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Introduction

Asymmetric information is a potentialy large problem in insurance markets, partic

ularly in markets insuring health risks. Agents with private information of having low

risk are less inclined to purchase coverage. Akerlof (1970) argued that this may lead

to market failure as high risk people drive out low risk people from the market, cre

ating an adverse selection spiral. Rothschild and Stiglitz (1976), in turn, showed that

markets can alleviate this by offering a menu of contracts with different deductibles

where agents reveal their type by self-selecting according to their risk level, but to the

price of low risks being underinsured. If insurers, on the other hand, cannot observe

agents' behavior, insurance contracts may lead to moral hazard. When an agent takes

out an insurance contract his incentives for precautionary activities is reduced, increas

ing the risk level accordingly. In health insurances there is also an important ex-post

moral hazard effect, as suggested by Pauly (1968); that is, insurance coverage reduces

the marginal price of services, so an agent will demand a more comprehensive care

then agreed upon a priori, once he becomes ill. Moral hazard is typically mitigated

by strengthening incentives through deductibles and coinsurances. Hence, as agents

having private information on their risk-level or risk-behavior act on the informational

advantage the extent of coverage provided by the market is reduced.

Both adverse selection and moral hazard induce a failure by the market to pro

vide optimal insurance coverag(7-agents go under-insured or risks are higher than

necessary-but for different reasons and with different policy implications. Adverse

selection can be reduced by equalizing the information between the contracting parts.

To this end Akerlof (1970) and Pauly (1974) argue that there is scope for public in

tervention in for example health insurance markets. With moral hazard, on the other

hand, optimal policy may instead imply co-insurances, monitoring of risk behavior or

protocols to reduce extensive use of health care services. It is therefore important to

distinguish adverse selection from moral hazard.

Whether problems of adverse selection and moral hazard are important for the

viability of insurance markets depend on the extent of informational asymmetries and
whether agents act on them; that is, if the demand for insurance is elastic, whether

3



4 INTRODUCTION

prevention is effective in reducing risk, and how elastic the demand for health care

services is. This is ultimately an empirical question that has to be evaluated.

Despite a large theoretical attention it is still open whether asymmetric information
is an important source to inefficiencies in insurance markets. There is a growing liter

ature taking these questions to the data, but the empirical evidence is still limited. In

part, this is due to methodological problems. Agents taking out a health insurance pol

icy may have higher health care expenditures because of moral hazard but, at the same

time, agents with high risk are more likely to buy insurance, due to adverse selection.

The methodological problem in the empirical literature on asymmetric information is
to determine causality. The fundamental problem is that the private information on

which agents act, is generally unobservable to the researcher. In order to capture the

moral hazard effect the extent of insurance coverage needs to be exogenous to risk

characteristics; that is, risk needs to be random with respect to the insurance cover

age. If the private information on which agents self-select were available, the sample
would, in fact, be random conditional on observables; that is, each policyholder could

be matched to an otherwise comparable agent without insurance. If there is selection
on unobservables, however, one can instead use a natural experiment, either through

a policy shock or an instrumental variable approach. Similarly, to identify adverse
selection risk needs to be exogenous to insurance status.

The lack of clear evidence is also the result of data not giving conclusive evidence

on adverse selection. Chiappori and Salanie (2003) give a survey of empirical studies

testing contract theory. If the evidence is mixed in general, this is also true for insurance

markets where health risks are involved. Cardon and Hendel (2001) use a quasi-natural

experiment to separate adverse selection from moral hazard in the market for employer
provided health insurances. By noting that the menu of insurance policies, from which

agents can choose, differs across employers, they use the fact that similar agents end

up with different coinsurance rates. The results show evidence of moral hazard, but

not adverse selection. In 1993, the state of New York regulated the small group and

individual health insurance markets, mandating pure community rating. Buchmueller

and DiNardo (2002) do not find that the rate of people with insurance coverage was

reduced following the reform, as compared to control states. Still, there was some
evidence that healthier agents migrated from indemnity plans to Health Maintenance

Organizations (HMOs). Given that HMOs are less attractive to high-risk agents; this

change in market structure could be consistent with the predictions of Rotschild and

Stiglitz. Cutler and Reber (1998), in turn, study a policy reform within an employer

health benefit progranl. Agents not affected by the reform were used as a control group.
Following the policy, younger and healthier agents opted out of the most generous
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health plans as premiums increased. Strikingly, the most generous Preferred Provider

Organization (PPO) plan was cancelled only three years after the reform, due to the

adverse selection spiral. Pauly et al. (2003) estimate the demand elasticity on the

US life insurance market. They find both the price elasticity and the risk elasticity

to be sufficiently low for an adverse selection spiral to be unlikely under reasonable

information asymmetries.

Most empirical studies on selection in health insurance markets use cross-sectional

data to observe whether the market equilibrium has properties consistent with adverse

selection. Little is however known about the dynamics of adverse selection. The learn

ing process about risk has significance for the persistence of informational asymmetries.

If updating of information is asymnletric, either one party may gain an informational

advantage over time, or the existing asymmetries will be reduced. There is some ev

idence on learning about health risks. Hendel and Lizzeri (2003), for example, find

the premium profiles on the US life insurance market to be consistent with a model

of symmetric learning and commitment from the insurer on reclassification risk. The

empirical research on how the insurer and policy holders update their information on

health risks is limited, though.

In this thesis the problems of asymmetric information in insurance are taken to

the data, using a dental insurance scheme introduced in 1999 by the National Dental

Service in Varmland, Sweden. The introduction of the dental insurance was unexpected

from the patients' perspective and constitutes a natural experiment, which creates an

ideal setting for studying asynlmetric information. Data is available both for patients

selecting into the insurance and patients choosing not to opt in. Dental consumption

can be observed for each patient both before and after the insurance was launched.

Due to the set-up of the insurance scheme, a proxy for private information on dental

risk can be found. The data is sufficiently rich to separate adverse selection from moral

hazard.

In the first paper, the initial decision on whether to sign up for the insurance, when

it was launched, is analyzed. This provides a direct test of selection by comparing

the private information on risk for agents opting for coverage with those choosing

to stay uninsured. Interestingly, results differ across risk classes. Within high-risk

classes, there is evidence of adverse selection and within low-risk classes, the results

indicate advantageous selection. The dynamics of selection is addressed in the second

paper. The decision to opt out after the first two-year contract period is related to

new information obtained by policy-holders and the insurer. The results indicate that

updating is asymmetric, resulting in partly different information sets. The extent of

moral hazard, following from the dental insurance, is assessed in the third paper. The
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moral hazard effect is substantial. This is in part due to changed incentives and in

part driven by the mechanics of the program, as there is an explicit strategy to invest

in prevention.
The results indicate that adverse selection need not be a major problem, whereas

the moral hazard effect can be potentially large.



Summary of Papers

This thesis takes contract theory to the data. The methodological challenge when

testing contract theory in an insurance setting is to distinguish adverse selection from

moral hazard. In all papers, data from a dental insurance natural experiment is used.

The data is sufficiently rich to separate adverse selection from moral hazard.

The contribution of the first two papers is to study selection in insurance by di

rectly relating private information on risk to the behavior of agents. The third paper
contributes by assessing the moral hazard effect and overcoming the selection problem

with three different estimators. Below follows a description of the dental insurance

natural experiment in Varmland, and a short summary of the papers.

A Dental Insurance Natural Experiment

In January 1999, the National Dental Service in Varmland, Sweden, introduced a
private dental insurance. All its patients were offered to subscribe to dental care; that

is, at a fixed annual fee, a subscription contract provides free dental services during

a two-year contract period, and the subscription can be renewed when the contract

period expires. Even though the term insurance is not explicitly used, the subscription
is, in effect, a full-coverage private dental insurance provided by a public monopolist.

The dental insurance was offered to a whole population of patients who, prior to

1999, was not able to insure against the risk of high dental costs, and the introduction

was unexpected from the patients' perspective. Dental health, and dental consumption

prior to 1999, is therefore exogenous to the insurance choice in 1999. The introduction

of the dental insurance in Varmland thus constitutes a natural experiment.

The subscription fee is set after an oral examination of the patient, which evaluates

dental risk in four dimensions (general risk, technical risk, caries risk, and parodental

risk) and for each dimension, there are 6 to 8 risk indicators, where each indicator is
gauged on a four-graded scale. The risk indicators for each dimension are summed

up, and patients are clustered into one of 16 risk classes based on the sum of these
scores. Contracts are then priced according to risk class, with the annual prices in 1999

ranging from 295 SEK (32 EURO) for the lowest risk class to 11000 SEK (1200 EURO)
for the highest. The dental service in Varmland only uses these risk indicators when

7
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assessing risk, and does not take realized dental costs explicitly into account. It is also

important to note that dentists within the National Dental Service are employed with

a fixed salary and have no direct private economic interest in the insurance.

Around 60 percent of all patients registered with the dental service in Varmland had

a valid risk classification in 1999, and was thus given the opportunity to purchase an

insurance. About 23 percent of these patients-roughly 7,000 individuals-purchased

a dental subscription contract in 1999. After the two-year contract period, agents had

to decide whether to continue their subscription for another contract period. Before

the insurance could be renewed, patients had their dental risk, and thus their premium,

reassessed by the dental service. It turns out that about 10 percent of those agents

who found the insurance worth purchasing in 1999 chose not to renew it in 2001.

The main dental problem, caries, can be characterized as a life-long infectious

disease. If a person has a history of prior caries, he will have a larger probability of

getting new problems. Bacteria will grow more easily if the enamel has already been

coarsened by prior caries, or grow in the seam between a prior filling and the tooth.

Moreover, a filled tooth will need future maintenance or replacement, and will also be

more fragile. Past dental consumption is therefore a good measure of dental risk, and

a predictor of future costs. Consequently, the consumption of dental care has been

observed to be highly correlated over time; see, for example, Powell 1998.

If agents in Varmland have private information about their dental risk, this could

be proxied with past dental consumption, since the National Dental Service does not

explicitly use realized dental costs in its risk assessment. Past dental consumption

captures an additional 20 percent of the variation in future dental cost not captured by

the risk classification system. Given that patients are knowledgeable about their own

dental risk, information asymmetries can be measured using the consumption of past

dental care. Hence, the impact of asymmetric information in the decision to purchase

insurance can be observed.

Paper 1: Does Adverse Selection Matter?

The empirical evidence of adverse selection in insurance markets is mixed. The

problem in assessing the extent of adverse selection is that private information, on

which agents act, is generally unobservable to the researcher. This makes it difficult

to distinguish between adverse selection and moral hazard. Micro data from a dental

insurance natural experiment is here used to provide a direct test of selection, where

the set up of the insurance makes it possible to observe a proxy for private information.

Interestingly, results differ across risk classes. The estimated evidence of adverse

selection is concentrated to high risk classes. In lower risk classes, however, there is
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evidence consistent with advantageous selection. Here, the probability of purchasing

dental insurance is increasing with lower dental risk, measured as past dental care expe

rience. This latter evidence is consistent with recent findings of Cawley and Philipson

(1999) and Finkelstein and McGarry (2003). The overall evidence from the dental in

surance experiment in Varmland suggests that adverse selection may not be a problem

at the aggregate level.

These findings can still be reconciled within the theoretical framework, building on

de Meza and Webb (2001). Advantageous selection is generated by differences in risk

aversion and a causal relation between risk aversion and risk level. It is shown that

the more effective is prevention, in reducing the probability of loss, the higher is the

likelihood of adverse selection.

The dual selection-advantageous selection in low risk classes and adverse selection

in high risk classes-----can be an explanation for the limited empirical evidence of adverse

selection in insurance markets, as the two effects balance out.

Paper 2: Information Updating and Insurance Dropout

Learning about risk has consequence for the persistence of informational asym

metries. The empirical research on how the insurer and policyholders update their

information on health risks is limited. The decision to opt out of insurance coverage

is here related directly to new information on risk, acquired by the policyholder and

the insurer. The setting is a dental insurance with reclassification risk; that is, the

premium is reassessed by the insurer before renewal.

The results show that patients are more prone to opt out when reclassified into

higher premium classes, or when they have an unexpectedly low dental consumption.

They are more responsive to higher premiums than to reduced expected costs.

If updating were symmetric, patients would not respond to a higher premium since it

would be regarded as a fair assessment of increased risk. The results indicate updating

on dental risk to be asymmetric, leading to partly different information sets. New

information obtained by the insurer ~an be deduced by observing premium changes,

but patients do not fully incorporate this public information. They tend to view

higher premiums as a higher price on insurance contracts, rather than as a fair risk

reassessment. The results are consistent with the idea of loss-aversion and fairness in

pricing. Agents also partly base their decision on old information, indicating that the

processing of new information is slow.

Whether lapsatioll is due to an adverse selection process depends on who is making

the best assessment on future risk. If the risk indicators go wrong for this group, there

is adverse selection, but if the indicators actually pick up new risk not contained within
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realized dental consumption, there is a communication problem between dentist and
patient. Within the present data this cannot be determined.

Paper 3: Does Moral Hazard Have a Bite?

Empirical studies of asymmetric information in insurance markets easily confound
moral hazard with selection. Experimental data would be ideal for studying moral haz

ard, but in many situations, social experiments are not feasible. Absent experimental
data, the economist must resort to methods based on observational data.

This paper use propensity score matching, OLS and IV to assess the scope of moral
hazard in a dental insurance natural experiment launched in Varmland, Sweden, 1999.
Interestingly, the results give strong empirical evidence of moral hazard. For patients
buying insurance coverage, total dental costs increase by 51 to 84 percent, depending

on the estimator. The increased utilization is partly driven by the way the insurance
is run, as there is an explicit strategy for avoiding costly treatment by detecting dental
problems at an early stage of progression and investing in prevention. It is therefore
difficult to determine to what extent the estimated increase in examinations and pre
vention is due to changes in demand, and to what extent it is driven by the program.

The moral hazard effect can be further analyzed by decomposing total dental costs
into different groups of procedures, and the overall pattern across different procedures
is consistent with the moral hazard effect. The most direct evidence of moral hazard
is the increased propensity to seek acute dental care, since the decision to initiate a
contact is exclusively made by the agent.
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PAPER 1

Does Adverse Selection Matter?

ABSTRACT. The empirical evidence of adverse selection in insurance markets is mixed.
The problem in assessing the extent of adverse selection is that private information,
on which agents act, is generally unobservable to the researcher. This makes it dif
ficult to distinguish between adverse selection and moral hazard. Micro data from a
dental insurance natural experiment is here used to provide a direct test of selection.
All agents in a population were stratified into different risk classes, and were given
the opportunity to insure their dental care costs. The setup of the insurance makes it
possible to observe a proxy for private information. Interestingly, results differ across
risk classes. Within high-risk classes, there is evidence of adverse selection and within
low-risk classes, the results, surprisingly, indicate advantageous selection. This dual
selection can explain the limited empirical evidence for adverse selection in insurance
markets as the two effects may balance out on the aggregate level. The paper also
presents a model of insurance choice in a non-competitive setting that can harbor
both adverse and advantageous selection. The empirical results can be explained by
differences in the effectiveness of prevention.

1. Introduction

Economists typically regard insurance markets to be inhibited by asymmetric infor

mation when the insured part is better informed about risks than the insurer. Akerlof

(1970) showed that asymmetric information is a potent source of market failure. High

risks may drive out low risks, and the insurance market would suffer from an adverse

selection death spiral. Rothschild and Stiglitz (1976), in turn, pointed out that markets

can mitigate this type of asymmetric information, but at the price of low risks being

underinsured.

Adverse selection in insurance markets has been given considerable theoretical at

tention. The question is, however, how large the problem is in practice; i.e. do people

act upon their private information on risk? The empirical evidence of adverse selec

tion as a source of market failure is still limited, see Chiappori and Salanie (2003).

o This paper has benefited from suggestions and comments by Magnus Johannesson, Douglas
Lundin, Georges Dionne and seminar participants at Stockholm School of Economics, ENTER Jam
boree 2003, Venice Summer Institute 2003 and EEA Congress 2003. I am grateful to the National
Dental Service in Varmland, Sweden, especially to Jorgen Paulander, for providing data and odon
tological expertise, and to Ann-Britt Emilsson for generously answering questions on registration
practices. Financial support from Apoteksbolagets Fond for Forskning och Studier i Halsoekonomi
och Socialfarmaci is acknowledged.

15



16 DOES ADVERSE SELECTION MATTER?

This is also true for markets insuring health risks. In part, this is due to problems in

measuring the information available to the insured part, but not to the insurer, which

makes it difficult to distinguish adverse selection from moral hazard in the analysis. An
observed relation between insurance coverage and health care expenditures need not

be the result of adverse selection. It might just as well be due to the lower incentives

to take precautions and the higher demand for services following from coverage. To

separate adverse selection from moral hazard, health risks need to be exogenous to the

insurance status.

This study provides a direct test of selection using data from a dental insurance

natural experiment. In 1999, the National Dental Service in Varmland, Sweden, gave

a population of dental patients the possibility to sign a full-coverage dental insurance.

Prior to 1999, no dental insurance was available to this population. The introduction

of the insurance scheme was also unexpected from the patients' perspective. Dental

health was therefore exogenous to the introduction of the insurance, constituting a

natural experiment. The setup of the insurance and the anatomy of dental problems

make it possible to observe a proxy for private information. The results differ across

risk classes and there is evidence of both adverse and advantageous selection, the latter

implying that agents with low risk are more inclined to buy insurance.

Apart from the methodological problems, the lack of clear evidence in the liter

ature is also the result of data not giving conclusive evidence on adverse selection;

see Chiappori and Salanie (2003) for a survey of studies testing contract theory. If

the evidence is mixed in general, this is also true for insurance markets where health

risks are involved. In a sample from 1958, Thomasson (2002) finds evidence consistent

with adverse selection among community rated Blue Cross and Blue Shield insurances;

that is, when premiums were not differentiated across individual characteristics. In

the group market, however, where Blue Cross and Blue Shield offered contracts with

experience rating, there was no evidence of adverse selection. Cameron and Trivedi

(1991), on the other hand, find no evidence of the choice of buying a more generous

insurance coverage being affected by either past usage of health care services or health

status, among community rated individual health insurance contracts in the Australian

market.

Life insurance and annuity markets may also be inhibited by private information

on health risks. In the UK annuity market, Finkelstein and Poterba (2002) find an

nuitants to be more long-lived than non-annuitants. The potential for selection was

large, since the longevity-risk was stratified mainly with age and gender. Cawley and

Philipson (1999) study the US life insurance market, where a separating equilibrium,
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as depicted by Rothschild and Stiglitz, would suggest that high risks buy more compre

hensive insurance coverage. The results actually show the opposite pattern; a negative

correlation between mortality risk and coverage, and unit premiums decreasing with
coverage.

Evidence is also mixed in studies using a natural experiment to separate selection

from moral hazard. Cutler and Reber (1998) study a policy reform within an employer

health benefit program. Agents not affected by the reform were used as a control

group. Following the policy, younger and healthier agents opted out of the most gen

erous health plans as premiums increased. Strikingly, the most generous PPO plan

was cancelled only three years after the reform, due to the adverse selection spiral.

Godfried, Oosterbeek and van Thlder (2001) use a policy change to study adverse se

lection. In 1995, dental care was exempt from the compulsory Dutch health insurance.

Following the reform, Dutch health insurance companies offered a uniform supplemen

tary dental insurance to all their clients, Le. using pure community rating. The results

indicate that poorer self-assessed dental status, and more frequent visits to the den

tists in the past, increase the probability of purchasing a supplementary insurance. In

1993, the state of New York regulated the small group and individual health insur

ance markets, mandating pure community rating. Buchmueller and DiNardo (2002)
do not find that the rate of people with insurance coverage was reduced following the

reform, as compared to control states. Still, there was some evidence that healthier

agents migrated fronl indemnity plans to HMOs. Given that HMOs are less attrac

tive to high-risk agents, this change in market structure could be consistent with the

predictions of Rotschild and Stiglitz. Cardon and Hendel (2001) use a quasi-natural

experiment to separate adverse selection from moral hazard in the market for enlployer

provided health insurances. They note that employees can choose a contract from a

menu of insurance policies, but that this menu differs across employers. Similar agents

therefore end up with different coinsurance rates. The results show evidence of moral

hazard, but not adverse selection.

Pauly et al. (2003) use a different strategy by estimating the demand elasticity on

the US life insurance market. They find both the price elasticity and the risk elasticity

to be sufficiently low for an adverse selection spiral to be unlikely under reasonable

information asymmetries.

The lack of conclusive empirical evidence has led to arguments for why adverse

selection may not be a major problem for insurance markets. de Meza and Webb

(2001) model a situation where the propensity to take precaution increases with the

degree of risk aversion. In a competitive insurance market with loading, this may

result in low risks buying extensive coverage, albeit at an actuarially unfair premium,
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while high risks go underinsured, Le. advantageous selection. Empirical support for

advantageous selection has been provided by Finkelstein and McGarry (2003).

The model by de Meza and Webb is, here, extended by letting the effectiveness
of prevention vary. The analysis is cast in a non-competitive setting with a public

monopolist and can harbor both adverse and advantageous selection, just as in the

dental insurance in Varmland.

The next section describes the dental insurance in Varmland, and the setting where

it is cast. Section three presents a theoretical framework of the decision to purchase

insurance. Data, econometric framework, and estimations are presented in section four.

In the final section, the results are discussed and related to the theoretical framework.

2. A Dental Insurance Natural Experiment

Dental care in Sweden is covered by a public dental insurance, providing coverage

from the year a patient turns 20.1 Dental care is provided by both private, mainly

self-employed, dentists and the National Dental Service2• Within the National Dental

Service, dentists are employed with a fixed salary, so they have no direct private eco
nomic gain from increasing revenues or reducing cost. Both private and public dentists

are affiliated with the public dental insurance.
The public dental insurance was originally designed as a progressive subsidy, where

the level of the subsidy was increasing with higher treatment costs. Over time, the level

of subsidy, and also the rate of progressiveness, has been gradually reduced. In 1999,

the public dental insurance was reformed, and a linear subsidy providing a coverage of

around 30 percent was introduced (Olsson, 1999). The gradual decrease in the level of
subsidy and the introduction of a linear coverage have made individuals more exposed

to the risk of high dental care costs.

In order to reduce this risk exposure, the National Dental Service in Varmland,

Sweden, introduced a voluntary private dental insurance in January 1999. All their
patients were offered to subscribe to dental care; that is, at a fixed annual fee, the
subscription provides free dental services during a two-year contract period. Even

though the term is not explicitly used, for political reasons, the subscription is, in

practice, a full-coverage private dental insurance provided by a public monopolist.

An interesting feature of this insurance is that it was offered to a whole population

of patients, who had not previously been able to insure the risk of high dental costs.

Dental health would therefore be exogenous to the insurance choice. The dental insur

ance in Varmland reached the general public in August 1998. Given that most dental

1 Up to the age of 19, patients are provided with free dental services.
2 Folktandvarden.
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care episodes are initiated during check-up visits, with the check-up interval generally

being one or two years, endogeneity of dental health would be a minor problem, as

patients are called to check-up visits by their dentist. Only if the check-up visit took
place in the window between August 1998 and January 1999 is there a potential prob

lem of endogenous dental health, Le. that the patient would postpone dental care until
he could purchase insurance. This only applies to a limited group of people, however.

Further, the impact of moral hazard would be reduced by the fact that, at that point
in time, agents did not know what their insurance premium would be. Officials in

Varmland also state that the option of insurance is mainly brought to the individuals'
attention by their dentist during check-up visits. This, would reduce the problem of

moral hazard in anticipation of the insurance even further. With the potential for ex

ante moral hazard being negligible, dental health can be regarded as exogenous to the

insurance choice. Hence, the introduction of dental subscription in Varmland, Sweden,

constitutes a natural experiment.
The price of a subscription contract is based on the patient's dental risk and set

after an oral examination of the patient. The oral examination evaluates dental risk

in four dimensions (general risk, technical risk, caries risk, and parodental risk) and

for each dimension, there are 6 to 8 risk indicators, where each indicator is rated on
a four-graded scale. Based on the sum of these scores, patients are clustered into one

of 16 risk classes. Contracts are then priced according to risk class, with the annual

prices in 1999 ranging from 295 SEK (32 EURO) for the lowest risk class to 11 000 SEK

(1 200 EURO) for the highest. The dental service in Varmland only uses these risk

indicators when assessing risk, and does not take explicit account of realized dental

costs. It is also important to note that dentists within the National Dental Service
are employed with a fixed salary and have no direct private economic interest in the

insurance.
Risk classes are not only used to price subscription contracts, but are also used

by the dental service in Varmland as an assessment instrument to track the dental

status of the population. A large group of individuals-apart from those who have

purchased insurance-have therefore been clustered into risk classes. The ambition

within the dental service is that all registered patients should be classified. This is a
slow process, however, as patients come for check-up visits annually or every second

year. Roughly 60 percent of all registered patients have a valid risk classification, and
have thus been offered to purchase insurance. Around 23 percent of these patients

almost 7,000 individuals-purchased a dental subscription in 1999. Within each risk

class, it is therefore possible to compare those purchasing insurance, with those who
do not.



20 DOES ADVERSE SELECTION MATTER?

The main dental problem, caries, can be characterized as a life-long infectious

disease. Caries arises when bacteria on the teeth produce acid gradually dissolving the

enamel on the surface of the teeth. Eventually, this may result in a cavity. That is,

the bacteria will penetrate the tooth and make the pulp inflamed. Every time we eat

something, the harmful acid is produced and will be active for around half an hour.

Caries is a relatively slow process and with preventive activities, it can be stopped or

even reversed at an early stage, e.g. with tooth brushing, dental flossing and fluoride

rinsing.

The resilience to harmful acids is also dependent on genetic factors. If a person

has a history of prior caries, he will have a larger probability of getting new problems.

Bacteria will easily grow if the enamel has been coarsened by prior caries, or grow in

the seam between a prior filling and the tooth. Further, a filled tooth will need future

maintenance or replacement, and it will also be more fragile. Past dental consumption

would therefore be a good measure of dental care risk, and future dental care consump

tion. Consequently, dental care utilization has been observed to have a high correlation

over time (see, for example, Powell 1998).

If agents have private information about their dental risk, this information could be

proxied with past dental consumption, since the National Dental Service in Varmland

does not explicitly use past dental care utilization in their risk assessment. Even if

patients are clustered into 16 risk classes, there is still heterogeneity among patients

within each risk class. Since prior use of dental care is a predictor of future use, it

would capture the intra-group variation in risk. Given that patients are knowledgeable

about their own dental risk, information asymmetries could be measured using past

dental care consumption. Hence, the impact of asymmetric information in the decision

to purchase insurance can be observed. More specifically, dental costs 1996 to 1998

are used as a proxy for private information, Le. utilization three years preceding the

insurance.

A important question at this stage is whether past dental consumption contains

any private information on dental risk, as oral examinations are used by the dental

service to measure dental risk. It would be natural to think that the oral examinations

would exhaust all information contained in past utilization. To this end, the validity
of previous dental costs as a proxy for private information is assessed by regressing

dental costs during the three years 1999 to 2001 on dummy variables for each of the

16 risk classes and on dental costs during the three preceding years, Le. 1996 to 1998.

If the proxy does contain private information, past dental costs should explain future

costs in excess of the risk classification system. The validity test is conducted on the

group of patients who did not purchase insurance during the period 1996 to 2001,36241
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TABLE 1. Regression of Dental Costs 1999 to 2001

Modell Model 2 Model 3
Coef t-value Coef t-value Coef t-value

Cost 99-01
Cons. 2042 96.8 979 8.66 751 6.78
Cost 96-98 0.360 68.8 0.217 39.9
D gr2 142 1.02 124 0.91
D gr3 321 2.38 288 2.18
D gr4 581 4.74 488 4.07
D gr5 966 7.95 804 6.76
D gr6 1373 11.4 1143 9.68
D gr7 1941 16.2 1583 13.5
D gr8 2446 20.7 1983 17.0
D gr9 3154 26.1 2565 21.5
D gr10 3500 28.2 2798 22.8
D gr11 3978 31.0 3216 25.3
D gr12 4717 32.8 3845 27.0
D gr13 5222 30.3 4166 24.4
D gr14 5074 21.2 4018 17.0
D gr15 4317 10.6 3331 8.32
D gr16 927 1.11 -11.2 -0.01
N 36241 36241 36241
Adj R2 0.116 0.173 0.208

The sample consists of patient who did not purchase a dental insurance
contract during the period 1996 to 2001.

individuals. The reason for only using non-policyholders is that dental care within the

insurance may be guided by clinical guidelines related to specific risk classes, and thus

generate a spurious relation.

Table 1 reports that past dental costs, 1996 to 1998, alone explain 12 percent of

future costs, whereas the risk classification system alone explains 17 percent of the

variation. The risk classes are better predictors of future dental costs and contain

more information on dental risk than do past costs. When both past dental costs and

the risk classes are used as regressors, 21 percent of the variation in costs in 1999 to

2001 is explained. Hence, a large part, but not all, of the information contained in

past dental consumption is also captured by the risk classification system. There is

still scope for private information to act on. Past dental consumption captures an

additional 20 percent (3.5 percentage points) of the variation in future dental cost not

captured by the risk classification system.
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3. A Model of Dental Insurance Choice

A standard asymmetric information argument would state that insurance purchases

are positively related to risk, either because bad risks are more inclined to purchase

insurance, or because the insurance itself will reduce the precautionary effort among

agents. This argument must not necessarily hold. Suppose that there are two kinds

of agents with different types of risk preference; prudent and reckless ones. Prudent

agents are highly risk averse and, at the same time, prone to take precautionary ac

tions. Reckless agents, on the other hand, are less risk averse, and less likely to take

precaution. This would imply that a prudent agent faces a lower probability of loss,

and has a higher demand for insurance than a reckless friend. Risk could therefore

be negatively correlated with insurance purchases. In this section insurance choice is

modelled not only accounting for differences in risk aversion, but also the characteris

tics on the dental insurance launched in Varmland. The set-up is close to de Meza and

Webb (2001), but extended by letting the effectiveness of prevention to vary.

3.1. Prevention and Risk Aversion. It is easy to find anecdotal evidence con

sistent with low-risk individuals being more likely to purchase insurance. Hemenway

(1990), for example, reports that people with a motor vehicle liability coverage are

less likely than others to drink-and-drive, and that mernbers of the American Automo

bile Association, with on-site car service assistance, have better cars than the average

American. Apart from anecdotal evidence, the hypothesis of a positive correlation

between risk aversion and precautionary activities is empirically supported by Barsky,

Justin, Kimball and Shapiro (1997). The degree of risk aversion is measured by hy

pothetical questions on lotteries and the taste for financial risks is then related to the

smoking and drinking behavior, Le. activities inducing health risks. This relation can

be justified in different ways.

From a psychological perspective, a positive relation between risk aversion and

precaution could be due to concordance in agents' underlying preferences, Le. that

some agents are generally averse to risks in life, financial as well as other risks. In

other words, risk-taking would be an overall personality trait rather than a context

dependent behavior. Keinan, Meir and Gome-Nemirovsky (1984) find evidence of risk

taking as a personality trait in a sample of individuals from high-risk and low-risk

jobs. However, there is no unambiguous evidence fronl the psychological literature in

favor of a general risk-taking or risk-avoiding personality. Instead, Slovic (1972) finds

individual inconsistencies among subjects facing two structurally similar risk-taking

tasks. He also argues that the "majority of evidence argues against the existence of

risk-taking propensity as a generalized characteristic of individuals". Weber, Blais and
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Betz (2002) study risk-taking decisions in five different content domains; Le. financial,

health/safety, recreational, ethical and social decision. The results show risk-taking

behavior to be domain-specific, where differences in risk-taking are associated with

differences in perceived risk and perceived benefits of various activities, rather than

differences in risk attitudes between domains. This points in the direction of behavior

towards risk being based on deliberate considerations, rather than being the result of

a general personality trait.

Without the argument of risk-taking being a personality trait, the relation between

risk aversion and precaution would be the result of equilibrium behavior in a risky

world. This can be analyzed within an expected utility framework, see Dionne and

Eeckhoudt (1985), and Briys and Schlesinger (1990). The general conclusion is that

precautionary activities reducing the potential loss in a bad state, self-insurance, are

enhanced by the level of risk aversion. For self-protection, precautionary activities

reducing the probability of the bad state, the relation is not as clear cut. A higher
level of risk aversion does not necessarily imply more self-protection.

In a dental context, precautionary activities can mainly be seen as self-protection;

that is, prevention reduces the probability of caries by reducing the likelihood of bac

teria penetrating the enamel of a tooth. Once this has occurred, preventive activities

do not affect the progress of a cavity, and3 consequently, risk averse agents would not

necessarily invest more in prevention. However, in a dental context, it can be argued

that the model should be formulated in a way where higher risk aversion does result

in more prevention. Suppose that agents obtain utility from general consumption, W,
and disutility from precautionary activities, F. The utility function becomes U(W, F).

Note that self-prevention does not enter the agents' budget constraint. The motivation

for this is that self-prevention in the dental context has a negligible monetary effect

on general consumption. Instead, the disutility of prevention enters directly as a sep

arate argument in the utility function. The disutility comes from the unpleasantness

of preventive activities, for instance it hurts to floss, or that preventive activities may

crowd-out more pleasant activities. A second assumption is that the marginal disutil

ity of prevention is unaffected by the level of income, Uf~ == O. This would imply that

prevention like dental flossing is equally painful regardless of income. Under these two

3 The distinction between self-insurance and self-protection is not razor-sharp, as dental prevention
naturally has some self-insurance as well. For example, by reducing the extent of potential tooth
loosening, the loss in the bad state is reduced.
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assumptions, agents with a higher degree of risk aversion unequivocally perfornl more

self-protection.4

To see this effect, assume that agents face a financial loss L with probability 1- P.
The probability is not predetermined, but can be reduced if agents make a precaution

ary effort; that is, P == (F), where pI > 0 and p lI < O. The loss is viewed as a pure

financial cost. In the case of a health risk, the loss can be seen as the cost of treatment

necessary to regain health, or as the repairing cost necessary to restore teeth to be fit

for use. Agents are also assumed to have constant relative risk aversion, Le. higher

wealth reduces the degree of risk aversion. By letting U(.) be a CRRA function, risk

aversion can be modelled with an individual-specific taste-parameter, Q. This parame

ter is added to the wealth component of the utility function, U(ai + W, Fi), so with a

higher a, the agent behaves as if he were wealthier. Hence, a higher a implies a lower

level of risk aversion.

The expected utility for the agent becomes

(3.1) EUi == P(Fi)U(Qi + W,Fi) + (1 - P(Fi )) U(ai + W - L,Fi).

Prevention raises the expected utility as it increases the probability of the healthy

state, but this comes at a cost as prevention induces disutility. From the assumption of

marginal disutility of prevention being unaffected by income, U~~ == 0, there exists an

interior maximum optimizing the level of prevention.5 At this level, the marginal benefit

of prevention equals the marginal cost. By differentiating the first-order condition with

respect to Fi and ai, the marginal effect of risk aversion on precautionary activities is

obtained as

(3.2)
P'(Fi) [U{(ai + W,Fi ) - U~(ai + W - L,Fi)] 0

8.0.C. < .

The effect is negative, which implies that precautionary effort, F, will increase with

the degree of risk aversion. The more risk averse is an agent, the more he dislikes risk

exposure, and he will therefore stand more to gain from prevention.

Equation (3.2) says that, in equilibrium, prevention is a function of risk aversion,

Fi == F(Qi). This implies that more risk averse agents have a higher probability of

ending up in the good state than less risk averse agents.

4 With some restrictions on how prevention affects the marginal utility of income, the result would
still hold in a more general formulation, see Appendix AI. Moreover, Dachraoui, Dionne, Eeckhoudt
and Godfroid (2003) has recently shown for a general class of utility functions, mixed risk aversion, that
even if prevention has a monetary cost, a higher risk aversion does increase the level of self-protection
given that the probability of loss is less than one-half.

5 There can still be an optimal level of prevention if the disutility of prevention increases with the
level income or if prevention has a monetary cost, see Appendix A.I.
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3.2. Who Purchases Insurance. Suppose that a market insurance is introduced.

Agents now have the opportunity of avoiding risk exposure, and smoothing out con

sumption. Their risk level is determined by prior prevention. A problem, however,

is that the insurer cannot distinguish between high-risk and low-risk agents, so the

premium will be based on the average probability e = 2: nkPk, where nk is the num

ber of agents with probability Pk in the population. An actuarially fair full-coverage

insurance would give the agent an assured wealth level Z = ew + (1 - 8)(W - L) in

both states, which will yield him a utility level of U(ai + Z,O). Note that the second

argument is O. Agents will not perform any precautionary activity once they are fully

insured if dental problems in the model only involve a financial loss.

The certainty equivalence is the assured income level that takes the agent to the

same utility level as in the risky world. Define the certainty equivalence such that

(3.3) U(ai + C(L, ai, ~), 0)

U(ai + C(L, ai, Pi), F(ai))

P(ai)U(ai + W,F(ai)) + [1- P(ai)] U(ai + W - L,F(ai)),

where C(L, ai,~) is the certainty equivalence for an agent with loss L, risk aversion

ai, probability ~, and Fi = 0;6 that is, for an assured wealth of at least C(L, ai, Pi),
the agent is willing to relinquish the higher expected returns of a risky world. Let

there also be a loading factor r in the insurance, so that the insurance pays Z - r in

both states.7 The agent will buy the insurance if the wealth, assured from insurance,

is higher than the certainty equivalence, C(L, ai) < Z - r.
At a given level of risk, the certainty equivalence is lower for an agent with a high

degree of risk aversion, than for a peer with a low aversion, as follows directly from the

definition of risk aversion. At different levels of risk, but with the same degree of risk

aversion, the agent with the highest risk has the lowest certainty equivalent; as can be

seen when taking the total differential of equation (3.3) w.r.t. C(L, ai,~) and P

(3.4) aC(L, ai, P;) _ U(ai +W, F(ai)) - U(ai + W - L, F(ai)) 0
8P - U~(ai + C(L,ai,~),O) > .

For the same level of risk, more risk-averse agents have a higher demand for insur

ance than less risk-averse agents. Agents with higher risk aversion also engage more in

6 Note that 6(L, ai, Pi) is defined at the current level of prevention and C(L, ai, Pi) is defined at
no prevention, and therefore C(L, ai, Pi) < 6(L, ai, Pi)'

7 The loading factor is interpreted as fixed administration costs in the insurance, e.g. the oral
examination, but there may also be loading due to slack in the organization or even mark-up. Another
explanation of perceived loading from the agents' perspective can be systematic over-confidence toward
dental risks; that is, agents underestimate their dental risks in a systematic way.
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prevention, so that they will, in effect, face a lower risk when pondering on the decision

to buy insurance.

LEMMA 1. Suppose there are two types of agents; where prudent agents are more

risk averse than reckless agents, G.R > G.p, then for a given difference in risk aversion,

G.R - G.p == c, it follows that:

i. (Advantageous selection) if the difference in the probability of ending up in the good

state is sufficiently small and there is a sufficiently large, but not too large, loading

factor, only prudent agents will buy the insurance, i.e. C(L,G.p,Pp) < Z - r <
C(L,aR,PR),
ii. (Adverse selection) if the difference in the probability of ending up in the good state

is sufficiently large and there is an adequate, possibly infinitely small, loading factor,

only reckless agents buy the insurance, i.e. C(L,aR,PR) < Z - r < C(L,ap,Pp).

PROOF. From the definition of risk aversion, it follows that the certainty equiv
alence is decreasing with risk aversion, and from equation (3.4), it follows that the

certainty equivalence is increasing with the probability of ending up in the good state.

So, for a given difference in risk aversion aR - ap == c, there exists a d such that

C(L,ap,Pp) < C(L,aR,PR ) for Pp - PR < d, and C(L,aR,PR) < C(L,ap,Pp) for

Pp-PR > d.
i. Since PR < (J, it follows that ZR < Z where ZR == PRW+(I-PR)(W-L). Given

that reckless agents have at least some risk aversion, it follows from the definition of risk
aversion that the certainty equivalence of reckless agents is lower than their expected

wealth, i.e. C(L, O'.R, PR) < ZR. Hence, for Pp - PR < d, there exists a loading factor
r such that C(L, O'.p, Pp) < Z - r < C(L, O'.R, PR).

ii. Since Pp > (J, it follows that Z < Zp and C(L, ap, Pp) < Zp (analogously to

i). Hence, for Pp - PR > d and C (L, 0'.p, Pp ) < Z, there exists a loading factor r such

that C(L,aR,PR) < Z - r < C(L,ap,Pp). Also, if Pp - PR > d and Z < C(L,ap),
there exists a loading factor r such that C(L,O'.R,PR ) < Z -r < C(L,ap,Pp), though
this factor may be infinitely small. D

There are four more potential cases not covered in the proposition. These cases

are not interesting, since they do not involve a separation between different types of
agents; either all or no agents purchase the insurance.8

The case with advantageous selection is described in figure 1, where there are only

two types of agents; the prudent and the reckless. They differ with respect to risk

8 All agents will buy insurance when C(L,ap,Pp ) < C(L,aR,PR) < Z - r, or when
C(L,aR,PR) < C(L,ap,Pp ) < Z - r. No agent buys insurance if Z - r < C(L,ap,Pp) <
C(L, aR, PR) or if Z - r < G(L, OR, PR) < G(L, Op, Pp).
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aversion and the level of risk they face. Here, prudent and reckless agents have the

same utility level both in the good and the bad state. The concave segment AB, Le.

U, is the utility function of a risk-averse prudent agent. For expositional simplicity,
reckless agents are assumed to be risk neutral, so that the linear segment AB, i.e. V,
is their utility function. The difference in risk is sufficiently small, given the difference
in risk aversion, for prudent agents to have a lower certainty equivalence than reckless

agents, Cp < CR. The certainty equivalence of prudent agents is also smaller than

the income assured with insurance, Cp < Z - r, so the insurance is worth purchasing,

U I > UNI . For the reckless, on the other hand, the insurance is not worth its price,
V I < V N I, as their certainty equivalence is larger than the assured insurance income,

Z - r < CR. Note that the loading factor is crucial for obtaining a separation, because

a reckless agent will always accept an actuarially fair premium in an insurance market
with asymmetric information.
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FIGURE 1. Advantageous Selection

The insurance selection effect may be altered for larger differences in risk. In figure

2, there is a larger dispersion in probability, as compared to figure 1, which generates
adverse, instead of advantageous, selection, given an adequate loading factor. The

larger difference in risk, as compared to figure 1, is generated by a symmetric increase

in Pp and reduction in PR (illustrated by a larger difference between Zp - ZR), keeping
Z unchanged. Due to the larger dispersion in probability, the certainty equivalence of

prudent agents is larger than for reckless peers, and even larger than the assured
insurance income, Z - r < Cpo Prudent agents will therefore not find the insurance
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worth buying, UI < UNI. The certainty equivalence of reckless agents, on the other

hand, is lower than the insurance income, CR < Z - r, and they will therefore purchase
the insurance, V I > V N I.
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FIGURE 2. Adverse Selection

For a given difference in risk aversion, the difference in probability is not exogenous,

but depends on how effective preventive activities are in reducing the probability of loss.

More effective prevention will generate a larger difference in probability. This comes

from two sources. First, a more effective prevention has a direct positive effect on the

probability, at any level of prevention. Second, with more effective prevention, agents

with a higher degree of risk aversion will have relatively more to gain from prevention,

as they have a larger dislike for risk exposure. The difference in the amount of preven

tion, for a given difference in risk aversion, will thus increase with the effectiveness of

preventive activities

(3.5) 8P ==8P8F ==_P'(F)P'(F)[Uf(a+"W,F)-Uf(a+W-L,F)] 0
8a 8F8a SOC < .

Thus, if prevention were totally ineffective, all agents would face the same risk. This

means that disparities in prevention would not affect the probability of ending up in

the good state, P;"(F) == 0, and that it would be optimal not to perform any prevention

as it would only incur a utility cost, F~(a) == o.
PROPOSITION 1. For any given difference in risk aversion between prudent and

reckless agents, aR - ap == c, it follows that:

i. (Advantageous selection) if prevention is effective, but not too effective, in increasing
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the probability of ending up in the good state, there exists a loading factor such that

only prudent agents will purchase the insurance, i.e. C(L, ap) < Z - r < C(L,O'.R),
ii. (Adverse selection) if prevention is sufficiently effective in increasing the probability

of ending up in the good state, there exists a loading factor such that only reckless

agents will purchase the insurance, i.e. C(L,aR) < Z - r < C(L,ap).

PROOF. Follows from Lemma 1 and equation (3.5) o

The general conclusion will essentially hold, even if there are exogenous differences

in risk. The exact implication of the exogenous factor will, however, depend on how it

is allocated across agents, see Appendix A.2.

4. Data and Estimations

4.1. Data. Data conles from an adnunistrative database over dental consumption.

The sample consists of risk-classified dental patients aged 22 or older registered with

the National Dental Service in Varmland for the period 1996 to 1999, and who had

at least one dental visit in 1999. These patients had the opportunity to purchase a

contract in 1999. The insurance was mainly brought to the patients' attention by their

dentist, so patients without a visit in 1999 may not have taken any active decision on

whether to insure and are therefore excluded from the analysis. Patients also need to

have been registered with the National Dental Service from 1996, so that their dental

care can be tracked through 1996 to 1998.

TABLE 2. Insurance Choice and Dental Cost 96-98 by Risk Class

Risk class Number of observations Av. Cost Stdv. Min Max
Insurance No ins.

All 29544 6888 22656 2936 2997 0 88451

1 370 139 231 1023 931 0 6826
2 976 439 537 1090 753 0 6446
3 1245 S09 736 1213 788 0 6611
4 2718 9S9 17S9 1484 1176 0 19259
5 3380 10S5 232S 1834 2011 0 88451
6 3772 1089 2683 2248 1957 0 46902
7 4206 1042 3164 2820 2339 0 36785
8 4879 89S 3984 3405 2938 0 66675
9 3300 433 2867 4089 3445 0 42975
10 2178 218 1960 4585 4374 0 60597
11 1459 63 1396 4836 3933 0 44779
12 729 38 691 5359 3933 0 26713
13 332 9 323 6458 4623 0 29377
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Patients are mainly clustered in the low and middie risk classes, and the share of

policyholders varies across risk classes, see table 2. None of the policyholders belong

to any of the three top risk classes, 14 to 16, and they are therefore excluded from the
analysis. The potential sample consists of 49 617 patients, but around 40 percent were

not given an offer to buy dental insurance.9 The final sample therefore consists of 29

544 patients who were directly offered to subscribe to dental care, 6 888-23 percent

of whom signed up for a contract.

Private information on dental risk is proxied with previous dental costs. The vari

able includes all dental costs from the years 1996 to 1998. Table 2 show that previous

costs rise with higher risk classes. The variability is large within each risk class, indi

cating a scope for private information not accounted for by the risk classes. Descriptive

statistics of the variables are reported in table 6 in the Appendix.

4.2. Econometric Model. An agent will purchase insurance if the utility from
being insured exceeds the expected utility from being uninsured, UI > UN1 . To study

if adverse selection is a problem for the dental insurance in Varmland, the model of

insurance choice can be characterized as a reduced-form random utility model

(4.1)

where Yi == 1 if the agent purchases the insurance. I == (X, P) is the information on
dental risk, where X is the public information on which the insurer prices the insurance

contracts, and P is private information on risk available to the agent only. The model of

insurance choice gives clear reduced-form predictions. In the case of adverse selection,

agents with high dental risk, P, conditional on the insurer's information, X, will buy
insurance. With advantageous selection, it is agents with low dental risk, P, conditional

on X, who purchase insurance coverage. In all other situations described by the model,

high and low risks behave alike, and there will be no relation between the decision to

insure and dental risks.
Demand for insurance is affected by risk aversion. Now, the nlechanism generating

advantageous selection is the negative correlation between risk aversion and dental risk.

The effect of dental risk on the decision to purchase insurance comes from differences

in risk aversion. Hence, by controlling for risk aversion, only behavior consistent with

adverse selection will be observable, not whether this is balanced out with systematic
differences in risk aversion.

9 This is either directly noted by the dentist, or indicated by patients having no risk classification,
or the risk assessment being made before 1998. Patients without, or without a valid up-to-date, risk
classification are regarded as not having had the opportunity to buy insurance, since they do not know
how a potential contract would be priced.
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A problem with adding variables to control for heterogeneity in the propensity to

insure is therefore that they may be related to risk aversion. Variables like gender and
age are therefore problematic, since they have a reported relation with risk aversion,

see Barsky, Justin, Kimball and Shapiro, 1997, and Guiso and Paella, 2003.

There are other reasons why age and gender are problematic; they may pick up pri

vate information not captured by the risk-classification system. The empirical strategy
is to analyze the effect of private information, P, conditional on public information, X,
in the decision to buy insurance. Adding age and gender to the analysis would, in an

econometric sense, be the same as conditioning on more information than contained in
X. Unless P is unrelated to age and gender, the estimated effect of P would then be

biased, as these variables will pick up effects generated by asymmetric information. In
fact, table 7 in Appendix B show that age and gender is related to past dental costs

after controlling for the risk classes.
The propensity to purchase insurance varies across dental clinics and dentists, indi

cating that the attitudes of dentists influence the decision to insure dental risks. Certain

clinics may try to influence profitable patients to sign up. Note that dentists do not
have any direct economic interest in cream skimming as they are paid a fixed salary.

It is also possible that for compassionate reasons, individual dentists try to influence
patients with particularly high risks. Either way, it is important to take account of

the effect from individual clinics and dentists. To this end, a dummy variable Dc for
each clinic c==2,3, ... ,43 is used. The differences in attitudes across individual dentists

are captured through each Dentist's share of patients having insurance.

To capture the risk assessed by FT, a dummy variable Dr is included for each risk
class r==2,3, ... ,13. The effect of private risk is measured by past dental cost, and to
observe if the effect of asymmetric information is stable across different levels of risk,

an interaction variable Dg * costi for class g==1,2, ... ,13. is used

R G C

(4.2) [3'Ii = a + L:Dr + L:f3g (Dg * costi) + L:Dc + /3dDent.sharei'
r=2 g=l c=l

Another issue is whether the sample is random. Not all patients were directly offered

to subscribe to dental care by their dentist, which raises the question of whether the
sample may be non-random due to sample selection. The fraction of patients given an
offer varies across dentists, dental clinics, dental costs and age. Suppose dentists would

offer the insurance selectively to profitable patients, or selectively to high-risk patients.
This would then lead to biased estimates in equation (4.1), if the selected patients are

more inclined to purchase the insurance, than those not selected. To take account of
potential sample selection bias a bivariate probit model is estimated, as suggested by
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Greene (1997)

(4.3) Prob(Yli

PrOb(Y2i

1) = Prob(ui > -(3'Ii ),

1) = Prob(vi > -8'Zi).

The first line is the random utility model from equation (4.1) and the second line

is a sample selection equation where Yl is observed only if Y2 = 1, otherwise Yl is not
observed. The sample selection problem implies that the error terms in the two lines

of equation (4.3) is related, p-= cov(U, v) =f O. By estimating the insurance choice and

sample selection equations as a bivariate system allowing for Ui and Vi to be bivariate

normal distributed with a covariance p and independent of I, unbiased estimates of

the insurance choice is obtained. In order to identify p there has to be an exclusionary

restriction in the selection equation. That is, an instrument that is a good predictor of

Y2i but is independent of the error in the insurance choice equation E (u II, Z) = E (U II)
(Heckman, Lalonde and Smith, 1999 p. 1957). The covariates in the sample selection

equation, Z, are dummy variables for each clinic, age, gender, dental cost, and each

dentist's share of patients given an offer to buy insurance. As patients with the National

Dental Service essentially are allocated randomly to their dentist, and with few patients

changing dentist unless they move, any variation in the share of offers across dentists

must reflect differences in attitudes and· not characteristics of patients. Hence, the

dentist's Share of offers is an exclusionary restriction. lo

4.3. Estimations. The results differ across risk classes. In low-risk classes, past

dental costs are higher for patients not purchasing insurance. The pattern for high-risk

classes is the opposite. Insurance purchasers have a higher dental cost. For intermediate

risk classes, the difference in cost is small and the pattern is unclear. Thus, there is

evidence of both adverse and advantageous selection in the sample. The pattern is

displayed in figure 3.

Estimates of the insurance choice are reported in table 3. In the simplest model,

only dummy variables for the risk classes and a joint cost variable are used to explain

insurance choice. The coefficient for the cost variable is positive and significant, in

dicating adverse selection on the aggregate level. Agents with higher dental costs, in

the past, are more likely to purchase dental insurance. When the dentist's share of

policyholders and a fixed effects for each clinic are added to the analysis, dental cost

does not affect the probability of purchasing insurance. This finding, that the cost

variable is insignificant when the influence of dentists and clinics is taken into account,

may be interpreted as if some dentists actively influence agents with high risk, relative

10 Note that Share of offers, the share of patients given an offer to buy insurance, is not the same
variable as the dentist's share of patients having insurance.
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to their peers in the risk class, to buy insurance. Alternatively, there may be patient

heterogeneity across clinics not captured by the risk classification.

When interaction terms are allowed, each risk class has its own intercept term

and its own slope, which is essentially the same as running separate probits for each
risk class. The coefficient is negative and significant for the five lowest risk classes,

insignificant for risk classes 6 and 7, and then positive and significant for risk classes 8

to 12. In risk class 13, however, the coefficient is negative but insignificant. For agents

in the lowest risk classes, the probability of purchasing insurance increases with lower

dental costs. For the highest risk classes, the probability of subscribing to dental care

increases with the dental costs. Risk class 13 does not fit into the rest of the pattern,

but this can be explained by the fact that this risk class consists of 332 patients, only

9 of whom have chosen to insure their dental risks. Chance thus has a larger scope.

When the influence of dentists and clinics again is added to the analysis, the results

are slightly changed. The cost coefficients are now negative and significant for classes

1 to 7, and positive and at least marginally significant for risk classes 8 to 12. The

estimated effect of adverse selection diminishes somewhat, and the effect of advanta

geous selection increases, when the influence of clinics and dentists is accounted for. It

seems as if dentists strengthen the adverse selection effect by influencing patients with

a relatively high risk to purchase insurance.

The marginal effects show a systematic pattern, from negative to positive. For low

risk classes, the probability of insuring dental risks decreases with dental costs. This

result is consistent with advantageous selection. For the highest risk classes, on the
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TABLE 3. Probit Estimates of the Insurance Choice

Modell Model 2 Model 3 Model 4
Coef. p-value Coef. p-value Coef. p"value Coef. p-value

Insurance
Cons. -0.32 0.000 -1.26 0.000 -0.12 0.266 -1.04 0.000
D gr2 0.190 0.014 0.130 0.120 0.337 0.008 0.313 0.025
D gr3 0.085 0.261 0.035 0.668 0.118 0.343 0.069 0.608
D gr4 -0.064 0.364 -0.087 0.258 -0.117 0.295 -0.126 0.301
D gr5 -0.179 0.011 -0.192 0.011 -0.274 0.013 -0.261 0.031
D gr6 -0.250 0.000 -0.293 0.000 -0.407 0.000 -0.438 0.000
D gr7 -0.378 0.000 -0.431 0.000 -0.546 0.000 -0.585 0.000
D gr8 -0.604 0.000 -0.677 0.000 -0.872 0.000 -0.938 0.000
D gr9 -0.83 0.000 -0.92 0.000 -1.11 0.000 -1.18 0.000
D grID -0.99 0.000 -1.09 0.000 -1.26 0.000 -1.36 0.000
D gr11 -1.43 0.000 -1.55 0.000 -1.78 0.000 -1.97 0.000
D gr12 -1.34 0.000 -1.48 0.000 -1.72 0.000 -1.86 0.000
D gr13 -1.65 0.000 -1.81 0.000 -1.74 0.000 -1.91 0.000
Cost 7.48E-06 0.020 -2.02E-06 0.572
Cost gr1 -2.04E-04 0.015 -2.07E-04 0.023
Cost gr2 -3.25E-04 0.000 -3.66E-04 0.000
Cost gr3 -1.94E-04 0.000 -2.02E-04 0.000
Cost gr4 -9.95E-05 0.000 -1.15E-04 0.000
Cost gr5 -5.58E-05 0.001 -7.61E-05 0.000
Cost gr6 -1.55E-05 0.156 -2.74E-05 0.017
Cost gr7 -6.91E-06 0.452 -1.88E-05 0.057
Cost gr8 2.45E-05 0.000 1.52E-05 0.036
Cost gr9 2.51E-05 0.001 1.31E-05 0.106
Cost grID 1.92E-05 0.009 1.23E-05 0.113
Cost gr11 3.43E-05 0.004 3.79E-05 0.004
Cost gr12 3.67E-05 0.033 2.77E-05 0.129
Cost gr13 -1.16E-05 0.736 -1.94E-05 0.652
Dent. Share 3.31 0.000 3.33 0.000
FE clinics No Yes No Yes

N 29544 29544 29544 29544
LogL -15007 -12758 -14943 -12696
LRI 0.065 0.205 0.069 0.209

other hand, the results are consistent with adverse selection. The results show a stable

and systematic pattern.

To get an impression of the economic significance of the estimated effects in model

4, the probability of buying insurance is first evaluated at the mean cost for each risk

group, and then compared to the probability when dental cost is doubled, see table 4.11

11 For each risk class, the mean value of dental cost is roughly the same as the standard deviation.
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TABLE 4. Impact of the Selection Effects

Risk class Probe at mean Prob at 2*mean Change Perc. Change
1 0.347 0.272 -0.075 -21.5

2 0.395 0.253 -0.142 -36.0

3 0.360 0.273 -0.087 -24.2

4 0.317 0.259 -0.058 -18.3

5 0.280 0.235 -0.045 -16.1

6 0.248 0.229 -0.019 -7.7

7 0.206 0.192 -0.015 -7.2

8 0.143 0.155 0.012 8.4

9 0.095 0.104 0.009 9.9

10 0.069 0.076 0.008 11.3

11 0.025 0.037 0.013 51.4

12 0.029 0.041 0.011 38.9

13 0.013 0.010 -0.004 -28.0

Note: The probability of buying insurance is calculated using the estimates in model 4,
table 3, and evaluated (i) at the mean cost and (ii) at two times the mean cost in each
risk class. Change indicate the change in the probability of buying insurance as the mean
cost is doubled

For risk class 2, the probability of purchasing the insurance is reduced by more than a
third-from 0.40 to 0.25-when dental cost is doubled from its mean value, while for
risk group 11, the probability of insurance purchase is increased with 51 percent-from

0.025 to 0.037.

Table 5 report the bivariate probit estimates, when controlling for sample selection
bias. In both models, the error covariance, p, indicate that sample selection may be a
problem, i.e. the hypothesis that p = 0 is rejected. In model 5, the insurance decision

is explained with an intercept term and a slope for each risk class, but no controls for
dentist or clinic effecs. The results are similar to model 3, but for some of the high-risk
classes the adverse selection effect no longer reach significance. When fixed effects for
clinics are added (model 6), the pattern almost remains unchanged.

Correcting for sample selection has little impact on the results. The pattern with
advantageous selection in low risk classes and adverse selection in high risk classes is
still clear, though the evidence for adverse selection becomes slightly weaker.

5. Discussion

In the face of the mixed empirical evidence of adverse selection in insurance markets,

extended mechanisms for selection are called for. de Meza and Webb (2001) present
an argument reversing the conclusion that low risks are underinsured in a competitive
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TABLE 5. Bivariate Probit Estimates of the Insurance Choice

Model 5 Model 6
Coef. p-value Coef. p-value

Insurance
Cons. 0,30 0,000 -0,98 0,000
D gr2 0,247 0,013 0,305 0,020
D gr3 0,090 0,349 0,065 0,611
D gr4 -0,091 0,290 -0,120 0,295
D gr5 -0,200 0,020 -0,244 0,032
D gr6 -0,287 0,001 -0,405 0,000
D gr7 -0,365 0,000 -0,537 0,000
D gr8 -0,574 0,000 -0,854 0,000
D gr9 -0,72 0,000 -1,08 0,000
D gr10 -0,80 0,000 -1,23 0,000
D grll -1,16 0,000 -1,79 0,000
D gr12 -1,08 0,000 -1,68 0,000
D gr13 -1,04 0,000 -1,71 0,000
Cost gr1 -1,42E-04 0,025 -1,86E-04 0,031
Cost gr2 -2,54E-04 0,000 -3,47E-04 0,000
Cost gr3 -1,42E-04 0,000 -1,83E-04 0,000
Cost gr4 -6,96E-05 0,000 -1,04E-04 0,000
Cost gr5 -4,09E-05 0,002 -6,90E-05 0,000
Cost gr6 -9,82E-06 0,196 -2,37E-05 0,028
Cost gr7 -7,45E-06 0,280 -1,60E-05 0,085
Cost gr8 1,30E-05 0,011 1,48E-05 0,030
Cost gr9 1,36E-05 0,015 1,29E-05 0,091
Cost gr10 1,03E-05 0,071 1,17E-05 0,111
Cost gr11 2,34E-05 0,007 3,49E-05 0,005
Cost gr12 1,75E-05 0,154 2,40E-05 0,163
Cost gr13 -2,93E-05 0,332 -2,29E-05 0,581
Dent. Share 2,92 0,000
FE clinics No Yes

Offer
Cons. -1,018 0,000 -1,000 0,000
Age 0,006 0,005 0,006 0,004
Age2 -1,33E-04 0,000 -1,27E-04 0,000
Gender 7,41E-03 0,484 1,61E-02 0,177
Cost -1,49E-06 0,464 -1,88E-06 0,363
Share of offers 2,09 0,000 2,22 0,000
FE clinics Yes Yes

N 49617 49617
N cens. 20073 20073
N uncens. 29544 29544
Log L -43633 -42135
Rho -0,862 0,000 -0,476 0,000
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insurance market with asymmetric information. Advantageous selection is generated

by differences in risk aversion and a causal realtion between risk aversion and risk level.

The theoretical model presented here is cast in a non-competitive setting with

a public monopolist. It extends the analysis and shows that the more effective is

prevention, in reducing the probability of loss, the higher is the likelihood of adverse

selection.

The overall evidence from the dental insurance experiment in Varmland suggests

that adverse selection may not be a problem at the aggregate level. The estimated

evidence of adverse selection is concentrated to high risk classes. In lower risk classes,

however, there is evidence consistent with advantageous selection. Here, the probability

of purchasing dental insurance is increasing with lower dental risk, measured as past

dental care experience. This latter evidence is consistent with findings of Cawley and

Philipson (1999) and Finkelstein and McGarry (2003).

The interesting feature in the present results, though, is the behavioral differences

across the sample. This pattern can be contained within the theoretical model. Hetero

geneity in risk is, in the model, only generated through differences in risk aversion. Low

risk classes would therefore contain agents with a high degree of risk aversion, whereas

high risk classes contain less risk averse agents. As the preventive effort is lower in

high risk classes, and given that the productivity of prevention is diminishing with the

level of prevention, P"(F) < 0, the effectiveness of prevention would be greater in the

high risk classes. If the variability in risk aversion is about the same across all risk

classes, Proposition 1 implies the likelihood of adverse selection to be higher in high

risk classes than in low risk classes. Advantageous selection, in turn, would be more

probable in low risk classes.

In practice, however, dental status and dental risk are also influenced by genetic

factors, e.g. the quality of saliva. It is reasonable to believe that agents who are

genetically predisposed to caries have more to gain from prevention, Le. that their

scope for prevention is larger. Preventive activities would thus be more effective for

agents with a poor genetic composition. The average genetic predisposition to caries

would also be worse in high-risk than in low risk classes. On average, the effectiveness

of prevention would thus be further reinforced in high-risk classes. Implying that the

prediction of adverse selection in high-risk classes, and advantageous selection in low

risk classes, is strengthened.

With more effective prevention in higher risk classes, a given difference in risk

aversion would generate a larger heterogeneity in risk. It can be seen in section 4.1
that the variance in past dental cost is increasing with higher risk classes. A larger

variance in dental cost is not necessarily generated only by more effective prevention.
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It can also be the result of a larger variability of risk aversion in higher risk classes. In

this case, the likelihood of adverse selection may still increase with higher risk classes,

see Appendix A.3.
Entities such as risk aversion, utility functions and marginal utilities cannot be

explicitly observed in the data set and therefore, it is not possible to directly test the
predictions of the theoretical model. The empirical results show evidence of advan

tageous selection in low risk classes, and adverse selection in high risk classes. These
findings can still be reconciled within the theoretical framework. The dual selection can

be an explanaition for the limited empirical evidence of adverse selection in insurance
markets, as the two effects balance out on the aggregate level.
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Appendix A

A.I. A General Formulation of the Model. In a more general formulation
of the model in section 3, prevention enters the agents' utility function both in terms

of monetary cost and direct disutility, U(W - F, F) where U~ > 0, Ufl < 0, U~ < 0,

U;2 < 0. Further, the direct disutility from prevention is assumed to be affected by the

level of income, Upw i 0. With probability 1 - P(F), the agents suffers a monetary

loss L, and the expected utility is

(A.l) EU = P(F)U(W - F, F) + [1 - PcP)] U(W - F - L, F)

F.O.C. w.r.t. F;

(A.2) P'(F) [U(W - F,F) - U(W - F - L,F)]

+P(F) [U~(W - F - L,F) - U~(W - F,F)]

+P(F) [U~(W - F,F) - U~(W - F - L,F)]

-U~(W - F - L,F)

+U~(W - F - L,F)

8.0.C

(A.3) P"(F) [U(W - F,F) - U(W - F - L,F)]

+P(F)U~'I(W- F, F) + [1 - P(F)] U~'I(W - F - L, F)

+P(F)U;2(W - F, F) + [1 - P(F)] U;2(W - F - L, F)

+2P'(F) [U~(Vl( - F - L, F) - U~(W - F, F)]

+2P'(F) [U~(W - F,F) - U~(W - F - L,F)]

-2P(F)U~'2(W- F, F) - 2 [1 - P(F)] U~~(W - F - L, F).

The first, second and third lines are negative. They capture the trade-off between a
higher probability for the good state and the utility cost of prevention in both states.
The fourth line is positive and captures the fact that the monetary cost of prevention

gives rise to a larger utility reduction in the bad than in the good state, as follows

from the concavity of the utility function. This means that prevention worsens the

consequences of the bad state, relative to the good state. If U~~ > °(U~~ < 0), the fifth
line is positive (negative); that is, if the direct disutility of prevention is decreasing

(increasing) with income, the utility reduction is larger (smaller) in the bad than in

the good state. The sixth line is positive (negative) if Uf~ < °(U~~ > 0), and captures
the indirect effect reducing (strengthening) the utility loss in both states. This effect
follows because the lower net income following from a larger purchase of prevention
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(first argument) reduces the direct utility loss of prevention (second argument). In the

same way, a larger direct utility loss following from more extensive prevention (second

argument) reduces the utility loss following from a higher monetary cost of prevention

(first argument).

For the S.O.C to be negative, the positive terms need to be sufficiently small; that

is, (i) the monetary cost of prevention needs to constitute a sufficiently small part of

the agents' total budget or the concavity of utility w.r.t. income needs to be sufficiently

mild and (iia) , if U~~ > 0 the increased direct disutility of prevention following from

lower income needs to be sufficiently small, or (iib) if U~~ < 0, the indirect utility

increasing effect needs to be sufficiently small. The intuition behind (i) and (iia)

is that a higher level of prevention increases the expected utility as it increases the

probabilityof the good state, but prevention will also cause a larger utility reduction

in the bad than in the good state. Therefore, it is not certain whether the utility

enhancing effect or the utility reducing effect dominates.

Risk aversion can be modelled with an individual-specific taste-parameter a being

added to the first argument of the utility function, assuming constant relative risk

aversion. A higher a implies a lower level of risk aversion. The marginal effect of

risk aversion on precautionary activities is obtained by differentiating the first-order

condition with respect to Fi and ai, as

(A.4)
8p· 1 [ P'(Fi)[U~(ai+W,.Fi)-U;(ai+W-L,Fi)] ]
a~ == - S.O.C. -P(.Fi)U~:l (ai + W, Fi ) - \1 - PlFi)j UKI (ai + W - L,.Fi) .

+P(Fi)U12 (ai + W,.Fi) + 1 - P(F) U12 (ai + W - L,Fi)

The result that a higher degree of risk aversion results in more extensive prevention

may still hold under less restrictive assumptions; that is, when (i) preventive activities

have a monetary cost and (ii) U~~ =1= 0, equation (A.4) may still be negative if the

second-order condition is negative and the second term is negative. The first line in

the second term is negative. The second line is positive and must be sufficiently small.

The third line is negative if U~~ < 0, and positive if U~~ > o. In the latter case, the

cross derivative must be sufficiently small.

A.2. Exogenous Differences in Risk. In section 3, the differences in the prob

ability of loss are purely generated through differences in the level of prevention.

Now, suppose that there is an exogenous source influencing the probability of loss,

e.g. a genetic factor. Let G be the exogenous factor, where higher levels of G im

ply a higher probability of avoiding loss, P~(F, G) > O. The impact of the genetic

factor on the theoretical results depends on how G is distributed across types. For
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simplicity, let there be only two levels of G, GH > GL , and only two agents, a reck

less and a prudent one. Furthermore, the following notational conventions are used

C(L,aj,P(F(aj), Gi )) = Cj(Gi ) and P(F(aj),Gi ) = P(aj,Gi ) for i = L,H.
Consider first the case where, for some exogenous reason, e.g. better genetics, the

prudent agent has a higher probability of avoiding loss than the reckless agent. So even

if prevention is completely ineffective P(ap, GH ) > P(aR' GL ), and if the exogenous

influence is sufficiently mild, we may have that

(A.5)

With an adequate loading factor, only the prudent agent buys insurance. In other

words, there may be an advantageous selection. As prevention becomes more effective

the difference in probability-between the prudent and the reckless agent-will increase

and eventually

(A.6)

Given an adequate loading factor, only the reckless agent will buy insurance, and there

will be adverse selection. If the exogenous influence is sufficiently large, the difference in

probability may generate adverse selection, even if prevention is completely inefficient.

The second case to consider is that when the reckless agent is exogenously allocated

with a higher probability of avoiding loss. Hence, if prevention is completely ineffective,

then P(ap,GL ) < P(aR,GH ), and

(A.7)

With an adequate loading factor, only the prudent agent purchases insurance. Since

he also has a lower probability of avoiding loss, this means adverse selection. When

prevention becomes more effective P(ap, GH ) > P(aR' GL ), while equation (A.7) still

holds. Hence, still only the prudent agent will purchase insurance, but since he has a

higher probability of avoiding loss, there will now be advantageous selection given an

adequate loading factor. As prevention becomes even more effective, the difference in

probability will increase and eventually

(A.8)

Now, only the reckless agent purchases insurance, given an adequate laoding factor,

and since he has a lower probability of avoiding loss, this implies adverse selection.

The general results from section 3 will still hold when there is an exogenous source

to risk, Le. with prevention being highly effective, adverse selection may exist, while

there may be advantageous selection if prevention is less effective.
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A.3. Larger Heterogeneity in Risk Aversion. The analysis in section 3 treated

the issue of selection within a certain risk class, Le. how the insurance choice is affected

by changes in risk when the differences in risk aversion are held constant. A different

issue is how selection is affected if the risk classification is cruder; that is, how the in

surance choice is affected by more heterogeneity in risk aversion within each risk class,

holding the effectiveness of prevention constant. This would result in a larger diversity

in risk, as risk aversion drives the probability of avoiding loss.

The effect of changes in risk aversion on the demand for insurance can be observed

by taking the total differential of equation (3.3) w.r.t. C and a

(A.9)
BC 1 [ P (F(a)) Uf(a + W, f) + (1 - P (F(a))) Uf(a + W - L, F) ]
-=-,- +U2(a+W-L,F)F(a) .
Ba Ut(C) +P'(F)F'(a)[U(a+W,F)-U(a+W-L,F)]

A lower (or higher) degree of risk aversion will have an ambiguous effect on the

certainty equivalence. The first line, in the second ternl, is the reduced demand for

insurance following directly from a reduction in risk aversion. This direct effect is

positive. The second line is a positive indirect effect. Reduced risk aversion implies

a lower preventive effort with a positive effect on utility. Higher expected utility, in

turn, reduces the demand for insurance. The third line is the increase in risk-through

a reduction in preventive effort-following from lower risk aversion (see equation 3.2).
Higher risk will increase the demand for insurance. This indirect effect is negative.

The total effect is undetermined and depends on the relative size of the three effects.

When a decreased risk aversion, Le. an increase in a, increases the certainty equiv
alent, the demand reducing effect dominates; that is

BC
oa > o.

This would naturally be the case if prevention were totally ineffective, P'(F) = 0

(and F'(a) = 0), since the probability of loss would not be affected. More effective

prevention will not necessarily have a negative impact on equation (A.9). The negative

indirect risk increasing effect will be larger as prevention becomes more effective (third

line). This is, however, balanced against a larger positive utility increasing effect

following from larger reductions in prevention (second line). When the disutility of

prevention is low in relation to the marginal utility of income, more effective prevention

may, in fact, have a negative impact on equation (A.9), thereby making the relation

negative

BC
oa <0.
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Hence, given that the third line in equation (A.g) is larger than the second, more

effective prevention will increase the probability of adverse selection even as the dis

persion in risk aversion increases.



44 DOES ADVERSE SELECTION MATTER?

Appendix B

TABLE 6. Descriptive Statistics

N Mean Stdv. Min Max
Insurance 29544 0.233 0.423 0 1
Dent. Share 29544 0.163 0.138 0 0.621

Offer 49617 0.595 0.491 0 1
Age 49617 47.6 16.6 22 98
Gender 49617 0.494 0.500 0 1

Cost 49617 2990 3100 0 88451
Share of offers 49617 0.592 0.183 0 1
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TABLE 7. Regression of Dental Cost 1996 to 1998 on Risk Classes and

Socia-Demographics

Coef. t-value
Cost 96-98
Cons. -764 -3.94
D gr2 19.8 0.12
D gr3 90.6 0.56
D gr4 255 1.69
D gr5 549 3.65
D gr6 870 5.79
D gr7 1336 8.86
D gr8 1840 12.16
D gr9 2499 16.17
D grID 2964 18.63
D grii 3219 19.51
D grI2 3755 20.86
D gr3 4851 22.97
Age 87.5 13.78
Age2 -0.74 -12.20
Gender -164 -5.16
N 29466
R2 0.177
Adj R2 0.177
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PAPER 2

Information Updating and Insurance Dropout

ABSTRACT. Micro data from a dental insurance natural experiment is used to analyze
why agents opt out of insurance. The purpose is to relate the dropout decision to new
information on risk, acquired by the policy holder and the insurer. The results show
that agents tend to leave the insurance when reclassified into higher premium classes,
or when experiencing unexpectedly low dental care costs within the insurance. They
are more responsive to higher premiums than to lower expected costs. The results
show updating on dental risk to be asymmetric, giving agents and insurer partly
different information sets. Agents do not take the insurer's information fully into
account, even though it is public, and higher premiums are viewed as higher prices
on insurance, rather than a fair risk reassessment. The decision is also based on old
information, indicating that the cognitive process of updating information is slow.

1. Introduction

Asymmetric information in insurance markets may reduce the extent of insurance

coverage and thereby induce welfare costs. In a survey of the empirical literature,

Chiappori and Salanie (2003) find the extent of asymmetric information to vary across

different types of insurance markets. Testing the extent of asymmetric information in

health insurances, and whether agents act on informational advantages, is therefore

important in order to determine the viability of health insurance markets. Already

Akerlof (1970) noted that adverse selection can motivate public intervention in health

insurance markets.

The evidence of adverse selection in health insurances is mixed. Most empirical

studies on health insurance markets use cross-sectional data to observe whether the

market equilibrium has properties consistent with adverse selection; .see, for example,

Savage and Wright (2003), Sapelli and Vial (2003), Thomasson (2002), and Cardon

and Hendel (2001). Little is however learned about the dynamics of adverse selection.

Testing how agents react to exogenous shocks can be one strategy for capturing

the process of adverse selection out of equilibrium. Changes in the incentive structure

o I am grateful to the National Dental Service in VArmland, Sweden, especially to Jorgen Paulander
for providing data and odontologic expertise, and to Ann-Britt Emilsson for generously answering
questions on registration practices. Financial support has been provided by Apoteksbolagets Fond for
Forskning och Studier i Halsoekonomi och Samhallsfarmaci. Comments and suggestions from Magnus
Johannesson and seminar participants at the Stockholm School of Economics, Swedish Institute for
Social Research and the Trade Union Institute for Economic Research are gratefully acknowledged.
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can be one such shock. Bauchmeuller and DiNardo (2002) study the dynamics of

the health insurance market in the state of New York when mandatory community

rating was implemented in some segments. They find that healthier agents were more

prone to switch into less generous policies, Le. HMO plans. In a similar way, Cutler

and Reber (1998) study the evolution of selection in health plans offered to Harvard

employees following a pricing reform, where the marginal price of insurance coverage

was increased. They observe that younger and healthier agents tend to switch from

more generous to less generous insurance policies, rather than older and less healthy

agents switching in the opposite direction. One remarkable result is the potential speed

of an adverse selection death spiral as the most generous health plan collapsed only

three years after the price reform. In a similar vein, Nicholson, Bundorf, Stein and

Polsky (2003) study health care spending among individuals switching between HMO

and non-HMO plans. They find that those individuals switching from a non-HMO to

an HMO plan used 11 percent less resources prior to switching, than those remaining

in the non-HMO plan. Individuals switching from an HMO to a non-HMO plan, on

the other hand, used 18 percent more resources prior to switching than those staying

within the HMO.

Learning about risk has significance for the persistence of information asymmetries.

If updating of information is asymmetric, either one party may gain an informational

advantage over time, or the existing asymmetries will be reduced. There is some

evidence on learning about health risks. Hendel and Lizzeri (2003) find the premium

profiles on the US life insurance market to be consistent with a model of symmetric

learning and commitment from the insurer on reclassification risk. Crocker and Moran

(2003), in turn, find evidence that the coverage in employer-based health plans is

consistent with a model of symmetric learning and friction in the mobility between jobs.

The empirical research on how the insurer and policy holders update their information

on health risks is limited, however.

In this study, micro data is used to analyze why agents opt out of insurance, in a

setting where the premium can be changed due to risk reclassification. The purpose is

to analyze how the decision to select out of insurance is related to new information on

risk acquired by the policy holder and the insurer.

The data comes from a dental insurance provided by the National Dental Service!

in the county of Varmland, Sweden. The insurance was introduced in 1999, and offers

full-coverage during a two-year contract period. The introduction can be characterized

as a natural experiment. In 2001, after the initial contract period, 9.6 percent of the

policyholders decided not to renew their insurance. This decision is here related to new

1 Folktandvarden.
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information on dental health. The results indicate that the updating of information is

asymmetric. Policy holders tend to view a higher premium, due to reclassification of

risk, as a price increase, rather than a signal of worse dental health. They also tend to

be more responsive to higher premiums than to private signals of changed dental risk.

The next section gives a description of the institutional setting and the data. Section

three presents a simple theoretical framework for insurance lapsation when information

is asymmetrically updated. The empirical results are presented in section four, and

the final section contains the concluding renlarks.

2. Empirical Setting

Dental care in Sweden is provided by both private, mainly self-employed, dentists

and the National Dental Service. Dentists within the National Dental Service are

employed with a fixed salary. From the year an individual turns 20, he is covered

by a public dental insurance scheme, to which both private and public dentists are

affiliated.2 The public dental insurance was initially designed as a progressive subsidy,

with a coverage rate of up to 80 percent of the dental cost. Over time, the generosity

of the scheme has gradually been reduced in an effort to cut public spending on dental

care, which has made individuals more exposed to the risk of high dental costs. Since

1999, the subsidy is linear, covering around 30 percent of all dental costs (Olsson, 1999).

To counteract this increased risk exposure, the National Dental Service in Varmland,

Sweden, offers a private dental insurance.

2.1. Dental Insurance with Risk Reassessment. In January 1999, the Na

tional Dental Service in Varmland introduced a private insurance where dental patients

were offered to subscribe to dental care.3 The term insurance is not explicitly used by

FT, but the subscription is in effect a full-coverage private dental insurance provided

by a public monopolist. At a fixed annual fee, the subscription provides free dental

services during a two-year contract period. The subscription can be renewed when the

contract expires, after the risk has been reassessed.

The subscription fee is set after an oral examination of the patient. The oral

examination evaluates dental risk in four dimensions (general risk, technical risk, caries

risk, and parodental risk) and for each dimension, there are 6 to 8 risk indicators, where

each indicator is rated on a four-graded scale. The risk indicators for each dimension

are summed up, and patients are clustered into one of 16 risk classes based on the sum

of these scores. Contracts are then priced according to risk class. The dental service

only uses these risk indicators when assessing risk, and does not take realized dental

2 Dental care is provided free of charge for individuals below the age of 20.
3 For patients aged 20, the insurance was offered from September 1998.
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cost explicitly into account. It is important to note that dentists within the National

Dental Service are employed with a fixed salary and have no direct private interest in

the insurance.
In 1999, around 60 percent of all patients registered with the National Dental

Service in Varmland had a valid risk classification, and were thus given the oppor

tunity to purchase an insurance. About 23 percent of these patients-roughly 7,000

individuals-purchased a dental subscription in 1999. The introduction of the dental

insurance in 1999 constitutes an ideal situation for studying adverse selection, as no

private insurance was available to these individuals before 1999. It was also unantici

pated from the patients' perspective, making dental care utilization exogenous to the

insurance decision. The launch of the dental plan thus constitutes a natural experi

ment. The decision of whether to purchase insurance is analyzed by Gronqvist (2004),

and the results show selection to differ across risk classes; within high-risk classes, there

is evidence of adverse selection, but within low-risk classes, the results indicate advan

tageous selection. The results can be explained by heterogeneity in both risk aversion

and the effectiveness of prevention, in a model similar to that of de Meza and Webb

(2001), where the level of self-protection increases with the degree of risk aversion.

The introduction of the dental insurance in 1999 also creates a setting for studying

selection in terms of insurance lapsation. After the two-year contract period, agents

must decide whether to continue their subscription for another contract period. Before

the insurance can be renewed, patients have their dental risk, and thus their premium,

reassessed by the dental service. It turns out that about 10 percent of those agents who

found the insurance worth purchasing in 1999 chose not to renew it in 2001.4 Thus,

there must be some new piece of information that makes these agents reconsider their

initial decision; either they have found that their dental risk is lower than their prior

expectation, or the insurer has assessed a need to raise premiums. Within this dental

insurance setting, it is possible to link the decision to lapse from the insurance to proxies

of new information. The new information on risk, received by the insurer, cannot be

directly observed but can be induced through the up-grading, or down-grading, of
agents into new risk classes.

For agents, dental care consumed within the insurance is used as a proxy for new

private information. Consumption of dental care and dental cost have a high correlation

over time (see, for example, Powell 1998). A person with a history of prior caries has

a larger probability of getting new problems. Bacteria will easily grow if the enamel

has been coarsened by prior caries, or will grow in the seam between a prior filling

and the tooth. A filled tooth will also need future maintenance or replacement, and

4 This number is net of agents who die or leave the county during the period.
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will be more fragile. Past dental consumption is thus a good predictor of dental risk

and future dental consumption. Consequently, if agents have private information, this

could be proxied with past cost, since the National Dental Service in Varmland does

not explicitly use realized dental cost in their risk assessment. So, if an agent has an

unexpectedly high (low) dental consumption within the insurance, he can be viewed as

receiving a signal of the dental risk being higher (lower) than his prior expectations.

As a validity test of the proxy for private information and to check the predictive

power of the risk classification, dental cost for the three years 1999 to 2001 is regressed

on dental cost during the three preceding years (1996-1998) and on the risk classes (for

details, see Gronqvist 2004).5 Dental cost in 1996 to 1998 alone explains 12 percent of

the variation in dental cost during the subsequent period, 1999 to 2001, while the risk

classification explains 17 percent of the variation. 21 percent of the variation in dental

cost 1999-2001 are explained when both past dental cost and risk classes are used as

regressors.

This shows that the risk classification system used by the National Dental Service

is a better predictor of dental risk than past dental consumption. A large part, but

not all, of the information contained in past dental consumption is also captured by

the risk classification. There is still scope for private information on which to act.

Past dental care utilization captures some parts of the variation in future dental cost

not captured by the risk classification. Thus, agents and the National Dental Service

partly have different information sets.

2.2. Data. Data comes from an administrative database on dental care. The

sample consists of those patients who started to subscribe to dental care in 1999,

and who were registered with the dental service in Varmland during the period 1997

to 2001.6 Patients need to be registered until 2001, so that they can be observed

throughout the contract period. They also need to be registered from 1997, so that

their past dental consumption can be tracked during a two-year period before the

purchase of the insurance.

The sample consists of 5998 patients, of whom 9.6 percent, or 575 individuals,

chose to drop-out after the initial two-year contract period. Policy holders are mainly

clustered in the low- and middle-risk classes, with over 90 percent of the individuals in

5 The test is performed on the agents not buying the insurance within the period 1999 to 2001
(n=36 241). The reason for using this group is that dental care within the insurance may be guided
by clinical guidelines related to risk classes, thus generating a spurious relation.

6 Patients aged 20 in 1998 were given the offer already in September 1998, as part of a pilot
project. These patients are included in the sample, even if they bought the insurance at the end of
1998. In this case, however, they need to have been registered with the National Dental Service since
1996, but need not be registered in 2001.
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the sample belonging to the eight lowest risk classes. None of the policy holders in the

sample belong to any of the three top risk classes (14-16). The decision to opt-out is

slightly increasing with higher risk classes.

TABLE 1. Descriptive Statistics

Variable N Mean Stdv. Min Max
Opt-out 5998 0.096 0.294 0 1
Pre-cost 5998 652 920 0 22999
Gender 5998 0.506 0.500 0 1
Age 5998 37.6 13.4 20 85
Diff-prem 5998 77.1 382 -3801 3570
Diff-cost 5998 454 1031 -22419 10642

Private information on risk is proxied with past dental cost. The variable pre

cost contains the cost of dental care during the two-year period prior to the insurance

purchase7 and gives a measure of agents' private information at the time when the

initial decision to sign-up was made. diff-cost, in turn, captures the signal received

by the agent during the insurance period and it is defined as the cost of dental care

received within the insurance minus pre-cost.8 A high value of diff-cost indicates an

unexpectedly high dental consumption, as compared to the prior period.

The signal received by the dental service can be induced from the risk reclassification

and is measured as premium changes. The variable diff-prem only includes premium

changes due to patients being reclassified into higher or lower risk classes, and does not

capture the general price increase over all risk classes. Between January 1999 and May

2001, all premiums increased by 11 percent. Consumer prices increased by 5 percent

during the same period, while the general price level for medical and dental services

increased by 16 percent (Statistics Sweden).

The data also includes information on patients' age and gender. The decision to

opt out may be influenced by the attitudes of the treating dentist. To capture this

influence, a dummy variable for each of the 43 clinics is used. Descriptive statistics of

the variables are displayed in table 1.

7 Pre-cost is the amount charged by the National Service in Varmland, and calculated by applying
the gross price list to procedures chargeable to patients.

8 Dental care within the insurance is not registered as specific procedures. Instead, it is registered
within broader groups of procedures and as the time used by the relevant staff category (dentist,
hygienist, nurse). To calculate dental cost, the time usage is summed up using the time tariff. From
1999, there is, however, no explicit time tariff for hygienist and nurse services. These are calculated
as fractions of the time tariff for dentists, using the price list in 1995 to 1998 as a key.
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If agents lapse in their insurance coverage, there must be some new circumstances

that no longer make the insurance worth buying. The decision to opt out is modelled

as a response to new information on risk obtained by the insurer and the policyholder.

The setting captures the dental insurance in Varmland.

3.1. Updating Process. Assume that agents live in a world where they face the

risk of fina:ncial loss. They are assumed to obtain utility from general consumption

U(W), where U' > 0 and U" < O. With probability 1Ti, an agent i ends up in a good

state, and with 1 - 1Ti, he suffers a loss L. Agents do not have perfect information on

1Ti, but make an inference ~ = 1Ti +Ui, where Ui is a symmetrically distributed random

variable with zero mean. From the perspective of agent i, the expected utility is

(3.1) PiU(W) + (1 - Pi) U (W - L)

U(CEi ),

where CEi is the certainty equivalence for agent i at ~.

In every period, the agent receives a signal Sf E [~, SJ on 1Ti. If the signal is below

a certain threshold value, Sf < SL, the agent receives a low signal, Le. an indication

of his probability of ending up in the good state being lower than expected. If the

signal is instead above a different threshold value, SH < Sf where SL < SH, he gets a

high signal, indicating that the probability of the good state is higher than expected.

Finally, if the signal is between the two thresholds, SL < Sf < SH, it is neither high

or low, Le. in line with prior expectations.

At the beginning of each period, the agent uses the signal to update his beliefs on

risk. In period 1, the inference on ~1 is made using the beliefs at the beginning of period

oand the signal received during period 0, that is ~1 = f (~o, Sj).9 Hence, if the agent

receives a low (high) signal, Sj < SL (SH < Sj), the updated probability of avoiding

loss is lower (higher) than the prior, ~1 < (>)~o. The beliefs about the probability

are not changed, Pil = ~o, if the agent receives a null signal, SL < Sj < SH.
Since agents are risk averse, there is scope for an insurance. Suppose that there

is a nlarket insurance provided by a public monopolist. The insurer only has noisy

information on the agent's risk ()i = 1Ti + c, where c is a symmetrically distributed

random variable with mean zero. Based on this information, the insurer is assumed to

offer the agent an actuarially fair full-coverage insurance, providing the agent with an

9 The signal follows a process Sf = S(1ri - Pi) + e, where e is a random variable. The more
informative is the signal, the more weight is it given by the agent in the updating process, and the
less weight is put on the prior.
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assured consumption level of

(3.2)

in both states.10

The insurer also receives a signal on the agent's risk in each period, Sf E [~, S].
If the signal is low, Sf < SL, it indicates the probability of the agent ending up in the

good state to be lower than the insurer's prior beliefs, and if the signal is high, SH < Sf,
it indicates the probability of the good state to be higher than anticipated. The signal

is used by the insurer to update the beliefs at the beginning of each period. In period

1, the inference on the agent's risk is a function of the beliefs and the signal during

period 0, that is Oil == g(OiO' Sfo).ll If the signal is low (high), the updated probability

of the agent ending up in the good state is lower (higher) than the prior, Oil < (> )OiO.

The insurer does not change his beliefs if receiving a null signal, SL < Sfo < SH .

3.2. Drop-Out Decision. For an agent to find a full coverage insurance worth

buying, it must at least give him an assured wealth level as high as the certainty

equivalence. If agent i bought an insurance in period 0 then

CEiO < ZiO.

Now, if the agent decides to opt out of the insurance at the beginning of period 1,

there are new circumstances making him reconsider his initial decision. At least one

part-the agent or the insurer-must have obtained new information on the agent's

risk level. If the learning process is symmetric, there is no problem, since the agent

adjusts his willingness to pay for the insurance by about the same amount as the change

in the premium made by the insurer. If signals are asymmetric, on the other hand,

agents may in fact discontinue their insurances. There are two situations where new

and asymmetric information induces the agent to drop out of the insurance contract;

either (i) when the agent lowers the assessed risk level more than the insurer does, or

(ii) when the insurer receives a signal to raise the assessed risk level that is not matched

by the signal received by the agent.

In the first situation, the agent gets a high signal, Sf > SH, which reduces his

assessed risk level in period 1. With a lower perceived risk, his cost of being uninsured

is reduced, which implies that CEil > CEiQ. If the insurer also gets a high signal

Sf > SH, his updated risk assessment will make him reduce the insurance premium,

thereby increasing the wealth level assured by the insurance Zil > ZiO' Whether the

agent will purchase insurance in period 1 depends on the size of Sf and Sf. If the signal

10 For simplicity, loading is ignored. Including an additive loading factor will not affect the results.
11 The signal is explained by Sf = t(1ri - (}i) + v, where v is a random variable. More informative

signals get higher weight in the updating process
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FIGURE 1. Agent Gets a High Signal.

received by the agent is sufficiently high relative to the insurer's signal, the certainty

equivalent will become larger than the wealth assured by insurance

Thus, even if the premium has been reduced, the agent will no longer find the insurance

worth its price, and will opt out of the insurance scheme. The effect is even more clear

if the insurer receives a null signal, Le. if the premium is unchanged.12 This special

case is depicted in figure 1, where the agent has the expected wealth Xij in period j.13

If, on the other hand, the agent is not sufficiently sensitive to the signal, or if the

insurer received a sufficiently high signal, then CEil < Zil and the qgent remains

insured.

Suppose now the second situation, where the insurers signal to raise the assessed

risk level is not matched by the agent. In this case, the insurer gets a low signal

Sf < SL during period O. The updated risk assessment will make the insurer increase

the insurance premium in period 1, which implies that the wealth assured by having

insurance is reduced, Zil < ZiQ. If the agent also gets a low signal, Sf < SL, in period
0, his reassessed risk is higher than the prior. Therefore, he is willing to purchase

a more expensive insurance, CEil < CEiQ. If the signal received by the insurer is

12 The effect will naturally hold even if the insurer receives a low signal and increases the premium.
13 This is a special case where the insurer does not change its beliefs about the agent's risk. The

figure can also have a more general interpretation as displaying the net effect of the agent's signal
after having standardized for the signal received by the insurer.
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FIGURE 2. Insurer Gets a Low Signal.

sufficiently low relative to that received by the agent, the income with insurance will

beconle lower than the certainty equivalent

The price of the insurance has increased more than what the agent is willing to accept,

so he drops out. The effect would have been even more pronounced had the agent

received a null signal, Le. not changed his willingness to pay for the insurance.14 This

case is displayed in figure 2.

If, however, the insurer's responsiveness is not sufficiently large, or if the agent

receives a sufficiently low signal, then CEil < Zil and the agent remains insured.

Lapsation follows from signals of new information being asymmetric in a certain

way. The consequences of insurance dropout depend on the quality of new information.

At high signals, agents only lapse the insurance contract if they reduce the assessed

risk level more than the insurer; that is, when the willingness to pay is reduced more

than the insurer reduces the premium. The agents opting out are those believing that

they have lower risk than previously expected. If this belief is correct, lapsation will

lead to problems of adverse selection, since the risks opting out are the good ones.

If the signal is false-and the insurer's assessment is more correct-there will be no

problems of adverse selection.

14 The argument will naturally hold even if the agent receives a high signal and reduces his
willingness to pay.
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At low signals, on the other hand, there is only lapsation if the insurer increases the

assessed risk level more than the agent does. If the insurer's reassessment is correct,

the self-selection out of insurance occurs because the insurer has improved on its risk
classification, which can be viewed as reducing the problems of adverse selection. If,

however, the insurer's signal is erroneous-and the agent's assessment is more correct

the risks opting out are the good ones, thereby aggravating the problem of adverse

selection.

Hence, lapsation will lead to adverse selection, if agents' risk reassessment is more

accurate than that of the insurer, irrespective of whether lapsation follows from high

or low signals.

3.3. Empirical Strategy. When the first two-year contract period lapses, pa

tients who initially bought the insurance must decide on whether to renew their con

tract. If a patient gains from not renewing the contract, UI < UNI, there is some new

information that makes him reconsider his initial decision. This decision is analyzed

with a binary choice model.

If learning is symmetric, the decision to opt out of insurance is not related to signals

of new information; that is, if the insurer gets a signal indicating the risk level of an

agent to be higher than expected, he will raise the agent's premium accordingly. The

agent, in turn, will regard the increase in the premium as fair and does not opt out,
as he receives an equivalent signal. Likewise, if the agent receives a signal indicating

lower risk, his willingness to pay for insurance is reduced. The agent will still not opt

out as the insurance premium is accordingly reduced, while the insurer receives an

equivalent signal. The hypothesis of symmetric updating can be tested by estimating

the following model

(3.3)

where j == I, A and then testing for 91 == O.

If the hypothesis of symmetric learning is rejected, asymmetric updating is studied

by estimating the following model

(3.4)

In the dental insurance setting, the signal received by the insurer is not really pri

vate. It can be deduced by observing the premium changes due to risk reclassification.

These signals are thus public and available to the agents. If an agent believes the in

surer to be guided by new and valid information, he should incorporate this information

and only act on his private information. That is, the decision on whether to opt out
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should not be influenced by premium change, as this change reflects new information

on risk obtained by the insurer. If agents incorporate the insurer's signal in addition

to their private signals, the marginal effects will be II < 0 and 12 == o.
Now, if the agent does not-or only partly-incorporate information obtained by

the insurer, the contracting parts will have disjoint information sets if updating is asym

metric, and the marginal effects will be II < 0 and 12 > o. The two situations where

asymmetric updating lead to lapsation generate the same reduced-form predictions.

When the new information indicates that the agent has a higher risk than expected, he

will opt out if the premium increase is higher than the increase in his willingness-to-pay.

That is, the lower the insurer's signal, conditional on the agent's signal, the greater is

the likelihood of the agent opting out. In the same way, when new information reveals

that the agent has lower risk than expected, the agent opt out if his willingness-to-pay

is reduced more than the premium. That is, the higher the agent's signal, conditional

on the insurers signal, the greater is the likelihood of the agent opting out.

From the reduced form model it is not possible to determine who has the informa

tional advantage, only whether updating is symmetric or not.

4. Results

A first conclusion from the empirical results is that the hypothesis of symmetric

updating is not supported by the data. In modell, table 2, the decision to opt out of

insurance is only regressed on the proxy of the insurer's signal, Le. diff-prem, and not

on the signal received by agents, Le. diff-cost. Dummy variables for each risk group

and previous dental cost are included to control for the information available at the

time of the initial decision to enter the insurance. A gender dummy is included and,

in addition, a fixed effect for each dental clinic to capture the influence of the dentist.

The results show diff-prem to be positive and highly significant. Agents are more likely

to drop out when the insurer increases its assessment of the risk level. Replacing diff

prem by diff-cost in model 2 gives similar results; diff-cost is negative and significant.

Agents receiving a signal of risk being lower than expected are more likely to drop out,

indicating that the premium is not accordingly reduced. Had learning on risk been

symmetric, these signals would not have been significant.

To identify the determinants of selection out from insurance, both diff-prem and

diff-cost are included as explanatory variables in model 3. Both variables are signifi

cant, which rejects the hypothesis that agents deduce the insurer's signal through the

observed risk reclassification, and then append this additional information to their in

formation sets. Instead, agents and insurer have, a least in part, different information

sets. Premium increases, net of private signals, are therefore, at least partly, regarded



4. RESULTS 63

TABLE 2. Probit Estimates of Failure to Renew Insurance, I

Mode'll Model 2 Model 3
Coef t-value Coef t-value Coef t-value

d2 0.237 1.38 0.244 1.43 0.254 1.48
d3 0.508 3.04 0.506 3.05 0.543 3.24
d4 0.549 3.37 0.573 3.54 0.598 3.66
d5 0.578 3.52 0.612 3.74 0.656 3.96
d6 0.598 3.57 0.622 3.71 0.705 4.15
d7 0.554 3.17 0.621 3.52 0.713 3.98
d8 0.858 4.74 0.868 4.72 1.052 5.60
d9 0.908 4.52 0.932 4.54 1.174 5.54
d10 1.241 5.47 1.185 5.10 1.554 6.47
d11 0.982 2.75 0.937 2.69 1.367 3.68
d12 1.279 3.17 1.199 2.91 1.794 4.21
d13 2.506 3.50 1.748 2.29 3.251 4.41
age -0.092 -9.29 -0.092 -9.42 -0.091 -9.11
age sqrt 9.50E-04 8.54 9.91E-04 9.15 9.30E-04 8.30
gender -0.133 -2.68 -0.126 -2.58 -0.139 -2.81
pre. cost -1.49E-04 -3.69 -2.04E-04 -3.83 -3.09E-04 -5.42
diff-prem 5.88E-04 9.87 6.27E-04 10.36
diff-cost -1.03E-04 -2.53 -1.71E-04 -3.97
const. -0.421 -1.34 -0.341 -1.12 -0.391 -1.24
fe clinics Yes Yes Yes
N 5998 5998 5998
LRI 0.161 0.136 0.165
Log L -1590.63 -1636.54 -1582.21

by agents as price increases, rather than fair risk reassessments. The risk reclassification

by dentists is based on specific r-isk indicators within the scope of an oral examination,

and the outcome is available to patients via their dentist. Therefore, it would have
been natural if patients had seen this risk reassessment as legitimate and based on

objective criteria. It is worth noting that the individual dentist is paid a fixed salary
and does not have any stake in the insurance scheme.

This result is consistent with the literature on loss aversion and fairness of pricing,

where the outcomes of transactions are evaluated against a reference point. Kahneman,

Knetsch and Thaler (1986) find that price increases, deviating from the reference price,

that are not justified by increasing costs are perceived as unfair by agents. Increased
risk is an abstract notion, and dentists seem to have problems in communicating why a
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contract may have a higher expected cost. Higher premiums may therefore be viewed

as breaking the reference price for an insurance contract.

The responsiveness to diff-prem is also more than three times as large as to diff

cost. The reason may be that higher premiums represent certain losses, while low

diff-cost represents uncertain gains in risk. The higher responsiveness of diff-prem is

consistent with loss-aversion, where a central aspect is that losses are more salient than

the equivalent gains (Tversky and Kahneman, 1991). The notion of loss-aversion would

also predict that agents are more responsive to raised premiums than to reductions.

Kahneman, Knetsch and Thaler (1991 p.205) write that "[r] esponses to increases and

decreases in price [...] might not always be mirror images of each other". Increases

and decreases in premiums are included as separate variables in model 4, table 3. The

parameter estimate for premium increases is considerably larger than the estimate for

reductions, but the difference does not reach significance (p-value == 0.210).

The responsiveness of new information may differ across risk classes. Different

slopes are therefore allowed for low, medium, and high risk classes, where the four

lowest risk classes are defined as low, classes 5 to 8 as medium, and risk classes 9 to 13

as high. In model 5, table 3, where different slopes are allowed for diff-prem, the effect

of changes in premium does not differ between high and low risk classes. Diff-prem is

positive and significant throughout. The hypothesis of equal slopes cannot be rejected

(p-value == 0.458). Higher premiums are viewed as the same type of price increases,

regardless of premium class. For diff-cost, on the other hand, the effect differs across

risk classes (p-value == 0.031). In low risk classes, high values of diff-cost will reduce

the probability of lapsation more than in high risk classes.

A noteworthy result is that pre-cost-agents' information at the time of the initial

insurance decision-is negative and significant. Lower dental cost prior to purchasing

insurance increases the probability of opting out. This information was available al

ready in the decision to sign-up, and should therefore have no bearing on the decision

to lapse the insurance. The fact that pre-cost is significant indicates that the impact of

new information to the agent accumulates over time. Agents do not seem to take full

account of new signals, as if the cognitive process of updating information is slow.15

Another remarkable result is that the constant ternl is increasing with higher risk

classes; that is, controlling for the effect of both old and new information, agents in

higher risk classes have higher probabilities of opting out. During the period, all risk

classes were subject to a proportional price increase (11 percent between January 1999

and June 2001), which translates into larger out-of-pocket costs for higher risk groups.

15 The hypothesis that pre-cost differs across risk classes cannot be supported by the data, p-value
= 0.589. Results for the unrestricted model are not displayed.



4. RESULTS 65

TABLE 3. Probit Estimates of Failure to Renew Insurance, II

Model 4 Model 5 Model 6
Coef t-value Coef t-value Coef t-value

d2 0.254 1.47 0.253 1.47 0.262 1.52
d3 0.542 3.24 0.542 3.24 0.555 3.31
d4 0.595 3.64 0.599 3.67 0.623 3.79
d5 0.650 3.92 0.647 3.87 0.607 3.62
d6 0.694 4.07 0.697 4.07 0.654 3.80
d7 0.696 3.87 0.703 3.88 0.661 3.63
d8 1.026 5.44 1.047 5.54 0.997 5.25
d9 1.142 5.35 1.197 5.61 1.053 4.84
dlO 1.511 6.23 1.565 6.51 1.436 5.88
dll 1.291 3.44 1.398 3.80 1.234 3.28
d12 1.724 4.02 1.807 4.25 1.642 3.83
d13 2.970 3.82 3.138 4.20 2.995 3.95
age -0.091 -9.12 -0.091 -9.13 -0.091 -9.05
age sqrt 9.32E-04 8.32 9.29E-04 8.29 9.25E-04 8.26
gender -0.139 -2.81 -0.141 -2.84 -0.142 -2.87
pre. cost -3.09E-04 -5.41 -3.11E-04 -5.45 -3.05E-04 -5.40
diff-prem 6.27E-04 10.33
1diff-prem 6.05E-04 3.38
m diff-prem 6.83E-04 8.88
h diff-prem 5.27E-04 5.11
neg diff-prem 4.16E-04 2.37
pos diff-prem 6.63E-04 9.89
diff-cost -1.73E-04 -4.00 -1.74E-04 -4.03
1diff-cost -3.77E-04 -3.99
m diff-cost -1.72E-04 -3.47
h diff-cost -1.01E-04 -1.67
const. -0.398 -1.26 -0.368 -1.17 -0.365 -1.15
fe clinics
N 5998 5998 5998
LRI 0.165 0.165 0.167
Log L -1581.44 -1581.43 -1578.73

One interpretation can thus be that patients are more sensitive to larger nominal

premium increases, being liquidity constrained.

The probability of opting out of insurance is reduced with higher age, the interpre

tation of which is ambiguous. It can be that age contains information on changes in

risk that is neither captured in the risk classification nor in past dental consumption.



66 INFORMATION UPDATING AND INSURANCE DROPOUT

It can also be the case that the propensity to insure risk increases with age. Moreover,

men are less likely to opt out than women.

TABLE 4. Mean Profit by Renewal Status

Profit
N Mean Stdv. Min Max

Opt out No 5422 68 663 -7473 3584
Yes 575 145 708 -4218 3408

TABLE 5. Mean Premium Change by Renewal Status

Diff-prem
N Mean Std. Dev. Min Max

Opt out No
Yes

5422 60 348 -3801 3570
575 241 592 -2237 3160

TABLE 6. Mean Profit by Risk Reclassification

Profit
N Mean Std. Dev. Min Max

Diff-prem neg 697 229 746 -4343 3408
0 3607 132 603 -7473 3584
pos 1693 -109 725 -5268 2716

The results can also be captured by depicting the typical patient lapsing the insur

ance. Table 4 report that the National Dental Service in Varmland made larger profits

on those patients that opt out,16 which implies that, on average, patients opting out

have lower dental cost than their peers in the same risk class. Patients who opt out also

received higher average premium increases, as seen in table 5. However, considering

all patients receiving higher premiums, in table 6, it is seen that the profit on these

agents is negative. For patients remaining in the same risk class, the profit is positive,

and it is positive and still higher for patients reclassified into a lower risk class. Hence,

16 The profit for each patient is calculated by subtracting the cost of his dental care (within the
contract) from the revenue he generates. The revenue consists of the premium paid by the patient, plus
a lump-sum of 200 SEK from the Public Insurance Office (F5rsa.kringskassan). This sum corresponds
to the average reimbursement from the public dental insurance scheme, covering all adults in Sweden
(see section 2). It is paid out to induce neutrality towards patients outside the private dental insurance.



5. DISCUSSION 67

patients upgraded to a higher risk class are, on average, those having generated losses

to the dental service, but there is a large variability.

The National Dental Service is reassessing patients' risk level on basis of certain risk

indicators. These indicators do not only pick up information contained in dental cost,

so some patients receiving higher premiums actually had a lower dental cost relative to

their peers in the same risk class. The typical patient leaving the insurance is someone

generating profit and still receiving a higher premium. Whether lapsation is due to

an adverse selection process depends on who is making the best assessment on future

risk. If the risk indicators go wrong for this group, there is adverse selection, but if the

indicators actually pick up new risk not contained within realized dental consumption,

there is a communication problem between dentist and patient.

5. Discussion

There are many reasons for way agents may fail to renew their insurances. The aim

here is to analyze how the decision is affected by new information on risk. Asymmetric

updating of information may lead agents' to terminate their insurance. In the context

of a private dental insurance, proxies for new information are related to the decision

to opt out. Due to the set up of the insurance, past dental cost can be used as a proxy

for private information. A potential problem of using dental cost within the insurance

to capture new information, is that agents with a skill to extract services would be

more likely to remain in the insurance. These agents would have an unexpectedly high

dental consumption, without necessarily having a higher risk. Still, it is a signal of

higher future dental care consumption.

The results show that patients respond to economic circumstances in the decision

on whether to leave the insurance. Patients are more prone to opt out when reclassified

into higher premium classes, or when they have an unexpectedly low dental consump

tion. They are more responsive to higher premiums than to reduced expected costs.

If updating is symmetric, patients will not respond to a higher premium since it

will be regarded as a fair assessment of increased risk. The results indicate updating

on dental risk to be asymmetric, leading to partly different information sets. New

information obtained by the insurer can be deduced by observing premium changes,

but patients do not fully incorporate this public information. They tend to view

higher premiums as a higher price on insurance contracts, rather than as a fair risk

reassessment. The results are consistent with the idea of loss-aversion and fairness in

pricing. Agents also partly base their decision on old information, indicating that the

processing of new information is slow.
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The consequences of asymmetric updating depend on which of the contracting

parts has the advantage in updating. Within the present data, the question of whether

lapsation is due to a process of adverse selection cannot be determined. It can only be

noted that the risk assessment system used by the National Dental Service in Varmland

does about 50 percent better in predicting future dental cost, than do past dental costs.

Nonetheless, past dental consumption captures some parts of the variation in future

dental cost not captured by the risk classification. It has been stressed that individual
dentists have no private stake in the insurance, and are therefore objective in their risk

assessment. Still, it might be suspected that upgrading patients to higher risk classes

can be a way for dental clinics of recovering losses. No clear relation can, however,

be found between the fraction of patients upgraded at each clinic and its profit from

the insurance. Hence, there is no indication of the use of risk reassessment being

discretionary.
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PAPER 3

Does Moral Hazard Have a Bite?

ABSTRACT. Would you go to the dentist more often if it were free? Many people feel
discomfort, maybe even anxiety, when going to the dentist. Only a limited extent of
moral hazard would therefore be expected in a private dental insurance, especially
if the access to services is restricted by a managed care feature. The challenge of
assessing the bite of moral hazard is to separate it from adverse selection, since agents
act on private and generally unobservable information. Micro data is here used to
analyze the impact of a private dental insurance natural experiment launched in 1999
on the utilization of dental care. Data is available both for patients selecting into the
insurance and patients choosing not to opt in. Dental consumption can be observed
for each patient both before and after the insurance was launched. The set-up of
the insurance scheme makes it possible to observe a proxy for private information.
With the available data, the treatment effect of the insurance can be separated from
self-selection, using propensity score matching, OLS and IV estimators. The effect
is assessed using both difference-in-differences and cross-sectional estimations. The
estimated moral hazard effect on total dental costs is large; 51-84 percent depending
on the estimator.

1. Introduction

The presence of asymmetric information is a large potential problem in insurance

markets, especially when insuring health risks. If insurers cannot observe agents' be

havior, insurance contracts may lead to moral hazard. The access to private inforn1a

tion gives agents an opportunity to opportunistic behavior. When an agent takes out

an insurance contract, his incentives for precautionary activities are reduced, thereby

increasing the risk level accordingly. In health insurances, there is also an important
ex-post moral hazard effect, as suggested by Pauly (1968). Insurance coverage reduces

the marginal price of services, so that an agent will demand more comprehensive care

than a priori agreed upon, once he becomes ill.

Whether moral hazard is a problem depends on the extent of asymmetric infor

mation, Le. whether agents act on informational asymmetries, and on managed care

o This paper has benefited from discussions with and comments by Magnus Johannesson, Michael
Lechner, Douglas Lundin, and seminar participants at Stockholm School of Economics. Per Johansson,
Jeff Smith and Niklas Zethraeus have made suggestions on the estimations. I am grateful to the
National Dental Service in Varmland, Sweden, especially to Jorgen Paulander, for providing data and
odontological expertise, and to Ann-Britt Emilsson for generously answering questions on registration
practices. All remaining cavities in the analysis are mine. Financial support from Finanspolitiska
Forskningsinstitutet is gratefully acknowledged.
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features used to counteract the problem. Ultimately, this is an empirical question that

must be evaluated.

Assessing the presence of moral hazard in an insurance setting can be characterized

as a program evaluation problem, with treatment referring to participation in the

insurance scheme evaluated. Participation in the program is not random, but the

result of a self-selection process giving rise to a potential endogeneity problem. Adverse

selection gives a theoretical understanding of the endogeneity. Contract theory thus

suggests that both the treatnlent-effect of insurance coverage and the selection bias

come from the same source, i.e. asymmetric information. Thus, agents taking out

a health insurance policy may have higher health care expenditures because of moral

hazard but, at the same time, agents with high risk are more likely to buy an insurance,

due to adverse selection. The methodological problem in the empirical literature on

asymmetric information is to determine causality, Le. the selection problem needs to

be resolved to obtain unbiased estimates of the moral hazard effect. The fundamental

problem is that the private information on which agents act, is generally unobservable

to the researcher. A second problem is that micro data usually comes from insurance

records and only covers treated agents from the time they enter the program, thus

making the construction of a counterfactual difficult.

The purpose of the paper is to evaluate the moral hazard effect of a private dental

insurance scheme introduced in 1999 by the National Dental Service! in Varmland,

Sweden. The introduction of the dental insurance was unexpected from the patients'

perspective and constitutes a natural experiment, which creates an ideal setting for

studying moral hazard. The available data is sufficiently rich to overcome the selection

problem. It offers two different strategies to approach selection in estimating the moral

hazard effect. Using a difference-in-differences approach, the potential selection is

netted out, and having access to a proxy for private information, the source of selection

can be directly controlled for in cross-sectional estimations. The treatment effect is

estimated with nearest neighbor propensity score matching and OLS. IVestinlates are

also provided in the event of there being remaining endogeneity.

Data can be observed for both treated and nontreated agents. Moreover, the dental

consumption of each patient can be observed within the program and during a pre

program period. This panel feature makes it possible to use a difference-in-differences

estimator to construct the counterfactual. Due to the set-up of the insurance scheme,

a proxy for private information on dental risk can be found. Having access to private

information on dental risk makes it possible to correct for selection using a matching

estimator on the cross section in the program period. There is a large variation in

! Folktandvarden.
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patients' inclination to purchase insurance across dentists. Dentists' attitudes seem to

be a major influence in the decision to buy insurance. If these attitudes are independent

of treatment styles and dental consumption, the variation in the share of policyholders

across dentists can be used as an instrument.

In spite of the methodological problems, there is some unequivocal evidence of

moral hazard in health care insurance. The Rand Health Insurance Study, where

agents were randomized into different health plans, provides experimental evidence

of lower deductibles being associated with higher health care consumption (Manning,

Newhouse, Duan, Keeler, Leibowitz, and Marquis, 1987). The Rand Health Insurance

Study also ran a dental insurance experiment, where utilization rose significantly with

the generosity of the dental plan. Manning, Benjamin, Bailit, and Newhouse (1985)

report that agents with full dental coverage had 34 percent more visits, and 46 percent

higher dental expenditures, than enrollees in the plan with a 95 percent deductible.2

Cardon and Hendel (2001) find evidence of moral hazard in the market for employer

provided health insurance. They use a quasi-natural experiment to separate adverse

selection from moral hazard by noting that employees can choose a contract from a

menu of insurance policies, where the menu differs across employers. Recent work has

also used IV to solve the endogeneity problem, e.g. Savage and Wright (2003) and Meer

and Rosen (2003). The generic problem with an IV-approach is whether the instrument

identifies a relevant Local Average Treatment Effect (LATE), see Heckman, Tobias and

Vytacil (2001).

Managed care administration can partly be viewed as a cost containment mech

anism for medical care, but the evidence is mixed. Baker and Brown (1999), and

Cutler, McClellan and Newhouse (2000) find evidence of managed care cutting the

medical cost without having an adverse effect on outcomes, Goldman (1985), on the

other hand, finds no such evidence.

The next section describes the empirical setting of the dental insurance natural

experiment and the data. Section three discusses the methodology used to assess

the moral hazard effect, controlling for selection bias. Results of the estimations are

presented in section four, and are then followed by a concluding discussion.

2. Empirical Setting

The public dental insurance in Sweden, covering all individuals from the year they

turn 20, has become less generous over time. A gradual decrease in the level of subsidy

and the introduction of a linear coverage have made individuals more exposed to the

risk of high dental care costs.

2 Participants in the experiment were given lump-sum transfers to cancel out income effects.
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2.1. Dental Insurance Natural Experiment. In January 1999, the National

Dental Service in Varmland, Sweden, introduced a private dental insurance. All its

patients were offered to subscribe to dental care; that is, at a fixed annual fee, a
subscription contract provides free dental services during a two-year contract period,

and the subscription can be renewed when the contract period expires. Even though

the term insurance is not explicitly used for political reasons, the subscription is, in

effect, a full-coverage private dental insurance provided by a public monopolist.

A key idea with this private insurance scheme was also to reduce dental costs by
substituting reparatory treatment for preventive services, and services provided by less
expensive staff categories. When an agent signs up for the insurance, he accepts to

comply with a prevention program, provided by dental hygienists, to counteract ex

ante moral hazard. Access to dental care, within the insurance, is also restricted and

provided on the basis of odontological needs, in order to reduce ex-post moral hazard.

An interesting feature of this insurance is that it was offered to a whole population

of patients who, prior to 1999, was not able to insure against the risk of high dental

costs. The introduction of the insurance was unexpected fronl the patients' perspective,
and did only reach the general public in August 1998. Officials in Varmland also state

that the opportunity for insurance is mainly brought to the individuals' attention by

the dentist during check-up visits. Dental health, and dental consumption prior to

1999, is therefore exogenous to the insurance choice in 1999. The introduction of the

dental insurance in Varmland thus constitutes a natural experiment.

The subscription fee is set after an oral examination of the patient, which evaluates

dental risk in four dimensions (general risk, technical risk, caries risk, and parodental

risk) and for each dimension, there are 6 to 8 risk indicators, where each indicator is
gauged on a four-graded scale. The risk indicators for each dimension are summed

up, and patients are clustered into one of 16 risk classes based on the sum of these

scores. Contracts are then priced according to risk class, with the annual prices in 1999

ranging from 295 SEK (32 EURO) for the lowest risk class to 11000 SEK (1200 EURO)

for the highest. The dental service in Varmland only uses these risk indicators when

assessing risk, and does not take realized dental costs explicitly into account. It is also

inlportant to note that dentists within the National Dental Service are employed with

a fixed salary and have no direct private economic interest in the insurance.
The risk classification is not only used to price subscription contracts, but is also

used by the dental service in Varmland as an assessment instrument to track the

dental status of the population. In 1999, around 60 percent of all patients registered

with the National Dental Service in Varmland had a valid risk classification, and thus
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the opportunity to purchase an insurance. About 23 percent of these patients-roughly

7,000 individuals-purchased a dental subscription contract in 1999.

The main dental problem, caries, can be characterized as a life-long infectious

disease. Caries arises when bacteria on the teeth produce acid, gradually dissolving

the enamel on the surface of the teeth. Eventually, this may result in a cavity; that is,

the bacteria will penetrate the tooth and cause inflammation in the pulp. Every time

we eat something, the harmful acid is produced and will be active for around half an

hour.

If a person has a history of prior caries, he will have a larger probability of getting

new problems. Bacteria will grow more easily if the enamel has already been coarsened

by prior caries, or grow in the seam between a prior filling and the tooth. Moreover, a

filled tooth will need future maintenance or replacement, and will also be more fragile.

Past dental consumption is therefore a good measure of dental risk, and a predictor of

future costs. Consequently, the consumption of dental care has been observed to be

highly correlated over time; see, for example, Powell (1998).

If agents in Varmland have private information about their dental risk, this could

consequently be proxied with past dental consumption, since the National Dental Ser

vice does not explicitly use realized dental costs in its risk assessment. Even if patients

are clustered into 16 risk classes, there is still heterogeneity among patients within

each risk class. Given that patients are knowledgeable about their own dental risk,

information asymmetries can be measured using the past dental consumption. Hence,

the impact of asymmetric information in the decision to purchase insurance can be

observed. More specifically, dental cost in the two years preceding the offer to buy

insurance is used as a proxy for private information. Table 1 shows that the past con

sumption of dental care, measured in terms of costs, rises with higher risk classes. The

variability in past dental cost is large within each risk class, which indicates that there

is scope for private information not accounted for by the risk classification.

A validity test of the proxy for private information has been performed only using

patients without insurance coverage (n==36 241). For this group, dental costs for the
three years 1999 to 2001 are regressed on dental costs during the three preceding years

(1996 to 1998) and on dummy variables for each risk class; for details see Gronqvist
(2004a).3 Past dental costs alone explain 12 percent of the variation in dental costs

during the subsequent period, while risk classes explain 17 percent of the variation.

When both past· dental costs and risk classes are used as regressors, 21 percent of the

variation in dental costs 1999 to 2001 are explained. Hence, a large part, but not all,

3 The reason for restricting the validity test to this group is that dental care within the insurance
may be guided by clinical guidelines related to risk classes, thus generating a spurious relation.
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of the information contained in past dental consumption is also captured by the risk

classification system. There is still scope for private information on which to act. Past

dental consumption captures an additional 20 percent of the variation in future dental

cost not captured by the risk classification system.

2.2. Data. Data comes from an administrative database on dental care. The

sample consists of those patients who, in 1999, were given an offer to subscribe to

dental care, and where a date for the offer can be determined.4 Patients need to be

registered with the National Dental Service in Varmland during the period 1997-2001,

so that their consumption of dental care can be observed during a two-year period both

before and after the offer.

The sample consists of 19407 patients of whom 33 percent, or 6400 individuals,

chose to purchase an insurance contract. Table 1 shows that policyholders are mainly

clustered in the low and middle risk classes, with 90 percent of the policyholders be

longing to the eight lowest risk classes. None of the policyholders in the sample belong

to any of the three top risk classes, and they are therefore excluded from the analysis.

In every risk class, policyholders have higher dental costs in the program period than

in the pre-program period. This gives a first indication of moral hazard using only a

simple before-after comparison.

Previous Cost is the dental costs during the two-year period immediately preceding

the insurance offer.5 Post Cost is the dental costs during the two-year period following

the insurance offer.6 The total cost for dental care can also be decomposed into eight

4 To compare dental costs for participants and non-participants during the contract period, a
shadow contract period needs to be constructed for non-participants. A date for the insurance offer
must therefore be identified. For participants, it is easy to see when the offer was made by considering
when the contract starts. For non-participants, the date of the insurance offer is set to the date of
the (first) check-up visit during 1999. Offers to buy contracts are often made by the dentist during a
check-up visit. Agents without check-up visits in 1999 are excluded from the sample, since a definite
date for the offer in 1999 cannot be determined.

5 It is calculated applying gross prices to each specific procedure chargeable to patients, Le. the
amount charged by the National Dental Service.

6 For patients without insurance, each specific dental procedure is registered in the program period,
just as in the pre-program period. For patients with insurance, however, each specific procedure is not
registered. Instead, dental care is registered within broader groups of procedures, and as time usage
by staff category (dentist, hygienist, nurse). Hence, the registration of dental care is not directly
comparable for patients with and without a contract. However, for about a third of all services,
the specific procedure and time usage are registered for policyholders, roughly 24 000 registrations.
Expected time usage can thus be calculated for each specific procedure, thereby creating a key. Under
the assumption that the treatment style for any specific procedure does not differ between policyholders
and non-policyholders, this key can be used to calculate time usage for the services consumed by non
policy holders. As dental consumption is expressed in time for both groups, the groups are comparable.
Post Cost is then calculated by summing the time usage using the National Dental Service's time tariff.
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TABLE 1. Insurance Status and Dental Cost by Risk Class

Risk class N Pre. Cost Post Cost
Insur. No insur. Insur. No insur. Insur. No insur.

All 6400 13007 1360 1659 2297 1803

1 123 152 359 488 1000 816
2 428 327 454 558 1024 810
3 492 466 579 604 1242 895
4 925 1113 682 739 1434 1025
5 1000 1364 976 914 1823 1227
6 1016 1555 1254 1122 2160 1395
7 966 1814 1593 1568 2735 1707
8 808 2215 2250 1804 3213 1919
9 363 1581 2603 2226 4178 2332
10 189 1129 3394 2628 4543 2513
11 53 773 3684 2800 5787 2783
12 30 369 4474 3064 6962 3040
13 7 149 3864 4053 7931 3517

groups of procedures, Examination, Prevention, Surgical procedures, Endo-surgical pro

cedures, Preservatory treatment, Fixed dentures, Removable dentures, and Acute visits.

The data also includes information on patients' age and gender, and a dummy vari

able for each of the 43 clinics. A patient's inclination to purchase insurance is highly

influenced by his dentist's attitudes. The differences in attitudes across dentists are

captured through each Dentist's share of patients having an insurance contract. De

scriptive statistics are reported in table 6 in the Appendix.

As a validity test, the utilization of dental care is also measured as visits. Since

different types of visits are not comparable from a resource perspective, visits will be

analyzed separately for each of the eight groups of decomposed procedures; see table 8

in the Appendix for descriptive statistics on visits.

3. Empirical Strategy

At any point in time, an agent can only be observed in one state, Le. with or

without insurance. Thus, in the program period, t + 1, the dental consumption of

policyholders cannot be observed in the non-insurance state, Le. YOt+llD == 1 in

figure 1. A policyholder must therefore be compared to a person without coverage,

possibly himself. The problem in evaluating moral hazard using non-experimental

From 1999, there is no explicit time tariff for hygienist and nurse services. These are calculated as
fractions of the time tariff for dentists using the price list 1995-1998 as a key.
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FIGURE 1. Program Evaluation Model.

data is that agents purchasing insurance are generally different from those choosing to
remain outside, thus making it easy to confound moral hazard with adverse selection.

In terms of figure 1, dental consumption for patients without insurance, YOt+l\D = 0, is
not comparable to the utilization policyholders would have outside coverage, YOt+l1D ==
1. An appropriate counterfactual is therefore needed to evaluate the impact of the
insurance.

The moral hazard effect of dental coverage will be estimates using both difference

in-differences and cross-sectional identification. Both strategies are implemented with

propensity score matching, OL8 and IV.

3.1. Difference-in-Differences Model.
3.1.1. Constructing a Counterfactual. One way of studying the treatment effect is

to analyze how dental consumption changes as an individual enters the insurance. By

observing the same agent over time, and in two states, the pre-program period could

be used as a counterfactual. In order to identify moral hazard, the non-treatment

outcome must be the same in both periods. Any difference in outcome would then

be attributable to moral hazard. The problem, however, is that dental health deteri

orates continuously with age. An agent's expected dental care utilization is therefore
increasing over time, implying a trend component

(3.1) E (YOtID == 1) < E (YOt+lID = 1) ,
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where YOj is the non-treatment outcome in period j and D == 1(== 0) indicates program

(non-)participation. For any individual, the expected dental care in the non-treatment

state will therefore not be the same before and after the program. Hence, a before

after model is not a good candidate, since the trend component generates bias, and

any potential moral hazard would be overestimated.7

The differences in cost levels across periods can be corrected using information

from non-participants. Since non-participants are observed in the non-treated state in

both periods, the trend can be identified. The identifying assumption is that the mean

difference in non-treatment outcome is the same for the two groups

(3.2) E (YOt+l - YOtl D == 1) == E (YOt+l - YOtlD == 0) .

With adequate panel data and given equation 3.2, the treatment effect on the treated

can be estimated with the difference-in-differences model by taking the mean differ

ence of the program and pre-program period outcome between participants and non

participants.

(3.3) E (Yit+l - YOt+l1D == 1) == E (Yit+l - YOtl D == 1) - E (YOt+l - YOtlD == 0) .

3.1.2. Econometric Specification. Dental health may not deteriorate at the same

rate for policyholders and non-policyholders. Agents with a rapid decline in dental

status, Le. a steeper trend, may be more inclined to purchase dental insurance.

Given that caries can be characterized as a deteriorating lifelong infectious disease

and that the propensity for teeth loosening increases with age, the trend in dental care

utilization will be related to current dental health. A dummy variable for each risk

class is used to control for trend differences. Age and age squared are included as a

covariates to capture variations in dental health not captured by the risk classification

system. Older agents in a certain risk class may have a steeper expected trend than

their younger peers. Gender and age may capture social-economic and behavioral

differences. The inclination to purchase insurance varies a good deal across clinics and

a dummy variable for each clinic is included to capture potential differences in praxis

style.

Assuming any difference in trend between treated and non-treated agents to be

attributable to the observed variables X, the trend is independent of insurance status

conditional on the covariates

(3.4)

7 Moreover, dental costs are calculated differently in the program and the pre-program period,
which would possibly introduce a shift in the measured cost level similar to a trend component.
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and the moral hazard effect on the treated can be estinlated with difference-in-differences.

Any adverse selection in cost level is netted out by taking differences, and any potential

selection on trends is assumed to be based on observables.

The main analysis is carried out on differences in dental costs before and after the

two-year contract period. As a validity test, the model is also estimated on differences

in the number of visits. Since different types of visits are not comparable from a

resource perspective, this specification is only estimated for the decomposed groups of

services.

3.2. Cross-Section Model.
3.2.1. Counterfactual. Using non-treated agents in the program period is another

way of finding a counterfactual. The cross-sectional model is identified if the non

treatment outcome is the same for both participants and non-participants. The prob

lem is that agents with private information of high risk are more likely to purchase

insurance, thereby implying that policyholders are not directly comparable to agents

without coverage, see figure 1.

Even analyzing the presence of asymmetric information poses a problem as agents

act on private information, generally not observable to the researcher. Chiappori and

Salanie (2000) suggest a general framework for testing the presence of asymmetric

information. The outcome of the insurance Y, e.g. health expenditures, is modelled as

a function of X; observable risk factors and personal characteristics. The decision to

purchase insurance D is also a function of observable risk factors X, determining the

price

(3.5)

(3.6)

Y == f(X) +c

D == 1[g(X) + 1] > 0].

Conditional on all information available to the insurer X, asymmetric information

implies cov (c, 1]) > o. The causal direction in this relation is not known from this

test, only the presence of asymmetric information. It is stressed that the X-vector

must exhaust all information used by the insurer, so as to avoid a spurious relation in

cov (c, 1]).8

In order to identify the moral hazard effect, selection on unobservables must be

eliminated. Now, contract theory gives that the unobserved component determining

selection is private information on risk, P, which is also an unobservable variable in the

8 Dionne, Gourieroux and Vanesse (2001) point out that restrictive functional forms in equations
(3.5) and (3.6) can result in a spurious covariance, thereby falsely indicating the presence of asymmetric
information. Chiappori and Salanie (2000) suggest that the covariance should be estimated non
parametrically.
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outcome equation. Appending P to X in equations (3.5) and (3.6) would thus eliminate

the unobserved selection so that any remaining dependence, cov (e, 'TJ) > 0, would be

due to moral hazard. Hence, if private information on dental risk, P, were available to

the researcher, the moral hazard effect could be estimated in a cross-sectional setting.

To identify the treatment effect, all information jointly affecting outcome and selection

must be controlled for.

3.2.2. Econometric Specification. The dental insurance natural experiment in Varm

land provides a proxy for private information. With access to private, P, and public

information on dental risk, X, any influence of selection can be eliminated. Conditional

on P and X, the difference in outcome between the insurance and the non-insurance

state is independent of treatment

(3.7) (Yit+l, YOt+l) II D I X, P.

Since the distributions of X and P are different in the subpopulations of policyholders

and non-policyholders (see tables 10 and 11), the cross-sectional model will identify

the average treatment effect of insurance coverage for those treated.

The X-vector contains public information on risk and individual-specific character

istics. A dummy variable for each risk class is used to capture the assessed risk level,

Le. the public information on risk used to price the insurance contracts. Treatment

styles may vary across dental clinics due to praxis variation, as do agents' inclination

to purchase insurance. A dummy variable for each clinic is therefore used.

The P-vector of private information contains dental care consumption during the

two-year period preceding the self-selection decision. Gronqvist (2003a) finds that the

impact of past dental consumption on the decision to buy insurance varies across risk

classes. To capture this heterogeneity in response to private information, a separate

variable is used for each risk class. To this end, an interaction variable, Dummy

risk class g * Previous costs, is included for each risk class 9 == 1,2, ... , 13. Age and

gender are also included in P to pick up private information in excess of past dental

consumption.

The outcome variable, Yt+l, denotes dental cost during the two years following

the offer to buy insurance, Le. the program period. Cross-sectional estimates are also

provided on dental visits in each of the eight decomposed groups of services as a validity

test.

3.3. Matching Estimation. The difference-in-differences and cross-section mod

els are implemented with a one-to-one nearest neighbor propensity score matching

estimator and OLS.
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The idea with propensity score matching is to gauge the dental care utilization of
a policy holder against that of an otherwise comparable person without insurance.

Matching rests on the conditional independence assumptions (CIA), equations (3.4)
and (3.7). They state that conditional on the variables jointly affecting selection, X

and X and P, respectively, the potential outcomes are independent of treatment status.
This means that all selection on observables is removed, making the sample random

conditional on the confounding factors. Hence, for agents with the same covariates,
the difference in outcome due to insurance status is solely attributable to moral hazard

(See Heckman, Lalonde and Smith, 1999).

To reduce the dimensionality of the heterogeneity in covariates, agents are matched
on basis of propensity scores, s(x), Le. the probability of treatment conditional on

the covariates. Rosenbaum and Rubin (1983) showed that given that the CIA and the
common support property9 hold, conditioning on s(X) is equivalent to conditioning

on the full X-vector. Matching on propensity scores, s(X) instead of X facilitates the

implementation of matching.

The matching protocol is implemented as follows. A probit estimate is first used

to calculate propensity scores for both treated and non-treated agents. Each treated

agent i is then matched to the agent j with the closest propensity score in the non
treated sub-sample. As agents i and j are comparable in all relevant aspects specified

by the covariates, any remaining difference in outcome is attributable to treatment, Le.
moral hazard. Each control unit can be used to construct more than one match.10

To contrast propensity score matching, the difference-in-differences and cross- sec

tional models are also estimated with OLS. With OLS the identification of the moral

hazard effect also depends on the CIA, equations (3.4) and (3.7); that is, all variables
affecting selection being observable. In the cross-sectional estimation on dental visits,

the outcome variable constitutes count data and is instead implemented with a Poisson

QML model (Wooldridge, 2002 p. 648)

3.4. Instrumental Variable Estimation. The moral hazard effect of insurance

coverage is identified with matching if all relevant variables determining selection are

included in the analysis. Now, if P does not capture all private information in the

cross-sectional setting, or if X does not capture variation in the trend, then the CIA

conditions, equations (3.4) and (3.7), will not hold. With selection on unobserved

variables not captured by the data, the matching estimator will produce biased results.

9 The common support property states that there are both treated and untreated agents in each
neighborhood satisfying the CIA, formally 0 < Pr(D = 1) < 1.

10 The matching protocol is implemented in STATA 7 with the PSMATCH27 routine by Leuven
and Sinanesi (2004).



3. EMPIRICAL STRATEGY 83

Selection on unobservables can be characterized as endogeneity, E (cID) =1= 0 in a

regression framework Y = f (1, D, c), where c is the error term and 1 the observable

risk. In the cross-sectional model I == (X, P) and Y == Yt+l, and in the difference

in-differences model, 1 == X and Y = (Yt+l - Yt). The endogeneity problem can be
solved by instrumenting for insurance status, balancing out the bias in the sample.

To implement IV, a good and valid instrument, Z, is needed; that is, the instrument

must be a good predictor of D and independent of the error in the outcome equation,

E(cI1, D, Z) == E(cI1, D).
Each patient within the National Dental Service is registered with a specific den

tist providing all basic dental care, and the process of being allocated to a dentist is

essentially random. Few individuals change dentists within the National Dental Ser

vice unless they move. Still, the inclination to purchase insurance varies substantially

across dentists. This variation must therefore reflect the attitudes of the attending

dentist towards the insurance. 11 Attitudes to whether the National Dental Service

should run a private insurance scheme rather than just act as a public provider of den

tal care are likely to vary. In Sweden, there is little, if any, experience of private health

insurance schemes, and the notion of private insurances in the health care sector is,

to put it mildly, highly controversial. Given a certain conformity in treatment styles

within each clinic, the attitudes of dentists will not have any direct effect on dental

care utilization. To capture the variation in attitudes, each dentist's share of patients

with insurance is used as an instrument. The validity of the instrument relies on the

assumption that the dentist's share of policyholders does not have any direct influence

on dental care utilization, after controlling for 1, that is, after controlling for observed

dental risk and praxis variation at the clinic level. This assumption implicitly rules out

that dentists with a taste for costly services would be prone to market the insurance

to their patients.

The dentist's share of policyholders is a good instrument. A probit of the decision

to purchase insurance, D == 1[9(1, Z) + 'f} > 0], shows that the instrument has a strong

influence on the decision, after controlling for 1, i.e. controlling for observed dental

risk and variation in the inclination of insurance at the clinic level. In an LR-test, the

hypothesis that Z does not have any additional influence on D is strongly rejected:

the X2 (1)-statistic is 467 and 468, respectively, for the difference-in-differences and

cross-sectional model, giving p-values<O.OOl.

When dental visits are analyzed in the cross-sectional setting, IV must be imple

mented in count data. The problem here is that the unobserved heterogeneity, 8, in

11 Dentists within the National Dental Service are employed with a fixed salary, and have no private
stake in the insurance.
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count models enters linearly in the data-generating process, exp (I' j3 + D' 'Y + e) + c.

The standard nonlinear IV estimators, e.g. GMM, are not consistent in this case, as

they assume the unobserved heterogeneity to be additively separable from the paramet

ric structural model (Mullahy, 1997). To this end, Mullahy (1997) suggests consistent

GMM estimation based on a transformation of the residual function, while Wooldridge

(2002 pp. 663-666) suggests an alternative two-stage Poisson QML approach. Both

these estimators are implemented.12 Wooldrige also suggests an endogeneity test based

on the two-stage Poisson QML estimates.

3.5. Sensitivity Analysis.

3.5.1. Balancing Scores. The idea with propensity score matching is to remove

the imbalance in covariates by matching each insured patient to her peer outside the

insurance with the closest propensity score, that is, to select a group of patients among

the non-policyholders so that the distribution of covariates is similar for the two groups.

The propensity score reduces the heterogeneity of the observed covariates into one

dimension, and for matching to be successful, the distribution of propensity scores

needs to be similar. Figure 2 shows the unmatched distributions of propensity scores

to be strikingly different for both difference-in-differences and cross-sectional estimates,

indicating selection on the observables. After matching, however, the distributions are

all but identical.

The subsequent question is whether the balanced propensity scores also reduce the

imbalance of the underlying covariates. Tables 10 and 11 in the Appendix report diag

nostics suggested by Rosenbaum and Rubin (1985); percentage bias reduction and two

different t-tests for imbalance.13 For most covariates, the imbalance is substantially

reduced and statistically insignificant, but for some variables, there are still remaining

differences. Policyholders in the unmatched sample are almost eight years younger

than non-policyholders. After matching, the difference is reduced to about half a

year in both the difference-in-differences and the cross-sectional estimates. While the

difference has become substantially smaller, it is still statistically significant. Further

more, the proportion of patients allocated to each risk class and clinic is not com

pletely balanced in all cases. Evidence suggests an imbalance for three risk class in the

difference-in-differences estimates, and for four and eleven clinics in the cross-sectional

12 The transformed GMM estimation suggested by Mullahy (1997) is implemented with the ExpEnd
Gauss routine provided by Windmeijer (2002).

13 The percent reduction in bias for a covariate is 100(1 - bMjbI ), where bI and bM are the initial
and matched differences in covariate means, respectively. The two-sample t-statistic compare if the
distributions of the covariates in the treated and matched control groups have the same mean, while
the paired t-statistics looks for systematic matched pair differences.



3. EMPIRICAL STRATEGY 85

0°00°°0

0° °0
00000000000°0

00

000

PropenSnyScore
Unmatched

.5
PropensilyScore

Matched

Difference in Differences

PropenSity Score
Matched

Cross Section

FIGURE 2. Gaussian Kernal Density Distribution of Propensity Scores

Before and Mter Matching.

Note: Top panels display unmatched densites of propensity scores for policy
holders and non policyholders, while the lowest panels display matched densites.
Left-hand panels are difference-in-differences estimates and right-hand panels
are cross-sectional estimates.

and difference-in-differences estimates, respectively. There is bound to be some re

maining imbalance, given the number of categorical variables. For the cross-sectional

estimates, there is also evidence of some remaining imbalance in previous costs for

three of the risk classes. Previous costs are balanced at the aggregate level, however.

3.5.2. Validity of the Instrument. The identifying assumption in IV estimation is

that the instrument is valid, which here implies that dentists' share of policyholders

must be independent of dental costs, conditional on I and D.

The validity of an instrument is essentially an untestable assumption. In this set

ting, however, it is possible to perform a test based on the natural experiment feature

of the dental insurance. It is possible to test whether dentists with a large share of pol

icyholders carried out more expensive dental care before the insurance was launched.

Dental care utilization before the insurance was introduced is exogenous to the later

insurance status, as the introduction constitutes a natural experiment. The validity

test depends on treatment styles being constant over time.
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TABLE 2. Validity Test of the Instrument

Modell Model 2

Coef. p-value Coef. p-value

Pre. Cost

Constant -781 0.009 -840 0.005

Dent. Share 67.1 0.782

Dent. Share, alt. spec. 401 0.038

Age 53.4 <0.001 53.3 <0.001

Age2 -0.476 <0.001 -0.475 <0.001
Gender -108 <0.001 -109 <0.001

FE risk class Yes Yes

FE clinics Yes Yes

N 19407 19407

Adj. R2 0.146 0.146

The validity of the instrument is tested by regressing Previous Cost on Dentist's

Share, controlling for risk classification, age, gender and praxis variation at the clinic

level. Table 2 report that dentists' share of policyholders is not related to dental costs

prior to the insurance, indicating that it is a valid instrument.

The instrument, dentist's share, is defined as the number of policyholders among

all risk classified patients registered with the National Dental Service in Varmland

(n=49 617). About 40 percent of these patients were, however, not given the option

to insure dental costs. If there are exogenous reasons why some patients were not

offered to purchase insurance, an alternative specification of the instrument would be

to use each dentist's share policyholders among patients given an offer (n=29 544). The

two specifications are highly correlated (corr = 0.96). The alternative specification of

the instrument does, however, affect Previous Cost, which suggests that the apparent

validity of the chosen instrument may be a question of power rather than Dentist's

Share being a valid instrument.

4. Results

The results show a considerable nloral hazard effect in the private dental insurance

in Varmland. The estimated treatment effects of insurance coverage on the treated

are reported in table 3. P-values for the propensity score matching estinlates are
bootstrapped.14

14 Bootstrapped p-values are calculated with 1000 replications on the original data. In most speci
fications, the standard errors stabilize after about 500 replications. Two-tailed P-values are calculated
as: p = Pr (ITbl > It] IHo) = (1/B) ~~=l 1 {ITbl > Itl}, where Tb = (ATTb - ATTobs )/SEboot , and
where ATTb is the bootstrapped effect in replication b = l. ..B, SEboot is the standard deviation of
the bootstrapped effects and ATTobs the effect observed in the original data. Hence, Tb is a random
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TABLE 3. Moral Hazard Effect in Dental Cost

Tot. Cost Exam. Prevo Other Rep. All Dent. Acute

1 2 3 4=1-2-3 4a 4b 4c

Difference-in-Differences estimates

PSM 768 164 297 306 240 38.6 14·5
64% 33% 287% 51% 51% 76% 21%

(<0.001) (<0.001) «0.001) «0.001) «0.001) (0.101) (0.001)

OLS 761 165 307 289 225 34·1 13.8

63% 33% 329% 47% 46% 62% 20%

(<0.001) (<0.001) «0.001) «0.001) «0.001) (0.193) (0.004)

IV 661 208 381 72.4 -5.3 84·0 -11.3

51% 46% 1866% 9% -1% 1527% -12%

(0.006) (<0.001) «0.001) (0.752) (0.964) (0.611) (0.705)

[0.671] [0.151] [0.105] [0.338] [0.046} [0. 760} [0. 396}

Cross-Sectional estimates

PSM 898 169 326 403 285 73.6 21.8

84% 34% 437% 81% 66% 464% 35%

(<0.001) «0.001) «0.001) «0.001) «0.001) «0.001) «0.001)

OLS 892 161 326 406 279 79.7 25·4
83% 32% 432% 82% 64% 816% 44%

(<0.001) (<0.001) «0.001) «0.001) «0.001) «0.001) «0.001)

IV 714 207 453 54.0 -45.5 25.3 23.9

57% 45% 6% -6% 39% 40%

(<0.001) «0.001) «0.001) (0.660) (0.636) (0.601) (0.305)

[0.192] [0.058] [0.007] [0.003] [0. DOl} [0. 253} [0. 947}
Note: P-values for treatment effects are within parenthesis. The numbers within brackets are
P-values of the Wu-Hausmann endogeneity test for the IV estimates. Percentage increase is
calculated as ATTjCounterfactual Cost (CC), where CC=(Post Cost-ATT). "-" indicates that
ATT is larger than Post Cost.

The treatment effect of insurance coverage is large. For the two-year contract

period, dental costs increase between 661 and 898 SEK depending on the estimator.

The estimated effect implies dental costs to be 51 to 84 percent higher for participants

than they would have been without coverage. The Hausman-Wu test does not suggest

that there is a selection problem, thereby indicating that propensity score matching

variable with the null hypothesis distribution and t is the observed t-value under the null. Smaller
values of Tb thus give stronger evidence against H o (Efron and Tibshirani 1993, p. 224-227).
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and OLS give the most efficient estimates. The estimated effect for total cost is slightly

larger in the cross-sectional estimates than in the difference-in-differences estimates.

The moral hazard effect can be further analyzed by decomposing total dental costs

into three groups of procedures; examinations, prevention, and other procedures. The

overall pattern across different procedures is consistent with a moral hazard effect.

4.1. Examination and Prevention Costs. Insurance coverage increases the ex

amination costs by 161 to 169 SEK (32 to 34 percent) when considering propensity score

matching and ·OLS estimates. The increase in prevention costs is even larger, between

297 and 326 SEK (287 and 437 percent) in the matching and OLS estimates, and

even higher in the IV estimates. The Wu-Hausman test indicates that there may be

an endogeneity problem with the prevention costs. The IV estimates are even larger,

indicating almost all prevention to be due to insurance coverage.

The increase in costs for examinations and prevention is partly driven by the way

the insurance scheme is run. There is an explicit strategy to find potential dental

problems in an early stage of progression. To this end, contracted patients are called

on for check-ups with shorter average intervals. Furthermore, when patients sign up

for the insurance, they agree to follow a prevention program to avoid future reparatory

services. It is thus difficult to separate the effect driven by the mechanics of the

program from the higher demand for services following from insurance coverage, as the

two effects go in the same direction.

4.2. Other Moral Hazard Components. Total cost minus costs for examina

tions and prevention-here labeled other costs-is a better measure of the changed

incentives, since the cost components partly driven by the insurance scheme have been

eliminated. Propensity score matching and OLS indicate a moral hazard effect for other

costs in the range of 289 to 406 SEK (47 to 82 percent). The IV estimates give lower,

and insignificant, estimates while the Hausman-Wu test only indicates endogeneity in

the cross-sectional specification. The validity of the IV estimates depends crucially on

the assumption that dentists with a preference for costly services are not more inclined

to persuade their patients to purchase the insurance. When tested, the dentist's share

of policyholders was a valid instrument, but the assessed validity was sensitive to the

exact specification of the variable. The IV results must therefore be interpreted with

some care.

On balance, even though there may still be sonle endogeneity problems after taking

differences or controlling for private information, the results point at a statistically,

as well as economically, significant moral hazard effect for other costs, i.e. total cost

minus costs for examinations and prevention.
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The treatment effect of insurance coverage can be further qualified by decomposing

other costs into reparatory services, dentures and acute treatment.

4.2.1. Reparatory services. The matching and OL8 estimates indicate a moral haz

ard effect on reparatory services of between 225 and 285 8EK (46 and 66 percent). The

IV estimates, however, are not significant and the Wu-Hausman statistic indicates en

dogeneity. The interpretation, again, rests on the assumed validity of the instrument. 15

Reparatory services, in turn, consist of three different types of treatment; surgical,

endo-surgical and preservatory procedures. Results for each type are reported in table

7 in the Appendix. For surgical procedures, e.g. tooth-extraction, and endo-surgical

procedures, e.g. root filling, there is an unarnbiguous moral hazard effect. The costs

for surgical procedures increase with 11 to 26 8EK (27 and 96 percent) according to the

propensity score matching and OL8 estimates. The effect on endo-surgical procedures

is 41 to 60 8EK (149 to 673 percent) for matching and OL8. For preservatory treatment,

e.g. ordinary fillings, the moral hazard effect is less clear-cut. Costs increase with 160

to 212 SEK (37 to 55 percent) as measured by matching and OL8, while IV gives

insignificant estimates, and the Wu-Hausman statistic indicates endogeneity problems.

The treatment effect on reparatory services also differs between low risk classes

risk class 1 to 6-and high risk classes-risk class 7 to 13-see tables 4 and 5. For low

risk classes, propensity score matching and OL8 indicate an effect in the range of 85

to 123 8EK (27 to 44 percent), and there is no indication of endogeneity. For high risk

classes, the effect is 409 to 524 SEK (71 to 114 percent) when estinlated with matching

and OL8. These numbers may, however, be inflated by endogeneity. The IV estimates

are not a significant effect and the Wu-Hausman test indicates that endogeneity may

be a problem.

The moral hazard effect for reparatory services is most distinct in low risk classes,

and for surgical and endo-surgical procedures. Endogeneity may be a problem in high

risk classes, so these nunlbers need to be interpreted with some care.

4.2.2. Dentures. The next component of other costs is dentures. The difference-in

differences estimates do not give any clear evidence of moral hazard, with the matching

estimate at 39 8EK (76 percent) almost reaching significance, and OL8 not being

significant. The cross-sectional estimates do, however, indicate a significant effect of 74

and 80 8EK (464 and 816 percent) for the OL8 and matching estimates. These numbers

are suspiciously high, however, and close to policyholders' average cost of dentures (94

15 If the instrument were valid, the treatment effect on reparatory costs would be absent; that is,
agents would have had the same level of spending on reparatory services even without insurance. The
effect captured by the P8M and OL8 would thus be due to selection on unobservables, i.e. adverse
selection not accounted for by taking differences and using the proxy for private information.
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TABLE 4. Moral Hazard Effect in Dental Cost, Risk Class 1 to 6

Tot. Cost Exam. Prey. Other Rep. All Dent. Acute

2 3 4=1-2-3 4a 4b 4c
Difference-in-Differences estimates

PSM 497 160 226 111 123 -33 13

57% 33% 942% 30% 44% -56% 41%

(<0.001) (<0.001) «0.001) «0.001) «0.001) (0.124) (0.001)

OLS 475 161 225 89.7 85.1 -16.8 12.7

53% 33% 879% 23% 27% -40% 40%
(<0.001) (<0.001) «0.001) (0.001) «0.001) (0.342) (0.006)

IV 484 219 249 16.0 90.9 -36.9 -1.7

54% 52% 25831% 3% 29% -59% -4%
(0.014) (<0.001) «0.001) (0.930) (0·432) (0.748) (0.956)
[0.962] [0.158] [0.626] [0.682] [0. 959} [0. 859J [0. 628J

Cross-Sectional estimates

PSM 569 155 253 162 115 15.8 15.8

71% 32% 51% 40% 167% 55%

(<0.001) «0.001) «0.001) «0.001) «0.001) (0.001) «0.001)

OLS 513 151 233 128 92·4 9.15 12.5

60% 31% 1339% 36% 30% 57% 39%

(<0.001) «0.001) «0.001) «0.001) «0.001) (0.051) «0.001)

IV 459 209 283 -33.0 8.85 -24·1 -37.2

50% 49% -6% 2% -49% -45%

(<0.001) (<0.001) «0.001) (0.765) (0.924) (0·428) (0.114)
[0.677] [0.089] [0.312] [0.138] [0. 363} {O.268} [0.031}

Note: P-values for treatment effects are within parenthesis. The numbers within brack-
ets are P-values of the Wu-Hausman endogeneity test. Percentage increase is calculated as
ATT/Counterfactual Cost (CC), where CC=Post Cost-ATT. "-" indicates that ATT is larger
than Post Cost.

SEK), as the Wu-Hausman statistic does not give any indication of endogeneity. The
pattern is similar for both fixed and removable dentures (see table 7 in the Appendix).

The moral hazard effect on dentures differs across risk classes (see tables 4 and 5).

In high risk classes, the treatment effect is considerably larger and significant, while

it is insignificant or only marginally significant in low risk classes. Hence, the general

pattern for dentures indicates that there may be a moral hazard effect of insurance
coverage, particularly for high risk classes.
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TABLE 5. Moral Hazard Effect in Dental Cost, Risk Class 7 to 13

Tot. Cost Exam. Prevo Other Rep. All Dent. Acute

2 3 4=1-2-3 4a 4b 4c
Difference-in-Differences estimates

PSM 1314 173 402 739 444 246 20.0

113% 34% 314% 141% 82% 21%

(<0.001) (<0.001) «0.001) «0.001) «0.001) (0.004) (0.040)

OLS 1121 171 415 535 409 88.3 15.2

83% 33% 361% 74% 71% 157% 15%

(<0.001) (<0.001) «0.001) «0.001) «0.001) (0.079) (0.073)

IV 839 213.32 505 121 -91.1 199 -31.3

51% 45% 1975% 11% -8% -21%
(0.054) (<0.001) «0.001) (0.773) (0.657) (0.520) (0.548)

[0.509J [0.330J [0.229] [0.315] [0.012} [0. 717} [0. 365}

Cross-Sectional estimates

PSM 1420 185 455 780 515 196·4 38.9

135% 37% 605% 162% 110% 50%

(<0.001) «0.001) «0.001) «0.001) «0.001) «0.001) «0.001)

OLS 1383 176 440 767 524 173 38·4
127% 35% 491% 155% 114% 49%

(<0.001) (<0.001) «0.001) «0.001) «0.001) «0.001) «0.001)

IV 1042 228 600 215 -67.1 109 89.1

73% 50% 21% -6% 305% 324%

(<0.001) «0.001) «0.001) (0.324) (0.689) (0.232) (0.028)

[0.149] [0.150] [0.042] [0.009] [<0.001} [0.471} [0.204}

Note: P-values for treatment effects are within parenthesis. The numbers within brack-
ets are P-values of the Wu-Hausman endogeneity test. Percentage increase is calculated as
ATT/Counterfactual Cost (CC), where CC=Post Cost-ATT. "-" indicates that ATT is larger
than Post Cost.

4.2.3. Acute Care. The cost of acute treatment-the last component of other costs
increases with 14 to 25 SEK (20 to 44 percent) due to insurance coverage. Acute visits

are exclusively initiated by agents, while the use of other types of dental care is in

fluenced by the dentist or the insurance scheme itself. The costs for acute treatnlent

therefore give the most direct measure of the changed incentives.

4.3. Dentist Visits. To validate the results, treatment effects of insurance cov

erage are also estimated using dental visits as the outcome variable. Table 9 in the

Appendix reports the effect on all decomposed procedures, and confirms the presence
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of moral hazard. The effects are somewhat smaller across most procedures, but the

significance levels, in turn, are higher and endogeneity seems to be less of a problem

when using visits. The smaller effects may indicate that the calculated cost variable

overstates the effect, but it can also be an indication of moral hazard operating both

in the intensive and the extensive margin. The latter is consistent with findings in the

Rand dental insurance experiment (Manning, Benjamin, Bailit, and Newhouse, 1985).

5. Discussion

Empirical studies of asymmetric information in insurance markets easily confound

moral hazard with selection, since agents select on private information that is gener

ally unobservable to the researcher. Experimental data would be ideal for studying

moral hazard, but in many situations, social experiments are not feasible. Absent ex

perimental data, the economist must resort to methods based on observational data.

If the private information on which the agent acts were available, the sample would,

in fact, be random conditional on observables; that is, each policyholder could be

matched to an otherwise comparable agent without insurance. If there is selection on

unobservables, however, one can instead randomize "ex-post" by using an instrumental

variable approach. Differences in outcome due to selection can also be eliminated with

a difference-in-differences methodology, where selection in cost levels is netted out.

This paper exploits all these approaches to assess the scope of moral hazard in a

dental insurance natural experiment launched in Varmland, Sweden, 1999. Interest

ingly, the results give strong empirical evidence of moral hazard. For patients buying

insurance coverage, total dental costs increase by 51 to 84 percent, depending on the

estimator. The increased utilization is partly driven by the way the insurance is run, as

there is an explicit strategy for avoiding costly treatment by detecting dental problems

at an early stage of progression and investing in prevention. It is therefore difficult

to determine to what extent the estimated increase in examinations and prevention

is due to changes in demand, and to what extent it is driven by the program. Total

costs less examination and prevention are therefore a better measure of the changed

incentives. These costs increase with 47 to 51 percent for the difference-in-differences

estimates. The estimated effect is even higher in the cross-sectional setting, but these

higher estimates may be inflated byendogeneity. Denture services are very expensive

and if agents' budget constraint is binding, it is most likely to be for these procedures.

With the marginal cost of dentures being zero, the utilization of these services is likely

to increase. It is more surprising to find moral hazard for services like tooth-extraction

and root filling. Dental care within the insurance is provided on the basis of odontolog

ical needs, so the utilization decision is made in interaction between dentist and agent.
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Note that dentists are employed by the National Dental Service but have no private

stake in the insurance scheme. If access to services had been free, instead of being

provided on basis of odontological needs, the moral hazard effect may thus have been

even higher. The most direct evidence of moral hazard is the increased propensity to

seek acute dental care, since the decision to initiate a contact is exclusively made by

the agent.

Irrespective of whether the increased utilization of dental care is driven by changed

incentives or the mechanics of the program, it may induce inefficiency, given that

agents are not liquidity constrained. As argued by Pauly (1968), agents receive services

that they would not have voluntarily purchased outside the insurance, and this over

consumption implies an inefficiency. If this loss is larger than the gain from being

insured, agents may not find the insurance worth its price. In fact, Gronqvist (2004b)

finds that about 10 percent of the policyholders opt out after their first contract period.

However, the observed increase in the consumption of dental care need not necessarily

imply inefficiencies. If agents under-invest in prevention, e.g. due to asymmetric

information or bounded rationality, it may be feasible for the National Dental Service

in Varmland to subsidize contracts and boost prevention, to capitalize on better dental

health in the future.

For reparatory services-in particular preservatory procedures like ordinary fillings

propensity score matching and OLS estimates may overrate the moral hazard effect

because of endogeneity. Unbiased and consistent estimates of treatnlent effects would

then be given by IV, and any discrepancy between IV and the matching and OLS es

timates could accordingly be interpreted as adverse selection. Now, the validity of the

endogeneity tests and the IV estimates fundamentally rests on the assumed validity of

the chosen instrument. When tested, the validity of the instrument seemed sensitive

to the exact specification of the instrument. Intuitively, it also seems plausible that a

dentist with a taste for costly services would be more inclined to market the insurance

to his patients.

The estimated moral hazard effects are generally larger in cross-sectional estimates

than in the difference-in-differences. Endogeneity is more likely to be a problem in

the cross-sectional estimates. Selection in cost levels is accounted for in the difference

in-differences estimates by taking differences. The potential selection bias instead lies

in treated and untreated agents having different cost trends. Selection on cost trends

is here assumed to only be made on observable risk factors such as age, gender and

risk class. For cross-sectional estimates, on the other hand, the potential selection

is in cost levels. To identify the moral hazard effect, the proxy variable for private

information needs to capture the differences in unobserved dental risk, which seems to
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be a stronger requirement for identification. If there is private information affecting

the insurance status not captured by the proxy variable, the estimated moral hazard

effect will be inflated by selection. However, if agents select into the insurance on basis

of high temporary dental costs in the pre-program period, the extent of moral hazard

will be underestimated in the difference-in-differences estimates. Irrespectively, the

results give strong evidence of a significant moral hazard effect; its exact size needs to

be interpreted with some care, however.
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Appendix

TABLE 6. Descriptive Statistics

Variable Obs Mean Std. Dev. Min Max

Insurance 19407 0.330 0.470 0 1
Gender 19407 0.506 0.500 0 1
Age 19407 45.0 15.8 22.0 95.0
Dent. Share 19407 0.171 0.138 0 0.621
Pre. Cost 19407 1560 2132 0 54557

Examination 19407 268 183 0 1233
Prevention 19407 352 416 0 3796
Surgical 19407 36.2 167 0 3391
Endo Surgical 19407 86.6 392 0 6660
Preservatory 19407 425 663 0 12550
Denture. fixed 19407 252 1403 0 46276
Denture. removable 19407 34.5 341 0 9678
Acute 19407 81.6 206 0 3492

Post Cost 19407 1966 1493 0 22211
Examination 19407 663 246 0 2392
Prevention 19407 401 503 0 6752
Surgical 19407 52.5 195 0 4447
Endo Surgical 19407 68.5 317 0 9405
Preservatory 19407 595 771 0 8846
Denture. fixed 19407 78.5 430 0 15034
Denture. removable 19407 11.0 90.0 0 2523
Acute 19407 83.4 216 0 3244

Diff. Cost 19407 406 2195 -53586 21129
Examination 19407 396 294 -850 2184
Prevention 19407 48.7 450 -3191 5529
Surgical 19407 16.2 251 -3391 4447
Endo Surgical 19407 -18.1 492 -6660 9405
Preservatory 19407 169.5 811 -9424 8846
Dental. fixed 19407 -173.5 1437 -46276 15034
Dental. removable 19407 -23.5 342 -9678 1791
Acute 19407 1.78 270 -3241 2992

95
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TABLE 7. Moral Hazard Effect in Dental Cost for Types of Treatment

Exam. Prevo Surg. Endo sur. Pres. Dent. f. Dent. r. Acute

Difference-in-Differences estimates

PSM 164 297 23.2 41.0 176 33.5 5.1 14.5

33% 287% 79% 149% 42% 75% 86% 21%

(<0.001) «0.001) «0.001) «0.001) «0.001) (0.145) (0.222) (0.001)

OLS 165 307 24.0 41.1 160 24.1 10.0 13.8

33% 329% 84% 150% 37% 44% 976% 20%

«0.001) «0.001) «0.001) (<0.001) «0.001) (0.338) (0.098) (0.004)

IV 208 381 -10.4 31.2 -26.1 136 -52.2 -11.3

46% 1866% -17% 83% -4% -236% -83% -12%

(<0.001) «0.001) (0.710) (0.570) (0.771) (0.392) (0.170) (0.705)

[0.151] [0.105] [0.212] [0.854] [0.035] [0.475] [0.097] [0.396]

Cross-Sectional estimates

PSM 169 326 11.1 49.1 212 67.9 5.8 21.8

34% 437% 27% 253% 55% 640% 110% 35%

(<0.001) «0.001) «0.001) «0.001) «0.001) «0.001) (0.001) «0.001)

OLS 161 326 25.7 59.6 194 73.5 6.1 25.4

32% 432% 96% 673% 48% 1494% 127% 44%

(<0.001) «0.001) «0.001) «0.001) «0.001) «0.001) «0.001) «0.001)

IV 207 453 19.6 -1.8 -63.3 26.0 -0.8 23.9

45% 60% -3% -10% 50% -7% 40%

(<0.001) «0.001) (0.360) (0.959) (0.423) (0.580) (0.939) (0.305)

[0.058] [0.007] [0.775] [0.075] [0.001] [0.306] [0.483] [0.947]

Note: P-values for treatment effects are within parenthesis. The numbers within brack-
ets are P-values of the Wu-Hausman endogeneity test. P.ercentage increase is calculated as
ATTjCounterfactual Cost (CC), where CC=(Post Cost-ATT). "-" indicates that ATT is larger
than Post Cost.
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TABLE 8. Descriptive Statistics on Visits

Variable Obs Mean Std. Dev. Min Max

Pre. Visits

Examination 19407 0.798 0.563 0 5

Prevention 19407 1.18 1.36 0 14

Surgical 19407 0.081 0.317 0 5

Endo Surgical 19407 0.060 0.260 0 4

Preservatory 19407 0.811 1.14 0 12

Denture. fixed 19407 0.084 0.376 0 8

Denture. removable 19407 0.017 0.142 0 4

Acute 19407 0.221 0.550 0 7

Post Visits

Examination 19407 1.94 0.552 0 5

Prevention 19407 1.36 1.51 0 15

Surgical 19407 0.111 0.369 0 5

Endo Surgical 19407 0.075 0.338 0 8

Preservatory 19407 1.20 1.39 0 16

Denture. fixed 19407 0.076 0.353 0 6

Denture. removable 19407 0.024 0.194 0 7

Acute 19407 0.251 0.613 0 8

Diff. Visits

Examination 19407 1.14 0.75 -3 5
Prevention 19407 0.181 1.40 -12 12

Surgical 19407 0.030 0.470 -5 5

Endo Surgical 19407 0.015 0.416 -4 7

Preservatory 19407 0.385 1.41 -9 11

Denture. fixed 19407 -0.007 0.479 -8 6

Denture. removable 19407 0.007 0.224 -3 6

Acute 19407 0.030 0.734 -6 7
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TABLE 9. Moral Hazard Effect in Visits for Different Types of Treatment

Exam. Prevo Surg. Endo sur. Pres. Dent. f. Dent. r. Acute

Difference-in-Differences estimates

PSM 0.225 0.942 0.032 0.050 0.267 0.046 0.014 0.033

13% 225% 40% 195% 29% 151% 140% 15%

«0.001) «0.001) «0.001) «0.001) (<0.001) «0.001) (0.001) (0.006)

OLS 0.229 0.944 0.042 0.053 0.214 0.051 0.014 0.029

13% 227% 60% 238% 22% 200% 153% 13%

(<0.001) «0.001) «0.001) (<0.001) «0.001) «0.001) «0.001) (0.024)

IV 0.317 1.08 0.049 -0.006 -0.174 0.054 -0.031 0.043

20% 393% 81% -7% -13% 237% -57% 21%

(<0.001) «0.001) (0.344) (0.897) (0.268) (0.314) (0.215) (0.596)

[0.261] [0.322] [0.880] [0.196] [0.012] [0.957] [0.065] [0.862]

Cross-Sectional estimates

PSM 0.245 1.05 0.039 0.054 0.342 0.072 0.013 0.053

14% 341% 54% 258% 40% 1682% 111% 27%

(<0.001) «0.001) «0.001) «0.001) «0.001) «0.001) (0.001) «0.001)

Poisson 0.227 0.993 0.041 0.043 0.292 0.031 0.010 0.052
QML 13% 270% 60% 135% 32% 69% 76% 26%

(<0.001) «0.001) «0.001) «0.001) «0.001) «0.001) «0.001) «0.001)

IV 0.224 0.988 0.041 0.045 0.302 0.035 0.011 0.048
2SQML 13% 265% 59% 147% 34% 83% 89% 24%

(<0.001) «0.001) «0.001) «0.001) (<0.001) «0.001) «0.001) «0.001)

[0.567] [0.014] [0.404] [0.373] [0.122] [0.555] [0.044] [0.048]

IV-T 0.396 1.61 NA NA -0.117 NA NA 0.045
GMM 26% -9% 22%

(<0.001) «0.001) (0.319) (0.530)

Note: P-values for treatment effects are within parenthesis. For IV 2SQML P-values are not corrected
for the inclusion of a predicted regressor. The numbers within brackets are, for IV, P-values of
the Wu-Hausman endogeneity test, and for IV 2SQML, P-values of Wooldridge's endogeneity test
(Wooldridge 2002 p. 665). NA indicates that IV-T GMM estimates are not available because the
Hessian is not negative definite. Percentage increase is calculated as ATT/ Counterfactual Visits
(CV), where CV=(Post Visits-ATT). "-" indicates that ATT is larger than Post Visits.
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Table 10: Covariance Balance for Difference-in-

Differences

Variable Insurance Non-insurance Bias reduction 2 sample t-test Paired t-test

Unmatched Matched Percent P-value P-value

Age 39.7 47.6 39.4 96.0 0.144 0.051
Gender 0.501 0.509 0.499 76.5 0.818 0.750
D gr1 1.92E-02 1.17E-02 1.44E-02 35.7 0.033 0.016

D gr2 6.69E-02 2.51E-02 6.81E-02 97.0 0.778 0.709

D gr3 7.69E-02 3.58E-02 7.92E-02 94.3 0.621 0.527
D gr4 1.45E-01 8.56E-02 1.37E-01 87.0 0.213 0.068

D gr5 1.56E-01 1.05E-01 1.58E-01 97.6 0.846 0.787

D gr6 1.59E-01 1.20E-01 1.73E-01 64.9 0.036 0.004

D gr7 1.51E-01 1.39E-01 1.53E-01 85.0 0.786 0.707

D gr8 1.26E-01 1.70E-01 1.20E-01 86.9 0.320 0.165
D gr9 5.67E-02 1.22E-01 5.77E-02 98.6 0.819 0.757
D gr10 2.95E-02 8.68E-02 3.03E-02 98.6 0.795 0.734

D gr11 8.28E-03 5.94E-02 6.25E-03 96.0 0.176 0.118

D gr12 4.69E-03 2.84E-02 3.28E-03 94.1 0.207 0.160

D gr13 1.09E-03 1.15E-02 7.81E-04 97.0 0.564 0.564

D clin1 1.88E-03 3.92E-03 6.25E-04 38.9 0.045 0.033

D clin2 1.34E-02 3.18E-02 1.34E-02 100 1.000 1.000

D clin3 2.81E-03 2.00E-03 2.81E-03 100 1.000 1.000

D clin4 1.56E-04 1.38E-03 O.OOE+OO 87.3 0.317 0.317

D clin5 1.44E-02 2.01E-02 1.45E-02 97.3 0.941 0.929

D clin6 3.75E-03 2.08E-02 2.34E-03 91.8 0.149 0.095

D clin7 3.03E-02 2.64E-02 3.14E-02 71.7 0.721 0.665

D clin8 4.45E-02 8.69E-03 4.67E-02 93.9 0.553 0.435

D clin9 1.41E-02 5.18E-02 1.28E-02 96.7 0.539 0.310

D clin10 1.45E-02 4.54E-03 9.84E-03 53.1 0.016 0.011

D clin11 2.55E-02 3.58E-02 2.58E-02 97.0 0.911 0.877

D clin12 7.34E-03 2.20E-02 4.22E-03 78.7 0.020 0.006

D clin15 1.24E-01 1.02E-01 1.49E-01 -13.0 0.000 0.000

D clin16 9.22E-03 6.85E-02 1.11E-02 96.8 0.290 0.040

D clin17 4.66E-02 6.10E-02 4.59E-02 95.7 0.866 0.782

D clin18 1.14E-01 2.50E-02 1.20E-01 93.7 0.322 0.142

D clin19 4.44E-02 5.45E-02 5.22E-02 22.9 0.039 0.000

D clin20 2.92E-02 3.70E-02 3.05E-02 83.9 0.678 0.537

D clin21 3.13E-04 1.54E-04 6.25E-04 -96.9 0.414 0.414

D clin22 7.81E-04 1.46E-03 4.69E-04 54.0 0.479 0.480

D clin23 3.91E-03 6.88E-02 5.31E-03 97.8 0.240 0.007

D clin24 4.14E-02 1.87E-02 3.83E-02 86.2 0.366 0.309

Table continues
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Table 10: continued

Variable Insurance Non-insurance Bias reduction 2 sample t-test Paired t-test
Unmatched Matched Percent P-value P-value

D clin25 1.06E-02 9.99E-03 8.28E-03 -272 0.171 0.112
D clin26 4.45E-02 2.30E-02 4.06E-02 81.9 0.274 0.191
D clin27 1.00E-02 8.61E-03 8.13E-03 -35.0 0.263 0.226
D clin 28 6.06E-02 3.80E-02 6.09E-02 98.6 0.941 0.920
D clin 29 2.66E-03 1.23E-02 3.13E-03 95.1 0.621 0.602
D clin31 2.97E-03 2.17E-02 2.81E-03 99.2 0.869 0.827
D clin32 1.48E-02 1.23E-02 1.36E-02 50.8 0.550 0.483
D clin33 2.34E-03 1.14E-02 2.34E-03 100 1.000 1.000
D clin34 6.02E-02 5.84E-02 6.11E-02 45.7 0.824 0.711
D clin35 1.42E-02 2.18E-02 1.20E-02 71.0 0.277 0.149
D clin36 3.23E-02 4.07E-02 2.75E-02 41.8 0.108 0.018
D clin37 3.13E-02 1.89E-02 2.86E-02 78.5 0.378 0.274

D clin38 4.66E-02 2.21E-02 4.11E-02 77.7 0.131 0.059
D clin39 4.22E-03 7.69E-04 9.38E-04 4.9 0.000 0.000
D clin40 3.75E-03 3.54E-03 2.50E-03 -486 0.205 0.170

D clin41 6.31E-02 6.15E-03 6.16E-02 97.3 0.715 0.541

D clin42 9.38E-03 1.95E-02 7.03E-03 76.9 0.142 0.108
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Table 11: Covariance Balance in Cross Section

Variable Insurance Non-insurance Bias reduction 2 sample t-test Paired t-test

Unmatched Matched Percent P-value P-value

Age 39.7 47.6 39.2 93.8 0.027 0.015
Gender 0.501 0.509 0.498 67.4 0.750 0.740
Cost gr1 6.9 5.70 5.04 -54.9 0.087 0.080
Cost gr2 30.4 14.0 26.6 76.5 0.132 0.120
Cost gr3 44.5 21.6 38.2 72.2 0.090 0.080
Cost gr4 98.5 63.2 93.6 86.1 0.473 0.468
Cost gr5 153 95.8 147 89.8 0.537 0.526
Cost gr6 199 134 194 92.0 0.722 0.720
Cost gr7 240 219 250 57.4 0.622 0.620
Cost gr8 284 307 271 42.1 0.544 0.544
Cost gr9 148 271 138 92.3 0.561 0.559
Cost gr10 100 228 149 61.8 0.063 0.063

Cost gr11 30.5 166 36.4 95.7 0.516 0.511
Cost gr12 21.0 86.9 18.7 96.6 0.781 0.782

Cost gr13 4.23 46.4 3.64 98.6 0.834 0.834

D gr1 1.92E-02 1.17E-02 1.63E-02 60.6 0.203 0.185
D gr2 6.69E-02 2.51E-02 6.64E-02 98.9 0.915 0.905

D gr3 7.69E-02 3.58E-02 7.31E-02 90.9 0.421 0.367

D gr4 1.45E-01 8.56E-02 1.52E-01 87.8 0.252 0.206

D gr5 1.56E-01 1.05E-01 1.63E-01 86.3 0.278 0.248

D gr6 1.59E-01 1.20E-01 1.64E-01 85.7 0.387 0.364

D gr7 1.51E-01 1.39E-01 1.53E-01 86.4 0.805 0.795

D gr8 1.26E-01 1.70E-01 1.19E-Ol 83.3 0.205 0.187

D gr9 5.67E-02 1.22E-01 5.06E-02 90.6 0.126 0.117

D gr10 2.95E-02 8.68E-02 2.98E-02 99.5 0.917 0.916

D gr11 8.28E-03 5.94E-02 9.22E-03 98.2 0.569 0.556

D gr12 4.69E-03 2.84E-02 2.97E-03 92.7 0.115 0.116

D gr13 1.09E-03 1.15E-02 7.81E-04 97.0 0.564 0.564

D clin1 1.88E-03 3.92E-03 1.88E-03 100 1.000 1.000

D clin2 1.34E-02 3.18E-02 1.28E-02 96.6 0.756 0.742

D clin3 2.81E-03 2.00E-03 3.13E-03 61.6 0.745 0.739

D clin4 1.56E-04 1.38E-03 3.13E-04 87.3 0.564 0.564

D clin5 1.44E-02 2.01E-02 1. 17E-02 53.3 0.186 0.172

D clin6 3.75E-03 2.08E-02 3.59E-03 99.1 0.884 0.876

D clin7 3.03E-02 2.64E-02 3.34E-02 19.2 0.314 0.306

D clin8 4.45E-02 8.69E-03 5.08E-02 82.6 0.097 0.060

D clin9 1.41E-02 5.18E-02 1.34E-02 98.3 0.762 0.752

D clin10 1.45E-02 4.54E-03 7.81E-03 32.8 0.000 0.000

D clin11 2.55E-02 3.58E-02 2.67E-02 87.9 0.657 0.648

Table continues
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Table 11: continued

Variable Insurance Non-insurance Bias reduction 2 sample t-test Paired t-test

Unmatched Matched Percent P-value P-value

D clin12 7.34E-03 2.20E-02 8.59E-03 91.5 0.427 0.404

D clin15 1.24E-01 1.02E-01 1.30E-01 73.2 0.313 0.245

D clin16 9.22E-03 6.85E-02 9.84E-03 98.9 0.716 0.646

D clin17 4.66E-02 6.10E-02 4.61E-02 96.8 0.900 0.887
D clin18 1.14E-01 2.50E-02 1.22E-01 90.9 0.155 0.071

D clin19 4.44E-02 5.45E-02 4.75E-02 69.2 0.399 0.357
D clin20 2.92E-02 3.70E-02 3.17E-02 67.8 0.411 0.390

D clin21 3.13E-04 1.54E-04 1.56E-04 1.60 0.564 0.564

D clin22 7.81E-04 1.46E-03 4.69E-04 54.0 0.479 0.480

D clin23 3.91E-03 6.88E-02 4.69E-03 98.8 0.499 0.398

D clin24 4.14E-02 1.87E-02 3.81E-02 85.6 0.342 0.329

D clin25 1.06E-02 9.99E-03 1.08E-02 75.2 0.932 0.931

D clin26 4.45E-02 2.30E-02 3.97E-02 77.5 0.173 0.161

D clin27 1.00E-02 8.61E-03 9~06E-03 32.5 0.585 0.581

D clin 28 6.06E-02 3.80E-02 5.89E-02 92.4 0.682 0.671

D clin 29 2.66E-03 1.23E-02 3.13E-03 95.1 0.621 0.622

D clin31 2.97E-03 2.17E-02 3.13E-03 99.2 0.873 0.853

D clin32 1.48E-02 1.23E-02 1.64E-02 38.5 0.476 0.471

D clin33 2.34E-03 1.14E-02 1.25E-03 87.9 0.144 0.090

D clin34 6.02E-02 5.84E-02 6.28E-02 -53.9 0.532 0.492

D clin35 1.42E-02 2. 18E-02 1.55E-02 83.4 0.559 0.540

D clin36 3.23E-02 4.07E-02 3.20E-02 96.2 0.920 0.919

D clin37 3.13E-02 1.89E-02 2.95E-02 86.1 0.571 0.549

D clin38 4.66E-02 2.21E-02 3.92E-02 70.0 0.040 0.033
D clin39 4.22E-03 7.69E-04 2.19E-03 41.1 0.042 0.042
D clin40 3.75E-03 3.54E-03 5.31E-03 -632 0.188 0.189
D clin41 6.31E-02 6.15E-03 5.84E-02 91.8 0.267 0.089
D clin42 9.38E-03 1.95E-02 6.72E-03 73.8 0.093 0.088
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