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1.  Introduction

On June 26, 2000, the Human Genome Project leaders and President Clinton announced the completion of a ‘working draft’ DNA sequence of the human genome.  This is an important milestone in the human genome project although further investigations will be needed to understand the pathological features of human diseases and develop treatments.  Under these circumstances, the socio-economic dispute about the rights and wrongs of using genetic information in the supply of health service will be very important.  This paper will establish a model including congenital and acquired risks and analyze the problems of adverse selection and moral hazard.

2.  Preliminary Issues about Medicine

The phenomena that some people can get diseases their ancestors got has been intuitively understood for a long time.  Needless to say, the origin of genetics dates back to Mendel’s earliest work using peas in 1886.  At the beginning of 20th century, Morgan and his colleague used dorosophilae, which altered generations only for fourteen days, and concluded that genes on chromosomes in the cell have genetic information.  Since Gallod reported alkapturia as the first Mendelian autsomal recessive disease in 1900, many disorders have been reported.  These single gene disorders have the simple relationship between genetic abnormality and disease, but only a small portion of human diseases actually has such character.  Most of them are called multi-factorial disorders, in which combined actions of extrinsic factors, such as environmental influences and two or more genetic abnormalities, have complicated interactions.

With the advance of molecular biology, researches about genetic features of multi-factorial disorders have become possible.  In 1944, Avery identified the substance of gene with DNA.  In 1953, Watson and Crick discovered molecular structure of DNA as double helical chains model.  Together with these theoretical findings, the rapid progress of methodology, such as the amplification and sequencing of DNA, gene cloning, the recombination and synthesis of protein from DNA, have made researchers apply these results for diagnosis and treatment of human disease.

Currently, the main structures of disease in developed countries are life-style diseases.  As researches advance, we come to know that not only acquired factors but also congenital and genetic factors are involved in presenting such diseases.  We can take several instances.  Cancer is developed by complicated interactions among oncogenes, antioncogenes, and other extrinsic factors such as environment, food and tobacco.  Diabetes Mellitus, one of the most popular life-style diseases, is caused by abnormality of glucose utilization.  Some responsive genes for type 1 diabetes, in which insurin secretion is almost totally impaired and severe symptoms are occurred, have been discovered.  With type 2 diabetes accounting for 80-90% of cases, only a small portion of patients can be explained by genetic abnormality.

3.  Model Analysis
3.1　Basic definitions
  Here we will give the definitions of the model. We take a version of Laffont and Tirole (1993) model of regulation. The term r represents impaired QOL (quality of life) in the case where a patient does not receive any medical services when he is ill.  Furthermore, r is assumed to be divided into a physical and biological factor θ, which is congenitally determined, and an environmental and living factor or effort of improving life-style e, which is determined through experience and can reduce acquired health risk.  For instance, the risk of single gene disorder can be expressed as r=θ. Here, r is the function ofθand e., we assume r is increasing in θand decreasing in e. As a simple pattern, the risk of multi-factorial disorder, more generally, can be displayed as follows.
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θ: the impaired QOL determined by congenital risks


e: the gained QOL (or avoided loss of QOL)by  effort 

  The patients can make an effort so as to decrease loss of QOL although it needs disutility C to make an effort.  C is defined as follows.
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  Here, we assume that people certainly get ill causing QOL loss r. In our model, government plays two roles in health care. One is to provide medical treatment m, and the other is to provide other health service (other than the medical toreatment) t. The latter t, is health service supporting patients’ effort to decrease QOL loss. For instance, health education programs and public health activities are included. 

  Next, let us define the utility function. This utility function U includes net utility when he gets ill.  He is provided the treatment m and other health service t by the government and loses QOL by the ill and disutility of effort. Let us assume r,t and C(e) are evaluated monetarily.  The utility function is expressed in the next equation. For simplicity, we assume that he recover the former QOL by the treatment, that is r=m
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H  represents the endowed QOL in the initial situation.  λ represents the social cost of public funds which both the levy of health service r and t.  The purpose of the government is to maximize the social welfare expressed below.
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3.2 The Case of Complete Information

  Here, the model of complete information is analyzed.  Let us assume that the government perfectly knows the factors affecting QOL of the patient, namely both θ and e in Eq. (1), and maximizes the social welfare function.  
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  Then the first order constraint concerning effort is obtained.
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  e* represents the effort which satisfy Eq. (5).

 That is, the marginal disutility of effort must be equal to marginal QOL savings. The existence of shadow cost of public funds implies that patients receives no excess net utility. The government can extract patients’ effort at the level of e* by giving them non -treatment health service C(e*), which compensates exactly their disutility by effort.

3.3 The Case of Incomplete Information
Here, the model of asymmetric information between patients and the government is analyzed.  The patients know both θand e while the government knows only the probabilistic distribution of the total QOL loss r. 
Then, on one hand, the problem of adverse selection will happen since the QOL loss θ, which is determined by their congenital health risk, is the hidden type of the patients.  The patients have the motive to cheat the government about their types.  On the other hand, the problem of moral hazard will also happen since the QOL savings e, which is determined by personal effort or reduction of acquired health risk, are the hidden action of the patients.  The patients have the motive to decrease the disutility of effort less than the optimum level.  The government can utilize the self-selecting contract to maximize the expected social welfare function.

  We simply assume that there are two types of patients.  One is high QOL loss (high congenital health risks) type and the other low QOL loss (low congenital health risks) type, each of which is defined as 
[image: image7.wmf].  The ratio of the two types of patients is defined as (1-π,π).  The government can observe the total health risk of the patients 
[image: image8.wmf] but can not distinguish between the congenital risk θ and the acquired risk e. That is, government cannot tell the patients with higher congenital health risk and lower effort with those with lower congenital risk and higher effort if thy have the same total risk.

  Next, let us consider the self selecting contract that a patient truly tell the government his own type θ.  The individual rationality conditions (IR) that a patient accepts, rather than reject, a contract offered is 
[image: image9.wmf].  Using 
[image: image10.wmf], we can express conditions as follows.
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  The incentive compatibility conditions (IC) that a patient prefers a contract offered for his type to other contract offered for a different type is as follows. 
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  Using Eq. (3), Eqs. (8) and (9) can be written as follows. 
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  Adding (IC1) and (IC2), we get the following equation.
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  Because C”>0, Eq. (10) means 
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  It is well known that IR2 and IC1 are binding while IR1 and IC2 are not binding among the four constraints above.  We can show the binding of IR2 as follows.

[image: image40.wmf]   Therefore, if IR2 is not binding, IR1 is not also binding.  In this case, t can be increased without changing IC in optimum, which decreases the social welfare.  In conclusion, IR2 must be binding.  Let us turn to the binding of IC1.  Assume the IC1 is not binding, then the following inequality is intuitively clear.
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  Thus, t can be increased in optimum without changing incentive compatibility conditions and IR1, which induces contradiction.  Furthermore, the unbinding of IC1 and IR2 can be easily verified.  From what has been said, the binding conditions are written as follows.
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  Eq. (12) can be stated in another way.
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  The social welfare function concerning some type θ is stated as follows.
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  In fact the government maximizes the following expected social welfare function 
[image: image20.wmf]with the constraints of IC1 and IR2.
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  The problem of the government is the following.



[image: image22.wmf]  Substituting Eqs. (12) and (14) into (17), we obtain the next equation.
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  The first order conditions for the maximization problems are the following.
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  From Eq. (19), the effort level of low risk type, 
[image: image25.wmf], is equal to the optimum effort level, e*, represented in Eq. (5).  On the other hand, from Eq. (20), the effort level of high risk type, 
[image: image26.wmf], is lower than e* because C''>0.

  That is, under incomplete information, government can make both types tell the truth about their congenital health risks, it produces an excess net utility causing social welfare loss for low risk type and undereffort for high risk type.

3.3 The case of no information

3.2節では二つのタイプの患者に対する自己選抜メカニズムを考察した。このモデルでは疾病に罹患した場合の損失は医学的な治療としてすべて保障されるため高リスク、低リスクタイプを治療に関して差別することはない。しかし、公衆衛生的な活動という医療サービスについてはおのおののタイプに別なメニューを作っており、それをタイプスクリーニングの手段として用いている。

しかし実際には遺伝子診断が進み疾病リスクが詳しくわかるようになっても、その情報を用いて患者のタイプに応じて差別化を行うことには倫理的な問題が大きい。そこで次では異なったタイプの患者が存在するものの政府はタイプ毎の差別化は行わない状況を考える。

ここで政府は全体の疾病リスクの期待値を基準として与える公衆衛生サービス量を決定するつまり、tは
[image: image27.wmf]の関数とする。簡単のため以下の用に特定化する。
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このとき各タイプの人々はこのメニューを所与として自分の効用U=t-C(e)を最大化するように努力量を決める。それぞれの効用最大化の条件は


[image: image29.wmf]　（０）ここでa>0なら努力しないことが両タイプとも最適となるのでa<0となる。

この行動をとることを政府はわかった上でa,bをきめる。最大化の式は
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ただしここで
[image: image31.wmf]（22）

また個人の効用最大化の条件をaで微分して
[image: image32.wmf]　（23）をえる。

ｂについてはIRを考えなければ０が最適であるがこれは意味がないので二つのIRを満たすように決める。（21式ではｂの項を省略している）

式の目的関数をaで微分し（22）、（21）式を代入すると最大化の条件は
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[image: image35.wmf]とおくとA>0,B>0は明らかで

最適なaについて


[image: image36.wmf]　が成り立つことがわかる。

個人の努力については
[image: image37.wmf]が成り立ち、完全情報の際の最適な努力水準はC’(e)=1だから、
[image: image38.wmf]、
[image: image39.wmf]を考えれば、ｃの形、λ、πの数値によってはどちらかが最適な努力水準となる可能性はある。しかしそのときもう一方は必ず最適ではない努力水準となる。

4. Conclusion
The main results can be summarized as follows.  First, we have proposed the necessity to analyze the distinction between congenital risk and acquired risk.  Second, for that, we have established the model that is composed of adverse selection and moral hazard.  Third, we have compared the case of incomplete information to that of complete information.  Fourth, we have found that the effort level of low risk type is equal to the optimum effort level while the effort level of high risk type is lower than the optimum effort level in the self selecting contract. Fifth, we have found that government can avoid the adverse selection, but it produces an excess net utility for low risk type and undereffort for high risk type regarded as the problem of moral hazard. 6番目として自己選抜メニューではなく、二つのリスクタイプに共通のメニューを与えた場合は所与のパラメーターの形によって大きく異なるが、多くの場合高リスクタイプ、低リスクタイプともに最適な努力水準を取らない。

　しかし、本稿で用いたモデルは簡略化した想定の下で分析を行っている。古典的な文献Arrow (1963)では医療の不確実性について、uncertainty in the demand for health care and uncertainty regarding the effectiveness of treatment を挙げているが、本分析では不確実性については考慮していない。

二つの不確実性のうち前者については病気にかかるタイプ毎にかなり異なることことに関係している。想定する疾患をhypertension, hyperlipidemia and diabetesといった生活習慣病の中でも罹患率が高い疾病に限定すれば、すべての人が疾病にかかるという仮定も非現実であるとはいえない。しかし,malignancyやhypertension, hyperlipidemia and diabetesなど上で挙げた疾病を原因として引き起こされる疾患たとえばheart disease and strokeなどについて罹患する確率自体がタイプによって大きく左右されるため本稿でおいた仮定は現実的ではない。

また後者の罹患したあとの治療に関する不確実性についても起こった損失が必ず保障されるという仮定は医学的な治療を過大に信頼している仮定である。

本稿で想定している患者のタイプはある疾患にかかったときのQOLの損失である。しかし、こうした一次元のタイプで様々な患者の多様性のすべてを表現することはできないであろう。他の種類のパラメーターを考慮する際ここで分けた高リスクタイプと低リスクタイプのパラメーターと完全に相関する場合、本質的な議論はsingle typeと変わらないだろう。しかし、二つの次元のタイプが独立に分布する場合、議論は複雑になる。Rochet and Chone (1998)ではこのmultidimensional screeningの問題についてbunchingつまり異なったタイプが同じメニューを選びスクリーニングが失敗することが起こってしまうことを示している。

今後は以上のような問題点を解決する方向での研究が求められるだろう。
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