝𝐷𝐼      = 𝟏(𝜗1𝑋 +𝜗2𝐶 + 𝜗3𝐷 + 𝜙 > 0)    (5) 

 

The interpretation of the equations generally follows equation (2) and (3). Vector 𝐷 

represents potential drivers for selection. Looking at 𝜃3  and 𝜗3  enables us to examine which 

characteristics are drivers for selection. Identifying an attribute that correlates positively with the 

uptake of SuppDI (𝜗3 > 0) and with the risk of loss (𝜃3 > 0) and that substantially changes the 

coverage-risk correlation represented by 𝜌 (𝜑, 𝜙)   in a negative direction (i.e. 

 𝜌 (𝜑, 𝜙) < 𝜌 (𝜀, 𝜂)) can be considered as a source of adverse selection. Conversely, finding a 

characteristic with opposite signs for the correlation with SuppDI and risk (e.g., 𝜗3 >  0 &  

𝜃3 < 0) and which leads to 𝜌 (𝜑, 𝜙) > 𝜌 (𝜀, 𝜂) can be interpreted as a source of advantageous 

selection. It should be noted that this holds irrespective of a possible bias caused by moral hazard 

or, more generally, a positive effect of SuppDI on our risk proxy. 

In our analysis, we consider several potential sources of advantageous selection. We focus 

on characteristics related to risk preferences since risk aversion may be considered as a primary 

cause of advantageous selection based on de Meza and Webb (2001). Since we cannot measure 

risk aversion directly, we test a large set of factors that have been related to individual risk 

preferences in previous studies (Browne and Zhou-Richter 2014; Buchmueller et al. 2013; Cutler 

et al. 2008; Finkelstein and McGarry 2006). First, we examine risky or risk-reducing behavior 

with variables on the individual’s care about his own health (“Care about health”), on smoking 

(“Never a smoker”), on the frequency of physical activities (“Physical activities”), such as sports 
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or gardening, and on the frequency of eating rather healthy food (“Fruits” and “Vegetables” ) and 

unhealthy food (“Fast Food” and “Sweets”). Based on the assumption that these measures are 

likely to be related to risk aversion, we predict that people with a preventive health behavior are 

more likely to hold SuppDI and less likely to visit dentists for acute treatment. As another 

characteristic related to risk preferences, we test the preference for insurance proxied by holding 

of other SuppHIs except SuppDI (“Preference for insurance”).17 Examples for further SuppHIs 

in our data are a daily sickness or hospital daily benefits insurance and a supplemental hospital 

insurance covering the treatment by chief physician and a single or double hospital bed.18 Based 

on de Meza and Webb (2001), we argue that people holding many SuppHIs buy SuppDI because 

of their inner need for security and their generally higher preference for insurance on the one 

hand and are more likely to take precautions leading to lower ex-post risk on the other hand.19  

Based on classical adverse selection models (e.g., Rothschild and Stiglitz 1976) and 

empirical findings (e.g., Browne and Zhou-Richter 2014) we examine self-rated health as a 

potential source of adverse selection. The rationale is that people with private information about 

their bad health are more likely to expect future dental treatments and are more likely to buy 

SuppDI. We measure self-assessed health by five dichotomous indicators for each level of health 

(e.g., “Good”). Finally, we test socioeconomic characteristics, including income (“Income”), 

employment (e.g., “Full time”), marital status (e.g., “Married”) household size (“HH size”) and 

 
17 The holding of several SuppHIs can basically be driven by the individual’s preference for insurance coverage and 

by supplier behavior. However, to the best of our knowledge, insurance companies do not offer discounts for 

individuals buying more than one SuppHI. Moreover, the share of SHI enrollees with one specific type of SuppHI 

varies substantially. For instance, many SHI enrollees with a SuppDI do not hold a supplemental hospital insurance 

(Grabka 2014). Thus, in line with Browne and Zhou-Richter (2014), we suggest that the holding of several SuppHIs 

is more likely to be driven by the individual’s preference for insurance. 
18 Further examples are a SuppHI with benefits for eyeglasses, drugs, and other medication, a supplemental LTCI, a 

SuppHI for alternative healing methods and naturopathy, a SuppHI for cures and special medical check-ups and a 

SuppHI for treatment by a private physician. 
19 Note that empirical evidence (e.g., Chen and Hunter 1996; Lang et al. 1994; Levin and Shenkman 2004) shows 

that dental prevention, such as periodic dental check-ups or flossing, are predominantly positively related to dental 

health. See Petersen (2003), for instance, for a discussion on oral disease prevention. 
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education (“e.g., Higher education entr qual”) as potential drivers for selection. Based on 

previous findings (e.g., Buchmueller et al. 2013; Fang et al. 2008), we suggest that a better 

socioeconomic status, such as higher income, contributes to advantageous selection in the 

SuppDI market. 

The identification of such drivers requires a discussion about potential endogeneity of the 

variables in question. On the one hand, reverse causality could challenge the interpretation of our 

results if driver 𝐷 is at least partly caused by either 𝐷𝑒𝑛𝑡𝑉𝑖𝑠𝑖𝑡𝑠 or 𝑆𝑢𝑝𝑝𝐷𝐼. On the other hand 

and despite our rich set of covariates, the observed relationship between 𝐷 and both dependent 

variables might stem from unobserved factors that causally affect all our variables of interest and 

create a spurious correlation. Given the cross-sectional nature of our data the most common 

approach to test for endogeneity is the use of instrumental variables (IV) (Angrist and Pischke 

2009). However, as in our case, valid instruments are often unavailable making clear 

identification difficult. For such cases, Lewbel (2012, 2018) has suggested the use of internally 

constructed instruments that can be obtained from heteroscedasticity of the structural equations. 

This method has recently been applied as a robustness check in a number of studies lacking valid 

classical instruments or only having weak instruments (Awaworyi Churchill et al. 2017a; 

Awaworyi Churchill et al. 2017b; Le Moglie et al. 2015; Lin et al. 2017). Identification in 

Lewbel’s method relies on comparably less restrictive assumptions. In the presence of exogenous 

variables and heteroscedasticity, identification can be achieved without the classical exclusion 

restriction of a specific instrument and relies on the heteroscedasticity of the error in both 

structural equations of the two-stage estimation. We provide the results of this approach in our 

section on robustness checks (Section 5.2).  
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5. Results 

5.1 Evidence of Heterogeneous Selection 

We first analyse the data using the two aforementioned approaches to test for asymmetric 

information in insurance markets. Table 2 summarizes the results of the one- and two-equation 

approach using different estimation techniques. Regressing dental risk on the dummy for holding 

SuppDI (one-equation approach), while controlling for pricing characteristics, shows no 

significant difference between the groups both using a LPM and a Probit estimation (column 1 

and 2). Similarly, for the two-equation approach, we do not find a significant correlation between 

the residuals obtained from the two regressions of risk and insurance demand on pricing 

characteristics. This holds both when using a bivariate probit model (column 3) and when 

checking the independence of the residuals after estimating equation (2) and (3) separately by a 

LPM (column 1) and a Probit model (column 2). 

Table 2 Coverage-Risk Correlation 
Dependent Variable Dentist visits >2 

 (1) (2) (3) 

 LPM Probit Biprobit 

    

Coefficient from regression of dentist 

visits on SuppDI 

0.0246 0.1118  

 (0.022) (0.097)  

Observations 1,474 1,375  

    

Correlation coefficient of residuals 

𝜌 (𝜀, 𝜂) 

0.0319 0.0336 0.0686 

 (p = 0.221) (p = 0.214) (p = 0.236) 

Observations 1,474 1,375 1,474 
Notes: The residuals are derived from equation (2) and (3). The coefficient in column (2) represents the correlation between predicted Pearson 
residuals. In column (3), the correlation coefficient is based on a bivariate probit model. The coefficients for the pricing characteristics are not 

displayed in this table due to the high number of interaction terms. Robust standard errors for the coefficient from the regression of dentist visits 

on SuppDI and p-values for the correlation coefficient of the residuals in parentheses, respectively. *p<.10, **p<.05, ***p<.01.  

Based on these results, one could conclude the absence of asymmetric information in the 

German market for SuppDI. Since this finding can, however, also be explained by heterogeneous 

selection behaviour, we exploit the rich data set and test for sources of selection. Table 3 shows 

the results for adding each potential driver for selection separately (column 1 and 2) and adding 
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those potential drivers simultaneously (column 3 and 4) to our basic bivariate probit model. Here, 

we cluster our variables along two main categories: first, a set of factors related to risk preferences 

and, second, socioeconomic characteristics including self-rated health. Among the attributes 

related to risk preferences, we only find that preference for insurance significantly and positively 

correlates with the demand for SuppDI, but negatively with dental risk. To interpret preference 

for insurance as a driver for selection in the SuppDI market, the issue of causality in the 

relationship of preference for insurance with SuppDI and risk is important. If the risk covered by 

any SuppHI except SuppDI correlates with the number of dentist visits through other ways than 

the link of risk aversion, our estimates would be biased. Admittedly, we doubt that worse dental 

health is likely to influence the decision to buy one of the other SuppHI products. Moreover, 

other health issues that increase the likelihood of other SuppHIs, such as supplemental hospital 

insurance, may not affect dental care, being a very distinct field. Nevertheless, if an individual’s 

general health correlates negatively with overall insurance coverage and positively with dental 

health, any potential bias is likely to be positive. The relationships of preference for insurance 

with our dependent variables remain robustly significant when we control for further covariates, 

including overall health, in column 3 and 4. 

Furthermore, the correlation of the residuals turns from insignificant (Table 2) to 

significantly positive when controlling for this attribute. In line with Browne and Zhou-Richter 

(2014), these findings indicate that preference for insurance is a source of advantageous selection. 

Self-rated health correlates as expected significantly negatively with dental risk, but the 

correlation with the holding of SuppDI is insignificant. This finding does not support the 

prediction that self-assessed health is a source of adverse selection in this market. The correlation 

coefficient of the bivariate probit model after controlling for all potential drivers for selection 

(𝜌 (𝜑, 𝜙) =  0.1482**) suggests that there are still unobserved characteristics that correlate 
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positive with insurance demand and dental risk and hence offset the advantageous selection 

driven by preference for insurance. 

 

Table 3 Sources of Selection 

 (1) (2) (3) (4) (5) 

 Adding potential sources  

separately 

Adding all potential sources 

simultaneously 

 DentVisits SuppDI 𝜌 (𝜑, 𝜙) DentVisits SuppDI 

Risk preferences  
    

Care about health -0.0503 -0.0075 0.0671 -0.0550 -0.0949 

 (0.061) (0.051) (p = 0.247) (0.070) (0.065) 

Never smoker 0.0495 -0.0711 0.0659 -0.0055 -0.0548 

 (0.094) (0.078) (p = 0.259) (0.101) (0.091) 

BMI -0.0121 0.0024 0.0626 -0.0125 -0.0113 

 (0.011) (0.007) (p = 0.284) (0.011) (0.008) 

Physical activity -0.0415 0.0126 0.0690 -0.0316 -0.0155 

 (0.029) (0.025) (p = 0.234) (0.032) (0.030) 

Fruits 0.0130 0.0249 0.0660 -0.0156 0.0240 

 (0.058) (0.049) (p = 0.256) (0.067) (0.063) 

Vegetables 0.0223 0.1195** 0.0670 0.0259 0.0371 

 (0.069) (0.059) (p = 0.249) (0.080) (0.075) 

Fast food -0.0366 -0.0012 0.0826 -0.0396 0.0018 

 (0.076) (0.067) (p = 0.158) (0.081) (0.079) 

Sweets 0.0515 0.0283 0.0759 0.0446 0.0441 

 (0.058) (0.050) (p = 0.192) (0.064) (0.058) 

Preference for insurance -0.1166** 0.7902*** 0.1494** -0.1373*** 0.7665*** 

 (0.049) (0.056) (p = 0.016) (0.052) (0.058) 

Socioeconomic characteristics 
     

Employment   0.0689   

   (p = 0.234)   

    Part time work 0.0355 -0.2161  0.1140 -0.0678 

 (0.154) (0.132)  (0.163) (0.157) 

    Hourly based work -0.0335 -0.0126  -0.0479 0.0833 

 (0.214) (0.175)  (0.238) (0.210) 

    Unemployed -0.1329 -0.0397  -0.1076 0.0108 

 (0.155) (0.129)  (0.175) (0.154) 

    Job Training -0.2067 -0.2998  -0.4063 -0.0836 

 (0.302) (0.257)  (0.318) (0.280) 

Education   0.0761   

   (p = 0.191)   

    University 0.2690** -0.1828  0.2286 -0.2067 

 (0.137) (0.119)  (0.152) (0.145) 

    Higher education entr qual 0.3969*** -0.0313  0.2968* -0.1414 

 (0.151) (0.127)  (0.162) (0.145) 

    Sec school leaving certificate 0.2467** -0.0519  0.2395* -0.2145* 

 (0.121) (0.098)  (0.129) (0.114) 

    Other graduation 0.1937 0.2154  0.2293 0.2362 

 (0.408) (0.360)  (0.440) (0.394) 

Marital status   0.0628   

   (p = 0.283)   

    Married 0.0348 0.3341***  0.1054 0.2698** 

 (0.125) (0.104)  (0.149) (0.138) 

    Widowed 0.2227 0.3357  0.2901 0.2368 

 (0.229) (0.214)  (0.237) (0.245) 

    Divorced -0.1151 0.2329  -0.0899 0.4086** 

 (0.194) (0.159)  (0.204) (0.180) 

Continued on next page 
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 (1) (2) (3) (4) (5) 

 Adding potential sources  

separately 

Adding all potential sources 

simultaneously 

 DentVisits SuppDI 𝜌 (𝜑, 𝜙) DentVisits SuppDI 

      

Income 0.0552 0.2051*** 0.0583 0.0761 0.1695*** 

 (0.041) (0.036) (p = 0.319) (0.050) (0.048) 

HH size -0.0464 0.0396 0.0689 -0.1083* -0.0368 

 (0.044) (0.037) (p = 0.235) (0.062) (0.056) 

Health status     
 

Self-rated health   0.0589   

   (p = 0.317)   

    Less than good -1.4284*** -0.3332  -1.4456*** -0.1240 

 (0.336) (0.339)  (0.391) (0.414) 

    Good -1.2898*** -0.2408  -1.3950*** -0.1755 

 (0.324) (0.330)  (0.384) (0.403) 

    Very good -1.5200*** -0.2448  -1.6536*** -0.2563 

 (0.339) (0.336)  (0.402) (0.412) 

    Excellent -1.4311*** -0.4874  -1.5375*** -0.4033 

 (0.392) (0.378)  (0.457) (0.464) 

Constant    0.3850 -2.8371*** 

    (0.863) (0.909) 

Pricing Characteristics Yes Yes  Yes Yes 

Fear dummies Yes Yes  Yes Yes 

Preventive Visits Yes Yes  Yes Yes 

Observations   1.382 

Correlation between residuals 

𝜌 (𝜑, 𝜙)  

  0.1482** (p = 0.023) 

Notes: Income is measured in €1,000 intervals from < € 1,000 up to > €5,000 monthly net household income. Care about health: not at all = 1 to 

very strongly = 5. Physical activity: never = 1 to daily = 6. Diet: never/seldom = 1 to daily = 4. Omitted reference categories: full time 

employment, lower sec education / no graduation, marital status = single, self-rated health = Bad. The correlation coefficients of the residuals 

are based on a bivariate probit model. Robust standard errors for the coefficient from the regression of dentist visits on SuppDI and p-values for 

the correlation coefficient of the residuals in parentheses, respectively. *p<.10, **p<.05, ***p<.01. 

 

In an additional test, we provide support for our assumption that people with a higher 

preference for insurance are better dental risks and, therefore, go to the dentist less often. We 

analyzed the share of individuals without any dental problems and self-rated health. In Table 4, 

we report the differences in means within the first and last two columns. The first row shows that 

the share of individuals without SuppDI coverage (12.6%) who are not suffering from any dental 

problems is significantly higher than the respective share of SuppDI policyholders (8.9%). That 

indicates that SuppDI policyholders are higher risk types in the aggregate. To get a clearer picture 

on preference for insurance as a driver for advantageous selection, column 3 and 4 show a 

comparison of SuppDI policyholders with high (i.e. > 2 additional SuppHIs) and low preference 

for insurance (≤ 2 additional SuppHIs). 17.2% of SuppDI policyholders with high preference for 

insurance have no dental issues versus only 7.4% of SuppDI policyholders with low preference 
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for insurance. This significantly lower result is consistent with our earlier estimations showing 

that multidimensional private information leads to advantageous selection by some individuals. 

People with a high preference for insurance seem to have better dental health, an observation 

supported by the fact that their mean of self-rated overall health is slightly higher than that of the 

comparison group, which holds also true when comparing share of individuals with at least 

“good” health.  

Table 4 Differences by Insurance and Subgroup 
 (1) (2) (3) (4) 

Variable No SuppDI SuppDI ≤2 other SuppHIs >2 other SuppHIs 

No dental issues (1=yes) 0.126 0.089** 0.074 0.172** 

Observations 1,067 429 365 64 

Self-rated health (SRH)     

  Ordinal 3.135 3.120 3.092 3.286* 

  Binary (1=SRH>2) 0.799 0.816 0.800 0.906* 

Observations 1,059 423 360 63 

Notes: Differences are tested by Fisher’s exact test for binary variables and by the Wilcoxon rank-sum test for ordinal specifications 

between the two groups in column (1) and (2) as well as between the groups in column (3) and (4). When measuring self-rated health 

by an ordinal variable, the possible range is 1 = Bad to 5 = Excellent. The level of significance is designated as follows: *p<.10; 

**p<.05; ***p<.01.  

 

5.2 Robustness Checks  

The main results are based on distinct specifications of the risk proxy (DentVisits) and the proxy 

for preference for insurance (Preference for insurance) as the main driver for selection. To 

emphasize the robustness of our results, we test several different specifications of those variables 

and thereby assess the sensitivity of our main results. Table 5 presents how different 

specifications of the variable for dentist visits affect its correlation with the holding of SuppDI in 

the LPM and with preference for insurance in the bivariate probit model. The correlation between 

SuppDI and dentist visits remains insignificant when varying the cutoff for the dummy variable 

for dentist visits and controlling for the same set of covariates as in our basic LPM. However, for 

the linear specification, the coverage-risk estimate shows a positive and significant correlation 

between SuppDI and dentist visits at least on a 10% level, which might indicate the existence of 
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a positive effect of SuppDI on our risk proxy or adverse selection in the aggregate. Alternatively, 

the positive association could result from inadequately capturing some non-acute dentist visits of 

highly risk averse SuppDI policyholders, which is why we refrained from using this specification 

in our main model. In line with results from Table 3, when controlling for potential drivers, 

including preference for insurance, the association between SuppDI and dental risk becomes 

positively significant for most specifications. The correlation of dentist visits and preference for 

insurance remains robustly significant for some, but not all, other specifications of dentist visits. 

In column 8 of Table 5, we additionally use the dummy variable indicating no dental issues, 

already presented in Table 4, as an alternative risk proxy. Results are similar to dentist visits as 

we do not find a significant coverage-risk correlation. Moreover, people with a high preference 

for insurance are more likely to have no dental issues, i.e. they are more likely to be a low risk 

type.  

 

Table 5 Sensitivity Test for the Specification of the Dependent Variable 
Dependent 

Variable 

Dentist visits No 

dental 

issues 

 (1) (2) (3) (4) (5) (6) (7) (8) 

 Cutoff >0 Cutoff >1 Cutoff >2 Cutoff >3 Cutoff >4 Cutoff >5 Linear Cutoff >0 

Independent 

Variable 

  

 LPM / OLS only controlling for underwriting and vector C without C 

SuppDI 

0.0357 0.0169 0.0246 0.0250 0.0207 0.0160 0.1873* -0.0067 

(0.022) (0.027) (0.022) (0.019) (0.015) (0.013) (0.103) (0.017) 

LPM controlling for underwriting, vector C + all potential drivers for selection without C 

0.0384 0.0562* 0.0505* 0.0355 0.0389** 0.0322** 0.3267*** -0.0243 

(0.025) (0.031) (0.026) (0.022) (0.017) (0.016) (0.119) (0.019) 

         

 Bivariate probit model controlling for underwriting and vector C without C 

Preference for 

insurance 

-0.0013 -0.0841** -0.1166** -0.0706 -0.10671 -0.1543**  0.1086* 

(0.041) (0.039) (0.049) (0.059) (0.067) (0.076)  (0.059) 

Bivariate probit model controlling for underwriting, vector C + all potential drivers for selection without C 

0.0088 -0.0723* -0.1373*** -0.1028 -0.1140 -0.1323*  0.1123* 

(0.043) (0.041) (0.052) (0.063) (0.070) (0.075)  (0.060) 
Notes: The list of all potential drivers of selection corresponds to the list of potential drivers used in Table 3. The number of observations slightly varies 

between the specifications due to missing values. The cells for the linear specification of dentist visits in the bivariate probit model are left blank as this 

model is based on binary dependent variables. Robust standard errors in parentheses. *p<.10, **p<.05, ***p<.01. 
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Table 6 shows the results of testing the sensitivity of the specification of our preference 

for insurance variable. Based on the bivariate probit model, we find that the results are quite 

robust when using a dummy variable for preference for insurance with different cutoffs. This 

supports our main findings shown in the previous section.20  

 

Table 6 Sensitivity Test for the Specification of Preference for Insurance 

 Dentist visits >2 

 (1) (2) 

Dependent Variable Dentist visits >2 SuppDI 

Independent Variable Preference for insurance Preference for insurance  

  

 Bivariate probit model controlling for underwriting and vector C 

Cutoff >0 -0.1701* 1.3128*** 

 (0.101) (0.085) 

Cutoff >1 -0.3606** 1.6146*** 

 (0.150) (0.125) 

Cutoff >2 -0.5647** 1.9151*** 

 (0.238) (0.219) 

Linear  -0.1166** 0.7902*** 

 (0.049) (0.056) 

Observations 1,474 1,474 

   

 Bivariate probit model controlling for underwriting, vector C + all potential drivers for selection 

Cutoff >0 -0.1681 1.2887*** 

 (0.108) (0.092) 

Cutoff >1 -0.4376*** 1.5319*** 

 (0.162) (0.129) 

Cutoff >2 -0.6365** 1.8511*** 

 (0.261) (0.218) 

Linear  -0.1373*** 0.7665*** 

 (0.052) (0.058) 

Observations 1,382 1,382 
Notes: Potential drivers of selection correspond to the list of potential drivers used in Table 3. Robust standard errors in parentheses.  

*p<.10, **p<.05, ***p<.01. 

This analysis is based on survey data. The survey items about dental health, however, 

only capture their extensive margin, but do not allow differentiating the intensity of a specific 

dental issue. For instance, we can observe if a participant has at least one missing tooth or not 

but we do not observe how many teeth are acutely missing. Thus, we cannot fully rule out a 

possible bias in the risk distribution in the overall market, as some insurers may reject applicants 

for SuppDI based on the intensity of their dental issues. Even though we know that rejections 

 
20 Testing for larger cutoffs for the variable Preference for insurance results in cell sizes of less than 10 observations. 
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may occur due to missing teeth or dental prostheses, some insurers only reject applicants if the 

number exceeds a certain threshold, which cannot be identified in the data. To provide further 

insights into this potential problem, we split our sample and exclude all individuals that have at 

least one dental prosthesis, implant or missing tooth. Hence, similar to Finkelstein and McGarry 

(2006), we are able to test the coverage-risk correlation for a more homogeneous subsample of 

individuals as we can be certain that individuals in the remaining sample would not be rejected 

by insurers. Results in panel A of Table 7 support the non-significant relationship between dentist 

visits for acute treatments and SuppDI coverage. Similarly, preference for insurance remains a 

robust driver for advantageous selection (columns 3 and 4). The results in Panel B of Table 7 

reveal that our findings for the alternative risk proxy, i.e. no dental issues, are similar to our 

findings for dentist visits (Panel A).21  

Table 7 Coverage-Risk Correlation for Non-rejection Sample 
   

Dependent Variable Panel A: Dentist visits >2 SuppDI 

 (1) (2) (3) (4) 

 LPM Probit Biprobit Biprobit 

Independent variable     

SuppDI 0.0136 0.0703   

 (0.027) (0.155)   

Preference for insurance    -0.1774* 0.7860*** 

   (0.096) (0.080) 

Observations 688 688 688 688 

Dependent Variable Panel B: No dental issues SuppDI 

   

 LPM Probit Biprobit Biprobit 

Independent variable     

SuppDI -0.0141 -0.0506   

 (0.035) (0.126)   

Preference for insurance    0.1093* 0.7616*** 

   (0.059) (0.075) 

Observations 702 702 702 702 
Notes: As we only consider individuals without dental implants, dental prostheses, or missing teeth, we only use age and gender to control for 

pricing characteristics. The coefficients for the pricing characteristics are not displayed in this table due to the high number of interaction terms. 

In Panel A, we use the number of dentist visits for acute treatment as a risk proxy and additionally control for vector C. In Panel B, the risk 
proxy is the dummy variable that indicates 1 if individuals do not have any dental issues and 0 otherwise. Robust standard errors in parenthesis 

*p<.10, **p<.05, ***p<.01.  

 
21 The use of the restricted sample resolves a second issue concerning the alternative risk proxy presented in Table 5 

(column 8). Specifically, the variables for dental health that we use for risk classification (e.g., missing teeth) 

perfectly predict whether individuals have any dental issues. Even though these observations do not get omitted by 

our statistical software, results remain remarkably similar between the two approaches. 



 27 

 

In addition to functional misspecifications, we also tested the robustness of our results 

using the IV approach proposed by Lewbel (2012, 2018). As a first step, we were required to 

reduce the number of variables used for risk classification X in equation 4 and 5 from our main 

results. In Table 8 in the Appendix, we provide an analysis of different specifications of 𝑋 on the 

relationship between preference for insurance and our two dependent variables. Compared to our 

main approach using the full interaction, the observed results remain insensitive to different 

specifications of the risk classification variables, such as using no interaction. Our preferred 

specification for the IV models relates to an approach by Dionne et al. (2001) to use the 

predictions obtained from an auxiliary regression, regressing the respective outcome on all 𝑋 

variables and their interactions. As shown in Table 8, results remain comparable and we are 

confident that any potential bias through different specifications between our main results and 

the robustness checks remains minimal.  

The results from the IV approach are displayed in Table 9 in the Appendix. The 

methodological test statistics with regards to overidentification (Hansen J) and instrument 

strength (F-statistic) perform well, with few noteworthy exceptions. Panel A shows the results 

using preference for insurance as a continuous variable, while results in Panel B are based on a 

dichotomous specification. While the Lewbel approach is generally applicable in the case of 

binary endogenous regressors and dependent variables, Lewbel (2018) points out that the 

theoretical explanation of the underlying identification assumptions for such cases is less 

straightforward and results should therefore be treated with caution. However, the Breusch-Pagan 

test indicates strong support for heteroscedasticity in the first-stage regressions of all models 

presented in Table 9. 

Overall, contrasting the coefficients for preference for insurance from OLS with those 

from the IV approach, we consider our main findings to be generally robust. In panel A and B, 

most coefficients for preference for insurance from the IV estimations are similar to those from 
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the OLS estimations. In panel B, the relationship between preference for insurance and dental 

health measured by the absence of dental issues is positive in both the OLS and the IV 

estimations, but not statistically significant in the IV estimation. 

6. Conclusions 

In this paper, we analyze information asymmetry and related selection effects in the German 

SuppDI market. Applying the standard positive correlation test, our results provide no evidence 

that individuals with SuppDI are higher risk types than non-enrollees. Thus, in contrast to 

findings of Godfried et al. (2001), we find no support for the positive coverage-risk correlation 

in the aggregate as predicted by classic adverse selection models. Testing several potential 

sources of selection in a further step, we mainly identify the holding of other SuppHIs as a main 

driver for advantageous selection. This result remains robust even after we control for a 

comprehensive set of covariates. Our results suggest, however, that health-related behavior as 

another factor related to risk preferences, self-assessed health or socioeconomic characteristics 

only play a minor role with respect to selection effects in this market.  

Overall, our findings provide solid evidence of selection effects in the German SuppDI 

market even though the coverage-risk correlation is not significantly different from zero. 

Following Finkelstein and McGarry (2006), we thus argue that more than one type of individual 

is buying SuppDI coverage: first, individuals with private information about their high risk 

(adverse selection) and second, low risk individuals who purchase a SuppDI policy because of 

their preference for insurance (advantageous selection). As suggested by Finkelstein and 

McGarry (2006) such heterogeneous selection could lead to a market equilibrium that is unlikely 

to be efficient. Hence, our results indicate that a shifting of dental insurance coverage from public 

insurance to a private insurance market may suffer from market inefficiencies due to suboptimal 

insurance coverage by at least some individuals. 
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Further research is needed that extends our insights about heterogeneous selection and 

tests our findings using longitudinal data with better measures for the risk of dental care 

expenditures and for risk preferences. Such investigation might give more insights into drivers 

for selection, which explains the remaining significant coverage-risk correlation even after 

controlling for a comprehensive set of covariates. In addition, it may help to understand better 

the causal channel by which risk preferences affect the risk of needing health or dental care. 

Longitudinal data would also allow to examine the lapse behavior and related selection effects 

with respect to SuppDI coverage. In the meantime, we suggest that insurance companies might 

gainfully use the selection effects identified here for a more thorough underwriting, which could 

decrease inefficiencies from information asymmetry. From an insurer’s point of view, the 

selection effects could also be used to better attract low-risk individuals given that the German 

SuppDI market is not perfectly competitive. 
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Appendix 

Table 8 Different Specifications of the Risk Classification on the Relationship of Preference 

for Insurance with Risk and SuppDI Coverage 

Dependent Variable Dentist visits >2 SuppDI 

 (1) (2) (3) (4) (5) (6) 

Preference for 

insurance (continuous) 

-0.0204** -0.0142* -0.0187** 0.2103*** 0.2074*** 0.1903*** 

 (0.009) (0.008) (0.008) (0.012) (0.011) (0.011) 

𝑋 full interaction x   x   

𝑋 no interaction  x   x  

𝑋 linear prediction   x   x 

N 1474 1474 1474 1474 1474 1474 

adj. R2 0.160 0.135 0.224 0.217 0.210 0.265 
Notes: Results based on OLS estimates including fear of the dentist & preventive dentist visits as covariates. Robust standard errors in 

parentheses. *p<.10, **p<.05, ***p<.01. 
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Table 9 Results of the IV Approach based on Lewbel (2012) 

Dependent variable Dentist visits >2 No dental issues SuppDI 

 (1) (2) (3) (4) (6) (5) 

 OLS IV OLS IV OLS IV 

 Panel A: Preference for insurance measured as count variable 

 

Preference for 

insurance  

-0.0210** -0.0269* 0.0184** 0.0361** 0.1832*** 0.1339*** 

 (0.008) (0.015) (0.008) (0.017) (0.012) (0.018) 

Kleibergen-Paap LM 

statistic 

 54.295  52.992  60.605 

p-value  0.0030  0.0042  0.0005 

Kleibergen-Paap 

Wald F statistic 

 9.275  7.614  12.548 

Hansen J statistic  28.981  33.068  46.312 

p-value  0.4135  0.2332  0.0162 

Breusch-Pagan Chi²  

(First stage) 

 173.08  178.09    216.67 

p-value  0.0000  0.0000  0.0000 

 Panel B: Preference for insurance measured as binary variable with 1 = number of SuppHI >2 

 

Preference for 

insurance  

-0.0872** -0.1092** 0.0700* 0.0509 0.5080*** 0.4280*** 

 (0.035) (0.048) (0.039) (0.046) (0.048) (0.057) 

Kleibergen-Paap LM 

statistic 

 85.163  84.623  86.979 

p-value  0.0000  0.0000  0.0000 

Kleibergen-Paap 

Wald F statistic 

 36.496  48.408  28.095 

Hansen J statistic  22.095  35.166  35.213 

p-value  0.7769  0.1651    0.1637 

Breusch-Pagan Chi²  

(First stage) 

 474.69  466.72  603.81 

p-value  0.0000  0.0000  0.0000 

N 1392 1392 1392 1392 1392 1392 
Notes: Covariates include the linear prediction of fully interacted pricing characteristics (𝑋) on the respective dependent variable, age, sex, 

employment, marital status, income, household size, fear of dentist, preventive dentist visits, self-rated health, BMI, physical activity & 

consumption of fruits, vegetables, fast food, sweets. IV estimates are based on Lewbel (2012, 2018) using Stata’s ivreg2h command 
implemented by Baum and Schaffer (2012). Robust standard errors in parentheses. *p<.10, **p<.05, ***p<.01. 
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