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ABSTRACT 

Essay One: Genetic Health Bisks: The Case for Universal Public 

Health Insurance. This paper examines the appropriate role for the public sec­

tor in providing genetic and health insurance when health risks are genetically 

determined at conception. The ex ante efficient outcome (when individuals are 

ignorant about their health risks) is characterized. It is demonstrated that this 

outcome cannot be achieved by private health insurance markets or by a govern­

ment which cannot commit to a once-and-for-all transfer policy. In contrast, the 

desired outcome is attained through public provision of universal health insurance 

and of genetic testing, coupled with a public pension scheme. 

Essay Two: Fee-for-Service vs. Capitation: Anything You Can Do -

I Can Do Better (and Cheaper). This paper recasts the analysis of optimal 

physician remuneration - generally presented as a contest between prospective 

(capitation) and retrospective (fee-for-service) schemes - as a problem in price 

theory. This approach abstracts from problems of asymmetric information and 

concentrates on the design of the price mechanism. It demonstrates that when the 

demand for health care is price-inelastic, the appropriately designed fee-for-service 

and capitation schemes both lead to Pareto efficient outcomes. When a patient's 

demand for care is uncertain, or the risk of poor health outcomes depends on the 

preventive care provision, standard arguments concerning risk bearing are used to 



prove that paying physicians on a fee-for-service basis can deliver socially-optimal 

outcomes at a lower cost than if they are paid under a capitation scheme. 

Essay Three: Comparative Efficiency Assessment of Primary Care 

Models Using Data Envelopment Analysis. This paper compares the produc­

tive efficiency of four models of primary care service delivery in Ontario, Canada, 

using the methodology of Data Envelopment Analysis. Particular care is taken 

to include quality of service in the output measure. The influence of the delivery 

model on productive efficiency is disentangled from patient characteristics using 

regression analysis. The traditional fee-for-service arrangement ranks highest and 

the Community Health Centre model (which involves a multidisciplinary team of 

health care professionals paid on a salary basis) the lowest in efficiency scoring. The 

reliance of input measures on the costs of running a practice and on the number 

of patients favours the fee-for-service model. 
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CHAPTER 1 

Introduction 

Throughout the world, publicly funded health systems appear to be in an un­

fortunate state. Health care costs are going up due to developments in technology, 

including new pharmaceuticals and equipment, and due to increased longevity and 

the rising demand of an aging population. This, coupled with a lack of financing, 

undermines quality of care, timely access, and the effectiveness of medical treat­

ments. More funding would appear to be a potential remedy, but governments 

argue that they simply cannot afford to allocate more resources to health care 

than is presently the case. Widespread frustration with backlogs has led many 

policy makers - and voters - to advocate a reduction in public sector involvement 

in the provision and financing of health care, and therefore a shifting of more of 

the financial burden to private individuals. 

Advances in genetic testing technologies add a new spin to the raison d'etre of 

public sector's involvement in the provision of health care and of health insurance. 

These new developments mark a considerable change in the ability to detect early 

in life (or even before a child is conceived) health risks and to identify individ­

ual predispositions to many diseases. Increased knowledge about an individual's 

health risks is a double-edged sword: on the one hand, it may facilitate the so­

cially desirable prevention of the onset of diseases while, on the other hand, and in 

the absence of a regulated insurance market, it creates an underclass of individuals 
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who will be uninsured due to high health risks or because their insurance premiums 

are prohibitively high. Some countries, but not Canada, have outlawed the use of 

genetic information for insurance purposes. However, the complete suppression of 

the family health history to protect an individual against genetic risk discrimina­

tion may not be feasible. In a publicly funded health care system with universal 

access to health care at an equalized price the problems of risk differentiation, un­

derinsurance, and prohibitive premiums are not present. However, in this system, 

which struggles to allocate limited health care dollars, the reasoning for financing 

the costs of providing a panoply of genetic tests and of further treatments must be 

justified. 

In addition to contributing to the justification for the public sector's role in the 

provision of health insurance, this thesis addresses key issues affecting the effective 

delivery of health care services. Although physician services in Canada account 

only for 13 per cent of total health care expenditures1, policy-makers pay close 

attention to how providers of primary health services organize their practices and 

how they are remunerated for the services provided. The existing literature has 

focused primarily on the strengths and weaknesses of a traditional fee-for-service 

payment mechanism which pays physicians per unit of service, and of a capitation 

scheme in which physicians receive a monthly fee for each patient in their rosters. 

Since neither of these two payment schemes is without flaws (at least in the way 

they are set up in practice), a blend of the two is often presented as a better 

1 Compared to hospital expenditures of 30 per cent of the total health care spending in 2006 
(CIHI 2007). 
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alternative. It seems, however, that policy-makers have been concentrating on the 

differences in outcomes that these two payment mechanisms bring about instead 

of focusing on the nature and the appropriate design of the two. Therefore, it 

must be asked whether incentives can be introduced via the pricing of the two 

mechanisms that yield desirable health care outcomes. 

Relatedly, it is evident that primary care can be delivered in a variety of in­

stitutional settings - which vary with respect to whether physicians are part of a 

group or are solo practitioners, and how they promote and handle multidiscipli-

nary groups as well as those practices where care is delivered only by physicians 

and nurses. In many countries, efforts have been made to influence the institu­

tional environment in which family physicians work. What is not clear is whether 

each of these models are equally effective at delivering primary health care to the 

diverse populations served by pubhcly-funded health care systems. A systematic 

study of these models is paramount. Furthermore, it is important to understand 

how the characteristics of the model may affect its performance. In Canada and, 

particularly, in the province of Ontario there is a lot of room for a comprehensive 

examination of primary care service delivery. 

This dissertation examines the above health policy issues in three essays. Essay 

One studies theoretically the implications of an early (at birth or at conception) 

identification of individual health risks for social and individual welfare. This is 

examined in the environment where genetic testing and genetic insurance are avail­

able on the market. The paper recognizes that the developments in new genetic 
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technologies and in genetic testing make it impossible to suppress completely the 

information about an individual's risk type, because one cannot insure against 

having parents and/or grandparents with a certain gene pool. Since individuals 

would like (but are unable) to purchase insurance against falling into a high-risk 

category, competitive insurance markets are incapable of implementing ex ante 

efficient outcomes: government involvement is necessary. At first inspection, how­

ever, it is not evident that public sector involvement extends as far as actual public 

provision of health and genetic insurance: an ex post transfer to compensate those 

in the high-risk category for incurring high health insurance premiums would seem 

to solve the problem. However, strategic manipulation of savings on the part 

of individuals renders government policy time inconsistent, and means that cash 

transfers will not be effective at implementing the first best. Instead, it is shown 

that a policy consisting of public universal health insurance and of a social pen­

sion ensures redistribution via the expenditure arm of the public sector, rather 

than through taxation. The analysis developed in this paper demonstrates that it 

may be desirable to limit the government's capacity to use observable information 

about an individual's type for taxation purposes. Also, the result that a universal 

health insurance program (or mandating health insurance purchases) cannot by 

itself ensure an efficient redistribution of resources in the economy highlights the 

importance of making joint decisions regarding different social programs. 

The two other essays of the dissertation contribute to our understanding of 

key issues with respect to the reform of primary health care provision. They ex-
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amine how an incentive payment structure and other organizational characteristics 

of physician practices influence efficiency in the delivery of primary health care. 

Essay Two, inspired by work in price theory and, in particular, the theory of 

clubs, compares two compensation schemes for physician's services: fee-for-service 

and capitation. The application of these approaches to the analysis of physician 

compensation mechanisms is novel; it abstracts from the difficulties created by 

asymmetries of information in order to focus on the role of the price mechanism. 

The paper starts with the observation that in an environment where both patients 

and physicians are heterogeneous, efficient provision of health care services may 

require a specific matching of patients with physicians. Thus, one role of the pay­

ment scheme is to ensure that the right provider is matched with each patient, 

and the other is to guarantee the provision of necessary medical services. The 

theoretical approach chosen in this paper underscores the similarities rather than 

the differences between the outcomes that can be achieved under fee-for-service 

and capitation payment schemes, and highlights the fact that fees must reflect the 

heterogeneity of patient medical needs. The analysis shows that if the demand for 

physicians' services is exogenously determined and if it is certain for an individual 

physician, then both the fee-for-service and capitation mechanisms result in the 

same health care outcomes delivered at identical costs. In addition, the paper 

considers the performance of the two payment schemes under demand uncertainty, 

and when preventive measures taken by a physician decrease this uncertainty. The 

approach of the paper permits an examination of how differences with respect 
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to attitudes towards risk between an individual physician and the public sector 

influence the cost of providing primary care services under the two payment mech­

anisms. It is demonstrated that under some circumstances physicians who are paid 

using the fee-for-service scheme are able to deliver the required services at a lower 

cost than their peers compensated on the capitation basis. 

Essay Three of the dissertation undertakes an efficiency comparison of four 

distinct models of primary health care service delivery in the province of Ontario, 

Canada, employing the methodology of Data Envelopment Analysis (DEA). These 

models are: traditional fee-for-service practices (FFS), health service organizations 

(HSOs), family health networks (FHNs), and community health centres (CHCs). 

A typical FFS practice consists of a solo physician - the owner - who is paid 

by the provincial government a relatively flat fee per unit of medical service pro­

vided. In HSO practices, which are solo or group, physicians are compensated on 

a capitation basis for each patient in their rosters. In Family Health Networks, 

physicians provide comprehensive care for their patients 24 hours a day, seven days 

a week and are paid under a blended scheme, which combines capitation payments 

with incentives for preventive care and other services. Community health centres 

are interdisciplinary teams, employing various health care professionals and social 

workers to address disadvantaged populations' needs. They pay physicians straight 

salaries. 

The empirical analysis of this paper draws on the data collected as part of a 

multidisciplinary project funded by the Ontario Ministry of Health and Long-Term 
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Care. This project made it possible to undertake a comprehensive study of the 

performance of these models. This essay pioneers an economic evaluation of these 

models in Ontario. Another unique feature of this paper is that it incorporates 

several quality-of-care and performance indicators and is able to assess their cu­

mulative influence on the efficiency of primary care practices. Previous studies 

have not employed a wide spectrum of clinically approved performance measures. 

The DEA technique allows for the combining of several measures of primary care 

outcomes into a single output for each primary care practice. The assessment of 

this output relative to the inputs used to deliver it results in an efficiency score 

for each primary care practice. The paper conducts a sensitivity analysis to eval­

uate the importance of the input measures to the primary care model's efficiency 

performance. Once efficiency scores are calculated for different input scenarios, a 

regression analysis is carried out to disentangle the "model" factor from patient 

characteristics and other environmental variables which help explain the variation 

in efficiency scores across the models. 

The paper concludes that the CHC model is at least as good as others in 

terms of the quality of care provided, and for some indicators it outperforms the 

other models. However, once the costs of running a primary care practice are 

taken into account, the FFS model is the leader in the efficiency ranking, with 

CHC practices being, on average, the worst performers. Several explanations are 

offered for the results, including the possibility of a non-linear relationship between 

performance indicators and costs - it may be relatively inexpensive to achieve a low 
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level of performance, but very costly to push the quality of care beyond a certain 

threshold. It may also be the case that CHCs are too small relative to the large 

fixed costs necessary to operate a multidisciplinary centre, and therefore a larger 

patient "roster" is needed to bring the average cost of operating a centre down. 

The finding that HSO and FHN models have lower efficiency ranking than the FFS 

model is interesting since they have been introduced to replace the traditional FFS 

model, where physicians are arguably not concerned with the costs of providing 

medical services. This result, in some sense, confirms the theoretical findings of 

the second essay, i.e., that capitation is more expensive than the fee-for-service 

payment mechanism due to the risk premium that is required to compensate a 

risk-averse physician for facing income uncertainty brought in by a perspective 

nature of capitation. 

Many additional questions emerge from the research presented in this disserta­

tion. In particular, both Essays Two and Three highlight the importance of taking 

account of the heterogeneity of both physicians and patients. This suggests that 

the quest for one optimal compensation scheme, or one optimal model of delivery 

of primary care delivery may be ill-conceived: it may in fact be preferable to offer 

a menu of options, which offer meaningful choices to both physicians and patients. 

In terms of future empirical work, it is evident that the insights would be much 

more compelling if it were possible to capture more fully all of the costs incurred 

by each patient - including the costs of hospital care, and of specialist care. There 

is good reason to anticipate that different models of primary care provision may 
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differ systematically with respect to the way in which they offload service provi­

sion to other actors in the health care system, and a truly adequate comparison 

of different institutional reforms must take all of these costs into account. This of 

course leads back directly to the concerns of Essay One, and the reasons for public 

sector involvement in the financing of health care. Over the next few years, health 

economics researchers need to help policy makers understand better the relation­

ship between dollars spent on health care, dollars spent on other programs (such 

as pensions), and the actual production of health. Who is going to decide how to 

allocate the public sector budget? Political economy models will be particularly 

useful in gaining insight into these matters. 
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CHAPTER 2 

Genetic Health Risks: The Case for Universal Public Health Insurance 

2.1 Introduction 

Medical researchers worldwide are currently expending enormous effort search­

ing for genetic markers for specific diseases and health conditions. Genetic testing 

is already widespread: hundreds of genetic disorders can be detected through 

pre-natal screening, and in most industrialized countries programs are in place for 

the universal testing of newborns for a number of genetic and metabolic diseases 

(Hanley 2005). In countries with pubHcly-funded health care systems, the growth 

in the panoply of available genetic tests has been accompanied by a corresponding 

growth in concern regarding the cost of testing and of treatment, and of the poten­

tial cost burden this may represent for the health care system (Miller et al. 2002). 

This discussion is often embedded in a broader reflection on the appropriate role 

of the public sector in the provision of health care. 

This paper examines the role of the public sector in providing health insur­

ance when health risks are genetically determined at conception. It is assumed 

that health risks are known, thus abstracting from the specific problems that arise 

due to either moral hazard or adverse selection. While it is now well-established 

that private insurance markets will generally not allocate resources efficiently when 

information is asymmetric, the case for publicly-provided health care (or, equiv-

alently, publicly-provided health insurance) is less compelling when there are no 
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asymmetries of information. Below, the ex ante efficient outcome is character­

ized, and it is shown that competitive private insurance companies will not offer 

individuals health insurance on the terms required to attain this outcome. This 

is because, as Doherty and Thistle (1996) point out, in an environment where dif­

ferences in individual's genetic risks are publicly known, one can acquire insurance 

against the risk that a certain disease predisposition will translate into an actual 

disease, but it is impossible to insure against having the 'wrong' parents with de­

fective genes. As hinted by Cutler (2002) and Cutler and Zeckhauser (2000), in 

this sort of economic environment the ex ante efficient outcome cannot be attained 

unless individuals can purchase antenatal insurance - before they know who their 

parents are - an option that is not of any practical interest. 

In principle, however, the outcome that would prevail if genetic (antenatal) 

insurance were available can be obtained by implementing a system of lump-sum 

taxes and transfers from low-risk to high-risk citizens, and then letting each pur­

chase insurance in the private market. For universal public health insurance to be 

optimal, it must be the case that government policy is time-inconsistent, therefore 

precluding it from implementing a redistributive policy of this kind: the lesson 

drawn from models such as those developed by Bruce and Waldman (1991) and 

Coate (1995) is that when a social-welfare-maximizing government cannot commit 

to denying assistance to individuals who have not purchased adequate protection 

for themselves, then a cash transfer policy is time inconsistent and welfare reduc­

ing as compared to the provision of universal public health insurance. Typically, 
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infirm (or high-risk) individuals have an incentive to not purchase insurance, since 

a greater degree of neediness in the disaster state will increase the transfer which 

they receive. Strikingly, the paper demonstrates that, even if the government were 

to choose the transfer policy required to implement the ex ante efficient outcome, 

and even if infirm (or high-risk) individuals purchase full genetic and health in­

surance, the equiHbrium is not efficient. This is because all individuals - healthy 

and infirm strategically adjust their savings to minimize their tax burden. In con­

trast, public provision of health care (and genetic testing), coupled with publicly 

provided pensions which discourage the government from redistributing in period 

two, make it possible to implement the desired outcome as an equilibrium. 

The analysis developed below shows how the incentives for individuals to un­

dergo genetic testing and to purchase genetic insurance are affected by redistribu-

tive policy. When the government can commit to a once-and-for-all income transfer 

at the beginning of the first period, then individuals undergo genetic testing, and 

purchase full insurance, whenever it is socially efficient for them to do so. How­

ever, when governments cannot prevent themselves from redistributing wealth in 

the second period then, much in the spirit of Hoel and Iverson (2002), individu­

als will typically not choose to undergo genetic testing - even when it is socially 

optimal - if they are required to bear the full cost of these procedures. When indi­

viduals do choose to submit to genetic testing, their expected utility is independent 

of whether or not they purchase genetic insurance. This result can be compared 

to Tabarrok (1994) who underscores the inefficiencies that may arise in the insur-
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ance market if individuals are able to undergo genetic testing, but who suggests 

that the socially optimal outcome can be attained by obliging those undergoing 

genetic testing to also purchase genetic insurance. Our analysis strongly suggests 

that whenever genetic testing is socially optimal, it should also be publicly funded. 

The remainder of the paper is organized as follows. Section 2.2 describes the 

ex ante efficient outcome - when individuals are behind the veil of ignorance. It 

also examines whether individuals undertake genetic testing when it is socially op­

timal. Section 2.3 shows that this outcome could be implemented by a Benthamite 

government which can commit to a once-and-for-all redistributive policy, but is not 

attainable if the government cannot resist redistributing wealth from rich to poor 

in the second period. In contrast, the ex ante efficient outcome is attained when 

genetic testing, health care and pensions to finance consumptions in period two 

are publicly provided. Section 2.4 provides a discussion and concludes. 

2.2 Efficient Outcomes with Genetically Determined Health Risks 

Consider a two-period economy in which individuals are born either healthy or 

infirm. Regardless of their risk type, all individuals are healthy in period one and 

during this period they can learn their type by undergoing a genetic test, at a cost 

c.1 Otherwise, risk types are publicly - and costlessly - revealed at the beginning 

of period two. 

In period two, infirm-type individuals face two states of nature: 'good' and 

'disaster'. The probability that an infirm-type individual experiences ill health 

1 Later this assumption is relaxed to allow for observable health risk heterogeneity since birth. 
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is 7T. In the disaster state he/she becomes ill and incurs loss L , which may be 

interpreted as the cost of medical treatment. In contrast, healthy-type individuals 

remain healthy in period two. 

Assume that, at birth, all individuals are equally likely to turn out to be irifirm, 

and that this probability is equal to 7, 0 < 7 < 1. An individual who undergoes a 

genetic test and learns that he or she is infirm can, in period one, undertake pre­

ventive medical treatment, at fixed cost M. Individuals who undertake preventive 

medical treatment reduce the risk of the disaster state ton —a. The results of the 

genetic test are public information. 

Individual utility depends on consumption, C, in each period and, for simplic­

ity, it is assumed that there is no discounting of future consumption. Consequently, 

U = U(Ci) -f U(C2). In period one, all individuals have income y, and they finance 

consumption in period two by savings in period one. Assume that there exists a 

competitive insurance market. In period one, before undergoing genetic testing, 

individuals can purchase genetic insurance G at actuarially-fair premium 7. In pe­

riod two, health care insurance coverage Z against loss L is sold to infirm-type 

individuals who did not undergo genetic testing at price n per unit of coverage and 

to those who have undergone genetic testing and preventive medical treatment, at 

price 7r — a per unit of coverage. 

Given that all individuals are equally likely to be infirm, and that they have 

identical preferences and income, in this setting they will all either choose to un­

dergo genetic testing, or no one will. So, assume for the meantime that everyone 
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chooses to submit to genetic testing, aad that individuals who discover that they 

are infirm choose to undertake preventive medical treatment. In this case, the 

optimization problem to be solved by a given individual can be expressed as 

maxEU = 7 [ C / ( i / - c - M - s > + (1 --y)G) (2.1) 
o 

+(TT - et)U (sj - L + (1 - 7r + a)z) 

•+(1 - 7T + a)U fo - (TT - a)z\} 

+(1 - 7 ) [U{y-c-'yG-1«) + U(sH)], 

subject to s> and s~# (period-one savings by individuals whom genetic testing 

reveals that they are infirm-type and healthy-type, respectively) being the solutions 

to 

m a x t f ( y - c - A f - s / + ( l - 7 ) G ) (2.2) 
si 

+(7r - a)U (si - L + (1 - 7r + a)Z\ 

+(1 - ir + a)U (st - (TT - a ) z ) , 

max.U(y-c-'yG-SH) + U{8H), (2.3) 

respectively. The maximization problems in (2.2) and (2.3) are subject to Z solving 

max ( 7 r - a ) U ( S I - L + ( 1 - T T + a)Z) (2.4) 
z 

+(1 - -?r + a)U («/ - (TT - a)Z). 
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After straightforward calculations (see Appendix A), (2.1)-(2.4) yield 

Z 

G 

= L, 

y-c-"y[M + (iT- a)L] 
2 

y — c — 7 [M + (fl" — a)L] 

+ (w - a)L, 

M + (ir-a)L, 

y — c — 7[M + (7T — 
f// =2t/n *-<*)L]\ 

(2.5) 

(2.6) 

(2.7) 

(2.8) 

(2.9) 

In contrast, if individuals do not undertake genetic testing, they can still purchase 

genetic insurance to provide protection against learning that they are infirm in pe­

riod two, but since they cannot undertake preventive treatment they will still have 

to pay n per unit of health insurance purchased in period two. The optimization 

problem therefore becomes 

max BU 
G,a 

U(y-^G-s) + 

TTU(S + G-L + (1- ir)Z) 

+(l~n)u(s + G-TtZ 

+(1-7)CT(«), 

(2.10) 

subject to Z being the solution to 

max nil (s + G - L + (1 - it)Z) 
z 

+(1 - n)U (s + G - nZ). 

(2.11) 
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Optimization problems in (2.10)-(2.11) result in 

Z = L, 

G = TTL, 

- y - 77ri/ 
s = = , 

% = g,-«r(l^) 

(see Appendix B for details). This implies that individuals will purchase genetic 

insurance - even if they do not undergo genetic testing - in order to perfectly 

smooth their consumption over their life-cycle, regardless of whether or not they 

will be revealed to be healthy or infirm. In this case, the genetic insurance is 

effectively protecting them against the subsequent revelation that they are infirm 

and will therefore need to purchase health care insurance. Notice that, comparing 

the solutions for the scenario where all consumers undergo genetic testing with 

that where they do not test in period one, agents choose to test if and only if it is 

socially efficient for them to do so, i.e., 

y — c — 7[M + (7r~ a)L] y — jirL 
_ > _ 

- c - 7 [ M - a L ] > 0 

7«L > C + 7M, 

which simply means that the expected increase in consumption due to the reduced 

likelihood of loss exceeds the cost of undergoing testing and the expected cost 

of preventive health care. This result can be contrasted with that of Tabarrok 

(1994), who suggests that individuals would need to be compelled to purchase 
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genetic insurance before undergoing testing. Here, where all individuals are a 

priori identical, no such regulation need be implemented: if it is desirable for 

individuals to seek testing, they will do so. Moreover, it should be observed that in 

this extremely simple setting there are no issues - a la Tabarrok (1994) or Polborn 

et al. (2006) - with respect to a wish to suppress information regarding the results 

of the genetic test on the part of the consumer (or even a desire to hide the results 

from oneself). In period two, the only individuals who purchase health insurance 

are of the infirm type, and therefore even if insurance companies cannot observe the 

agents' types, from the fact that an individual seeks to purchase health insurance 

in period two, the insurer can infer that this person is of the infirm type. In 

contrast, it is clearly important to the consumer that the purchase of preventive 

medical care can be observed by the insurance company, so that period two health 

care premiums will be adjusted accordingly. 

But of course, as observed by Doherty and Thistle (1996), it is not really 

plausible to suppose that all individuals face the same risk of becoming infirm. 

In practice, even though individuals may not know for sure whether they are 

the healthy or infirm type, there is often information (typically observable and 

verifiable) about the healthiness of their parents (and grandparents) which means 

that all agents do not in fact face the same risk of being infirm in period two. 

Therefore consider a simple generalization of our genetic testing model, and assume 

that agents may be at either high (7) or low (7) risk of becoming infirm in period 

two. Proportion A of the population is high-risk, and proportion (1 — A) is low 
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risk. As above, it is assumed that genetic testing can be undertaken at cost c, that 

preventive medical treatment can be taken in period one at cost M, and that this 

medical treatment reduces the probability of the disaster state to TT—a. Also assume 

that the fact that an individual has undertaken preventive medical treatment is 

observable, and the fact that they are infirm- or healthy-type is costlessly revealed 

at the beginning of period two. For simplicity, it is assumed that all infirm-type 

individuals who have not undertaken preventive medical treatment in period one 

face the same probability % of experiencing the disaster state in period two. 

Before investigating the competitive market equilibrium, it is useful to first, 

characterize the ex ante efficient outcome, that is, the outcome which all indi­

viduals would choose behind the veil of ignorance (i.e., before they learned their 

risk type) but given that they were able to purchase insurance at actuarially-fair 

rates. Considering a situation in which individuals choose to undergo testing (and 

to undertake preventive care), the representative individual's decision problem can 

be expressed as 

max EU — 
S-yJ jGytZ^ 

U(y~c-M + (1- T ) C T + (1 - X)GX - %/) + 

(ir - a)U(s*jj - L + (1 - TV + a)Zf)+ 

(1 - 7T + a)U(s?ii — (n — a)Z^) 

+(l -?})[U(y-c-^ + (1 - X)GX - sm) + U(slH)} 

1 



21 

u(y-c-M + (l-1)G1-\Gx-slI} + 

+(1-A) 1 ~ 
(1 —V + a)U{s1i — (7r — e^Zy) 

+ ( 1 - 7 ) [C/ (y~ c- 7 G 2 - AGA - s2i,) +#(&,#) 

where Gy,G^ denote a genetic insurance coverage (as discussed above) that a 

high-risk/low-risk type would want to purchase to protect themselves against the 

risk of facing a high insurance premium, if they turn to be infirm, whereas G\ 

denotes a second genetic insurance policy that protects agents against being at 

high-risk of turning out to be infirm. As above it is assumed that insurance is 

offered at actuarially fair rates. The solution to this problem is Z~ = Z* — L, 

G$ = (?* = M + (TT - a)L, G*x = M + (IT - a)L{^ - 7), s*H = s*H = \ 

(y-c-(M+(ir-a)L)(1+X(^-1)), &n *£/ - \ 

( „ - c - ( M + (flr-.a)L)(2+Ap7-2)) + ( ir-a)L, andKJH = U% = U$a = 

U±j — 2U (l(y - c - (M + (TT - a)L)(j + A(T~ - 7))) (see Appendix C for proof). 

It is now straightforward to establish that the competitive market equihbrium 

will not be ex ante efficient. Recall that the risk-class that each agent belongs 

to is observable, i.e., whether or not someone is at high or low risk of becoming 

infirm in period two is public knowledge. In this setting it is possible for competi­

tive private insurers to offer premium insurance to each risk type, i.e. Gj, G7. In 

contrast, it is not possible for them to sell insurance against being a 7-risk indi­

vidual rather than a 7-risk person. What this means is that in the competitive 

insurance market high-risk individuals pay higher premiums for genetic insurance 
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than do low-risk individuals, and therefore experience lower life-time utility than 

do low-risk individuals. Therefore, the ex ante efficient outcome - in which lifetime 

utility is independent of type - is not achieved. In an environment where types are 

costlessly observable, it is not possible for individuals to insure against being born 

the high-risk type, as suggested by Cutler (2002), Cutler and Zeckhauser (2000), 

and Tabarrok (1994). 

2.3 Different Routes to Rome: Cash Transfers and In Kind Provision 

The previous section demonstrates that the competitive private market cannot 

replicate the ex ante efficient outcome. It might, however, be wondered whether 

appropriately designed public policy might alleviate this problem. One possible 

strategy would be for the government to provide a cash transfer to high-risk in­

dividuals - financed by a tax on low-risk citizens - which would enable them to 

cover the higher expenses they incur in purchasing genetic insurance as compared 

to the expenditures of low-risk individuals2; however, whether or not this policy 

is effective or not clearly depends upon whether or not high-risk agents choose to 

take out full insurance. This problem is examined here. 

The sequence of events is as follows. In period one, before individuals decide 

on savings, the government has the opportunity to redistribute from low-risk to 

high-risk individuals (cash transfer T). Individuals then have the opportunity to 

acquire genetic insurance. They subsequently can undergo genetic testing at cost 

c, enabling them to learn their type (infirm or healthy), and they can undertake 

2 It is assumed here that purchases of genetic insurance are socially optimal. 
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preventive treatment at cost M if they are infirm. Regardless of whether they 

undergo genetic testing in period one, individual types are costlessly revealed at 

the end of period one. Individuals decide on savings to finance consumption in 

period two after the types are revealed. At the beginning of period two, before the 

disaster strikes proportion n of infirm-type individuals, every infirm person decides 

upon the amount of health insurance coverage, Z. 

It is trivial to verify that when the government can commit to a once-and-

for-all income transfer T from low-risk to high-risk individuals at the beginning 

of period one, then both low-risk and high-risk individuals purchase a full ge­

netic insurance coverage to smooth their consumptions between the 'infirm' and 

the 'healthy' states. Also, infirm-type individuals purchase a full health insur­

ance coverage, thus, fully smoothing their consumption between the disaster and 

non-disaster states. Moreover, in this setting, it is straightforward to show that a 

government which maximizes a Benthamite social welfare function3 will implement 

a system of income transfers which replicates the ex ante Pareto efficient outcome. 

For completeness, this fact is recorded in the proposition below. 

Proposition 1 When a Benthamite government can commit to a once-and-for-

all transfer policy, the optimal transfer policy results in an allocation of resources 

which is ex ante Pareto efficient. 

Proof. See Appendix D. • 

3 Here, a Benthamite social welfare function is defined as a sum of utilities of all individuals 
in the economy with an equal weight assigned to each individual utility. 
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As stressed by the literature on time consistency (Boadway 1997), what is not 

self-evident is whether a government which seeks to maximize a Benthamite social 

welfare function can credibly claim to be committed to a 'once-and-for-all' transfer 

policy. To this end, it is useful to examine the government's behaviour should 

individuals fail to fully insure. Specifically, if infirm-type individuals choose to take 

out insurance Z < L, then in period 2 after the disaster occurs and proportion 

7T — a of them have experienced the disaster state, the government solves the 

optimization problem 

\*Y(w—a)N 

maxW d = V* U(smi + (1 - n + a)Zi - L + >») (2.12) 
Ti ^—^ 

i=\ 

j=A7(7r—<x)N+l 

XN ( A + ( 1 - A ) 7 ( T - « ) ) J V 

+ X) (̂*7H< + ̂ ) + J2 Ufan-L+il-TC + alZi + T^ 
i=X*fN+l i=XN+l 

(A+(l-A)7)iV 

+ £ U (S2« - (W ~ <*)Zi + Tl) 
i=(A+(l-A)-y(ir-a))iV4-l 

N 

i=(A+(l-Ah)JV+l 

subject to the government's budget constraint 

where Tj is the disaster assistance provided to infirm individuals who fall ill or 

a tax imposed on infirm-type individuals who do not fall ill or on healthy type 

individuals. Individuals are ordered from i = 1 to N according to their type: 

If i < Xrj{n — a)N, then individual i is of high-risk, infirm and sick 
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in period two. 

If A7(7r — a)N + 1 < i < X^N, then individual i is of high-risk, 

infirm and non-sick in period two. 

If A7iV + 1 < i < XN, then individual i is of high-risk and healthy 

in period two. 

If XN + 1 < i < (A + (1 - A)7(TT - a))N, then individual i is of 

low-risk, infirm and sick in period two. 

If (A + (1 - A)7(?r - a))N+1 < i < (A + (1 - A)7)iV, then individual 

i is of low-risk, infirm and non-sick in period two. 

If (A + (1 — X)j)N + 1 < i < N, then individual is of low-risk and 

healthy in period two. 

The first order condition with respect to r* is 

[//(.) + / , = 0, Vr , , (2.14) 
dWd 

where n is the shadow price of the budget constraint. This condition requires that 

consumption in period two is equalized for all citizens. 

Anticipating that disaster insurance will indeed be provided in the case that 

they failed to fully insure, the insurance decision of infirm-type individuals is 

straightforward to examine. 

Proposition 2 If the government maximizes a Benthamite social welfare function 

and cannot commit to a once-and-for-all transfer policy, then expected utility of 

individual i is independent of the amount of insurance purchased; in particular, 
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therefore, it is optimal for infirm individuals to purchase no health insurance, i.e., 

z = o. 

Proof. (So as to avoid visual clutter, the indices i and 7 in the following proof 

are suppressed.) In period two there are two types of infirm individuals, high-risk 

individual who became infirm and low-risk individual who became infirm. First, 

consider the problem of a representative high-risk infirm individual 

(it - a)U(si - L + (1 - IT + a)Z + r ) 
nxaxEUr — 

+(1 - 7r + a)*7(s/ - (n - a)Z + T1), 

where T^T1 are the solutions to the optimization problem in (2.12)-(2.13). Conse­

quently, 

( drr 

- ( 1 - IT + tfU'is! - (TT - a)Z + r J ) I (TT - a) - — 

It can be shown that ~ — -—•{! - {TX - a)) and ^ - = ^-(TT - a) (see 

Appendix E for details). Since second period consumptions are equalized, the 

above first order condition is equal to zero. Moreover, the optimization problem 

for a low-risk individual who becomes infirm-type yields exactly the same solution. 

Thus, the expected utility of an infirm-type individual is independent of the amount 

of health insurance that they purchase, and an optimal solution is to choose Z — 0. 

• 

The result that the expected utility of infirm individuals is independent of the 

amount of health insurance, Z, which they purchase - and therefore that Z = 0 is 



27 

only one of many possible solutions to Infirm's optimisation problem - is somewhat 

surprising. One might expect infirm individuals to have an incentive to systemati­

cally underinsure - thereby making themselves eligible for an enhanced government 

handout in the disaster state. This result is driven, however, by the fact that ag­

gregate income is effectively certain in period two, and a Benthamite government 

will therefore always ultimately equalize the distribution of this aggregate income 

across all citizens. Consequently, infirm individuals' consumption in period two is 

independent of the amount of insurance which they purchase. For convenience in 

what follows it is assumed that Z = 0.4 

Turning now to the determination of savings at the end of period one observe 

that, if individuals have undertaken genetic testing at the beginning of period one, 

then uncertainty regarding their type is resolved: they know, for sure, whether 

they are healthy or infirm, and whether they were originally low-risk or high-risk 

individuals is no longer of any relevance to their savings decisions. In this case, 

therefore, the optimization problem solved by a representative healthy individual 

is 

maxt/ff = U(Yi - sm) + U (sm + T?) , 

where Yi = y—c—^fG^+Ti if the individual is of high-risk, or Yi = y — c—jGyi+Ti 

if the individual is of low-risk; 2} designates the tax levied by the government in 

period one, and r f - which is the solution to (2.12)-(2.13) and depends therefore 

on the savings decisions of all individuals in period one - denotes the period-two 

4 The assumption that individuals purchase no insurance merely simplifies the exposition, and 
does not alter the results. 
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transfer (which, in the case of healthy individuals, will in fact be a tax). Similarly, if 

the individual i is infirm, applying the condition that second period consumptions 

are equalized, the level of their period one savings, s/», can be found by solving 

max Ui = U(Yi - sn) + U(sn-L + n), 

where Yi = y — c — M + (l — 7)G^+ T^ if the individual is of high-risk, and Yi — 

y — c — M + (l— 7)^71 + Tj_ if the individual is of low risk. At an optimum, it 

must therefore be true that 

dUi 

dsm 
- = -U'(Yi - sHi) + U' (sHi + rf) 1 + ^ 

dsm 

dUx 
dsn 

= -U'{Yi-sIi) + U'{sIi-L + Ti) 1 + 
dTj 

dsn 

0, 

= 0. 

(2.15) 

(2.16) 

Let Urn and s~n be the solutions to (2.15) and (2.16) respectively. 

Proposition 3 Both high and low-risk individuals have the same first period con­

sumptions. 

Proof. Totally differentiating the first order conditions for rf, r and r\ (equa­

tion (2.14)) and applying Cramer's Rule one can show that ^ = -^ — —^jf" 

(see Appendix F for details). Therefore, (2.15) and (2.16) yield 

U'(Yj-sm) irQTi-an) 1 
U'ism-Ti) U'isn-n) iV' *' 

(2.17) 

which, since consumption is equalized in period two, also implies that all individ­

uals must achieve the same consumption levels in period one. • 
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Observe from (2.17) that there is only imperfect consumption smoothing, which 

implies that the ex ante outcome is not attained: this is because both healthy and 

infirm individuals overconsume in period one, in order to reduce the burden of 

redistributive taxation in period two. Moreover, the inefficiency clearly becomes 

more acute as the size of the population increases: individuals effectively consume 

their entire endowment during period one, leaving themselves in relative penury 

in period two. 

Consider now the decision problem of a high-risk individual with respect to 

the purchase of genetic (premium) insurance. 

Proposition 4 In the case in which individuals undertake genetic testing, expected 

utility is independent of the amount of genetic insurance purchased. In particular, 

it is optimal to purchase no genetic insurance, i.e. Cry — Cr-y. 

Proof. A representative high-risk individual solves 

U (y - c - M + (1 - 7) Gji + T^ ~ *w) + 

U(7*ji - L + Ti) 

+(1 - 7) [U (y - c - T'Gyi + 2~j - 3 ^ ) + U(sim + rm)] • 

7 
maxC/i = 

The first order condition yields 
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| = 7 ^ 7 _ ^ \ t / ' ( y _ c _ M + ( 1 _ 7 ) G _ . + r ; . . _ 3 _ / . ) 

- (1 - 7) (7 + ^ r ) U'(V - c - 1G1 + T-K - hm) 

+(1_,m^+?ff i)x;|Lg.. 
3i=i J ' 

The application of the first-order conditions (2.15) and (2.16) (the Envelope The­

orem) to the above yields 

§- . 7 (1-7) (,Vl)+TOgfii| 
dff ds~ 

- (1 - 7) W(H1) + (1 - T W # 2) £ 

where 71,12 (HI, H2) denote the consumption of an infirm (healthy) individual in 

periods one and two, respectively. The application of the conditions that second 

period consumptions are equalized and (2.17) to the above yields 

— - V(12) ^ 7 g _ _ + (1 - 7 ) g — — J = 0, 

because -^ = 0 for j ^ i (see Appendix G for details). This implies that expected 

utility is independent of G^. • 

Given that individuals may not choose to purchase genetic insurance, it is 

clearly of interest to determine whether they will in fact choose to undergo genetic 
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testing (and, in the event that they turn out to be infirm, undergo preventive 

medical treatment). This is answered in the next proposition. 

Proposition 5 When government redistributive policy is time-inconsistent, indi­

viduals may not choose to undergo genetic testing although it is socially desirable 

for them to do so. 

Proof. It is socially desirable for a high-risk individual to undergo genetic 

testing as long as the reduction in the expected loss due to illness in period two is 

at least as high as the cost of testing and preventive medical care 

7,-ofc ^ c + 74M, 7» = {7,7} • 

Whereas the social benefit of a single agent undergoing genetic testing and pre­

ventive medical treatment is equal to the expected increase in aggregate income 

available for the government to redistribute in period two (the term on the left) less 

the expected cost of testing and preventive treatment (the term on the right), when 

government redistributive policy is time-inconsistent the increase in aggregate in­

come is shared equally among all N individuals. Thus, a high-risk individual 

undergoes genetic testing if and only if 

^ > c + liM- (2-18) 

This means that individuals will not undergo genetic testing although it is socially 

desirable for them to do so if 

7 i a L ^ c + 7 i M ^ ^ . (2.19) 
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• 

It is straightforward to check that, since 7 > 7, if (2.18) is satisfied for low-risk 

individuals, then it is also satisfied for high-risk persons. More interestingly, how­

ever, the reverse is not true, and therefore it is possible that high-risk individuals 

choose to undergo testing (and preventive treatment), whereas low-risk individuals 

do not, although it would in both cases be desirable for them to do so. 

Turning now to the optimal first-period tax/transfer policy of the government, 

notice that the government can only observe that individuals are of low-risk or of 

high-risk. All other types (infirm, healthy, sick or not sick) are revealed after the 

first-period transfer is distributed. 

Proposition 6 Expected social welfare is independent of the first-period govern­

ment transfer. 

Proof. See Appendix H. • 

Proposition 6 is intriguing. Intuitively, it seems plausible to predict that the 

optimal policy for the government would be to choose a zero transfer policy in 

period one or, if a positive level of transfer were optimal, to anticipate that this 

transfer would be chosen strategically to influence the savings decisions of healthy-

and infirm-type individuals. It is slightly startling to discover that, even when the 

government is not able to resist offering disaster assistance at the end of period 

two, the level of social welfare is in fact independent of the government's first 

period redistributive policy. In particular, it is consistent with optimal policy 

to choose the same redistributive transfer policy as would be selected in the full 
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commitment case, even though infirm individuals may rationally choose to forego 

health insurance, and will therefore require — and be offered — disaster relief. 

Even more startling is that even if the government chooses the first-best level 

of cash transfer, and infirm-type individuals choose to fully insure, the ex ante 

optimum will still not be achieved (see equation (2.17)) . 

The equihbrium path deviates from that required to achieve the ex ante op­

timum because the tax burden associated with the government's redistributive 

program is sensitive to changes in period one savings. Even if the government 

provides the ex ante optimal transfer at the beginning of period one, even if in­

dividuals choose to take out genetic insurance, to undertake genetic testing and 

preventive medical treatment, and even if all infirm individuals choose to fully 

insure, the equilibrium will still not be ex ante efficient because agents' strategic 

behaviour leads to the distortion of their savings decision. Observe, in particular, 

that if | g , g = 0, then equations (2.15) and (2.16) show that there will be full 

consumption-smoothing between the first and second periods, just as is required 

for the implementation of the ex ante efficient outcome. This fact underlies the 

next proposition. 

Proposition 7 The ex ante efficient outcome can be implemented by a Benthamite 

government which provides health care to sick individuals and public pension of 

\ {y — c — (M + (n — a)L)(7 + A (7 — 7)) to all individuals in period two, and fi­

nances the provision of these services as well as of socially desirable genetic testing 

and preventive measures by imposing an equal per capita tax, 
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T* = | (y + c + (M 4- (7r —• a)L)(7 + A(7 — 7)) in period one. 

Proof. Since the government provides medical care and covers expenses of the 

genetic test and preventive measures, individuals do not face any expenses related 

to health care, and losses (L) of sick individuals are covered fully. Given a tax T*, 

individual i's consumption in period one is \ (y — c - (M + (TT — a)L) (7 + A (7 — 7)) — 

Si, where s^ is private saving. Observe that consumptions in period two can be fi­

nanced by public pensions and private saving, s*. One can demonstrate that s* = 0, 

Vi € [1, N]. Individual i solves 

maxt^ = U(y - T* - Si) + U(T* - c - (M + (TT - a)L)(7 + A(7 - 7) + st), 
Si — — 

subject to 

T* = ^(y + c+ (M+(7r - a )L) (7 + A(7-7 ) ) . 

The first order condition yields at the optimum 

U'{y - T - Si) = U\T* - c - (M + (TT - a)L)(2 + A(7 - 7) + 8i). 

Thus, s*i = 0. • 

Similar to Bruce and Waldman (1991) and Coate (1995), the problem of time-

consistent government policy is resolved by implementing an appropriate program 

which undertakes in-kind redistribution (health care and pension). Observe that 

a public health insurance program alone is not sufficient to obtain the ex ante 

efficient outcome, since individuals are still motivated to overconsume in period 

one, anticipating a bail-out in period two. Offering public pension alone does not 
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lead to the ex ante efficient outcome either, since in the economy with multiple 

health risks individuals will not be able to insure against their type on a private 

competitive market. Also, they may not undertake genetic testing when it is 

socially desirable to do so. Thus, a combination of two expenditure programs 

is necessary. Also, note that the solution in Proposition 7 does not require for 

the government to use any information about individual's type. This result is 

interesting since often the inability of the government to observe an individual's 

type restrains the tax policy from reaching an optimal outcome (Mirrlees 1971, 

Diamond and Mirrlees 1971, Stiglitz 1982, Boadway et al. 1996). 

2.4 Public Policy Options and Concluding Remarks 

This paper examines ex ante efficiency and its importance for health insurance 

markets. The analysis of section 2.3 shows that in settings in which individuals 

have information about either their health status, or about the likelihood that 

they will turn out to have a poor health status, a competitive insurance industry 

will not be able to offer insurance products (including genetic insurance) which 

implement the ex ante efficient outcome. In the absence of corrective public policy, 

individuals who are born infirm, or who are born knowing that they are at higher 

risk of becoming infirm, are born unlucky: through no fault of their own, they 

will experience lower life-time utility than individuals who are born healthy, or 

who are born knowing that they have a greater likelihood of being healthy. Only 

when individuals are born ignorant of their health status, but with an identical 

risk of becoming healthy or infirm, is it possible for markets to provide consumers 
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with insurance products that enable them to achieve the same lifetime utility level 

as they would obtain if they could purchase insurance behind the veil of ignorance. 

Is there any way to achieve the ex ante efficient outcome in an economy with 

multiple risk types? As discussed in section 2.3, the first-best outcome cannot 

be obtained by providing high-risk individuals with compensatory cash transfers, 

even if the government were able to costlessly verify to which risk class individuals 

belonged. However, somewhat surprisingly, this is not because high-risk and/or 

infirm-type individuals fail to fully insure themselves, but because the savings 

decision is distorted: knowing that a Benthamite-type government will not be 

able to resist the temptation of providing disaster assistance, both high-risk and 

low-risk individuals overconsume in period one. Moreover, to the extent that 

the government cannot prevent itself from implementing a redistributive tax and 

transfer policy at the end of the second period, the problems that were identified in 

section 2.3 also mean that the first-best outcome cannot be achieved when genetic 

testing is costly. 

At least one mechanism can solve the problem of the time inconsistency of gov­

ernment redistributive policy when it cannot commit to a once-and-for-all transfer. 

That mechanism — widely adopted in many industrialized economies —has two 

parts. The first element is public universal health insurance, i.e., a publicly funded 

comprehensive health insurance system, that covers the costs of genetic testing and 

of preventive medical care for individuals who are identified as being at high-risk 

of becoming infirm, and also covers the loss associated with the disaster state for 
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infirm-type individuals who subsequently fall ill. The costs of providing universal 

health care are appropriately covered by imposing an equal per capita tax on all 

citizens in each period. The second element is a public pension provided in period 

two and financed by a tax in period one. In effect, the ex ante optimal outcome 

can be attained through a combination of in-kind provision of services to sick in­

dividuals as well as a public pension for everyone in period two and a uniform tax 

on all citizens in period one (when incomes are equal). 

Strikingly, the ex ante optimal outcome cannot be achieved solely through 

mandatory insurance. Recall that, along the equilibrium path, individuals may 

choose to purchase genetic insurance, as well as disaster insurance. The reason 

that the equihbrium outcome is not the desired outcome is not due to problems 

with the purchase of insurance, but to inadequate savings: a policy which makes 

the purchase of genetic or disaster insurance mandatory does not influence the sav­

ings decision, and hence does not influence the equilibrium outcome. Mandatory 

insurance - which covers genetic testing and preventive treatment as well as pro­

viding disaster insurance - will prove effective only if coupled with a disincentive 

on the government part to redistribute wealth in period two. This can be achieved 

through a publicly provided pension. This paper makes it clear that as in the real 

world, the decisions with regard to different social programs are interconnected. 

Another lesson to be drawn from the results in this paper is that the failure 

of income tax systems in many countries to differentiate individual tax burdens 

on the basis of what appear to be observable differences between taxpayers - e.g., 
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health status - is, in fact, desirable. Governments can use expenditure policy to 

redistribute resources between those who are healthy and those who are infirm, but 

by restricting the public sector's capacity to redistribute income through the tax 

system, this mitigates the distortion of other decisions - in our case, the savings 

decision - thus achieving a higher overall level of welfare. 

2.5 Appendices 

Appendix A 

By backward induction, first, solve 

max (7r -a )U(s I -L + (l-n + a)Z) (2.20) 
z 

+(l-v + a)U (s/ - (TT - a)Z), 

to yield Z — L. Second, given Z — L, solve 

to yield 

and 

to yield 

m a x t / ( 3 / - c - M - s i + ( l~7)G) (2.21) 

+(TT -a)u(Sl-L + (l-n + a)z\ (2.22) 

+(1 - 7r + a)U (aj - (IT - a)Z\, 

3/ = i ( t / - c - M + ( l - 7 ) G + (7T-a)L), (2.23) 

max U (y - c - 7G - sH) + U(sH), (2.24) 

sH = ±(y-c-iG). (2.25) 
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Finally, given (2.23) and (2.25) solve 

max£t/ = 7 [ C / ( y - c - M - s / + ( l -7) (?) 
G 

+U(sj - (TT - a)L)] 

+(1 ~-f)[U(y-c--fG- $H) + U(sH)] • 

The first order condition at the optimum yields 

G — M + 5> - tH, 

thus, 

and 

G = M + (n- a)L, 

Sl i-J. + (A- - tt)L, 

^ y — c — 7 [Af + (vr - a)L] 
S H = = j;̂  , 

Note that the lifetime utility of infirm-type and healthy-type individuals are 

identical at 

UJ~UH = 2u(y-C-^[M
2
+{7t-a)L]Y 

Appendix B 

By backward induction, first, solve 

max TCU {s + G - L + (1 - ir)Z) (2.26) 

+(l - ir)U (s + G - nZ), 

which yields Z — L. Second, given that Z ~ L solve 
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max££/ = U(y-yG-s) (2.27) 
s,G 

+7C7 (s + G - TTL) + (1 - 7)*7(s). 

The first order conditions at the optimum are 

dEU 

dG 

dEU 
ds 

= ~U'(y-1G-s) + U'(s + G-TrL)^0, 

= -V (y--fG~a)+ 7W (s + G- TTL) 

+(1 - 7)*7'(s) = 0 

G(l + f) = y-2s + TrL. (2.28) 

Since genetic insurance protects against realization of the 'infirm' state it must be 

true that consumption in the 'healthy' and the 'infirm' states are equalized, i.e., 

U'(s + G-nL) = U'(s). (2.29) 

Substituting (2.28) into (2.29) yields 

8 = _ . (2.30) 

Subsequently, given (2.30) equation (2.28) yields 

G^TTL. 

Thus, the utility of a representative individual who does not undertake genetic 

testing is 

d=2U(y^jiL 
) • 
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Behind the veil of ignorance an individual solves 

max EU — 

C / ( y _ c _ M + ( l - 7 ) C ? 7 + ( l -A)GA-%i) 

7 +(7r - a)U(sm - L + (1 - it + a)Zj) 

+(1 - 7r + a)C/(s77 - (it - a)ZT) 

+(1 - 7) [U (y - c - ^ + (1 - X)GX - s^H) + U(s^H)] 

U (y- c- M + (1 - 7 ) C 2 - AGA - s2/) + 

7 (7T - a)U(s2l - L + (1 - 7T + a)Z2)+ 

(1 — 7r + a)U(sji - (re — a)Zy) 

+(1 - 7) [?7 (y - c - 7G2 - AGA - slH) + U(slHj\ 

+(l - A) 

The first order condition for Z* is 

OEU 
dZ~ 

= A7[(7r - a)(l - IT + <*)[/'(%/ - L + (1 - 7T + a)%) 

-(7r - a)(l - 7r + a)U'(s?yi - (ir - a)^y)], 

so that at the optimum, 

U'(s^ - L + (1 - TT + a)ZT) = C/'(s7/ - (?r - a)Z?), 

which yields Z% = £. Similarly, one can show that Z* — L. 

Using (2.31) and the fact that Z~~ Z* = L, it is obtained that 

dEU 
— A7 

-U'(y - c- M + (1 - 7)GT+ (1 - A)GA - s^) 

+U'(s^ - (?r - a)L) 

(2 

(2 



Similarly, 

dEU 
ds. !7/ 

= (1 - Ah 
-V (y-c- M + (1 - 7 K ? 2 - AGA - ^ ) 

+U(slI — (7T - a)L) 

First order conditions with respect to S^H, G*J, G\ are 

dEU 

ds^H 

(2 

- A(l - 7) \-U' (y - c - jG^ + (1 - X)GX - *yH) + C(ftffr)], (2 

dEU 

dG*; 
= A 

7(1-7)C/ ' 
y - c - M + ( l - 7)£?T 

\̂  +(i-A)GA-^7 y 

-7(1 - 1)U' (y - c - 7<3T + (1 - A)GA - «yH) 

(2 

OGx 
= A 

7(1 - W 
y - c - M + ( l - 7)GT 

\ 

+ ( 1 - 7 ) ( 1 - A ) C / ' 

+ ( l - A ) G A - s ? / ^ 

y - c - 7"Gy 

+ ( 1 - A ) 

(2 

^+(i-A)GA-^y J 

~7A*7' (y - c - M + (1 - T ) G 2 - AGA - s2 , ) 

-A(l - 7 ) ^ ' (y - c - 1G1 - XGX - sZff) . 

Combining (2.32), (2.34) and (2.35) one can show that 

U'(sw) = u'(y-c-^G^+(l-X)Gx-sw) 

= U'(y-c~M + (l~^)G1+(l-X)Gx-s1I) 

(2 

= U'isyi - (TT - a)L). 



Similarly, it is straightforward to show that 

U'(slH) = £/' (y - c _ ^ - XGX - 8lH) (2.38) 

= V (y- c- M + (1 -x)Gx- \GX - s2/) 

= U'(s2l - (TT - a)L). 

Using (2.37) and (2.38), at the optimum (2.36) yields 

A(l - \)U' (y - c - M + (1 - 7)0? + (1 - X)Gx - s7/) (2.39) 

= (1 - X)XU' (y-c-M + il-^G^XGx - s^ . 

Equation (2.39) can be expressed as 

G\ = (1 - 2)GX - (1 - 7)GT + s^ - s2/ 

Further, at the optimum (2.35) yields 

GT = M + s*n - s?#, (2.40) 

and it is similarly straightforward to show that 

G2 = M + s7j — SJH-

Given (2.40), at the optimum, (2.32) and (2.34) become, respectively, 

y - c - M + (1 - 7) (M + s^ - slH) + (1 - A)GA - s^ = s^ - (TT - a)L), (2.41) 

y - c - 7 (M + %/ - S7H) + (1 - X)GX - sm = ayH. (2.42) 

Further, subtracting (2.42) from (2.41) yields 

s~i — s~n — (TT — a)L. (2.43) 
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Using (2.43), (2.40) yields 

G* = M + (it - a)L. (2.44) 

Similarly, it can be shown that Syi - slH ~(n- a)L, and therefore it is obtained 

that 

G* = M + (TT - a)L. (2.45) 

Next, given (2.44) at the optimum, (2.32) yields 

2*y/ = y - c - *[M + (2 - 7)(TT - a)L + (1 - X)GX. (2.46) 

Similarly, given (2.45), at the optimum (2.33) yields 

2SjI = y - c - j_M + (2 - 7)(TT - a)L - AGA. (2.47) 

Using (2.44), (2.45), (2.46), and (2.47), it can be shown that 

G* = (7 -7) (M + (7r-a)L). (2.48) 

Given (2.48), (2.46) and (2.47) it is obtained that 

4 / = sji = \ (V ~ c ~ (l + A(7 ~ 1)){M + (TT - a)L)) + (TT - a)L. (2.49) 

Further, using (2.43) and (2.49) it can be shown that 

4 * = SJH = \ (V - c - (7 + AC? - 7))(M + (TT - a)L)) . (2.50) 

Lastly, given (2.37) and (2.38), and using (2.49) and (2.50) it can be demonstrated 

that 

TT* _ TT* _ TT* _ TT* 

- 2 £ / Q ( y - c - ( M + ( 7 r - a ) L ) ( 7 + A ( 7 - 7 ) ) ) -
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XN 

Appendix D: Proof of Proposition 1 

At the beginning of period one the only realized and observable difference 

among individuals is their risk-type (high or low). Thus, the government redistrib­

utes from low-risk to high risk individuals by choosing lump-sum taxes/transfers 

T7, respectively, by solving 

t / ( 1 / _ c _ M + ( l - 7 ) G ^ - 4 / i + TV) + 

7 (ir~a)U{s?fJi-L + (l-ir + a)Z±i)+ 

(1 - 7T + a M ^ - (TT - a)Z±,) 

+(1 - 7) [U (y - c - TCfy - $m + TT) + U(S±m)] 

U (y- c - M+ (1 -X)G*2i -s*lH + T2) + 

7 (* - a)U(s*jU -L + (l-7r + a)Z^)+ 

(1 _ n + a)U{s*lU - (* - a)ZJ) 

+(l-2)[^(»-c-7G5,-«Jffl + T2)+ (̂»Jm)] _ 

subject to the budget constraint 

a x ^ = V 
,% 4-f 

max 
l-y,*2. 

N 

i=AiV+l 

AT7 + (1-A)T7 = 0, (2.51) 

and subject to s^n, G~, Z^ (or s*7i, G*^, Z*{) being the solution to the optimisation 

problems of a representative high-risk (or a low-risk) individual, that is, 

U{y-c-M + (l- 7)C?T - ftyj + T7) + 

7 (7r -a) (7(s 7 / -L + ( l -7 r + a)27)+ 
max EU 

(1 - 7r + a)(7(s7/ — (7r — a)Z7) 

+(i - 7) [̂  (y - c - 7GT - s^H + r7) + c/(sw)] 
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It is easy to demonstrate that if the government is committed to a once-and-

for-all transfer policy, then infirm-type individuals always purchase full health in­

surance Z^ — Z* — L; and both high-risk and low-risk individuals purchase full 

genetic insurance coverage G~ = (?* = M + (n — a)L, which protects them if they 

were to become an infirm-type, requiring treatment at cost M and health insurance 

(albeit at a lower premium than if they were not to undertake the treatment). 

Consequently, high-risk individuals have a life-time utility 

2U Q ( y - c - 7(M + (ir - a)L) 4- TTV 

and low-risk individuals have life-time utility 

2ufyv-c-1(M + (n-a)L)+T^j. 

This implies that the government's optimisation problem can be re-written as 

naxW = f]2U (\{y-c-%M + (TT - a)L) + TT) 

£ ) 2u(hy-c-1(M+(ir-a)L) + T1)\, + 

subject to (2.51). 

The first order conditions are 

XN 

AiV], fyU' (hy - c - 7(M + (TT - a)L) + T^\ + p\ = 0, V* € [1,..., 

] T 2U' (hy - c - 7(M + (TT - a)L) + T^)) +p(l-X) = 0,Vi € [AiV+1,..,iV], 

and (2.51), where /> is the shadow price of the government budget constraint, and 

N is the number of individuals in the economy. 
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Prom the above first-order conditions it follows that government chooses a 

tax/transfer policy to equalize the utilities across the population with the optimal 

choice of t ransfer^ = ( l - A ) ( 7 - 7 ) ( M + ( 7 r - a ) L ) and tax T* = - A ( T " - 7 ) ( M + 

(TT — a)L). Thus, as described in Section 2.2, this implements the ex ante efficient 

allocation. 

Appendix E 

Fully differentiating (2.14) and (2.13) with respect to Z* and Ti,\/i G [l,N] 

yields 

/ 
U" 0 ... 0 0 1 

0 U" 0 ... 0 1 

0 0 ... 0 U" 1 

1 1 1 1 1 0 

dr9. 

dr N 

yd}* j 

( 
KiU" 0 ... 0 0 

0 KdJ" 0 ... 0 

\ 

\ 

/ 

dZ-i 

\ 

) 

\^AT(A7+(1-A)7)/ 

0 0 ... 0 KiU" 

0 0 0 0 0 

where Ki = - 1 + (TT - a) V« € [1, A^TT - a)N] or V* 6 [AJV+1, (A + (1 - A)T) (IT -

a)JV] and Jfc = (n-a) Vi € [A7 (TT - a) AM-1, A7JV] Vi G [(A + (1 - A)7(TT - a)) N]. 

Note that because second period utilities are equalized the index i in Uj can be 

suppressed. 
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Using Cramer's rule, observe that for infirm individuals who fall sick, i.e., 

V» 6 [1, A7(TT - a)N] or V» € [AiV* + 1, (A + (1 - A)7(TT - a)) N], 

N-l rir< _ 1 - (TT - a) (N - 1) (If")"-1 N-l 

dZi -N{U") N-l N 
(1 - (TT - a)); 

and that for infirm individuals who do not fall sick, i.e., Mi G [A7(7r — a)N + 1, 

XyN] or Vz € [(A + (1 - A)7(TT -a))N + 1, (A + (1 - A)T) AT], 

drt -(*• -a)(N- 1) ({J")* -1 N - 1 
dZi -N(U") N-l N 

(n — a). 

Appendix F 

Fully differentiating (2.14) and (2.13) with respect to si and Tif\/i e [l,N] 

yields 

/ 
U" 0 ... 0 0 

0 U" 0 ... 0 1 

0 0 ... 0 U" 1 

,\ /V 

1 1 1 1 1 1 OJ \dfij 

dr2 

dr N 

-U" 0 ... 0 0 

0 -U" 0 ... 0 

0 0 ... 0 -U" 

0 0 0 0 0 

dsx 

dso 

\dSNl 

file:///dfij
file:///dSNl
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Note that because second period utilities are equalized the index i in U" can 

be suppressed. Using Cramer's rule note that 

(fr{ (N-1)(U") V\N-1 

dsi -NiU")"-1 N ' 

Similarly, 

dr{ - (£/") N-\ 

dsj -N(U") //W-l ~ AT' ^TJ N' 

Appendix G 

Fully differentiating (2.15) and (2.16) with respect to s* and Gi yields 

/ 
u?i + bub o 0 

u& + bu2i o .. 

0 

0 

v^ 
d$2 

\ 
0 ... 0 Uw + bVkJ \&») 

(. 
(i-7 iM'i o ... o o 

0 ( l - 7 i ) f & 0 ... 0 

\ ( \ 
dGx 

dGo 

\ 
0 0 (1-7«MV/ \dGNJ 

where 7̂  G {7,7}. Applying Cramer's rule, one obtains t h a t ^ r = 0 

Appendix H: Proof of Proposition 6 

The optimal redistributive policy of the government in period one is found by 
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max W 
i=1 +U (*fIt - L + (1 - 7T + a ) ^ + r7 i) 

A7JV 

+ E 

XN . 

+ E 
i^A'yJV+l 

AAT+(l-A)7(7r-a)JV 

i=AiV+l 

(A+(1-A)7)AT 

i=(A+(l-A)7(7r-a))iV+l 

AT 

+ E 
* = ( A + ( 1 - A ) T ) J V + 1 

C/ ( y - c - M + (1 - ^ X ^ - *?/< + TT) 

+U \tofn -(IT- a)Zi + TI{ J 

tf(y-c-M + ( l - 7 ) 5 ^ - s 2 l i + T2) 

+U f &yB — -L + (1 — 7r + a ) ^ + r^j J 

C / ( y - c - M + ( l -7 )G 2 i - ? 2 « + T2) 

+C7 f ?2/i - (7r - a)Z2j + r^ J 

f/ (y - c + (1 - 7 ) % - slHi + T2) 

subject to 

ATT+(1-A)T7 = 0, 

where T7 and T7 are the first-period transfers (taxes) to a low-risk individual and 

high-risk individual, respectively. 

Using T7 = — JZJTJ ^om t n e budget constraint and applying the results de­

rived above, i.e., G^i = Gyi — 0 and Zi = 0, V i G [1, N], the first order condition 

file:///tofn
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with respect to T7 becomes 

dW 
Af(7r—a)N 

E 
AT 

+tf /(fty«-L + TJfi) X) 
i = l j ? « 

A7AT 

+ E 
j=A7(7r—a)iV+l 

<HV 

<*?£» dSi 

j=l,jf=# ' 7 

AAT 

+ E +£/'(5 i f l i + xfl)(l + ; g - ) ^ 
JV ,-H 

AiV+(l-A)7(7r-a)JV 

+ E 
i=AJV+l 

dT-» 

dSj 
(Oh 

(A+(l -A) 2 ) iV 

+ E 
i=(A+(l -A)7(7T-a)) iV+l 

N 

i= (A+( l -A)7)JV+l 

- ^ f o * - £ + ?*) E §f 

^ (y - C - ^ - ^TT) (~^f + l) 

Using the result that second period consumptions are equalized across indi-
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viduals, that first period consumptions are equalized across the population, that 

dr~i OfL dr" 

and that J ^ = ulia)! rp„;„i Vi € [1, N] (where (1) and (2) denote consumptions 

in period one and two respectively), the first order condition can be rewritten as 

dT~ 

XN 

- E 
*=i 

U'M\ U"(l)+-faU»(2) + l) 

I U' (2) x U"{1) 

T L / W JV U"(1)+^U"(2) 
AT 

iV 

+ E 
i=AJV+l 

XN 

-ji- ( *q& + A ^ (i) 

_ (_A_̂  n' (2) * u'\x) 

\1-X)U \*> NU"(l)+jfaU"(2) 

X_TTI(n\ 1 V U"(D 
1-XU W 7 7 . f- ,.U"(l)+4rU"{2) 

( U"M i i W m 
V U"(1)+^U"(2) "*" V ^ 

T>f7"(l)+-Jj rtf"(2)V v*> 

+C/ ' (2) jy (iV - 1)0w(i)+JSfa/'(2) 

—2_ ( ^ + i"! u' (1) 
I-X V u"{iy+-fru»($ ^ l ) u W 

\1-A/ iVt/' '(l)+; j^t/' '(2)U ^ 
+ (1-A)JV 

I - A U W i\AJV 1)u»(i-)+^u,l (2) 

= 0. 

Similarly it can be shown that ^ = 0 VTZ. Thus, social welfare is independent of 

the first period redistributive policy. 
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CHAPTER 3 

Fee-For-Service vs. Capitation: Anything You Can Do -1 Can Do Better (and 

Cheaper) 

3.1 Introduction 

A classic concern of the literature on health economics is the design of the 

payment scheme for physicians. Should they be paid on a fee-for-service basis 

- as has traditionally been the norm - retrospectively reimbursing physicians for 

service provided according to a pre-determined fee schedule? Or is a prospective 

payment scheme - such as those increasingly used by both private health main­

tenance organizations and public health insurers — which pays physicians a fixed 

fee per patient on the physician's roster on the understanding that the physician 

must provide all necessary health care services to the rostered patients, a more 

cost-effective approach to securing medical services? 

Many researchers have compared these two payment schemes (see Leger 2008 

and McGuire 2000 for extensive overviews). The problem is generally viewed as an 

application of the principles of mechanism design, where the principal (the health 

maintenance organization, or public insurer) designs a compensation scheme to 

eUcit the desired behaviour by the agent (the physician), and where it is assumed 

that the agent's actions are only imperfectly observable. In a nutshell, it is ar­

gued that fee-for-service does not provide incentives for cost-minimization in the 
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selection of medical services and may even induce demand for unnecessary ser­

vices (Evans 1974, Pauly 1980, McGuire 2000). In contrast, capitation provides a 

profit-maximizing physician with powerful incentives to conserve service usage. It 

is also argued that capitation may encourage the provision of preventive services 

if they reduce future costs of service provision, although there is no clear evidence 

to support this theoretical proposition (Shimmura 1988). 

Of course, the actual cost of servicing a patient is uncertain at the time of re­

ceiving the capitation payment. And since, on average, healthy patients make fewer 

visits to their physician than patients with complicated health conditions, this may 

induce physicians to roster healthy patients rather than patients with complicated 

health conditions. This type of selection is known as cream-skimming (Pauly 1984, 

Ellis 1998). Indeed, opponents of capitation argue that the prospective nature of 

capitation leads to quality stinting in general and, in the extreme, to the denial 

of services to high-cost patients (Pauly 1984, Allen and Gertler 1991, Newhouse 

1996, Ellis 1998). Capitation may also encourage excessive referrals, thereby shift­

ing medical costs to secondary care providers, i.e., specialists (Shimmura 1988, 

Stearns, Wolfe and Kindig 1992). Broadly speaking, the consensus emerging from 

this literature is that it is desirable to create a blend of the prospective and retro­

spective schemes in order to mitigate problems associated with each pure system 

(Ellis and McGuire 1986,1990, Ma 1994, Chalkley and Malcomson 1998, Eggleston 

2000, 2005). 

This paper attacks the problem of the design of physician payment schemes 
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from a different perspective. In particular, rather than assuming that physicians 

and patients are essentially homogeneous, a key premise of this analysis is that 

some physicians enjoy more than others the challenge of solving complex health 

problems and are perhaps better at doing so, and that some patients have complex 

medical needs whereas other patients require only straightforward care. A key 

role of the payment scheme is therefore to help match physicians with patients, 

and ensure that appropriate care is provided. To this end, the paper views the 

problem of physician remuneration as nothing more - nor less - than a problem in 

pricing theory, and the approach is very much in the spirit of discussions of pricing 

in club economies (Wooders 1978, Scotchmer 1994, Barham and Wooders 1998). 

As in the literature on club economies, the model abstracts from the challenges 

created by asymmetric information, in order to focus on the role of the price 

mechanism: the notions of fee-for-service and capitation equilibria developed here 

are closely analogous to the concepts of competitive equilibrium and admission-

price equilibrium studied in these papers. 

An important benefit of the approach taken here is that it allows a careful 

assessment of the relative strengths and weaknesses of fee-for-service versus cap­

itation in an environment of heterogenous agents when the demand for medical 

services is certain, as well as under uncertainty. Perhaps not surprisingly to those 

familiar with the club theory literature, the analysis suggests that there may be 

fewer intrinsic differences between the outcomes that can be obtained under fee-for-

service or capitation than is commonly perceived: if policy-makers were to take 
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a more sophisticated approach to the design of the pricing scheme under either 

fee-for-service or capitation, then this may reduce or indeed entirely eliminate the 

differences in the economic outcomes obtained under these payment mechanisms. 

The theoretical analysis of the paper also makes it possible to examine how differ­

ences in the tolerance of individual physicians and of the public health insurer to 

risk affect the overall cost of obtaining health care services under retrospective and 

prospective payment schemes. In particular, the model suggests that it is reason­

able to expect that an appropriately-designed fee-for-service system may, under 

some circumstances, be able to deliver desired health care outcomes at lower cost 

than can a capitation-based system. 

The next section of this paper describes the model and Pareto efficient alloca­

tions in the economy. Section 3.3 studies fee-for-service and capitation equilibria 

and establishes the equivalence between these two types of equilibria in an environ­

ment in which the demand for medical services is exogenously determined. Section 

3.4 analyzes fee-for-service and capitation equilibria when there is uncertainty with 

respect to the health care needs of any individual patient. Section 3.5 extends the 

analysis to allow for preventive care. Section 3.6 concludes. 

3.2 The Model 

3.2.1 Agents, practices and states of the economy 

Consider an economy populated by medical service providers, i.e., physicians, and 

users of their services, i.e., patients. There are two goods in the economy: medical 

services and yogurt. Each patient has an equal endowment of y units of yogurt and 
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no medical services. Each physician's endowment of yogurt is zero. Physicians, 

however, can provide medical services to patients in exchange for yogurt. In this 

and the next section it is assumed that all patients consume one (and only one) 

medical assessment. 

Patients differ with respect to the complexity of their medical problems. There 

are H patients in the economy, indexed by h. There are hi type-1 patients with 

complex problems (further - complex patients) and hi type-2 patients with simple 

problems, e.g., a sore throat or an ear infection (further - simple patients). h\ + 

ha = H, and patients are ordered such that if h < hi then the patient is a type-1 

patient, whereas if h > hi then the patient is a type-2 patient. Patient h's utility 

function is as follows 

Uh = u{Mh) + Shv 

where u(Mh) is continuous, monotonically increasing, quasi-concave, and measures 

the utility of the patient from consumption of yogurt, MH- Shv denotes the utility 

of patient h from medical services of type v, v = I if a complex assessment is 

provided, and v = s if the patient receives a straightforward assessment; 5 fiV is a 

discrete function, taking on different values depending on h and v, and equals zero 

if the patient does not visit a physician. 

A complex patient benefits more from a long visit than from a short one. A 

simple patient's benefit from a short visit is identical to her benefit from a long 
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hi > Shs, for h < hi and (3.1) 

hi = $hs for h>h1. (3.2) 

There are K physicians in the economy, indexed by k. Physicians differ with respect 

to their opportunity cost of performing complex assessments. This paper refers to 

physicians who have a low disutility of performing complex procedures as high-

productivity or type-1 physicians, and to those with high disutility of dealing with 

complex patients as low-productivity or type-2. There are k\ high-productivity 

physicians and k% low-productivity physicians: kx + k% = K, and physicians are 

ordered such that if k < k\ then the physician is a high-productivity physician, 

whereas if k > ki then the physician is a low-productivity physician. The utility 

function of physician k of type j (j = 1,2) is 

Uk = V(Mk)-C(^lk + psk) 

where V(Mk) denotes the utility from income, Mk, which the physician derives 

from the yogurt received for providing straightforward and complex assessments; 

V is continuous, monotonically increasing and concave. C(I) denotes the cost of 

service provision, where / = 'jjl + ps is the caseload (or the number of assessments 

in productivity units)1. lk denotes the number of complex assessments (long visits) 

provided by physician k, sk denotes the number of straightforward assessments 

(short visits) provided by physician k, and 7 ; is interpreted as the time required 

1 One may consider J as the total time spent treating patients. 
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for a type-j physician to perform a complex assessment, whereas p is interpreted 

as the time required to perform a straightforward assessment. C is continuous, 

monotonically increasing and convex in the caseload, / . Note that a physician 

who does not provide medical services, and thus, is not allocated any income 

(yogurt), obtains a utility of zero; this is interpreted as the physician's reservation 

utility level. 

Given that the time required to perform complex assessments is less for type-1 

physicians than for type-2 physicians, and assuming that straightforward assess­

ments can be performed more quickly than complex assessments, the following 

inequality must hold 

9 < 7i < 72 (3.3) 

Next practices are constructed to match physicians with patients. A practice 

is characterized by one physician of type j (j = 1,2) and an associated set of 

patients of type i (i — 1,2), who use the physician's medical services. A profile 

of practice 4>k is an ordered pair 0fe = {<j)\, <fy) where (f>\ and (fa are the number 

of type-1 and type-2 patients in practice <f>k. A practice structure N for the entire 

K 
population is a set of ordered pairs {{(j>\, <j>\),..., {<j>f, ^2)} s u c n that ]C rt — ^ 

fe=i 
2 Jf 

(i = 1,2), where hi is the total number of patients of type i. Also, ]T) ]T) $ — H. 

In other words, a practice structure ensures that all patients have a physician and 

that all physicians are assigned to practices. 

This paper focuses on two price mechanisms (fee-for-service and capitation) 

with a uniform schedule of prices set exogenously for the whole patient popu-
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lation. With this purpose in mind, all allocations considered in this paper are 

restricted to equal treatment allocations, i.e., those with equalized consumptions 

for all patients receiving comparable assessments, and for physicians with an iden­

tical practice profile. Define, therefore, (Ti, Ts) to be the transfer of yogurt received 

by a physician, where 7} is defined as a transfer for each complex assessment, and 

Ts as a transfer for each straightforward assessment. For convenience, in the ex­

position below it is assumed that the yogurt foregone by a patient who receives 

an assessment of a given length is equal to the transfer received by the physician 

who provides the service. However, if the institutional details of publicly funded 

health care systems were to be captured in greater detail, it would be possible to 

define rft as the health tax paid by a patient of type h, and the Ministry of Health 
H H 

budget constraint as ^ r f t = ]£7}Zfe + Tss
k. 

An allocation for a practice k is characterized by a list (((Tj, Ts), /*, sf, (f>\, <$); 

i = 1,2) where If denotes the total number of long visits by patients of type i 

in practice k, and sf denotes the total number of short visits by patients of type 

i in practice k. Note that this notation is general enough to permit patients of 

a given type to have either a long or a short visit. An allocation relative to a 

practice structure N is denoted by (((Tj,T«),/*,«*, ^(ffy; « = l,2,fc = l,...,iC) 

and consists of an allocation for each practice 0fc in the practice structure K. A 

state of the economy, Q, consists of a practice structure K of H and an allocation 

relative to N, thus 

n = (», (((r,f r.), it st 4,4)- i = I, 2, k = I, ..., K)). 
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The state of the economy, Q, is feasible if (i) all patients are assigned to practices, 
K 2 

i.e., for each type i, £ $ = fe; and (ii) J2 $Tf < (</% + <f%)y. Condition (i) 

ensures that all patients receive medical care (either a short visit or a long visit) 

and condition (ii) guarantees that the total transfers of yogurt from patients to 

physicians within the practice do not exceed the amount of yogurt available to 

patients. Note that although the supply of medical services in each practice will 

be an endogenously determined variable, there is no assumed capacity constraint 

with regard to medical service production, i.e., it is physically possible for one 

physician to see all patients. 

3.2.2 Pareto Efficient Allocations 

The set of Pareto efficient allocations of yogurt and medical services is a sub­

set of the set of feasible allocations. A Pareto efficient allocation is described 

by a state of the economy ft such that $N' and a feasible allocation relative to 

W,(({Tl,T£,l'f,s'f, (/>!*,$?); * = l,2;fc = 1,...,K), such that all patients and 

physicians are at least as well off under N' as they were under N, and at least one 

agent is strictly better off. 

Observe that in a Pareto efficient allocation both patients and physicians must 

be better off then under autarchy. Patient k's participation constraint can be 

expressed as 

Uh = u{y-Tv) + 5h0>u{v),Vh,Vv. (3.4) 

Condition (3.4) indicates that patients are better off forgoing Tv units of yogurt 

and receiving a medical assessment of some sort than not seeing a physician at 
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ail. For example, a complex patient is better off with a straightforward assessment 

rather than not seeing a physician at all. Observe that this constraint implicitly 

defines an upper limit on the amount of yogurt that the patient is willing to give 

up exchange for an assessment of a given duration. 

Physician fc's participation constraint is 

Uk = V(Tas
k + Tilk) - C ( 7 / + psk) > 0. (3.5) 

For a physician it must be true that the total benefit of the income received in 

exchange for servicing a given caseload outweighs the cost of providing these ser­

vices. Note that due to the concavity of the utility income function, V, physicians 

will require high compensation if they are to be induced to carry a heavy caseload. 

For there to be a nontrivial economic problem in this economy it must be the 

case that there exists at least one feasible state of the economy, f2, for which condi­

tions (3.4) and (3.5) can be simultaneously satisfied. If this is not true then there 

is an irresolvable allocation problem: in the absence of coercive measures, there 

is no way of dividing the available supply of yogurt and of allocating physicians 

and patients to practices which leaves all parties better off than they are under 

autarky. Since there is no physical capacity constraint on the physicians, this is 

equivalent to requiring that there is 'enough yogurt'. In what follows, it is assumed 

that this is true. 

A related issue is whether complex patients should receive long visits. Due to 

the separability of the patient's utility function in income and medical services, the 

marginal benefit to the complex patient of receiving a long visit rather than a short 
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one is Shi — #/is- This is the upper bound on the amount of additional yogurt that a 

complex patient would be prepared to exchange for a long visit rather than a short 

one. As well, the additional cost to any physician of supplying a long visit rather 

than a short one is C^jl+ps) — C(jj(l-l)+p(s+1)). It is then immediate that if 

there does not exist a feasible state of the economy, Q, in which all complex patients 

receive long visits and for which Shi-Shs > C(,yjl
k+psk)-C('yj(l

k~l)+p(sk+l)) for 

V h < h\ and all physicians who supply long visits in Q, then there are no potential 

'gains from trade' with respect to complex assessments rather than simple ones. 

Remark 8 If there is 'enough yogurt' then there exists a feasible state of the econ­

omy £1 in which complex patients prefer to receive long visits, and in which the 

physician's participation constraint is satisfied. 

Proof. For any pair (Ti,Ta) complex patient h, V h < h\, prefers a long 

assessment if 

u(y - Ti)) + Shi > u(y - Ts) + Shs 

<=* Shi-Shs>u(y-Ts)-u(y-Tl). (3.6) 

Observe that as y -* co, the right-hand side of (3.6) approaches zero, whereas 

the left-hand side is a positive constant. Consequently, if there is 'enough yogurt' 

then there always exists a pair of transfers of yogurt (2],Ta) from the patient to 

the physician that will make it worthwhile for the physician to provide a complex 

assessment, and which leaves the complex patient better off than if she were to 

only receive a simple assessment. • 
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Corollary 9 Suppose that there is 'enough yogurt'. Then at a Pareto efficient 

allocation all complex patients receive complex assessments, and all simple patients 

receive straightforward assessments. 

Proof. The first part of the corollary follows directly from equation (3.6). 

Suppose that initially, a complex patient was receiving a straightforward assess­

ment. A Pareto improvement can now be constructed: consider an alternative 

allocation where the transfer of yogurt is T > Ts and where T is chosen so that 

the treating physician is indifferent between providing the complex assessment and 

the straightforward assessment; at this alternative allocation, the complex patient 

gains 8hi — $hs in additional utility from the complex assessment, and, if there is 

'enough yogurt', this gain outweighs the loss in utility from reduced yogurt con­

sumption. Now, suppose that initially a simple patient is receiving a complex 

assessment. Since there is no benefit to the patient from the longer assessment, 

and there is a greater cost to the physician when providing a complex assessment 

rather than a straightforward one, it is then immediate that - with no change in 

the structure of transfers - a Pareto improvement occurs when a simple assessment 

is provided. • 

Given that Pareto efficient allocations all involve providing straightforward 

assessments to simple patients, and complex assessments to complex patients, the 

next issue to resolve is how patients are allocated across practices. In what follows, 

therefore, the subscript i for l*, s* is suppressed because Z§ = 0, s* = 0 in all Pareto 

efficient allocations. Moreover, in this section, where each patient visits only once, 
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lk = <j>\ a n d sk == <%. 

Turning now to the question of whether or not complex assessments are pro­

vided only by high-productivity physicians, the proposition below indicates that 

this is not generally true: depending on the relative proportions of complex and 

simple patients in the economy, complex assessments may in fact be provided by 

low-productivity physicians as well as by high productivity ones. What is true, 

however, is that at least one type of physician typically has a specialized caseload 

of either complex or straightforward assessments. 

Proposition 10 A Pareto efficient allocation of medical services and yogurt is 

described by a state of the economy Oe = (N, (((TJ, TB), lk, sk, 0*, <p\)\ k — 1,..., K)), 

where lk = <fik, sk = (j)k and at least one type of physician has a specialized caseload: 

either (i) all complex patients receive complex assessments with high-productivity 

physicians, and high-productivity physicians may provide some straightforward as­

sessments to simple patients, whereas the low-productivity physician is specialized 

in the provision of straightforward assessments or (ii) high-productivity physicians 

provide complex assessments to complex patients and no assessments to simple 

patients and some complex patients may receive complex assessments with low-

productivity physicians. 

Proof. Consider first the situation in which some complex patients receive 

complex assessments with low-productivity physicians and there exists at least one 

high-productivity physician who provides at least one straightforward assessment 
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to a simple patient. The high-productivity physician obtains the payoff 

V(Tss
k + Tilk) - C{^xl

k + psk), 

whereas the low-productivity physician who sees both simple and complex patients 

obtains the payoff 

V(T8s
k' + Til") - C ( 7 / ' + psk'), 

where sk,sk',lk,lk' denote the number of simple and complex assessments pro­

vided by the high-productivity and low-productivity physicians. In what follows, 

it is assumed that patients are divisible. Observe that, for any (lk, sk), a high-

productivity physician is willing to exchange one simple patient for •&- complex 

patients; similarly, for any (lk>, sk'), a low-productivity physician is willing to ex-

change £ complex patients for one simple patient. Now consider a trade in caseload 

between the high-productivity and low-productivity physician: reallocate simple 

patients from the high-productivity physician in exchange for up to ^- complex 

patients; assume that although there is an exchange of patients, there is no change 

in physician transfers. The high-productivity physician is indifferent between the 

new allocation and the initial one, and the same is true of the complex and simple 

patients: they do not care about the skill level (or productivity) of the doctor, 

but only about the complexity (length) of the assessment. However, the low-

productivity physician is now strictly better off because his costs are lowered, i.e., 

C(72^' + Psk) > C(72^fc' ~ f*) + P(sk> +1))2- Consequently, the new allocation is 

a Pareto improvement with respect to the initial one. 
2 C(l2(l

k' - £ ) + p(skl +1)) = C{l2l
k' + psk' - %p + p)). Since 7 a > 7 l , t h e n - ^ f + / » < 0. 

It follows that C(j2l
kf + pskl) > C(j2(l

k' - f-) + p{sk' + 1)). 
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In contrast, if high-productivity physicians provide assessments only to 

complex patients (and no straightforward assessments to simple patients), then 

there may exist Pareto efficient allocations where low-productivity physicians pro­

vide long assessments to some complex patients. To show that this is possible, 

assume initially that all complex patients are assigned to practices with high-

productivity physicians, and that all simple patients are assigned to practices 

with low-productivity physicians. For convenience, assume that all practices with 

high-productivity physicians are identical (with r complex patients), and all prac­

tices with low-productivity physicians are identical too (with s*' simple patients). 

The possibility of a Pareto improvement now depends upon whether or not high-

productivity physicians have too high a caseload relative to low-productivity ones. 

Observe that it is Pareto improving to transfer a complex patient from a high-

productivity doctor to a low-productivity one if there exists a A such that 

V(T? - A) - C ( 7 # - 1)) > V(Tp) - C(7i?*) (3.7) 

and 

V(TS^' + A) - C(72 + ps*') > ViTtf) - C(psP). (3.8) 

In particular, inequalities (3.7) and (3.8) are satisfied for A = 21, which means 

that for a high-productivity physician with caseload r , the marginal net benefit of 

giving up one complex patient and income 21 received in exchange of the complex 

assessment provided to this patient, is negative , i.e., V[Ti — C'1'j1 < 0; and for a 

low-productivity physician, the marginal benefit of adding one complex patient to 

the caseload of s*' simple patients and receiving a transfer 2} for the complex as-
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sessment provided to this patient, is positive, i.e., V^Ti — C(72 > 0. In other words, 

if there are too many complex patients, then at a Pareto efficient outcome some 

may be treated by low-productivity physicians, whereas if there are few complex 

patients, then not only will they all be treated by high-productivity physicians but 

some simple patients may also be seen by high-productivity physicians. • 

Corollary 11 At Pareto efficient allocations where low-productivity physicians are 

specialized, each high-productivity physician provides h\/k\ complex assessments; 

at Pareto efficient allocations where high-productivity physicians are specialized, 

each low-productivity physician provides h-^jk^ straightforward assessments. 

The partial characterization of Pareto efficient allocations provided above shows 

that there are two sorts of matching problems that arise: firstly, complex and sim­

ple patients need to be matched with complex and straightforward assessments and, 

secondly* high-productivity and low-productivity physicians need to be matched 

with the appropriate mix of patients. The next section examines whether fee-for-

service and capitation-based payment schemes can be designed to implement equal 

treatment Pareto efficient outcomes. 

3.3 Fixed Demand for Medical Services 

This section describes an economy in which a regulator sets a schedule of fees 

for services provided by physicians. Physicians take these fees as given. Recall 

that demand for medical services is set exogenously at one visit per patient. 
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3.3.1 Fee-for-Service Equilibria and Pareto Efficient Allocations 

The analysis of this subsection proceeds as follows. First, fee-for-service equilibria 

are described and, second, it is examined whether or not the equal treatment 

Pareto efficient allocations defined in Subsection 3.2.2 can be implemented with 

an appropriately designed fee-for-service payment schedule. It is assumed that 

there are no problems of asymmetric information: whether a patient is complex or 

simple, and whether a straightforward or complex assessment is provided can be 

observed at zero cost. 

Definition 12 A fee-for-service equilibrium e? = (Qf) is a feasible state of the 

economy ft/ = (M((p( ,p£) , /M,<^ ,$>) ; i = l,2,fc = 1,...,K)) where (p{,p{) is 

a fee-for-service schedule for complex and straightforward assessments, such that 

(i) no patient wishes to change physician, (ii) no physician gains from adjusting 

the mix of straightforward and complex assessments which he offers, and (Hi) both 

patient and physician are better off than under autarchy, i.e., both conditions (3.4) 

and (3.5) are satisfied. 

First consider the physician's decision with regard to service provision. Given 

the payment scheme the physician of type j maximizes his utility by choosing a 

number of complex and straightforward assessments to offer, lk,sk, i.e., 

maxUf = V(p9s
k+pilk) (3.9) 

lk,sk J 

+c ( 7 / + Psk), j = 1 if k < fci, j = 2 if k > k2. 
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The first order conditions3 are 

dUk 

-gjf = ftVW+**'*)-7^0 < 0 (3.10) 

lk* > 0-1l
k*(plV

f(psa
k+pilk)-jjC'(-))=0. 

dUk 

•jJT = PsV'{pss
k+Pll

k)-pC'{-)<Q (3.11) 

sfc* > 0;sk*(psV'(pss
k+ptlk)-pC'(.))=0. 

A high-productivity physician k (where k < k\) provides only complex assessments 

ifforal ls f e*>0, 

psV'(pss
k*+Pll

k)-pC'(-) < Oand 

J * V W * + W * * ) - 7 i C ' ( - ) > 0. 

A high-productivity physician k (where k < ki) provides both complex and simple 

assessments if there exists (lk* > 0, sk* > 0) such that 

PiV'iPsS^+pJ^-^C'i-) = Oand 

P.V'{p88
k*+pll

k*)-pC(-) = 0. 

Similarly, a low-productivity physician fc (where k > ki) provides both complex 

and simple assessments if there exists (lk* > 0, sk* > 0) such that 

PiV'ipsS^+pd^-^C'i-) = Oand 

P . V ( P . « * + J % J * ) - P C ( . ) = 0, 

3 Since V(-) — C(-) is a concave function, the second order conditions for the utility maxi­
mization are satisfied. 
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and the low-productivity physician specializes in the provision of straightforward 

assessments if for all 11 > 0 

PiV'(pss
k*+pilk*)-C'{-)>y2 < Oand 

PsV'(p8s
k*+Pll

k*)-C'(-)p > 0. 

It remains to establish whether a system of relative prices can be found which 

ensures that complex patients receive complex assessments, and simple patients 

receive straightforward assessments. Notice that if 

EL>li 
Ps P ' 

then both high and low productivity physicians will provide only complex assess­

ments. Similarly, if 

EL < 2 l 
Pa P ' 

then only simple assessments are provided. A physician of type j , j = 1,2 is willing 

to provide both straightforward and complex assessments if 

21 = 21 
Ps p' 

Notice that if the relative price of a complex versus a straightforward assessment 

is such that -&• < & < -&, then a high-productivity physician offers only complex 

assessments and a low-productivity physician only straightforward ones. 

In this section, with fixed demand for medical services and exogenously set 

prices, patients essentially face a 'take-it or leave-it' offer: they are given a choice 

of accepting a fixed quantity of services for a preset price or of having no medical 
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services at all. Consequently, there may exist equilibria in which the prices are 

'wrong' and so, although all patients receive an assessment, only short or only 

long visits are provided. 

Proposition 13 There exist fee-for-service equilibria which are not Pareto effi­

cient. 

Proof. The proof is by construction. Suppose the fees are set such that 

Pi = Ps = P- At price p, equations (3.10) and (3.11) become respectively 

^ a = p V ( p . a + p . 0 - 7 ^ ( - ) < 0 , 

~^=pV'{p-s + p-l)-pC'(-)<0. 

It is evident that at any s and I for any physician of type j (j = 1,2) the 

inequality pV'ip • s + p • I) - jjC'(-) < pV'ip• s+p-1) - pC'(-) holds, because 

7j- > p. Therefore, all patients are served with straightforward assessments. It 

can be checked that the optimal number of straightforward assessments, s* is 

increasing in price, p. Now choose p high enough so that all patients are served, 

i.e., s* > L^fcK • Thus, an equihbrium exists in which all patients receive medical 

care, but because complex patients do not receive long visits this equilibrium is 

not Pareto efficient. • 

Proposition 13 demonstrates that an error in setting physician's fees by a public 

health authority, even when it leads to an equilibrium in which every patient is 

served, may not bring about an efficient match of heterogeneous physicians and 
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patients. If physicians are not paid enough to perform complex assessments, then 

complex patients will not receive adequate medical care. 

However, as demonstrated below, if fees are set appropriately then fee-for-

service equilibria are also equal treatment Pareto efficient allocations. 

Consider the equal treatment Pareto efficient allocation, Qe = 

(N, (((Ti,Ts) , r , s f c , 0 1 , 0 2 ) ; ^ = l»—,-&")) where r = ^ , 5 * = <j>2- For convenience 

assume that in Q,e low-productivity physicians specialize in the provision of sim­

ple assessments, whereas high-productivity physicians provide both complex and 
fci K 

straightforward assessments. Thus, V k < k\, r — h\fk\, and T j s * -I- \~] s* = 

hi. In order to persuade a high-productivity physician to see both types of pa­

tients, it must be true that & — lx- jf prices are set in this fashion, then the 

low-productivity physician will only want to see simple patients. Given this rela­

tive price, a representative high-productivity physician solves 

maxV(ps^lk +Pss
k) - C{lxl

k + psk). 
h,»k p 

= maxV(pssc) - C(psc) 

where sc — sk + ^Zfc can be interpreted as the total caseload. Note that at the 

solution to the physician's optimization problem the first-order condition is 

PsV'(pssc)-pC'(ps~c)=0. (3.12) 

Equation (3.12) implicitly defines Sc and it can be verified that ds~c/dps > 0, i.e., 

that as the price per visit increases physicians are willing to increase their total 
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caseload. Consequently, there exists (p3,Pi) = (ps, -^ps) such that $~c(j>8,Pi) = 

Now consider the problem of low-productivity physicians. Recall that if they 

provide only straightforward assessments, at an optimum it must therefore be true 

that 

p8V'(pss
k)-pC'(pS

k)=0. (3.13) 

Let s2fc be the number of straightforward assessments that solves the low-productivity 

physician's optimisation problem above. Observe that for the price structure 

(Ps,Pi) — (Ps^Ps) the first-order conditions for a high-productivity physician 

in (3.12) and for a low-productivity one in (3.13) are equivalent and thus, 

se = s2k. (3.14) 

This implies that in equilibrium the marginal cost of adding an additional simple 

patient (or equivalently, •&• complex patients) to the total caseload of a high-

productivity physician is the same as the cost of adding one more simple patient 

to the caseload of a low-productivity physician. Moreover, the fact that physicians' 

caseloads are equalized allows an analytic solution to be established. In equilibrium 

each high-productivity physician serves hi/hi complex patients and ?lfc simple 

patients, where 

-a* _ h2 iihxki 

(fei + fc2) pk\(ki + fe2)' 

Each low-productivity physician serves s2* simple patients, where 

gajfc = ph2 + lxhx 



77 

Thus, it is established that there exists a fee-for-service equilibrium e? with the 

price vector (pi,ps) — {^pa,ps) and an allocation correspondent to this price vector 

such that it is an equal treatment Pareto-effieient allocation Oe = 

(N, ( ( (T j . f . ) ,1* ,**, # , $ ) J* = 1 , - . , ^ ) ) where f, = phTs=ps. By construc­

tion p s is the lowest price at which all simple patients are served and, similarly, pi 

is the lowest price at which all complex patients are served. Observe that any price 

structure (pi,ps) = {^PsSs) where pa > p8 also implements the same allocation 

as a fee-for-service equihbrium, however, at this efficient allocation both physician 

types are rationed, i.e., they would like to treat more patients than there are total 

patients in the economy. Physicians in fee-for-service equilibria with rationing ob­

tain higher utility than they do at the fee-for-service equilibria with price vector 

(PhPs) where they serve the desired number of patients.4 

Now consider an equal treatment Pareto efficient allocation Qe = 

( ( a , ((ThTs) A S ^ * , ^ ) ;*; = 1 , . . , # ) ) where3* = $ = h2/k2 and £ ? + 
k>ki 

X)** = /h. The same procedure is applied. To persuade high-productivity physi-
k<ki 

cians to specialize in complex assessments, and low-productivity physicians to see 

both complex and simple patients, it must be true that the relative price of com­

plex and simple assessments is set at ^ = ^ . A representative low-productivity 
Pa P 

physician solves 

max V(piJ* +pi—sk) - C(72/
fe + psh) 

= maxV(pilc) - C(-y2lc), 

4 They provide the same number of assessments as before, but obtain more yogurt. 
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where lc — Pk 4- j&-2- is the total caseload, expressed in terms of complex pa­

tients. Let lc be the interior solution to the above. Similarly, a representative high 

productivity physician solves 

Denote by llk the solution to the high productivity physician's optimization prob­

lem. At a fee-for-service equilibrium, it must then be true that k\llk+k2 (lc — f2, -^) 

h\. Observe that at any (j>i,pa) = (pi, -fpi) it must be true that llk > lc. Since 

both llk,lc are continuous and increasing functions of (pi,ps) it is then trivial 

to establish that there exists a fee-for-service equihbrium ef with the price vector 

(PhPs) — (fih ̂ Pi) aii<i m allocation correspondent to this price vector such that it 

is an equal treatment Pareto-efficient allocation ST — 

(«, ( ( ( r / , 2 ; ) , ^ , 5 * , 0 t ^ ) ;fc = 1,. . . ,^)) where fx = phfa = ps. Note that 

if the relative price is held constant, but prices are increased beyond (pi,pa), then 

these fees will implement Pareto efficient fee-for-service equilibria with rationing, 

in which both high and low-productivity physicians are better off than at the fee-

for-service equihbrium attained with (pi,ps)- It should be observed that at all of 

these Pareto efficient equilibria, the high-productivity physician is strictly better 

off than the low-productivity physician.5 These results are summarized in the 

proposition below. 

5 Observe that a high-productivity physician has an option of choosing the same caseload, lc, 
as a low-productivity physician has. The cost associated with serving this caseload is lower for a 
high-productivity physician because j 1 < 72 . Thus, it must be true that given the same income 
and lower cost, a high-productivity physician with lc caseload is better off than a low-productivity 
one with the same caseload. By choosing a greater caseload, r1, a high-productivity physician 
must then increase his utility even more. 
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Proposition 14 Consider a price vector {pups) such that &- — -&• and that at 

this price vector the high-productivity physician chooses to provide h\/k\ long vis­

its, and sik straightforward assessments, whereas the low-productivity physician 

provides S2* straightforward assessments, and such that kislk + A^s2* > hi- Then 

this price vector implements a Pareto efficient fee-for-service equilibrium. More-

over, any price vector (pi,ps) such that pt > pi, ps > p8, and f1 = &•, also im­ps p3 

plements a Pareto efficient fee-for-service equilibrium with the same allocation of 

patients to practices. Similar results hold for price vectors (pi,ps) = (^fPs,j>s) 

which implement fee-for-service equilibria where high-productivity physicians serve 

llk complex patients, and low-productivity physicians serve l2k complex and h^fhi 

simple patients. 

The above proposition provides insight into the circumstances in which fee-

for-service equilibria are Pareto efficient. What should be noted, of course, is that 

fee-for-service equilibria are typically not unique: there are many (indeed, infinitely 

many) price vectors which implement the same allocation of patients to practices. 

These equilibria differ from each other with respect to the distribution of income 

between physicians and patients. 

The discussion above does not imply that one can find a price vector which 

will implement any Pareto efficient allocation. Unfortunately, in the absence of a 

tax system, one is generally unable to support as fee-for-service equilibria those 

Pareto efficient allocations where 2] < pi,Ts < ps: at the prices pi = Ti < pi 

and ps — Ts < ps physicians will not choose to serve the entire patient population. 
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However, the next proposition establishes that when the physician's payoff is linear 

in income all equal treatment Pareto efficient allocations can be implemented as 

fee-for-service equilibria with the help of lump-sum taxes placed on physicians. 

Proposition 15 (The Second Welfare Theorem) Assume that the physician's util­

ity function is linear in income. Then every equal treatment Pareto efficient allo­

cation6 Qe = (N, ((71,T3,l\ sk, $, $); k = 1,..,K)) where lk = 0{, sk = <fe can 

be implemented as a fee-for-service equilibrium with price schedule (pi,Ps) with the 

help of lump-sum taxes (T\, r^) placed on physicians. 

Proof. When the physician's utility function is linear in income, i.e., V = 

Pilk+pss
k—Tj, j = 1,2; the first-order conditions of a utility maximizing physician 

k become 

dU? 
t = ft-7/?(-)<0 (3.15) 

dlk 

lk* > 0,lk*(Pl-ijC'{-))=0 

dUk 

-Q£ = Ps-pC'(-)<0 (3.16) 

sk* > 0]sk*(p9-pC'(-)) = 0 

Observe that full differentiation of the first-order conditions yield ^r = 0, ^~ — o, 

j — 1,2; and therefore the number of patients served is independent of the vector 

of lump-sum taxes. Therefore, choose {p\,p*s) such that VJ lk + Y J lk > /^and 
k>k\ k<ki 

Recall that at every Pareto efficient allocation all patients are served according to their med­
ical needs: complex patients receive long visits, and simple patients are provided with straight­
forward assessments. 
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sk + ] T sk > h2. This is a Pareto efficient fee-for-service equilibrium. Now, 
k>ki k<k\ 

by varying (T\, T2) all other allocations of yogurt between physicians and patients 

can be achieved, in particular those where 7] = p* — T\ and Ta = p* — r%. • 

The result of this Proposition is significant as it shows that a combination of 

a thoughtfully implemented fee-for-service price mechanism and tax policy makes 

it possible to implement any desired equal treatment Pareto efficient allocation. 

As the linearity of physician's utility in income renders the choice of caseload 

independent of the lump-sum tax, redistribution from (or between) physicians via 

these taxes makes it possible to implement Pareto efficient allocations in which 

physicians receive just enough compensation to be induced to provide necessary 

services. 

This section characterizes Pareto efficient fee-for-service equilibria as a particu­

lar match of physicians with patients and services provided to these patients. The 

most important lesson to be drawn here is that fee-for-service equilibria will be 

efficient only when physicians are appropriately compensated for the higher costs 

incurred in treating complex patients. In countries where physicians are paid on 

a fee-for-service basis, it is often the case that the public bemoans the brevity 

of the time spent in the physician's office. What the analysis above establishes, 

however, is that the practice of 10-minute visits (enough for a straightforward 

assessment only) is a consequence of the fee-for-service schedule, which is not re­

sponsive to patient's needs. Were physicians to be paid more for spending longer 

with patients with complex medical histories than they are for consultations with 

£ 
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generally healthy individuals, then consultation times would be adjusted. 

3.3.2 Capitation Fee Equilibria and Pareto Efficiency 

Many publicly-funded primary health care systems have moved away from the tra­

ditional fee-for-service compensation scheme towards capitation as this is deemed 

to motivate physicians to be cost-conscious. A capitation contract consists of a 

fixed (typically monthly) payment per patient on the physician's roster. This 

payment is adjusted according to some observable patient characteristics, such as 

age and gender. As implemented in Canada, rostered patients who choose to see 

a doctor other then their regular provider incur no financial penalty. However, 

physicians paid on a capitation basis are subject to a financial penalty (clawback) 

which is subtracted from the capitation payment every time a rostered patient 

sees a physician outside the practice. In the analysis below the clawback is set 

uniformly across practices and reflects the type of services provided to the patient 

outside the clinic where she is rostered. In Canada, physicians who roster patients 

can also provide fee-for-service assessments for non-rostered patients under certain 

restrictions. In a nutshell, what this implies is that regardless of whether physi­

cians are paid on a fee-for-service or capitation basis, the whole patient population 

H is served by the same pool of K physicians. 

Under capitation physicians maximize their income by choosing the number of 

rostered patients of each type and the number of assessments of each type. The 

utility of physician k of type j is 

U} = V r ( i? imj4- i? 2 m^-A 1 ^-A 2 n*+^/*+p s ^)-C( 7 j (^+^)+p(s f c +^)) (3-17) 
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where i?iand R.% denote capitation fees per complex and per simple rostered pa­

tient, respectively; m\ and ra2 denote the number of complex and simple patients, 

rostered by physician k; n\ and n2 denote the number of visits by rostered complex 

and simple patients to physicians other than physician k; Ai and A2 denote the 

clawback for a complex and a straightforward assessment; lk and sk denote the 

number of complex and straightforward assessments provided to rostered patients 

in practice k; and ZQ and s§ denote the number of complex and of straightforward 

assessments, respectively, provided to non-rostered patients at the fees of pi and 

pa respectively.7 

Remark 16 When demand for medical services is fixed at one visit, the clawback 

is optimally set to be greater than or equal to the capitation fee. 

Proof. The proof is by contradiction. Without loss of generality, assume a 

physician does not serve any outside patients, i.e., /o = $o — 0. Suppose A; = 

R%— A, where A > 0. Then, given that n\ = m\ — I and n2 = ra2 — s, Uj = 

V((Xi+ A)m! + (A2+ A)m2-\i(m1~l)-\1(m2-s))-C('yjl + ps) = V(A mi+ A 

m2 + Ai/ + Ais) -C^jl + ps). Note, if I = s = 0, Uj = V(A wii+ A m2) > 0. This 

means that without serving a single patient the physician is making a positive 

profit by simply rostering more patients and receiving a prospective capitation 

fee for each additional patient. Thus, only by choosing a clawback equal to or 

greater than the per-patient capitation fee can a health care regulator ensure that 

all rostered patients are treated by their physicians. • 
7 To reduce visual clutter, the index k indicating a particular physician (and therefore prac­

tice), is dropped in the analysis below. 
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Corollary 17 Physicians treat every patient in their rosters, i.e., mi = I and 

m<i — s.8 

Given the above Remark and Corollary the optimization problem of a type-,? 

physician becomes 

max Uj = V{Rxl + R2s) - Cfyl + ps) (3.18) 

A capitation fee equilibrium is now defined. 

Definition 18 A capitation fee equilibrium ec ==• (Qc) is a feasible state of the 

economy Vtc = (N, (((i?i,i?2) ,mk,nk,lk,sk,\uX2,pi,ps);i = l,2,k = l,...,K)) 

where (i?i, i?2) is a capitation fee schedule for complex and simple patients, such 

that (i) no patient wishes to be rostered in a different practice; (ii) no physician 

gains from adjusting the mix of straightforward and complex assessments which he 

offers, and (Hi) both patient and physician are better of than under autarchy, i.e., 

both conditions (3.4) and (3.5) are satisfied. 

Proposition 19 (Equivalence of fee-for-service and capitation equilibria). As­

sume that the clawback is set at a level greater than or equal to the per-patient 

capitation fee, i.e., Ai > R2,\i > R2. Then every Pareto efficient fee-for-service 

equilibrium with prices (pi,ps) is also a capitation equilibrium with capitation fees 

(R1,R2) = {pi,ps). 

Proof. This follows directly from the observation that under the above con­

dition for the clawback a capitated physician faces the same optimization problem 

8 Recall that each patient visits only once. 
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in equation (3.18) as a fee-for-service physician in equation (3.9), where i?x = pi 

and J?2 = ps- • 

Proposition 19 establishes rather unconventional results as compared to stan­

dard analyses of physician remuneration schemes. Whereas much has been written 

about the differences between prospective and retrospective payment schemes, and 

about optimal 'blends' of the two approaches, the analysis above suggests that the 

focus of much of this literature may be somewhat misdirected - at least in sit­

uations in which demand for medical services is price inelastic. The observed 

differences between the performance of fee-for-service and capitation schemes may 

have more to do with the relative lack of appropriately designed prices under both 

remuneration schemes; if prices were set appropriately, the observed differences in 

performance would disappear. 

3.4 Uncertainty about Demand for Medical Services 

In the real world an important source of uncertainty is the number of visits 

that a particular patient will require. One may interpret this as some degree 

of uncertainty about the patient's type: not all elderly patients require regular-

visits to a doctor (or, perhaps more accurately, many elderly patients experience 

episodes during which they require acute care, but most of the time are in good 

general health). Thus, when an elderly patient walks into a physician's office there 

is uncertainty about whether or not this patient will require one or more visits. 

Indeed, it would seem fair to argue that the number of visits which each patient will 

require is unknown to the physician, to the regulator, and to the patient herself. 



86 

This section extends the analysis to address uncertainty about a patient's type. 

As before, suppose that the patient's need for medical services is determined ex-

ogenously, and does not depend on actions taken by either the physician or the 

patient; specifically, assume that with probability n a complex patient requires two 

complex assessments and with probability (1 — n) only one assessment is needed. 

The patient's type is costlessly revealed only after the patient's first visit. 

3.4.1 Fee-for-Service Equilibria 

Despite the fact that an individual's demand for medical services is uncertain, 

with a large enough number of complex patients in the population the aggregate 

number of long visits that will be required is known with certainty. Consequently, 

the total number of complex assessments can be divided among the population 

of high-productivity physicians so that, in effect, every physician faces a certain 

demand for medical services.9 

Therefore, fee-for-service physicians in an environment of uncertain individual 

demand simply solve the same maximization problem as under certainty: for 

the same payment per assessment, the solution to the physician's optimization 

problem will be identical to (3.10)-(3.11) in Subsection 3.3.1 where all patients 

require a single assessment. There is only one difference between the practice 

structure under certain patient demand and that under uncertainty: each state 

9 Therefore in a publicly funded health care system the tax revenue needed to finance physi­
cians' services would be known with certainty. Taxes may or may not reflect patient's type and 
the amount of care received. For the purpose of this paper the exact distribution of transfers 
from patients in exchange for received care is irrelevant. One can simply imagine that, as is 
typically the case with a publicly funded health insurance, taxes collected are independent of the 
care received. Therefore, a patient does not face uncertainty regarding her medical bill, although 
she does not know how many times she will require physician's care. 
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of nature is characterized by a different set of patients visiting a physician twice. 

A uniform price for a complex assessment does not provide physicians with any 

incentive to distinguish between a new patient and a returning one. Thus, second-

visit complex patients will be spread amongst all high-productivity physicians to 

fill in the optimal number of assessment slots chosen by each physician. 

Remark 20 Under uncertainty about the probability of the patient's second visit, 

a fee-for-service remuneration scheme does not guarantee continuity of care, in the 

sense that a patient seeking a second visit may not be able to see the same physician 

she visited for the initial consultation. 

It is important to emphasize that a fee-for-service physician does not face any 

risk of burnout due to excessive caseload if a high proportion of his regular patients 

require a second visit: a fee-for-service physician does not incur any financial 

penalties if he chooses not to accommodate the second visit. 

Proposition 21 A price schedule (pi,ps), that implements an equal treatment 

Pareto efficient allocation with (L, S) complex and simple assessments as a fee-

for-service equilibrium under demand certainty will also implement this efficient 

allocation with a total of (L, S) complex and simple assessments as a fee-for-service 

equilibrium where there is individual demand uncertainty. 

Proof. This follows immediately from Proposition 15 and the fact that a fee-

for-service physician's choice of the optimal number of medical services to provide 

is not influenced by the uncertainty of any individual's demand for medical care. 

• 
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What is interesting to observe about the fee-for-service equilibrium under in­

dividual demand uncertainty is that the costs to the health care system depend 

only on the total number of assessments that are required. As physicians do not 

actually have to bear any costs of uncertainty, they do not have to be compensated 

for risk bearing. 

3.4.2 Capitation Equilibria 

When the number of visits required by a complex patient is not known with cer­

tainty, the cost to the physician of servicing rostered complex patients is unknown. 

In the case of unexpectedly high numbers of returning patients, the physician must 

either incur the costs associated with providing many additional consultations, or 

suffer a loss in income due to the clawback if some of the rostered patients are 

obliged to seek care from a different physician. 

As above, assume that capitated physicians can provide services to non-rostered 

patients, and are paid on a fee-for-service basis for their services to these patients 

at per-visit prices of pi and ps for complex and straightforward assessments re­

spectively. One can now show that physicians who experience a high volume of 

follow-ups in a particular state of nature may choose to serve only a subset of their 

follow-ups, whereas those with a low realized volume of returning patients will be 

willing to offer assessments to non-rostered patients. 

Proposition 22 Suppose that the clawback fees (Ai,A2) are weakly greater than 

the fees paid for services provided to non-rostered patients, (pi,ps)- Then, when 

the demand for services is uncertain, risk-averse physicians paid under a capita-
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tion scheme require greater total remuneration than is necessary to induce them to 

provide equivalent services under a fee-for-service payment mechanism. 

Proof. Assume the physician has a mixed caseload. Applying the principle 

of backward induction, first consider the physician's decision after the resolution 

of the demand uncertainty - which means after the physician has chosen to roster 

(mi, 7712) complex and simple patients, all of whom have already received an initial 

assessment. Let the total number of follow-up visits required by the rostered 

complex patients after the resolution of uncertainty be denoted by rh\ where fhi < 

mi. 

The physician must now determine whether or not to service the entire 

demand for long visits by complex patients, knowing that any patient who is 

denied care will seek services elsewhere. Also, the physician must choose how 

many assessments to offer to non-rostered complex patients. Consequently, the 

decision problem of the physician can be expressed as 

maxVA(i?imi + R2m2 -pini(fhx) + Pilo{fh\)) 
ni,l0 

-C(7 j (mi + mi - rti(mi) + /0(wi))) + pm2). 

The first-order conditions for ni and IQ are, respectively, 

—piV'iRim! + R2m2 - pinx(m-i) +Pil0{m1)) (3.19) 

+7jC"(7j(^i + mi - ni(roi) + lo(mi)) + pm2) < 0 

ni > 0) wi 
-piV'(Rimi + R2m2 - pmi(mi) +pik(mi)) 

= 0, 
+7jC(7j("*i + m i -• ^i(mi) + Z0(mi)) + pm2) I 



90 

PiV'(Rimi + R2m2 - pini(mx) +pil0(fhi)) (3.20) 

-JjC'tijimi + mi - ni(rhi) + /o("*i)) + P™?) < 0 

k > 0, l0 

PiV'{Rxmi + R2m2 -pmi(mi) + pil0{fhi)) 
= 0. 

. -7 iC7'(7 i(mi + mi - ni(mi) + Zo("»i)) + pm2) / 

A solution to (3.19)-(3.20) can be denoted as (ni, Zo)- Observe that if the 

clawback is set high enough, physicians accommodate every rostered patient's visit, 

i.e., ni = 0. Observe that since rh\ will vary from one practice to another, n\ will 

generally vary from one practice to another. Also, if pi = Al5 then ri\ and l0 

are substitutes. Here, it is assumed that the physician takes care of his rostered 

patients first; however, if the realization of the follow-up visits is particularly low 

in a given state, it is payoff-maximizing (due to the lower-than-expected costs) to 

offer services to non-rostered patients. 

Now consider the decision with respect to the number of patients to roster, 

mi,77i2. The physician solves 

max EV(Rimi + R2m2 - pi (ni(rai) — lo(fhi))) (3.21) 
mi,ma 

—ECifljimx + fhx - ni(mi) + k) + p{m2)) 

subject to n\ and IQ solving (3.19)-(3.20). 

Notice that the uncertainty comes from the fact that mi varies from 0 to mi 

in different states of the world. The first-order conditions for mi and m2 are, 
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m i 

RiEV'(Rimi + R2rri2 — pi (ni(rhi) - lo(fhi))) 

—7jJEC"(7J(m1 + mi - ni(mi) + l0) + pm2) < 0 

RiEV'(Rimi + R2m2 - pi («i(mi) - lo(fhi))) 

-IjEC'^j(mi + mi - ni(mi) +10) + pm2) , 
= 0, 

(3.22) 

R2EV'(Rim1 + R2m2 - pi (ni(mi) - l0("ii))) 

-pEC'{ij(m\ + fhi - n\(fh\) +10) + pm2) < 0 

(3.23) 

/ 

m2 
= 0. 

R2EV'(Rxmi + R2m2 - p* (ni(mx) - lB(mi))) 

, -pEC'{ij{m\ + fhi~ ni(mi) + /o) + P^2) 

Now compare the choices of the capitated physician with those of a peer paid 

on a fee-for-service basis. Suppose that (p*,p1) implements a fee-for-service equi­

librium with caseload (lk*, sk*) for each practice k and an average 'virtual roster' of 

(<ft*, 02s*) for the fee-for- service physician, that is, the average number of patients 

of each type seen by the physician in practice k in the fee-for-service equihbrium: 

<£i* = £ > $* = s**- Define Rx - p*(l + it) and R2 = p*8, that is, RX,R2 are 

set equal to the expected revenue per patient of each type at the fee-for-service 

equilibrium. Note that the first-order conditions for the fee-for-service physician, 

(3.10) — (3.11) can be re-written in terms of the 'virtual roster' 

' / - . JM*I ik*\ RiV'iRit? + R2<t>?) - 7iC"(7,-#r(l + TT) + p < 0 = 0 (3.24) 

R2V'(Rl(f>T + Rxfc) - pC'MT(1 + *) + pft) = 0 (3.25) 
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Now observe that if rh\ — ($* and m2 = 4>2* » an<^ % s 7j (?™i + mi — ni 4- /o) 4-

pm2, then E'(Z) = 7i^{*(l 4- TC) + p$£. Also, if D = ^ i n i + #2^2 - Pt»*i + #fo, 

then £(!)) = i?i< î* 4- #202*- Substituting these expressions into the first order 

conditions for the capitated physician, (3.22) and (3.23), observe that due to the 

concavity of V and convexity of C, EV'(D) < V'(E(D)) and EC'(Z) > C'{E(Z)). 

It must therefore be true that if (mi, m2) = (mi, m^) then 

RxEV'0) - ijEC'{Z) < 0, (3.26) 

R2EV'(D) - PEC'(Z) < 0. (3.27) 

This implies that a physician paid under a capitation-based payment scheme will 

require greater total remuneration than a physician paid on a fee-for-service basis, 

if the capitated physician is to be induced to serve the (TOJ, fh^) roster. • 

Proposition 22 establishes that when there is demand uncertainty it is less 

costly to induce physicians to provide medical services when they are paid on a 

fee-for-service basis than when they are paid under a capitation scheme. 

Corollary 23 The level of the clawback affects the risk premium that a capitated 

physician requires to be induced to roster (mi, m.2) patients as compared to a fee-for-

service payment scheme. The lower the clawback, the more patients a risk-averse 

physician will choose to roster, given the same capitation fee. 

Proof. This follows from the observation that a lower clawback decreases the 

expected penalty for unserviced demand, thus decreasing uncertainty with regard 

to the physician's income. • 
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This section highlights the differences in health care outcomes under the fee-for-

service and the capitation compensation mechanisms, when an individual physician 

faces uncertainty regarding the number of follow-up visits from the patients he sees 

initially. Since physicians are risk-averse, they have to be compensated for this 

risk-taking, resulting in higher capitation fees than those that induce physicians 

to service the same expected caseload when the demand is certain. In contrast, 

in a fee-for-service arrangement, which pays physicians retrospectively for services 

provided, physicians do not bear a risk of a patient returning for a follow-up visit 

as they are not obliged to accommodate the follow-up visit. Thus, abstracting from 

the value of continuous care, it is demonstrated that if the aggregate demand for 

follow-up visits is certain, a fee-for-service mechanism is cheaper for a regulator, 

since the same number of consultations can be provided at a lower cost per patient 

under the fee-for-service arrangement compared to the capitation one. 

3.5 Preventive care 

There are many circumstances in which it is argued that the likelihood of 

a patient requiring a subsequent follow-up visit could be greatly diminished if 

the physician were to take the time to provide preventive care during the initial 

consultation. However, providing preventive care is costly - in particular, because 

this requires physician's time. In this section, it is assumed that the physician 

can choose whether or not to apply more effort during the first encounter with the 

patient. Increased effort during the first visit by a complex patient decreases the 

probability of the second visit by q, thus, making the probability of the second 
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visit 7T — q, where 7r > q. Additional effort is costly for the physician, increasing 

the cost of a complex assessment from 7,- to 7, + a. For convenience, and in order 

to focus on the impact of the payment scheme on the behaviour of the physician, it 

is assumed that the patient is indifferent between the certain prospect of a longer 

visit which includes preventive care and a follow-up visit with probability 7r — q, 

or one visit for certain and a second visit with probability n.10 

3.5.1 Fee-for-Service Contract 

It is often suggested that fee-for-service physicians demonstrate little interest in 

preventive care, in particular as compared to capitated physicians who arguably 

face powerful incentives to undertake actions which reduce the likelihood of the 

patient returning. What this argument overlooks, however, is that the price mech­

anism can be used to provide physicians who are compensated on a fee-for-service 

basis with strong incentives to undertake preventive care when it is in fact eco­

nomically desirable for them to do so. 

Assume that fee-for-service physicians who undertake preventive care are of­

fered supplementary compensation, pr, for their preventive care services (e.g., pap 

smears and vaccinations). Given that the patient is indifferent between the longer 

visit and a higher probability of a second visit then the provision of preventive care 

is desirable only if the certain increase in the cost of physician effort is less than 

the expected cost of providing a higher number of follow-up visits. Observe that, 

in a large population, there is no aggregate uncertainty regarding the total num-

10 It would be straightforward to allow for patients to strictly prefer preventive care; however, 
this does not add substantively to the analysis. 
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ber of visits required under these two scenarios. If a typical physician provides 

(I, s) patient visits when there is no preventive care (and therefore, on average, 

proportion 7r of a given physician's patients return for a follow-up visit), then the 

provision of preventive care is desirable if 

0 < C{ljl + ps)-C(^ + a)~ + lj^r^+ps) (3.28) 

Proposition 24 If it is socially desirable for physicians to undertake preventive 

care, then there exists price pr > 0 such that the extra payment for preventive care 

induces fee-for-service physicians to undertake additional effort and supply these 

extra services. 

Proof. A fee-for-service physician supplies preventive care if 

V{ptl + p8s) - V((Pl + pr)l (l - Y^A + Pss) (3.29) 

< C(7jl + ps) - C( ( 7 j + a)-L- + 7 i ^ ^ + ps) 
J J 1 + 7T J 1 + 7T 

Since V is increasing and continuous in pr, there exists a payment for preventive 

care that will ensure that (3.29) is satisfied as an equality. Denote this price 

as p*. Notice that p* is the lowest price at which fee-for-service physicians can 

be persuaded to provide preventive care. Observe that the right-hand side of 

(3.29) must be strictly positive for preventive care to be economically desirable; 

consequently, only if C('jjl + ps)-C(('yj + a)T^+^j^^-+ps) > 0 whenpr = p* 

is it a Pareto-improvement to induce physicians to provide preventive care. • 
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As compared to the general perception that fee-for-service physicians are not 

motivated to provide preventive care what the above result highlights is the fact 

that the price mechanism can be used to elicit the desired behaviour. 

3.5.2 Capitation Contract 

It is often argued that a physician paid on a capitation basis has powerful incentives 

for undertaking preventive care, as this will reduce the likelihood of a return visit. 

What this view overlooks, however, is that time spent providing preventive care 

reduces the physician's capacity to see additional patients; therefore, there is a 

trade-off between reducing the likelihood of needing to provide follow-ups (or, 

alternatively, of facing a clawback) versus the possible reduction in income due to 

rostering fewer patients since the additional time commitment of preventive care 

means that physicians cannot roster as many patients as before. More importantly, 

it seems that the argument that 'capitation means prevention, but fee-for-service 

does not' is somewhat misleading as one needs a defined yardstick to compare one 

environment against the other. Starting with the question of whether prevention is 

socially desirable (it may actually not always be the case!), this subsection proceeds 

carefully to compare the costs and the benefits of treating patients with preventive 

care when physicians are compensated prospectively on a capitation basis and 

when they are paid a fee per unit of service provided. 

Proposition 25 A capitated physician may provide preventive care when it is not 

socially desirable. 
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Proof. Recall that it is socially desirable to implement preventive care if 

C(no preventive care) = C ( 7jT~(l + TT) + ps\ I (3.30) 

> C(preventive care) = C I (7^ + a) — + lj-j-{n — q) + ps\ I 

<=> a < §7j 

A capitated physician faces certain costs of providing preventive care - a m i - but 

has an uncertain return to this effort, i.e., the benefits of the expected reduction 

in the number of second visits. Consequently, the more risk-averse the physician, 

the more likely it is that preventive care will be provided. For simplicity, assume 

that it is the high-productivity physician who serves a mixed caseload. In this 

case, a capitated high-productivity physician with caseload (mi, m^) = (hx/kx, s*) 

decides to provide preventive care if 

EV(Rxm\ + -R2W2 — Pin\(rfix) + pilQ{fhi)) 

-EC{cijmx + 7j(mi - ni(rai) + lo(fhi)) + pm2) 

< EV{Rimi + R2m2 - Pinx(mx) + Pilo{mx)) 

-EC ((7, + a)rax + 7j(rai - ni(mi) + h{rhx)) + pm2j 

«*> EViRi— + R2S1 - pmi(mx) + piloirhx)) 
kx 

-SC(7jT i + 7j(^i - nx{mx) + lo(fhx)) + psk
t) 

Kx 

< EV(Rx~ + R2s
kx-Plnx(mx)+pilo(mx)) 

-EC f (7,. + a)y + 7 i(m i - ni(mi) + /0(mi)) + ps\ J . 
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The above can be re-written as 

EV(R^ + R2s\ -pmirfu) +pil0(m1)) (3.31) 

-EV(Rl-^ + R2s\ - pmirhx) + pil0{?hi)) 

< E C ^ Y + 7j(™i - ni(m!) + /0(TOI)) + ps\) 

-EC ( (jj + a)•— + 7^^! - nx{mx) + Z0(^i)) + ps\ J 

where rh\ (mx) is the realization of the random variable Mi(Mx), which represents 

the number of the follow-ups without (with) preventive services. Observe that 

E{M\) < E(Mi), and therefore the left-hand side of (3.31) is always negative. In 

contrast, the right-hand side of this inequality can be positive or negative. 

Comparing (3.31) and (3.30), it is evident that the incentives for the provision 

of preventive care facing a physician paid under a capitation scheme and the condi­

tion for determining whether the provision of preventive care is socially optimal do 

not generally coincide. In particular, risk averse physicians may provide preventive 

care when it is socially inefficient to do so. • 

As the capitated physician is still bearing more risk than the fee-for-service 

physician, however, it is still more expensive to get services provided under capi­

tation than under fee-for-service. This is demonstrated in the next proposition. 

Proposition 26 In an environment in which physicians can provide preventive 

care, there subsists uncertainty with respect to their patients' need for medical care. 

Therefore, it is more costly to provide incentives to physicians to serve (rhi,m2) 

patients when physicians are paid under a capitation contract than it is when they 

are paid on a fee-for-service basis. 
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Proof. Suppose (p*,pr,pl) implements a fee-for-service equilibrium with case­

load (lk*, sk*) for each practice k and an average 'virtual roster' of (j)k*, $f for 

the fee-for-service physician, that is, the average number of patients of each type 

seen by the physician in practice k in the fee-for-service equihbrium: <t>\* — 1_/7*_ , 

(/>2* = sk*. Define Rx = Pi(l+7r — q) +pr and R2 = p*a, that is, R\,R2 are set equal 

to the expected revenue per patient of each type at the fee-for-service equihbrium. 

Assume that the physician paid under capitation has a roster of mi =' 0^* and 

^2 = $2* 5 this implies that the expected caseload of the capitated physician is 

equal to the caseload of the fee-for-service physician. 

The income of a capitated physician with fh\ return visits is £>= R\<f>\ + 

R2<j>2* —^ini(mi)+pilo(fhx), where Ai > pi. In contrast, the income of the physician 

paid under fee-for-service is certain, and can be expressed as D = (jp2* 4- pr) <j)\* + 

Pj*(7r - q)^* +p*<j)2* • Note that E(D) = D. Next, the first-order conditions for the 

fee-for-service physician, in terms of the 'virtual roster' are such that 

4>k
x* solves RiV'(D) - 7^1 + TX - q)C'(Z) = 0, and (3.32) 

<$* solves R2V'(D) - pC'(Z) = 0. (3.33) 

where Z = 7^(1 + TV — q)^* + p<^ . In contrast, the first order conditions for the 

capitated physician are such tha t 

R\EV(D) - 7,(1 + it - q)EC'{Z) < 0 if (m1; m2) = ($*, $*), (3.34) 

R2EV'{D) - pEC'(Z) < 0 if (mi, m2) = ($* , </>£*). (3.35) 
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Equations (3.34) and (3.35) imply that only by offering capitation fees R\ and 

i?2 greater than R\ and i?2 can the capitated physician be induced to choose a 

caseload (m, ^2), and engage in preventive care. Consequently, preventive care 

can be provided more cheaply under fee-for-service than under capitation. • 

The above analysis provides useful insight into the way in which payment 

schemes influence the decision to provide preventive care. On the one hand it is 

clear that physicians paid under fee-for-service can be persuaded to provide pre­

ventive care if they are financially compensated for their efforts. On the other 

hand, physicians paid under capitation may over-provide these services, notably 

if they are very risk averse: the decision problem of the capitated physician with 

respect to the provision of preventive care is not directly comparable to the deci­

sion that would be taken by a risk-neutral policy-maker. Most significantly, the 

fact that the public sector is more able to bear risk than are private physicians 

means that when preventive care is socially desirable, it is cheaper to procure these 

services when paying physicians under a fee-for-service contract than to so under 

a capitation scheme. 

3.6 Discussion and Conclusions 

Health policy makers in many countries are struggling with the design of re­

muneration schemes for physicians. In many countries, efforts are being made to 

move from a system based primarily on fee-for-service to one based largely on cap­

itation. This move is generally presumed to be cost-containing, since physicians 

are paid prospectively per patient. Researchers have drawn attention to possible 



101 

differences in the quality of services provided under capitation and fee-for-service 

payment schemes, and many have concluded that the optimal system is, therefore, a 

blended (mixed) payment system which combines elements of both fee-for-service 

and capitation. A mixed payment mechanism is believed to mitigate the nega­

tive results associated with traditionally designed fee-for-service and capitation 

schemes: induced demand for unnecessary services under a fee-for-service mecha­

nism and incentives for cream-skimming and quality stinting - under capitation. 

This paper takes a different approach, and demonstrates that — at least under 

certain circumstances — either of these two schemes can be designed to provide 

the same health service outcomes if a more sophisticated pricing scheme is imple­

mented. The analysis stresses the principle that payment rates should reflect the 

heterogeneity of patients' medical needs. In particular, there is good reason to 

believe that many of the egregious features of the current health care system in 

Canada are a direct consequence of poorly designed payment schemes. The fact 

that doctors who are paid under a fee-for-service scheme schedule ten-minute con­

sultations for all patients, regardless of the complexity of their health problems, 

is a consequence of the fact that existing fee-for-service schedules do not provide 

physicians with appropriate incentives to offer longer visits to patients in poorer 

health. Doctors would in fact choose to provide longer consultations if the fee-for-

service schedule were adjusted appropriately. Similarly, fee-for-service physicians 

will engage in preventive care if they are compensated for their efforts. 

The second message of the analysis is that since individual physicians are less 
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able to bear risk than is the public sector, then whenever there is uncertainty about 

the costs of meeting the needs of a particular patient it will be less costly to meet 

patients' needs when physicians are paid under a fee-for-service scheme than when 

they are paid on a capitation basis. Importantly, this means that if preventive 

services are socially desirable, then it is cheaper to deliver these services on a fee-

for-service basis than under capitation. Moreover, the analysis provides insight 

into the incentives that a physician paid under a capitation scheme faces when 

considering the provision of preventive care. The physician's decision depends 

entirely on whether the benefits to the physician of a reduction in the expected 

number of return visits outweigh the physician's certain increase in costs due to 

this extra effort. In particular, a highly risk-averse physician may over-provide 

preventive services. 

Some of the readers may object to one of the key assumptions underlying this 

analysis, namely that the demand for physician services is exogenously determined 

given the literature on physician-induced demand. Whereas such an assumption 

may be overly heroic in countries with a large stock of physicians, it seems very rea­

sonable in countries such as Canada where there are serious shortages of primary 

care providers, and retiring physicians have difficulties finding anyone to take over 

their practice. In such an environment there is no reason to believe that doctors 

have any incentive to encourage return visits that are not actually medically nec­

essary. Moreover, with looming retirements of primary care providers and limited 

numbers of new family physicians entering the labour force in many countries, this 
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story may soon become the rule rather than the exception. 

Another feature of this analysis is that the risk-type of the patient, as well 

as the services provided (complex versus straightforward assessment) are both as­

sumed to be costlessly observable. Although these are strong assumptions, they are 

nonetheless defensible. In particular, rules concerning liability mean that physi­

cians are required to keep careful charts. Chart audits enable a third party to verify 

whether or not the care provided for a given patient was appropriate in view of key 

descriptors of the patient's state of health. Additionally, the development of elec­

tronic medical records means that this information will be more readily available, 

including outside a given physician's clinic. 

An obvious wrinkle that has been neglected in this analysis is that of the 

importance of continuity of care: patients requiring a second visit are indifferent 

between seeing the same physician twice, or two different doctors. The medical 

literature has shown that continuity of care is an important determinant of patient 

satisfaction, and of overall quality of care. It would be worthwhile incorporat­

ing considerations of continuity of care into this model. It can be expected that 

at a Pareto efficient outcome it would no longer be the case that the case load 

should be shared equally across all physicians of the same type: some physicians 

- whose patients had a higher-than-average demand for follow-up visits - should 

see more patients than others. Whether or not a fee-for-service payment system 

can be designed to procure the desired medical services more cost-effectively than 

a capitation-based system remains an open question. 
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CHAPTER 4 

Comparative Efficiency Assessment of Primary Care Models Using Data 

Envelopment Analysis 

4.1 Introduction 

This paper1 undertakes an efficiency comparison of four distinct models of 

primary health care service delivery in Ontario using the methodology of Data 

Envelopment Analysis (DEA): fee-for-service practices including Family Health 

Groups (FFS/FHGs), health service organizations (HSOs), family health networks 

(FHNs), and community health centres (CHCs). The analysis draws on data col­

lected between 2005 and 2006 as part of a multidisciplinary project funded by the 

Ontario Ministry of Health and Long-Term Care entitled "Comparison of Models 

of Primary Health Care in Ontario", further, CoM. A comprehensive study of the 

performance of these models has been lacking (Muldoon et al., 2006). This paper 

is the first attempt to compare the efficiency outcomes of four distinct models of 

primary care in Ontario. 

Previous studies of efficiency in the provision of primary care have employed 

the number of visits and tests as an intermediate output measure (Huang and 

McLaughlin 1989, Andes et al. 2002, Linna et al. 2003, Kirigia et al. 2004, 

and Rosenman and Friesner 2004). Relatively few papers (Salinas-Jimenez and 
1 A shorter version of this essay has been prepared for publication and is co-authored by 

Rose Anne Devlin, Vicky Barham, William Hogg, Simone Dahrouge and Grant Russell. Olga V. 
Milliken is the leading author of this publication. 
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Smith 1996, and Wagner et al. 2003) have incorporated measures of quality of 

care into the measurement of efficiency. In contrast, this paper integrates several 

performance indicators measuring health service delivery and quality of care, and 

evaluates their cumulative influence on efficiency of primary care practices. 

In Ontario, the longest standing model with the largest number of partici­

pating physicians is the fee-for-service model in which physicians are paid on a 

per-service basis with relatively flat fee schedule across services. Since physician 

income increases with the quantity of services provided under this payment model, 

and because physicians are better able to evaluate the patient's health care needs 

than are patients themselves, some claim that FFS physicians will be volume-

driven (Evans 1974, Pauly 1980, Arrow 1986, and McGuire 2000). The Cochrane 

Review (Gosden et al. 2000) of the empirical literature concludes that fee-for-

service, as compared to capitation, results in more primary care visit contacts, and 

more diagnostic and curative services, but fewer hospital referrals and fewer repeat 

prescriptions. Family Health Groups (FHGs) are a new model of service delivery 

in Ontario that is similar to pure fee-for-service. In the CoM study traditional 

fee-for-service physicians and FHG physicians are lumped together and referred to 

as FFS. Currently there are about 7,439 pure FFS physicians in Ontario servicing 

some 9.2 million patients and about 2,536 FHG physicians servicing 3.7 million 

patients (Coulson 2005, Muldoon et al. 2006). 

In an attempt to control health care costs and to address concerns with quality 

of primary care service delivery, the government has adopted other remuneration 
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and delivery schemes. It has long been argued (Ellis and McGuire 1986, Ma 1994, 

and Newhouse 1996) that when patients are rostered, and physicians paid a flat fee 

per patient in their practice, doctors have powerful incentives to provide services in 

a cost-effective manner. Equally importantly, capitation-based payment schemes 

provide cost predictability for public health authorities. This view underlay the 

introduction of health service organizations in Ontario in 1975 (Gillett et al. 2001). 

HSO physicians roster (i.e., register) their patients and are paid a monthly capita­

tion fee, differing with age and gender. The fee is partially clawed back if a rostered 

patient is provided with primary care service outside the HSO. One idea behind 

the rostering approach was that it would foster a closer patient/physician rela­

tionship, with the capitation payment mechanism promoting preventive services 

and better quality of care, in general, compared to a volume-driven FFS scheme. 

Multidisciplinary teams, it was claimed, would be able to deliver appropriate and 

more cost-effective care in comparison to the FFS regime. In this light, the intro­

duction of nurse practitioners and other health professionals, who could unburden 

physicians of certain tasks, was encouraged. Some nurse practitioner positions and 

other programs have been financed through government grants in HSOs. Accord­

ing to Muldoon et al. (2006) there are 49 HSOs in Ontario with 160 physicians 

serving 255,000 patients. A single HSO can have multiple geographically distinct 

sites of operation. 

A weakness with capitation-based physician remuneration is that this encour­

ages physicians to engage in cream-skimming, that is, to roster only those patients 
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whom they expect to be relatively healthy, or to offload costs to the non-capitated 

sector, e.g., by referring patients to specialists (Newhouse 1984, Pauly 1984, Dra-

nove 1987, Allen and Gertler 1991, Ellis 1998, and Mulligan 2002). Mixed pay­

ment mechanisms - combining some element of fee-for-service and some element 

of capitation-based payment - have therefore been proposed as a means of provid­

ing physicians with balanced incentives to provide quality care to patients with a 

variety of risk profiles, while still providing reasonable control of the overall cost 

of delivery of primary health care (Ellis and McGuire 1986, 1993, Ma 1994, Ellis 

1998, Chalkey and Malcomson 1998, Jelovac 2001, and Jack 2005). In Ontario, 

Family Health Networks (FHNs) were introduced in 2001 to provide comprehen­

sive care for their patients 24 hours a day, seven days a week. Physicians working 

in these networks are paid under a blended scheme, combining a capitation fee for 

rostered patients with specific bonuses or fee-for-service payments that encourage 

doctors to provide preventive services and services additional to those specified in 

the roster agreement. FHN physicians receive a bonus for each new patient ros­

tered and fee-for-service payments at a rate of 10% of the provincial schedule for 

most services. 

Whereas each of the previous three models positively fink physician income 

to some measure of service provision, the fourth model pays physicians a straight 

salary. Community Health Centres (CHCs) are community-oriented, and with a 

primary mandate to surmount barriers to health care by underserved populations 

and to address disadvantaged populations' needs. Introduced widely across On-
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tario in the 1980s, these interdisciplinary teams are one-stop health care shops 

for patients including physicians, nurse practitioners, nurses, physiotherapists, chi­

ropodists, social workers and other health and community health professionals. 

Economic theory suggests that salaried physicians can be expected to see a low 

volume of patients and will therefore provide higher-quality care either in the en­

vironment where the volume of services and quality are substitutes (Laffont and 

Tirole 1993), or under the circumstances where an incentive pay (i.e. fee-for-service 

rates) directs the allocation of physician's time and effort towards some tasks which 

are readily observable and verifiable (e.g. volume of services) and away from oth­

ers which are difficult to monitor and quantify, e.g. quality care (Holmstrom and 

Milgrom 1991). Empirical studies included in the Cochrane Review (Gosden et al. 

2000), as well Sorensen and Grytten (2003) (focusing on Norway), and Devlin and 

Sarma (2007) (focusing on Canada) show that salary payments are associated with 

a lower number of patient visits and tests compared to fee-for-service contracts, 

and that switching from a salary contract to a fee-for-service contract would in­

crease the number of visits and tests. These authors do not find that an increased 

number of visits/procedures is associated with better patient care. Yalnizyan and 

Macdonald (2005) report on several studies supporting the view that CHCs pro­

vide higher quality care than FFS. Proser (2005) cites several U.S. studies, which 

found evidence that community health centres improve management of chronic 

conditions and birth outcomes. 

Physicians in Canada continue to be encouraged to move into new organiza-
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tional structures with non-FFS payment mechanisms and new forms of service 

delivery, such as multidisciplinary teams with more comprehensive arrays of ser­

vices, and group practices with patient and after-hours service sharing.2 The trend 

of moving towards capitation and incentive payment schemes is also prevalent in 

many countries with public health care systems. In this view, a comprehensive 

analysis of different organizational forms of physician practices and accompanying 

payment mechanisms seem to be of particular significance for meaningful policy­

making. 

4.2 Methodology 

DEA is a nonparametric linear programming technique (Farrell 1957, and 

Charnes et al. 1978). It measures relative efficiencies, rather than absolute effi­

ciencies, as it judges performance relative to others in the sample, and not against 

a theoretically constructed absolute measure of efficiency. The DEA approach 

permits the evaluation of practice sites' performance by a single efficiency score 

which takes account of the variety of different outputs produced, the quality of 

those outputs, and the inputs used. The definition of efficiency underlying DEA 

is illustrated in figurel, for a production technology consisting of two outputs and 

one input. The area south-west of GCDE in figurel indicates all possible com­

binations of output 1 and 2 per unit of the input. Empirically constructed on a 

2 See Canadian Institute for Health Information (CIHI) on the status of alternative payment 
programs for physicians in Canada 2003-2004. Also, the Government of Ontario recently intro­
duced a new primary care model - Family Health Teams (FHTs), which consist of physicians, 
nurse practitioners, nurses, dieticians, pharmacists, social workers and other health providers, 
who will provide comprehensive care seven days per week. By the end of 2007-08, 150 FHTs are 
planned to be fully operational across province of Ontario (Government of Ontario, 2007). 
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particular sample of practice sites, the efficiency frontier GCDE represents points 

with maximal output combinations given one unit of input. Practice sites C and 

D are located on the efficiency frontier GCDE, hence they receive a score of 1. 

Practice site A does not he on the frontier and, thus, is inefficient relative to C and 

D. The inefficiency of site A is measured by the ratio OA/OB, and is less than 1. 

DEA allows several input and output variables, with different units of mea­

surement, to be combined. Thus, distinct output measures, such as performance 

indicators (for quality of care and health service delivery), service volume and 

intensity, can be incorporated into the analysis. Additionally, the DEA method 

does not require weights to be assigned a priori to each input and output, instead 

weights are assigned by the DEA program to present every practice site in the best 

possible light against the others. Moreover, DEA does not require the specification 

of a production or a cost function. Finally, unlike parametric estimation proce­

dures, the technique is only moderately vulnerable to the sample size. The DEA 

method has been extensively used for estimating efficiencies (see Hollingsworth, 

2003, for review), and to the best of the author's knowledge, there are no theoret­

ical grounds to prefer any one parametric or non-parametric method of efficiency 

measurement over another in the health care sector (Giuffrida and Gravelle 2001). 

However, DEA is not without drawbacks. Because the efficiency frontier is 

constructed from the sample data, it is vulnerable to data inconsistencies, outliers, 

or possible errors. Moreover, in the absence of time-series data for the same sample, 

the non-parametric nature of the method does not permit a disentangling of real 
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efficiency from random fluctuations. In addition, the choice of inputs and outputs 

is mostly ad hoc; researchers have to rely largely on their understanding of the 

production processes of the industry in the study. 

The output from the DEA is an array of efficiency scores which may be used 

to rank the practices within each model and across models; for the most part, the 

analysis of this paper concerns itself with this latter ranking. Importantly, these 

scores depend critically upon the variables used to measure inputs into production 

and the outputs. In the context of this paper, efficiency scores may vary because 

of variation across practices in the mix of patients treated. Specifically, practices 

which specialize in high-need patients may operate differently than otherwise. If 

so, then simply measuring inputs and outputs without regard to the patients being 

treated will yield "efficiency" scores that are not very meaningful from a policy 

perspective. To address this problem, a two-stage procedure is used. First, effi­

ciency scores employing the DEA method are calculated and then, these scores 

are used to compare the performance across models. Second, a variety of patient 

characteristics are utilized to examine whether they can explain the variation in 

the inter-model efficiency scoring. 

4.3 Data and the choice of input and output variables 

The cross-sectional data used in this paper were collected under the CoM 

project over the period 2005-2006. 137 practice sites in Ontario were chosen ran­

domly, stratified by model type. Information on the recruitment and representa­

tiveness of the practices is presented in Hogg et al. (2008). This paper is based 
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on an analysis of 109 practice sites from the four models under study: 19 CHCs, 

27 FHN sites, 32 FFS sites and 31 HSO sites. 28 practice sites were excluded 

from the total study sample due to the lack of expenditure and/or patient data or 

inconsistencies in the reported variables. 

As the DEA approach requires that primary care practice sites be as homoge­

neous as possible, only the clinical primary care component of the services provided 

is considered. For the purpose of this study, clinical primary care is defined as one-

on-one encounters with a physician, a nurse practitioner, a registered practical 

nurse, a nurse or a nursing assistant for the purpose of clinical medical care. While 

clinical primary care services are virtually the only services provided in HSOs, 

FHNs and FFS, CHCs provide additional services. The most challenging task was 

to disentangle the cost of the clinical services component from the additional ser­

vices provided by CHCs, such as group activities, outreach community services, 

counselling and education. Each CHC was requested to provide the personnel 

data and annual operations expenditure data attributed directly to clinical pri­

mary care services. Capital costs were distributed to the clinical primary care 

component proportionally to the office space occupied by the clinical primary care 

service unit; while overhead costs, including administration expenditures, were 

distributed proportionately to the clinical primary care budget. 

The primary care practice sites in this study consist mostly of family physicians 

with few specialists present. Both types of physicians are addressed as physicians 

in this paper. The term 'provider' refers to both physicians and nurse practitioners 
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(NPs). To the best of author's knowledge no consensus is found in the health care 

literature with regard to the substitutability of doctors and nurse practitioners 

(Laurant et al. 2005). The DEA results presented here are calculated under the 

assumption that 50 per cent of NP's work is equivalent to that of a physician, thus, 

in the calculations one NP equals one-half of a physician. Although the ranking of 

the different practice sites change slightly under alternative assumptions regarding 

this substitutability ratio, the collective ranking of the models does not. 

The number of patients in the practice site relies on numbers that are reported 

by the practice site as having been seen at least once within the past year. Prac­

tice site annual costs are comprised of physician incomes, the salaries of medical 

and administrative personnel, operating costs, and maintenance and capital costs 

(including rent and depreciation of capital assets). Output measures include the 

average number of visits per patient in the practice site, and performance indicators 

measuring technical quality of care and health service delivery. These indicators are 

based on the best practices reported in the health care literature (Shi et al. 2001) 

and on established guidelines; they have been calculated by researchers involved 

in the CoM project using the data extracted from patient's charts and patient 

surveys. The calculation procedure is available in Hogg et al. (2008). Table 1 

provides the definition of the variables used in the analyses. 

Table 2 provides some descriptive statistics of the output and the input vari­

ables. Notice that the figures in table 2 are not adjusted for patient characteristics 

which can potentially influence outcomes in primary care service delivery; these are 
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adjusted at the second stage of the analysis. CHCs have the highest means for four 

out of the seven output variables when compared to the other three models (table 

2). The Wilcoxon-Mann-Whitney test confirms that the CHCs are statistically 

different from the other models in health promotion, chronic disease management, 

comprehensiveness and visits per patient.3 In addition, notice that the means for 

the CHCs are not the lowest across models except for the continuity of care indica­

tor. Moreover, the prevention scores for CHCs are not statistically different from 

those of FHN sites4, which have the highest mean, or from FFS sites5, which have 

the second highest mean. Overall, a perusal of the outcome means would suggest 

that the CHC model performs- well in terms of quality of care and performance 

measures; and that on average CHC providers see their patients as often as do 

providers in FFS sites6. The HSO model is statistically different from every other 

model in both continuity and access to primary care services scores and has the 

highest average for these variables7. FHNs and CHCs lead in delivery of preventive 

services. 

3 The Wucoxon-Mann-Whitney test, a non-parametric version of the independent samples 
t-test does not assume that the dependent variable is normally distributed. The results are: for 
health promotion, z = —2.90, p-value = 0.0037; for chronic disease management, z = —2.53, 
p-value = 0.011; for comprehensiveness, z = —3.47, p-value = 0.0005; for visit per patient, 
z - -3.22, p-value = 0.0013. 

4 According to the Wilcoxon-Mann-Whitney test z = -0.223, p-value = 0.823. 
5 According to the Wilcoxon-Mann-Whitney test z = 1.131, p-value = 0.258. 
6 The result of the Wilcoxon-Mann-Whitney test indicates no statistical difference between 

the CHC and the FFS model in average visits per patient (z = 0.789, p-value = 0.430). 
7 For continuity of care performance a pair-wise Wilcoxon-Mann-Whitney test concludes that 

HSO and FFS sites are different (z = -2.449, p-value = 0.0143), HSO and FHN sites are different 
(* = -2.207, p-value = 0.027), and HSO and CHCs are different (* = -3.641, p-value = 0.0003). 
For access to primary care service a pair-wise Wilcoxon-Mann-Whitney test reveals that HSO and 
FFS are different (z = -5.735, p-value = 0.000), HSO and FHN sites are different (z = -4.242, 
p-value = 0.000), and HSO and CHCs are different (z = -4.599, p-value = 0.000). 
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Total practice site costs per provider, practice site costs (excluding physicians' 

income) per provider, total practice site costs per patient, and provider-patient 

ratio are input variables used in the DEA (table 2). In general, the mean values 

for these variables are the lowest in the FFS model and the highest for the CHC 

model. These differences are statistically significant. 

4.4 DEA Scenarios and Results 

The practice output comprises of seven output variables described in table 2. 

Three different input scenarios are estimated, reflecting each input variable. Also, 

the sensitivity of the model's ranking to the exclusion or inclusion of physician 

income in the cost data is examined. 

Table 3 synthesizes the efficiency scores by presenting the number of practice 

sites found at decile intervals from 0 to 1, where 1 is the most efficient practice 

site. There is clearly significant variation across models and within a model; some 

differences are discernible for the input scenarios. 

4.4.1 Input Scenario 1: Total Cost per Provider 

In scenario 1, with the total cost per provider as the input measure, the mean of 

the resulting efficiency scores is 0.6 (standard deviation: 0.17). The distribution 

of these efficiency scores by quartiles is shown in figure 2a. The first quartile 

shows the highest efficiency scores and the fourth quartile the lowest; each bar 

indicates the percentage of the total number of practice sites for each model in a 

respective quartile. Observe that the FFS model has the highest representation 
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in the first and the second quartile compared to the other models. 40 percent of 

CHC practice sites are located in the lowest quartile, while another 37 per cent of 

its sites are in the third quartile. The efficiency scores of both the HSO and FHN 

sites are more evenly distributed across all quartiles in comparison to FFS and 

CHCs. However, the FHN model appears to perform better in terms of efficiency 

scoring than the HSO model: FHN sites have higher representation in the first and 

the second quartile, whereas HSO sites - in the third and the forth quartile. The 

explanation for the models' ranking is that the correlation between the total cost 

per provider variable and the resulting efficiency score variable is very high - 87 

per cent. This means that the input variable is driving the results: CHCs have, 

on average, the highest total cost per provider and FFS sites have the lowest total 

cost per provider. 

In this scenario the influence of physicians' incomes on efficiency score ranking 

is investigated. As only about one half of physicians in each practice site were ap­

proached to self-report their annual before-taxes, there was some concern regarding 

the accuracy of the physician income data for the FFS, FHN and the HSO models. 

Given the potential biases, physicians' income were excluded from the cost data. 

This worsens the ranking of the CHC practices (see figure 2b), suggesting that the 

low CHC ranking are driven by costs other than physician salaries. 

Another potentially useful way of presenting the results from the DEA analysis 

is to examine the characteristics of the 10 per cent highest-ranked and 10 per cent 

lowest-ranked practice sites. Table 4 presents this information for the total-cost-
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per-provider scenario. The FFS model is represented most in the top decile, while 

no CHCs are found in this group. CHC and HSO sites are represented most in 

the bottom decile. Comparing the top and bottom deciles, high efficiency practice 

sites have more visits per patient per year, undertake more preventive measures, are 

better in chronic disease management, promote health more actively, and provide 

more comprehensive care. Efficient practice sites have fewer nurses and fewer 

nurse practitioners than the least efficient group, and are more likely to be in an 

urban area than in a rural one. Top performers also employ fewer administrative 

personnel. Interestingly, however, is that there are almost no differences with 

respect to continuity of care, access, and the number of physicians in the practice. 

4.4.2 Input Scenario 2: Total Cost per Patient 

The total cost per patient is used as the input measure in scenario 2. The resulting 

DEA efficiency scores have a mean of 0.44 (standard deviation: 0.23). The top 

performer in this scenario is the FFS model with 40 per cent of its sites in the 

first quartile and over 70 per cent in the first two quartiles, followed by the HSO 

model with 58 per cent of all sites in the first two quartiles (see figure 3). The 

ranking of CHC practice sites is worsened: almost 80 per cent of sites located in 

the lowest efficiency score quartile are CHCs. This is explained by the fact that 

the total cost per patient in CHCs is significantly higher, on average, than in other 

models and CHC providers have on average smaller patient loads. Furthermore, 

the correlation between total costs and total patient roster sizes is the lowest for 

the CHC model: in other words, it is not the number of patients that is driving 
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4.4.3 Input Scenario 3: Provider per Patient 

Using the provider-per-patient ratio as the input measure, the average efficiency 

score for the models is 0.41 with a standard deviation of 0.21. The best performers 

are HSO and FFS models, which are well represented in the first and the second 

quartile (see figure 4). The worst performer is again the CHC model, which is 

highly represented in the last quartile and is least represented in the first two 

quartiles. 

The efficiency score ranking of this scenario reinforces the findings just de­

scribed: CHCs have a relatively high provider/patient average compared to that 

of other models. The FFS and HSO models have relatively low means in this cate­

gory. Again, the efficiency ranking is largely determined by the input variable: the 

correlation coefficient between the provider/patient variable for the whole sample 

and the resulting efficiency score is high at 79 per cent. 

The comparison of the described above scenarios indicates that the FFS model 

is the most efficient performer, dominating the first and the second quartiles in 

scenarios 1 and 2 and sharing this top position with the HSO model in scenario 

3. The HSO model is the next best performer in scenarios 2 and 3, but not in 

scenario 1 where the FHN model shines. The worst performer is the CHC model 

in all three scenarios. 

8 For the CHC model, the correlation coefficient is 21.8 per cent; it is 73.8 per cent for the 
FFS model, 81.7 per cent for the FHN model, and 80 per cent for the HSO model. 
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4.5 Controlling for Organizational and Patient Characteristics 

Variation in the efficiency scores can be caused by characteristics of the prac­

tice sites themselves as well as the characteristics of the patients served by these 

practice sites. Thus, the second stage of the analysis involves a regression technique 

where the practice sites' efficiency scores (the dependent variables) are explained 

by patient and other environment characteristics. The choice of regression tech­

nique varies according to the problem at hand. Linna et al. (2003) for instance, 

employed a Tobit procedure to examine the influences of a number of factors on 

efficiency scores in oral health care provision. Tobit is an ideal procedure when­

ever the data are censored at one or both ends of the distribution. In the problem 

considered in this paper, very few observations were found at the high end - only 

five observations out of 109 in scenario 1 - and no observations were found at the 

low end of the range. As a result, an ordinary least squares (OLS) technique is 

employed in the analysis that follows (using a Tobit procedure, however, makes 

very little difference to the results). 

The explanatory variables used in the analysis are defined in table 5; their 

descriptive statistics are presented in table 6. The organizational structure of a 

practice is captured by dummy variables representing a particular model. The 

reference case is the FFS model. The patient profile variables are defined on the 

level of a practice site and are obtained from exit questionnaires collected from 

patients. Patient characteristics comprise of age, gender, various socio-economic 

and health-related characteristics. Rurality index and the practice site's experience 
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with the given model are added to control for practice environment. The regression 

results are presented in table 7 for each of the three input scenarios. The OLS 

model for scenario 1 has the highest explanatory power (adjusted R2 is equal to 

0.274), and it is also the scenario in which we have the most confidence as it uses 

data on the number of providers per practice rather than on the number of patients. 

The impact of several patient profile variables on efficiency changes dramatically 

by scenario. Because of the poor quality of the information on the number of 

patients in each practice upon which the last two scenarios are based, scenario 1 

is the most reliable and hence the discussion below focuses mainly on this case. 

Table 7 reveals that after adjusting for patient characteristics CHCs are less 

efficient than FFS practices in scenarios 1 and 2. However, when provider per 

patient is used as the input, the difference between CHCs and FFSs is negative 

but statistically weak (20 per cent level of significance). As before, whenever total 

costs are used as part of the input measure, CHCs fare very badly. HSOs are less 

efficient than FFS when costs are used, especially in scenario 1, whereas FHNs are 

less efficient than FFS in scenario 1, but not otherwise. 

Regression coefficients for model dummy variables inform on the percentage 

difference in efficiency scores across the different models, holding constant all other 

influences. In scenario 1 the estimated coefficient on the CHC dummy variable is 

-0.194. This means that, in comparison with the FFS model, once the influences 

described in Table 7 are taken into account, the average CHC efficiency score is 

28 per cent lower (i.e., 0.194 divided by the average FFS efficiency score of 0.691). 
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The average HSO score is 17 per cent lower than the average FFS practice, while 

the score of the FHN is 9 per cent lower. 

Certain patient characteristics help to explain the efficiency scores. In scenario 

1, ceteris paribus, the proportion of patients over age 65 contributes negatively to 

the efficiency score of the practice site, an influence which is reversed in scenarios 

2 and 3. The estimated coefficient on MALE is positive (at the 12 per cent level of 

significance) in scenario 1, and negative and statistically significant for the other 

two scenarios. Notice that HSOs improve their efficiency ranking in scenarios 2 

and 3 compared to scenario 1, and they are also characterized by the largest share 

of patients over 65 years old and of male patients compared to the other models. 

In contrast, the CHC model has the lowest share in these patient characteristics. 

For the most part, having more immigrants among a patient population does 

not seem to affect efficient scores, corroborating the findings of Sarma et al. (2007), 

and consistent with the 'healthy-immigrant' effect of McDonald and Kennedy 

(2004) and Deri (2006). Surprisingly, the socio-economic status of patients is not 

found to influence the efficiency score. Having a higher percentage of patients who 

are unemployed does not affect very much the efficiency of practices, nor does the 

income and education of patients. Multicollinearity across the model dummy vari­

ables and various patient characteristics may be thwarting our attempt to tease 

out the effect of patient socio-economic variables in the regression analysis. The 

auxiliary regressions of each dummy variable on all patient characteristics, rurality 

index and practice year variable demonstrate that the CHC dummy is strongly as-
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sociated with patients of low socio-economic background (particularly, unemployed 

and low income), and with female patients (all three are significant at 2 per cent 

level or lower, adjusted R2 is equal to 0.42). The HSO dummy is associated with 

male patients, low share of immigrants, and practice year variables (all three are 

significant at the 4.5 per cent level or lower, with an adjusted R2 is equal to 0.22). 

The FHN dummy is positively associated with the number of chronic conditions 

per patient and practice year variable (both significant at 4 per cent level or lower, 

adjusted R2 is equal to 0.39). Unfortunately, the exclusion of the variables which 

are correlated with the model dummies does not improve the significance level of 

other patient characteristics in explaining the variation in efficiency scores. 

The results reported in table 7 show that the fact that the practice serves 

patients with particular needs does affect efficiency. The larger the proportion of 

patients who perceive their health as being good, the more efficient the practice 

site becomes (especially in scenario 1). Similarly, the larger the proportion of pa­

tients with conditions lasting more than one year, the lower the efficiency score 

(again, in scenario 1). Patients with several chronic conditions appear to have a 

positive impact on efficiency in scenario 1; however this variable is highly nega­

tively correlated with the good health variable, so its estimated coefficient may 

be unstable. Eliminating both the long-term conditions and chronic conditions 

variables from the analysis increases the adjusted R2 for the regression; the impact 

of 'Good Health' on efficiency persists. 

Geographic location and other environmental characteristics captured by the 
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rurality index have a positive influence on efficiency scores in scenario 1. Practices 

in rural areas seem to be more efficient, ceteris paribus. Once again, the results for 

the other two scenarios are different, likely because HSOs - which rank higher in 

scenario 2 and 3 - are located mostly in one urban area. The age of the practice site 

does not seem to have a statistically significant impact on efficiency. The fact that 

the number of HSO practices was frozen for many years, and that the FHN model 

is relatively new, may mean that there is not enough variation in the practice year 

variable to exert a significant effect on efficiency. 

4.6 Conclusion, limitations, and policy implications 

This paper compares and contrasts four different models of primary care de­

livery in Ontario with a view to identifying, if possible, which model is the most 

efficient and under what circumstances. It is clear that how output and inputs are 

measured matters. One of the innovative elements of the data set used in the paper 

is its focus on both qualitative and quantitative indicators of output. And one of 

the clear advantages of the DEA procedure is its ability to incorporate a variety of 

inputs and outputs and then weigh them in order to present each practice in the 

best possible light. 

If one looks only at the qualitative indicators of output alone, CHC practices 

perform reasonably well. On average, they achieve scores higher than the other 

three models for three of the eight performance indicators: health promotion, 

chronic disease management, and comprehensiveness and fare relatively well on 

prevention and access. The HSO model has the highest average for the continuity 
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of care and access to primary care services variables. FHNs are the best in terms 

of preventive services. 

However, once costs are added to the mix in the DEA analysis, CHCs are 

the least efficient practice sites virtually across the board, whereas the FFS model 

performs the best. The efficiency scores of both the HSO and FHN sites are more 

evenly distributed across all quartiles in comparison to FFS and CHCs. The data 

show that these efficiency score rankings are driven by the costs of running the 

practice. 

A number of reasons explain the poor efficiency scores of the CHCs. The link 

between performance indicators and costs may be non-linear, and it therefore may' 

be relatively inexpensive to achieve a low level of performance, but very costly to 

push these indicators beyond any given threshold9. Practices with higher-than-

average performance on quality of care and service delivery indicators may require 

many more resources than practices providing a lower quality of care. Another rea­

son is related to the limitations of the study which focused on clinical primary care; 

thus the collected expenditure/cost data do not take account of the costs associated 

with shifting health care from primary care providers onto hospitals, emergency 

rooms, specialists and outsourced diagnostic services, as well as the costs of pre­

scribed drugs. The costs absorbed by patients, insurance payers, provincial govern­

ments and society as a whole are likely to be significant. If the better quality care 

9 Increasing immunization from the 60 per cent level to the 80 per cent level may require 
additional resources beyond those that are necessary to achieve an increase from 40 per cent to 
60 per cent. Home visits, additional phone calls and letters are examples of extra effort that 
require more resources than a single reminder from a doctor's office. 
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provided by CHCs were to reduce these expenses it could diminish or eliminate the 

cost differences found between the CHC model and the others. Also, it may well 

be that CHCs are too small relative to the large fixed costs necessary to operate 

a multidisciplinary health centre. These high up-front costs must be spread over 

a large patient population before the CHCs are able to operate at an average cost 

that is at least comparable to other practice types. Finally, it is worth pointing 

out that formidable challenges were encountered when trying to disentangle the 

primary care component from the array of other health care, community and social 

services provided by CHCs. It seems that CHC providers perform clinical primary 

care services which are not provided in other models (e.g. diagnostics, chiropody). 

Moreover, it is simply impossible to perfectly separate medical and administrative 

full-time equivalents and overhead costs associated with the clinical primary care 

component from other services provided within an individual CHC. 

It is also interesting to ask why fee-for-service practices fare so well in the 

DEA analysis. Part of the story, undoubtedly, is that the broader costs of the 

FFS approach are borne outside of the practices themselves - costs such as the 

reputed over-use of specialists. Nevertheless, FFS physicians clearly face incentives 

to see as many patients as possible given that their remuneration depends upon 

the number of visits conducted per period of time, while, at the same time, they 

would want to minimize the costs of running their individual practices because 

physicians themselves are the residual claimants to the proceeds of the practice. 

Overall, the efficiency scores of the FHN and HSO models he somewhere in-
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between FFS and CHC practices. In terms of quality of care, FHNs and HSOs 

are on average at least Si good as the FFSs or better, particular, in the area 

of prevention - not surprisingly since physicians in these models receive financial 

bonuses, which vary with the achieved level of preventive services. 

In terms of the costs of remunerating physicians, however, FHNs and HSOs 

are overall more expensive than FFS practices. This may be explained by the 

fact that physicians who are paid prospectively on a capitation basis have to be 

compensated for bearing the financial risks associated with running their practices, 

while CHC physicians who are also paid prospectively (on a salary base) do not 

bear such risk, as they do not own the centres. 

The findings of this paper show clearly that practice type matters. How prac­

tices are organized and how physicians are remunerated affect the costs associated 

with providing patient care. However, one cannot say unequivocally that one 

type of primary care model dominates. In particular, further research, which bet­

ter tracks the relationship between the primary care model and the use of other 

health system resources, is necessary in order to better understand which approach 

makes the best use of public resources. 



Table 1: Input and output measures 

Variable name Definition 

I. Output Variables 

1) Intensity of Service Utilization 
Visits/patient Average number of visits per patient 

2) Technical Quality of Care Indicators 

Prevent 
ChronicJVtngt 
Health Promo 

Prevention score [0,1] 
Chronic disease management score [0,1] 
Health promotion score [0,1] 

3) Service Delivery Indicators 

Access 
Contin 
Compreh 

Access to primary care services score [0,1] 
Continuity of care score [0,1] 
Comprehensiveness of care score [0,1] 

II. Input Variables 

Total cost per provider 

Cost per provider 

Total cost per patient 
Provider/patient 

Full practice site's expenditure per 
provider's FTEa 

Practice site's expenditure excluding 
physicians' income per provider's FTE 
Full practice site's expenditure per patient 
Provider's FTEs per 1000 patients 

8 One provider's FTE is equivalent to one physician's FTE or two nurse practitioner's FTE. 
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Table 2; Descriptive Statistics1 

Model 

Variable 

CHC 

Mean SD 

FFS 

Mean SD 

FHN 

Mean SD 

HSO 

Mean SD 

Output Variables 

Visits/patient" 

Prevent 

ChronicMngt 

Health Promo 

Access 

Contin 

Compreh 

5.2 

59 

71.7 

49.6 

3.0 

3.4 

76.5 

0.94 

16.6 

16.3 

10.8 

0.19 

0.21 

13.1 

5 1.55 

53.8 14 

57.9 20 

40.6 10.4 

2.94 0.217 

3.5 0.20 

61.9 16.8 

4.06 

60.5 

59.3 

42.5 

3.0 

3.5 

61.3 

1.23 

14.3 

19.3 

9.7 

0.28 

0.16 

17.4 

3.68 

48.5 

62.2 

40.1 

3.3 

3.6 

60.6 

0.88 

12.6 

16.2 

12.7 

0.16 

0.16 

15.1 

Input Variables 

Total cost per 
provider 
Cost per 
provider0 

Total cost per 
patient 
Provider/patient 

390789 

247008 

480.6 

1.23 

67893 

67030 

242.5 

0.58 

250962 61496 

93126 38497 

172.8 76.5 

0.72 0.37 

292584 

116432 

214.5 

0.77 

76073 

55793 

73.8 

0.3 

313110 

129228 

199.4 

0.67 

74680 

62768 

83.2 

0.34 

8 The statistics are calculated on the practice site's level and then averaged across models 
b In efficiency score calculations output measure average visits per patient in one year may create an unfavourable 
bias against sites in which physicians take longer time with a patient during a single visit rather than booking several 
visits. However, the comparison of efficiency scores with the "visit" variable and without it indicates no significant 
difference in model ranking. 
c Practice cost excludes physicians' income 



T
ab

le
 3

: 
D

E
A

 e
ff

ic
ie

nc
y 

sc
or

es
 b

y 
in

pu
t 

sc
en

ar
io

 a
nd

 m
od

el
 

R
A

N
G

E
 

1.
0a 

0.
9-

0.
99

9 

0.
80

-0
.8

99
 

0.
70

-0
.7

99
 

0.
6-

0.
69

9 

0.
5-

0.
59

9 

0.
4-

0.
49

9 

0.
3-

0.
39

9 

0.
2-

0.
29

9 

0.
1-

0.
19

9 

m
ea

n 
m

ax
 

m
in

 
sd

 

SC
E

N
A

R
IO

 1
 

A
ll 

N
=

10
9 

5 1 9 14
 

23
 

24
 

22
 

9 2 0 

0.
60

4 
1 

0.
28

9 
0.

16
9 

C
H

C
 

n=
19

 

0 0 0 1 3 4 8 2 1 0 

0.
50

4 
0.

77
9 

0.
29

3 
0.

12
2 

FF
S 

n=
32

 

3 1 5 5 10
 

2 4 1 0 0 

0.
69

1 
1 

0.
39

3 
0.

17
2 

FH
N

 
n=

27
 

2 0 1 5 6 8 3 1 1 0 

0.
62

8 
1 

0.
28

9 
0.

17
2 

H
SO

 
n=

31
 

0 0 3 3 4 10
 

7 5 0 0 

0.
55

9 
0.

85
7 

0.
35

9 
0.

14
4 

SC
E

N
A

R
IO

 2
 

A
ll 

N
=

10
9 

6 3 1 4 6 12
 

20
 

21
 

24
 

10
 

0.
43

8 
1 

0.
08

1 
0.

22
6 

C
H

C
 

n=
19

 

0 0 0 1 1 0 1 0 8 7 

0.
25

5 
0.

70
9 

0.
08

1 
0.

16
5 

FF
S 

n=
32

 

4 0 0 1 2 8 6 5 4 1 

0.
52

0 
1 

0.
19

6 
0.

22
7 

FH
N

 
n=

27
 

1 2 0 1 1 1 4 10
 

6 1 

0.
43

9 
1 

0.
19

8 
0.

23
3 

H
SO

 
n=

31
 

1 1 1 1 2 3 9 6 6 1 

0.
46

7 
1 

0.
12

5 
0.

19
8 

SC
E

N
A

R
IO

 3
 

A
ll

 
N

=
10

9 

2 1 5 4 8 9 18
 

21
 

27
 

13
 

0.
41

0 
1 

0.
11

5 
0.

21
1 

C
H

C
 

n=
19

 

0 0 1 1 0 0 1 5 5 6 

0.
31

0 
0.

83
1 

0.
11

8 
0.

19
2 

FF
S 

n=
32

 

1 0 2 1 3 3 6 4 9 1 

0.
43

9 
1 

0.
11

8 
0.

22
4 

FH
N

 
n=

27
 

0 0 1 2 1 3 4 4 9 3 

0.
38

7 
0.

84
8 

0.
16

7 
0.

18
6 

H
S

O
 

n=
31

 

1 1 1 0 4 3 7 8 4 3 

0.
46

0 
1 

0.
11

5 
0.

21
5 

A
 sc

or
e 

of
 o

ne
 in

di
ca

te
s 

th
e 

m
os

t e
ff

ic
ie

nt
 p

ra
ct

ic
e 

si
te

s.
 



T
ab

le
 4

:1
0 

p
er

 c
en

t 
h

ig
h

es
t-

ra
n

k
ed

 a
n

d
 1

0 
p

er
 c

en
t 

lo
w

es
t-

ra
n

k
ed

 p
ra

ct
ic

e 
si

te
s 

STATISTICS 

Score 
(Scenario 1) 

Model 

Visits 
per patient 

Prevent 

ChronicMngt 

Health Promo 

Contin 

Access 

Compreh 

Physician's 
FTEs 

NP'sFTEs 

Nurse's FTEs 

Admin FTEs 

Patients self-
reported 

T
O

P
 1

0
%

 (
N

=
ll

) 

m
ea

n 
sd

 
m

in
 

m
ax

 

0.
92

8 
0.

07
2 

0.
83

8 

1 

C
H

C
 

(0
%

)a 

FF
S

 
(2

5%
)"

 

5.
4

 
2.

0 
2.

7 

10
.2

 

63
.4

 
17

.5
 

32
 

94
 

55
 

22
 

19
 

81
 

43
.1

 
13

.0
 

22
.2

 

60
.9

 

3.
48

 
0.

24
 

2.
85

 

3.
71

 

2.
98

 
0.

30
 

2.
42

 

3.
42

 

60
.7

 
15

.0
 

27
.0

 

80
.0

 

2.
45

 
0.

96
 

1.
00

 

4.
00

 

0 0 0 0 

0.
32

 
0.

64
 

0.
00

 

2.
00

 

1.
79

 
1.

12
 ,

 
0.

50
 

4.
5 

44
31

 
62

68
 

10
00

 

23
00

0 

5.
30

 
3.

44
 

3.
3

 

12
.3

 

B
O

T
T

O
M

 
1

0
%

 (
N

=
ll

) 

m
ea

n 
sd

 
m

in
 

m
ax

 

'm
in

 o
f \

 

0.
36

2 
0.

04
1 

0.
28

9 

0.
39

8 

rar
ia

bl
e 

M
o 

FF
S

 
(3

%
) 

CH
C

 a
nd

 
H

SO
 

(1
6%

) 
de

l d
en

ot
es

 tfc
 4.

21
 

1.
08

 
2.

27
 

5.
7

 

te
 m

od
el

 v
 

53
.6

 
12

.0
 

32
.0

 

73
.0

 

fh
ich

 is
 re

i 

68
.5

 
16

.9
 

36
 

88
 

pr
es

en
te

d 
1 

37
.9

 
6.

6
 

28
.0

 

47
.1

 

lie
 le

as
t i

n 

3.
56

 
0.

13
 

3.
27

 

3.
75

 

th
e 

sa
m

p 

3.
05

 
0.

27
 

2.
51

 

3.
39

 

57
.0

 
11

.2
 

40
.0

 

73
.0

 

2.
55

 
2.

20
 

1 7.
5

 

0.
59

 
1.

07
 

0 3 

e;
 th

e 
nu

m
be

r i
n 

th
e 

br
ac

ke
ts

 d
en

ot
es

 th
e 

1.
43

 
1.

11
 

0 4 

pe
rc

en
ta

g 

4.
19

 
3.

61
 

1 12
 

55
52

 
58

82
 

15
00

 

20
00

0 

;e
 o

f t
he

 m
od

el
's 

sit
e 

8.
31

 
5.

92
 

0 

21
.5

 

s 
am

on
g 

th
e 

to
p 

10
%

. 
b m

ax
 o

f v
ar

ia
bl

e 
M

od
el

 d
en

ot
es

 th
e 

m
od

el
 w

hi
ch

 is
 re

pr
es

en
te

d 
th

e 
m

os
t i

n 
th

e 
sa

m
pl

e;
 th

e 
nu

m
be

r i
n 

br
ac

ke
ts

 d
en

ot
es

 th
e 

pe
rc

en
ta

ge
 o

f t
he

 m
od

el
's 

si
te

s 
am

on
g 

th
e 

bo
tto

m
 1

0%
. 

°R
I 

de
no

te
s 

ru
ra

lit
y 

in
de

x 
re

fle
ct

in
g 

po
pu

la
tio

n 
de

ns
ity

, t
ra

ve
l d

is
ta

nc
es

 to
 se

co
nd

ar
y 

an
d 

te
rti

ar
y 

ho
sp

ita
l c

ar
e,

 su
pp

ly
 o

f f
am

ily
 d

oc
to

rs
 a

nd
 sp

ec
ia

lis
ts

, r
el

at
iv

e 
av

ai
la

bi
lit

y 
of

 im
ag

in
g 

se
rv

ic
es

 a
nd

 a
m

bu
la

nc
e 

se
rv

ic
es

, w
ea

th
er

 c
on

di
tio

ns
 a

nd
 s

oc
ia

l i
nd

ic
at

or
s 

(O
nt

ar
io

 M
ed

ic
al

 A
ss

oc
ia

tio
n)

. 
H

ig
he

r i
nd

ex
 is

 a
ss

oc
ia

te
d 

w
ith

 
re

la
tiv

el
y 

re
m

ot
e 

ar
ea

s 
w

ith
 lo

w
er

 le
ve

l o
f s

er
vi

ce
s 

av
ai

la
bl

e.
 



133 

Table 5: Explanatory variables for regression analysis 
Variable name Definition 

I. Organizational Structure 

FFS Reference case (=1 if the practice site is a CHC site, 0 otherwise) 
CHC 

FHN 

HSO 

Practyr 

CHC dummy (=1 if the practice site is a CHC site, 0 otherwise) 

FHN dummy (=1 if the practice site is a FHN site, 0 otherwise) 

HSO dummy (=1 if the practice site is a HSO site, 0 otherwise) 

The number of years in operation in this model 

II. Patient Profile (a proportion of patients with a certain characteristic to the total number of patients 

who filled out exit questionnaires) 

1. Age/gender profile 

Age65 

Male 
Proportion of patients age 65 or over 

Proportion of male patients 

2. Socio-economic status 

Immig2 

Unempl 

Lowlncome 

LowEdu 

Proportion of patients-immigrants who have been to Canada for 2 or fewer years8 

Proportion of unemployed, excluding housewives and househusbands and those who study 

Proportion of patients living in a household with the household income lower than $20,000 
per an equivalent household member 

Proportion of patients with education less than high school 

3. Health status of patients 

GoodHealth ~ 

Cond 

Chronic 

Proportion of patients who perceived their health being excellent or very good 

Proportion of patients with physical, mental or emotional condition that have lasted or are 
likely to last longer than one year 

The number of chronic conditions per patient (Average per practice) 

III. Environmental variable 

Rl 
Rurality index. Higher index is associated with relatively remote areas with lower level of 
services available. i 

aA threshold of 5 years yields equal significance in the analysis. 
bA variable representing the proportion of patients who perceived their health being fair or poor has not been identified as a significant predictor. 
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Table 7: The influence of patient and practice characteristics on efficiency 

Explanatory 

variable 
Constant 

CHC 

HSO 

FHN 

Age65 

Male 

Immig2 

Unempl 

Lowlncome 

LowEdu 

GoodHealth 

Cond 

Chronic 

RI 

Practyr 

Adj. R2 

Scenario 1 
Coefficient P-value 

0.518 0.000 

-0.194 0.000 

-0.120 0.005 

-0.063 0.197 

-0.005 0.004 

0.002 0.118 

0.000 0.800 

0.003 0.388 

-0.011 0.954 

-0.003 0.158 

0.004 0.033 

-0.003 0.137 

0.083 0.119 

0.002 0.013 

0.000 0.884 

0.2740 

Scenario 2 
Coefficient P-value 

0.649 0.001 

-0.244 0.002 

-0.090 0.131 

-0.074 0.291 

0.006 0.026 

-0.003 0.062 

-0.000 0.890 

-0.004 0.425 

0.152 0.584 

0.003 0.359 

0.001 0.707 

0.001 0.772 

-0.143 0.059 

-0.002 0.253 

0.001 0.689 

0.181 

Scenario 3 
Coefficient P-value 

0.547 0.004 

-0.091 0.197 

-0.017 0.753 

-0.058 0.366 

0.007 0.002 

-0.003 0.038 

0.001 0.661 

-0.009 0.086 

0.118 0.647 

0.004 0.151 

0.000 0.923 

0.001 0.548 

-0.113 0.105 

-0.003 0.023 

-0.000 0.943 

0.193 
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Figure 1: Efficient Frontier 
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Distribution of Efficiency Scores 
(Input Scenario 2: Total Cost per Patient) 
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