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1. INTRODUCTION

1.1 Background
Medical practice variation is a well-known phenomenon. Large variations in hospital
adnlission rates, average length of stay for different diagnoses, frequency of surgical
procedures, etc, have been documented in several studies in the last thirty years. This kind of
variation exists at all levels of care and in all medical specialities. Moreover, the existence of
variations also seems to be stable over time and across national boundaries. Regional
(geographic) variations - small area variations - have attracted most interest, but studies of
international variation are also frequent (Ham, 1988; Folland&Stano, 1989;
Andersen&Mooney, 1990; Phelps, 1992; Mooney, 1994; Roos&Roos, 1994; Ashton et aI,
1999; Wennberg, 1999).

The main part of the literature on medical practice variations derives from North America and
Western Europe, including a large number of studies from the Nordic countries. Reports on
this kind of studies have received considerable attention in health policy debates and, they
have often been followed by hopes that the variations will indicate opportunities for savings
or efficiency gains. This is not unreasonable, since nlany studies show that medical practice
variations are uncorrelated with differences in morbidity or outcome of care (Wennberg,
1984; Andersen&Mooney, 1990; Ryan&Mooney, 1991; Phelps&Mooney, 1993).

However, it is far from self-evident that variation indicates inappropriate care. Particularly,
high-use rates are not necessarily equivalent to an inappropriate overuse of services and low­
use rates not necessarily equivalent to under-utilisation (Chassin, et aI, 1987; Roos&Roos,
1994). Variations per se tell us nothing about the potential for enhanced efficiency. If the
distribution as a whole is "off target", a small variation may create a much greater problem
than a large variation where the distribution is generally "on target". Narrowing the variations
might result in greater inefficiency, depending on where efficient practice lies in the range
(Mooney, 1994). No particular level is a priori "right" under all circumstances, and some
variation is ofcourse desirable - provided that it reflects differences in medical needs and
patients' preferences.

1.2 Purpose
The main purpose of this thesis is to show how economics can contribute to a better
understanding ofmedical practice variations - why they exist, their consequences, and the
extent to which they can - and should - be influenced. Greater insight into these issues is
necessary before we can draw reliable conclusions on the potential savings and efficiency
gains that may be concealed behind the variations.

A further purpose is to discuss how analyses ofmedical practice variations can be integrated
into a framework of continuous performance monitoring, in order to promote efficiency in a
systematic way. Finally, the ambition is to highlight the role of the empowered patient in the
process of changing the practice patterns.

In principle, econonlics can contribute in two ways. First, by "positive economics", Le.,
economic models and analyses that may help us understand the causes (including, but not
limited to, economic factors) of existing nledical practice variations and predict their
economic consequences. Second, by "normative economics" (welfare economics), Le.,
analyses ofwhat policies are desirable and efficient to create changes in the actual state of the
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world, e.g., to reduce the variation. This approach demands a discussion of "optimal
variation", and the costs and benefits of reducing the variation.

The basic hypothesis is that medical practice variations to some extent indicate inefficiency in
the utilisation ofhealth care resources and consequently, a welfare loss to society. This
hypothesis can be confirmed or rejected only when we have thorough knowledge about the
underlying causes and consequences ofvariation. The causes may be influenced to a greater
or lesser extent. Furthermore, the specific causes and consequences of the variation in
question determine whether intervening against the causes of that variation is important or
worthwhile, and the appropriate measures of intervention that should be used.

Given a certain case of variation (e.g., in cesarean section rates among hospitals), a natural
first step is to formulate a theory about the causes and then build a nlodel in order to test the
theory/hypothesis. If the variation is explained by a variation in medical needs or patients'
preferences, there might not be much to say. Otherwise, i.e., if the causes are less
"legitimate", the next step is to find out what - if anything - can and should be done. This
depends on the causes as well as the medical, economic, etc, consequences of the variation,
and also on the opportunities for change. The more serious or costly the consequences are, the
more important is it to take action, provided that something can be done at a reasonable cost.
In other words, the measures considered must be evaluated with regard to their costs as well
as their benefits.
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2. MEDICAL PRACTICE VARIATIONS - PREVIOUS STUDIES

2.1 Causes
Previously, attempts to analyse the causes or determinants of medical practice variations were
mainly made in the field of clinical epidemiology. Differences in morbidity, demography,
availability or supply of resources, clinical judgement, patient expectations or demand,
prevailing custom, as well as inaccuracies in data sources and random variation, are examples
ofproposed explanatory factors (Wennberg, 1984; McPherson, 1990; Wennberg, 1990).
Systematic variation (i.e., excluding measurement errors and random variation) may be
related to:

- patient characteristics (age, gender, morbidity, expectations, propensity to seek care, etc),
- availability ofresources (supply ofphysicians, level of care, etc), and
- policy (tradition, practice style, etc).

Using economic terminology, the first two groups are demand-side and supply-side factors,
respectively. The third group concerns supply as well as demand. On the one hand,
established practice style is a specification of supply. On the other hand, it could be regarded
as part of demand - the (secondary) demand generated by the physician/agent on behalf of the
patient/principal. From the point of view of an economist, factors like price and incentives,
which relate to the mechanism of resource allocation, should also be considered.

Which factors are most important in explaining existing variations depends on what
organisational level is in focus, the level of aggregation of the variable studied and, naturally,
the variability of the different explanatory variables. Despite numerous empirical
investigations of small area variations, there are relatively few nlultiple regression studies.
Many of the key variation studies are either univariate (using Chi-square tests for variations
across market areas) or bivariate (tests of Pearson correlations of use rates with different
variables). Although these methods are appealingly sinlple, they disregard that the problem is
inherently multivariate, since the variation in use rates is, in principle, an issue involving
simultaneous contributions of many factors.

A review of the literature on small area variations (Folland&Stano, 1990) shows that available
multiple regression studies typically explain moderate to substantial amounts of the variation
by standard socio-econonlic variables. However, often when a study explains a large portion
of the variation by such variables, it has focussed on aggregates of procedures. Regression
analyses at the small area level for individual procedures, on the other hand, have generally
been less successful in explaining the variations.

Based on their literature review, Folland&Stano (1990) presented a number of
reconlmendations for improving the small area variation studies. Thus, they suggest that
future studies should incorporate nlultivariate approaches, and that the econometric equations
should be specified as completely as possible. Further, the problem of endogeneity must be
addressed, since a failure to do this may lead to causation being incorrectly ascribed to supply
variables. They also point to the importance of using appropriate multicollinearity diagnostics,
within the context of multivariate approaches, in order to avoid Type II errors (not rejecting
the null hypothesis that there is no variation, when in fact it is false).

Even taking into consideration the methodological deficiencies ofmany previous studies,
relatively equivocal experience indicates that patient-related factors generally contribute
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relatively little to explaining existing variations for single procedures at the hospital (clinical
department) level. In other words, the demand-side variables - besides age and gender, which
are usually adjusted for - seem to have limited influence, probably because they do not differ
much across hospitals (departments).

Regarding supply-side factors, two major arguments exist about their influence on medical
practice variations - the ideas of "availability" and "inducement". The availability of hospital
beds and physicians sometimes explains part of the variations, e.g. in hospital admission rates
or rates of ambulatory surgery (Wennberg, 1984; Hanl, 1988; Evans, 1990; Phelps, 1992).
The types of insurance- and payment-systems may be important explanatory factors, mainly
in countries with many different systems, and in international comparisons. In a study of the
effect of Medicaid fee differentials on the use of cesarean delivery over the period 1988-1992,
Gruber et al (1999) found that larger fee differentials between cesarean and normal childbirth
for the Medicaid programme resulted in higher cesarean delivery rates.

According to available studies, supply-side factors are nlore important in the United States
than in England or Sweden, which probably reflects differences in the health care systems.
"Supplier-induced demand", i.e., demand provided in the self-interests of providers rather
than solely for patient interests, has been a topic on the health economics research agenda,
mainly in the United States (Evans, 1990; Ryan&Mooney, 1991; Labelle et aI, 1994).

A related issue is that of the potential impact of malpractice fears on practice style, i.e.,
whether physicians' malpractice fears lead to defensive medicine. Obstetrics is a speciality
where defensive medicine is considered to be particularly problematic. Earlier studies have
reported mixed evidence on the effects of liability fears on the probability of cesarean section.
Tussing& Wojtowycz (1997) have shown that fear of malpractice influences the choice of a
cesarean section both directly and through the use of electronic fetal monitoring, a nlajor
diagnostic tool, which is shown to influence the diagnosis of fetal distress. They conclude that
"whether this is a desirable or undesirable effect remains ambiguous, but it is costly". In a
later study, however, Dubay et at (1999) found that physicians practice defensive medicine in
obstetrics but that the impact on total obstetric care costs of increased cesarean section from
malpractice fears is small.

Often, however, the most important explanation seems to be variations in clinical judgement
or practice style, the sanle kind ofpatients are treated differently in different hospitals
(Phelps&Mooney, 1993). Leading researchers in clinical epidemiology have proposed that
this is due to "professional uncertainty", i.e., there is a substantial uncertainty in diagnosing
many conditions, and also an uncertainty associated with outcomes of alternative
interventions (Folland et aI, 1993; Wennberg, 1984). If there are several alternative methods
for diagnosis and/or treatment of a certain disease, variations may be quite natural. On an
objective, scientific basis, identifying a certain nlethod as "best practice", a gold standard
under all circumstances, may be impossible. This uncertainty naturally results in a lack of
agreement about appropriate standards of care which, in turn, means that a physician's
''beliefs'' will partly detennine his/her actions.

Folland&Stano (1989) have developed an econometric model of physicians' resource
utilization, including uncertainty and practice style as explanatory factors behind existing
variations in the use of medical and surgical procedures. Practice style is modelled as an
exogenous set of physician beliefs about the relationship between medical care and health
status, i.e., about the health production function. Thus, practice style is distinguished from
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supplier-induced demand, which is regarded as an endogenously chosen level of physician
influence on patient demand. The fact that physicians' beliefs differ is assumed to be due to
professional uncertainty. In the model, per capita utilization is decomposed into a first­
occurrences demand and an intensity demand. It is assumed that practice style primarily
affects the intensity with which the physicians treat their patients. Based on empirical tests of
the model, the authors conclude that practice style does not seem to explain variations in
resource utilization at an aggregated level, but would probably do so for single procedures.

The "professional uncertainty" hypothesis has been predominant. It has been confirmed by a
number of studies, demonstrating that the variation, e.g. in hospital adnlission rates, tends to
be smaller when there is a professional consensus on what constitutes best practice (Ham,
1988; Ryan&Mooney, 1991; Phelps, 1992). According to this hypothesis, medical practice
variations may be more or less rational, but if the variations are due to lack of information,
knowledge or professional competence, there may be room for enhanced efficiency.

The "professional uncertainty" theory has been questioned, however. According to the critics,
the abundant evidence of existing variations would stimulate research and development, and
the uncertainty should gradually vanish if this were correct. This does not seem to be the case,
however. The pattern ofvariations is relatively stable over time, even for many well­
established medical technologies. Thus, an alternative theory, the "professional certainty"
hypothesis, has been launched. According to this theory, every doctor is perfectly certain that
his/her practice style is correct, notwithstanding how much it differs fronl that of others
(Evans, 1990; Ryan&Mooney, 1991; Chassin, 1993). This phenomenon is also known as
"surgical signatures", reflecting the idea that the rates in markets as well as the surgical
patterns across markets are stable and seem to remain constant over time
(Wennberg&Gittleson, 1973). A closely related theory is the "enthusiasm hypothesis",
suggesting that medical practice variations are caused by differences in the prevalence of
physicians who are enthusiasts for particular services. This enthusiasm may also lead some to
use these services for inappropriate reasons because they overestimate the utility of the
procedure (Chassin, 1993).

Obviously, practice style also depends on the physicians' propensity to take calculated risks
which, in tum, largely depends on clinical experience, competence and personal attitudes.
Consequently, there are divergent - more or less well-founded - attitudes and opinions among
physicians concerning what is best practice, i.e., what should be done, as well as when and
how, where and by whom. It follows that the existence of different opinions on what
constitutes "best practice" is not necessarily equivalent to uncertainty, and that there is a need
for some kind of incentives - besides information - to influence and move practice style
towards "best practice".

In a recent article, Eldenburg&Waller (2001) present a decision-case mix model for analysing
the variation in cesarean section rates. The model was applied to a sanlple of deliveries at a
hospital Where physicians exhibited a considerable variation in their cesarean section rates.
Comparing groups with a low versus high rate, the authors conclude that the difference in
physician decision tendencies to perform a cesarean section, in response to specific obstetric
factors, is at least as important as case nlix in explaining variation in cesarean section rates.

Phelps&Mooney (1993) reviewed different "explanations" of variations from an economic
perspective. Besides economic demand-side and supply-side factors, they discuss differences
in illness patterns as well as random noise, physician differences and substitution in
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production. Concerning the last explanation, they make a distinction between substitution
between inpatient treatments and substitution between inpatient and outpatient care. Based on
empirical results, they conclude that the extent of geographic variations can only be partly
explained by standard econonlic phenomena such as price, income and the distributions of
illness across regions. Substitution in production of health does not seem to occur very
frequently. Rather, they systematically found a positive correlation among procedures that
could medically serve as substitutes. Finally they tum their attention to "differences in beliefs
about the efficacy of treatment and decisions about which patients should receive treatment",
i.e., what has been called differences in practice style.

2.2 Consequences
Medical practice variations may have medical as well as economic consequences, and also
equity consequences. Unfortunately, these consequences are not very well understood.
Actually, there is a serious lack ofknowledge about the medical consequences of different
diagnostic and therapeutic methods and, consequently, a great need for medical technology
assessment and outcomes research (Wennberg, 1990).

The same is true for the economic consequences ofmedical practice variations. The literature
on this issue is very limited. One reason for this scarcity may be what has been characterised
as a tendency anlong economists "to dismiss the variations literature as irrelevant, or else
briefly to explain it away" (Phelps&Mooney, 1993). Most evaluations of the economic
consequences ofpractice variations have been more or less crude estimations of "potential
savings given that all units produce the minimum rate of a certain surgical procedure", and the
like. Not only is that kind of calculations dubious from a methodological point of view, since
nothing says that the minimum rate is the correct one, in most cases they also give an
incorrect impression of the true savings potential.

However, in an article on "Priority Setting for Medical Technology and Medical Practice
Assessment", Phelps&Parente (1990) use the tools of demand theory to analyse the economic
consequences ofmedical practice variations in terms of welfare loss. A basic assumption in
their model is that, as the indications for using a certain medical technology are expanded, it
will display decreasing marginal utility. They show that the total welfare loss to society,
resulting from interarea deviations from the correct rate ofuse of a certain medical
technology, is a function of the total expenses for that technology, the coefficient ofvariation
of inappropriate use, and the absolute value of the price elasticity of demand.

In the early 1990's, Journal of Health Economics was the forum for a theoretical debate on the
valuation of the costs of the waste associated with health insurance. Rice (1992) challenged
the traditional method - developed by Feldstein and used by Feldman&Dowd (1991) - to
calculate the welfare loss of"excess insurance", asserting that consumer ignorance
(asymmetric information) and the prevalence of substantial amounts ~funnecessary care
make the denland for care a poor basis for such calculations. The question in focus was
whether demand reflects the true valuations (utility) of the consumers (patients). This debate
was also of great relevance for a discussion of the economic consequences ofmedical practice
variations, and included a debate between Dranove (1995) and Phelps (1995) on the validity
of the above-mentioned Phelps&Parente nlodel.

Recently, Nyman (1999) initiated a new debate on the value of health insurance in the same
journal. He argues that in the existing literature, the gains from insurance have been
underestimated while the efficiency losses from moral hazard have been overestimated.
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Further, he argues that these losses "may be outweighed by the welfare gains derived from the
income transfers that allow the consumer to consume more medical care and other
commodities in an ill state, or that simply allow the consumer to gain access to medical care
procedures that would otherwise have been unaffordable." Blomqvist (2000) and
Manning&Marquis (2000) answered Nyman's article and the debate is probably not yet over.

Without ending up in consensus, these debates clearly indicate that the issue of economic
consequences ofmedical practice variations very much centres on the economics of
information, e.g. problems of uncertainty and asymmetric information.

2.3 Opportunities for Change
Among the causes ofmedical practice variations discussed above, the demand-side factors
could, more or less, be regarded as legitimate. They partly describe facts, like age, gender and
morbidity, partly patient preferences. Consequently, the factors that can (should) be
influenced are the supply-side factors. Some of these, like resource capacity (staff density,
bed supply, etc) nlay, at least in principle, be relatively easy to influence, e.g. by budget
restrictions. However, the supply-side factors reflecting policy and practice style are probably
more resistant to change. Therefore, the focus should be on these factors and particularly on
appropriate incentives for change.

Experience shows that it is difficult to influence practice by information alone. Continuous
feedback of information on actual practice variations is a necessary, but not a sufficient,
prerequisite for influencing practice (Evans, 1990). However, reports on actual variations in
combination with discussions about economic concepts like opportunity cost, and tentative
calculations ofpotential efficiency gains, have been shown to stimulate self-assessment and
change ofmedical practice (Eckerlund et aI, 1992). Some studies have shown that
educational, feedback, and surveillance programs directed at physicians can alter their
behaviour and thus, presumably, their practice style (Dyck, 1977; Wennberg et aI, 1977;
Nyman et aI, 1990). Experience from using practice guidelines as a means of changing
practice patterns is mixed (Goodpastor&Montoya, 1996). For example, a widely disseminated
and nationally endorsed practice guideline for cesarean surgery had almost no impact on the
pattern of obstetrical practice in Ontario, Canada (Lomas, et aI, 1989).

Inlproved knowledge and information about the economic consequences (costs) of different
medical practices would probably be a valuable basis for influencing practice. Another
prerequisite is knowledge about what constitutes "best practice", taking into account medical
as well as economic and other effects. As a matter of fact, many methods and routines
frequently used in the health care sector lack scientific support (Wennberg, 1990) and thus,
medical technology assessment should be a high priority area.

Based on a literature review concerning various attempts to influence medical practice,
Greco&Eisenberg (1993) describe six general methods: continuous education, feed-back of
information, participation by physicians, administrative interventions, financial incentives,
and financial penalties. The authors conclude that a combination ofmethods is more likely to
result in permanent changes than any single method. Before deciding on a certain action plan
to change practice, one should try to find out whether the intended program is appropriate,
supported by the physicians, and whether it will be perceived as a threat or an opportunity for
improvement. An active involvement and support from those physicians who will be affected
is an important prerequisite for success.
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From a change perspective, it is interesting to note that, in recent years, greater emphasis has
been put on the patient's individual autonomy in medical decision making, Le., to let patient
preferences influence the choice of diagnostics and treatment strategies. In most countries,
there is an increasing enlphasis on shared information as well as shared evaluation, shared
decision making, and shared responsibilities (Coulter, 1999). She states that "patients have
grown up - and there is no going back".

The same is probably also true for letting patients and citizens have a say about the quality of
health services, in order to use their views and experiences for improving the quality of care.
Various methods have been applied for measuring patient satisfaction (Nathorst-Boos et aI,
2001), but there is great need for further development of methods, particularly methods
including health economic aspects.

The focus on the "empowered" patient has also led to a re-examination of the nature of the
agency relationship in health care. For example, Vick et al (1998) present a study, based on an
econometric (random effects probit) model, concerning the relative value to patients of
various attributes of the general practice consultation. They found that the most important
attribute was "being able to talk to the doctor", whilst "who chooses your treatnlent" was the
least important. Only females and highly qualified respondents preferred to choose their
treatment themselves.

The physician-patient encounter is also discussed by Gafni et al (1998). Assuming a goal of
arriving at a treatment decision based on the physician's knowledge and the patient's
preferences, they discuss the feasibility of two alternative treatment decision-models: (1) the
physician as a perfect agent for the patient, and (2) the infonned patient treatment decision­
making models. They argue that transferring infonnation to the patient is easier and less
resource demanding than transferring each patient's preferences to the physician in each
medical encounter. Accordingly, they find that designing contracts to motivate physicians to
transfer information to patients is more feasible than designing contracts to motivate
physicians to find out their patients' utility functions. In a comment to Gafni et aI, Rochaix
(1998) argues that, beyond the discussion of the relative merits of the two models, two
features need to be integrated for an adequate account of this complex interaction: the two
stages of the physician's action (the diagnosis and the treatment) and the physician's double
agency (to the patient and to the representative of the collective interest).
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3. THEORETICAL FRAMEWORK

3.1 Medical practice variations and economic models
Traditionally, economists have modelled self-employed physicians as owner-managers of
business firms. A model presented by Zweifel&Breyer (1997) provides a good illustration of
this approach. The authors assume that the physician's utility depends on three factors only:
the physician's annual net income (Y), the hours of work that the physician must devote to
medical practice ( t), and the degree of "artificial demand creation" practised by the physician
(s). The physician's utility function is expressed by the equation:

U = U(Y,t,s), with first derivatives Uy>O, Ut<O, Us<O,

where Uy>O indicates the hypothesis that, everything else equal, the physician's utility
increases with income. Ut<O expresses that, everything else equal, physicians prefer spending
more time on activities other than practising medicine and that they devote time to medical
practice only because it earns them an income. The third derivative, Us, relates to physician­
induced denland. The stated hypothesis, Us<O, implies that, everything else equal, artificial
demand creation always gives the physician bad conscience. An Us=O would mean that the
physician is not troubled at all by artificial demand creation.

It is assumed that physicians will manage their time and conduct their practice so as to
nlaxinlise their own utility, subject to the following constraints:

the market for their services
the markets for office personnel, supplies, equipment, floor space, and so on
the technological state of the art ofmedicine
the government regulations
their own conscience regarding demand creation, and
the fact that only 24 hours a day can be split between time in their practice and time spent
on other pursuits.

This theoretical model implies that, at any given level of demand creation, physicians will
always behave so as to maximise the hourly net income they can extract from the practice of
medicine. Furthemlore, the model implies that the physician will naturally create artificial
demand for his or her services, to the point at which the marginal benefit of the additional
income earned equals the marginal utility loss of the additional working hours and the bad
conscience resulting from demand creation.

Thus, ethical conduct in this model emerges from a trade-off among income, the desire for
more leisure time, and the physician's conscience, and it varies with the economic
circumstances. Physicians are not seen adhering rigidly to a professional code of ethics
(Reinhardt, 1999).

The relevance of this theoretical model can, naturally, be questioned, especially in a health
care system like the Swedish one, where most physicians are salaried by the county council
and not working on a fee-for-service basis. The power of this model at the empirical level has
been limited, even in health care systems with a larger number of self-enlployed physicians.
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In recent years, a number of articles based on economic models ofvariation in cesarean
section rates have been published in health economic journals, of which one of the most
interesting is the one by Chetty (1998).

Chetty states that the decision problenl for physicians involves choosing a treatment or
procedure for a medical condition, based on the observed health status of patients. A correct
treatment can inlprove health, while an inappropriate treatment can do some harm., i.e., input
in this production process produces "goods" as well as "bads" with some statistical regularity.
An important feature of any statistical decision problem including the physician's is that a
reduction of one type of error is only achieved by increasing another type. Input costs are not
only the direct costs of treatment, but also the costs of unnecessary treatments. Thus, the
economic problenl as stated by Chetty is: what combination of errors to produce, when
production possibilities of correct decisions are constrained, and how to produce and for
whom.

Chetty uses a model including patients, physicians, insurers and uncertain diagnostic
technology to derive the optinlal cesarean rate from preferences, technology and the incidence
rate, when the choice of insured patients is only constrained by technology.

It is demonstrated that uncertain diagnoses produce unnecessary cesareans and unsafe vaginal
births. Technical progress might lead to more cesareans and higher costs. According to this
model, joint production of goods and bads and collective payments require incentive
compatible pricing schemes, different from the Resource Based Relative Value Scale
(RBRVS). Equilibrium outcomes of HMO's and fee-for service organisations are shown to be
identical. However, implementable incentive schemes involve additional costs. Efficiency
requires insurers, and not providers, to be liable for malpractice claims.

3.2 Medical decision-making, agency and practice style
To further understand medical practice variations, it is important to understand medical
decision-making, i.e., what governs the choice of diagnostic, therapeutic and other
procedures. Various theories have been launched in the literature concerning the major
determinants of medical decision-making, that is, the physicians' practice behaviour. Not
surprisingly, most theories are derived from a medical perspective.

Based on an extensive review of the literature, Eisenberg (1986) describes three groups of
factors, related to the self-fulfilling physician, the physician's role as the patient's agent, and
the physicians's desire to maximise the social benefit of medical care. The first group relates
to the physician's economic self-interest, personal style, and practice environment. The
second group relates to the physician's desire to act on behalf of the patient's physical or
economic health and the patient's preferences. The third group, finally, is based on the idea
that the physician is guided by a desire to provide the most good to the most people.

In economics, the doctor-patient relationship has frequently been modelled in a theoretical
context based on contract theory or, more exactly, the economic theory of agency
(Hart&Holmstrom, 1987; Blomqvist, 1991; Scott, 1996). The principal-agent theory is
characterised by an agent having to choose an action on behalf of the principal. The action
influences the welfare of both the principal and the agent, who are assumed to maximise their
respective utility functions subject to the constraints they face. The relation is also
characterised by asynlmetric information, i.e., an imbalance of information between the
principal and the agent, typically in favour of the agent. This asymnletry of information takes
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two fonns; hidden action (moral hazard) and hidden information (adverse selection). Hidden
action means that the principal cannot observe the actions (efforts) of the agent, but only the
outcome of those actions. Hidden information means that the agent has information about the
action that the principal has not, and that although the action (effort) may be observable, the
principal does not know whether it is the most appropriate.

The principal must devise a contract that is incentive compatible, i.e., that provides incentives
for the agent to nlaximise the principal's (expected) utility, and it must ensure some minimal
specified level of (expected) utility for the agent. Furthermore, this minimal level of utility for
the agent must, at least, equal that achieved by alternative contracts with other principals. This
is the participation constraint.

The patient-physician relation seems to be a good example of the principal-agent relation. The
patient (principal) is unable to monitor the physician's (agent's) efforts and the relation
between effort and outconle is uncertain. However, there are several differences between
standard agency theory, and agency theory applied to health care (Mooney&Ryan, 1993;
Scott, 1996).

While the standard theory assumes one principal and one agent in direct contact, there are
many different types of agency relationships in health care. Besides the patient-physician
relationship, we could think of agency relationships between the patient and the third party
payer, between the physician and his/her trade union, and also between the third party payer
and the physician (or his/her trade union). Although the patient-physician relationship is the
one in focus, all these relationships are interdependent (Evans, 1984). The patient-physician
relationship is influenced by the others, and instead of being a perfect agent for the patient,
the physician can be expected to act as a "double-agent" - for the patient as well as for society
(Blomqvist, 1991).

While the utility functions of principal and agent are independent in the standard theory, the
physician's and patient's utility functions are, to a certain extent, interdependent in the health
care setting. We assume that the physician's utility function includes the patient's utility as an
argument (Evans, 1984). This implies that physicians want to "do their best" for the patients
and, consequently, that "effort" is positively related to the physician's utility, maybe with
diminishing marginal utility. Rewards/penalties in health care may take on social as well as
monetary form, while only adopting financial form according to the standard theory.

In the standard theory, the principal's utility depends only on income, part of which is the fee
paid to the agent. Assuming that both parties are risk averse, some degree of risk sharing is
optimal. In health care, on the other hand, the arguments in the patients' utility function are
non-pecuniary, e.g. health status, which alters the nature of risk-sharing. The patient bears the
risk of the health outcome being less or more than expected, the physician bears the risk of a
poor outcome only in case ofmalpractice. If this happens, there may be some risk in terms of
loss of reputation, but not necessarily income. However, it is still the case that risk averse
physicians will change their behaviour in response to the perceived probability that they may
be sued, i.e., they nlay engage in defensive medicine (Mooney&Ryan, 1993; Scott, 1996).

Finally, concerning the "participation constraint", standard theory assumes that agents have
alternative contacts from which to choose. In Swedish health care, however, the alternatives
are very limited. Furthermore, the Swedish health care system, with hospital-employed
physicians and specially appointed chief physicians responsible for all health care at their
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departments, makes it reasonable to assume a consistent practice style within the single
department. This, in tum, means that the relevant study unit is the clinical department rather
than the single physician (Westert, et aI, 1993).

To summarise, the nledical decision can be described as an optimisation problem under
uncertainty. The physicians/departments are supposed to maxinlise a utility function including
their own utility as well as the patients' utility and social utility. The utility maximisation is
constrained by a variety of restrictions - medical, organisational, technological, economic, etc.

Theoretically, the solution to this optimisation problem defines the demand for health services
which, in combination with "supply", results in the actual use of health services. Our basic
hypothesis is that the existing medical practice variations are, at least partly, due to
inefficiency - production as well as consumption inefficiency. In our empirical studies, we
define a number of variables, which are assumed to influence the demand and supply of
health care. On this basis, we specify regression models to test our hypothesis. Naturally, it is
very important to base these models on reasonable assunlptions about the arguments in the
patients' and physicians' utility functions.

Much of our information suggests that medical practice variations are largely due to
differences in physicians' practice style. In figure 1, the intensity of care (Q) is measured
along the horizontal axis and the patient's health status (HS) along the vertical axis. Curves 81
and 82 represent the different beliefs of two physicians, where physician 2 believes that
additional units of service have larger beneficial effects (Folland&8tano, 1989).

Figure 1 Physician's beliefs about the relationship between medical care and health status

HS

Q

Different beliefs about the production function give rise to different marginal benefit curves
(see Figure 2).
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Figure 2 Marginal benefit and marginal cost as functions of use rate

MBt

A

Me

Xl X* X2 Xmax Rate of use (Treatment level)

Assuming that MB* is derived from the "true" production function, the optimal treatment
level is x*, where marginal benefit, MB, equals marginal cost, MC. The treatment levels
given by the intersection between MB I (MB2) and the MC-curve , Xl (X2) thus indicate under­
utilisation (over-utilisation). The welfare losses are represented by triangles A and B,
respectively. If the patient has complete information and pays for the care out-of-pocket, then
she will demand x*. If, instead, the patient is fully insured (which, in principle, is the case in
Sweden), s/he will maximise well-being by demanding xmax• A physician acting as a perfect
agent for the patient would also provide or recommend this quantity (xmax) of care. However,
in the Swedish setting, the physician should probably be regarded as a "double-agent" for
several principals (the patient, the hospital/department, the County Council and the
community), with at least partially conflicting interests. A probable compromise solution
would be somewhere between x* and Xmax, which means that there is an incentive towards
over-utilisation.

Besides, there are other incentives working in the same direction. From the physician's
perspective, two kinds ofmistakes (incorrect decisions) are possible: to perform a certain
procedure when it is "inefficient" (to the right ofx* in figure 2), and not to perform it when it
is "efficient" (to the left of or exactly at x* in figure 2). Both kinds ofmistakes may have
medical as well as economic consequences. However, the consequences are not the same, and
attempts to reduce the first kind ofmistake may increase the probability of the second, and
vice versa. The incentives to avoid the second kind ofmistake, and thereby reducing the
probability ofmalpractice litigation, seem to be much stronger than the incentives to avoid the
first kind of mistake, which means that there is a built-in bias towards over-utilisation.

3.4 The cost of inefficient variations
From an economic point ofview, the important issue concerning medical practice variations
is whether they indicate efficiency problems, i.e., whether it is possible - through reallocation
and alternative utilisation - to gain more utility from available resources. In economic
literature, it is common to distinguish between two kinds of efficiency problems - technical
(production) inefficiency and allocative (consumption) inefficiency, respectively.

The first kind of inefficiency simply means that a commodity is produced in an incorrect
(wasteful) manner. Thus, it would be possible to produce more with available resources Of,



24

alternatively, achieve the actual production with less resources. Variations in the average
length ofhospital stay for the same kind of patients (diagnosis group) might indicate
production inefficiency, for example some hospitals might use more resources (bed-days)
than necessary to produce a certain output.

The second kind of inefficiency means that the mix of commodities produced is incorrect
(inappropriate). In health care, consumption inefficiency may occur as over-utilisation or
under-utilisation. In the former case, the actual method (procedure, treatment) is utilised
beyond the point where the marginal benefit to the patient (society) is out-weighted by the
marginal cost, whereas in the latter case, its potential benefits are not fully exploited.
Obviously, utility gains are possible through reallocation of resources from the former to the
latter type of applications.

Naturally, both kinds of inefficiency may coincide, e.g. when too much of a certain procedure
is carried out, and in a wasteful manner. Total economic efficiency presupposes production
efficiency as well as consumption efficiency which, in tum, presupposes that producers and
consumers face the same relative "prices". The following discussion mainly focuses on the
problem of consumption inefficiency.

Phelps&Parente (1990) showed that the total welfare loss (W) to society resulting from
interarea deviations from the correce rate ofuse of a certain medical procedure, i.e., the
potential gain from eliminating undesirable variation, is equal to the sum of all triangles A, B,
etc (Figure 2). That sum is given by the following formula:

W = 0.5 x (Total expenses for X) x (COV)2 / 11,

where COV is the coefficient of variation of inappropriate use (i.e., the standard deviation in
"unexplained" use divided by the average use of X)2 , and 11 is the absolute value of the price
elasticity of demand. Given that the demand curve is known, and thereby 11, W can
be interpreted as the money value of the information needed to get all departments to adjust to
MB*(x), Le., to the best practice.

The formula implies that the welfare loss increases when large numbers of patients are
affected, the average cost of intervention is large, the level ofuncertainty about the correct use
rate is high, and the marginal value falls rapidly as the rate of use expands. Assunling constant
marginal costs, we can use the average cost of the procedure to calculate the relevant total
spending. The remaining problem is to estimate the marginal benefit
(demand) curve, and thereby 11. Phelps&Mooney (1992) recommended 11 =0.15 as a global
estimate of demand elasticities, obtained from the RAND Health Insurance Study, HIS
(Manning et aI, 1987). Unfortunately, we have no corresponding estimate of 11 in Sweden.
There is no easy way of solving this problem, but we might be able to use a contingent
valuation approach, i.e., ask patients about their willingness-to-pay for (the valuation of)
certain medical procedures under specified conditions. As a provisional arrangement, we
could carry out a sensitivity analysis based on fictitious values of the elasticity of demand.

I Phelps&Parente first assumed the average amount of any medical intervention (X) across all regions to be the
correct one, and then showed that this assumption probably implies an underestimation of the true welfare loss.
2 This "modified COV2

" = (1_R2
) COV2

•
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4. SUMMARYOFESSAYSI-V

The common purpose of the essays is to contribute to a better understanding of nledical
practice variations - why they exist, their potential consequences, and to what extent they can
and should be influenced. The table below indicates the focus of the five essays on causes,
consequences and opportunities for change, respectively.

Causes Consequences Opportunities for change

Essay I X X
Essay II X
Essay III X X X
Essay IV X
Essay V X X

The first essay, Econometric analysis ofvariation in cesarean section rates: a cross-sectional
study of59 obstetrical departments in Sweden, is an attempt to identify the causes ofvariation
in cesarean section rates and discuss their economic consequences. The second essay,
Estimating the effect ofcesarean section rate on health outcome - evidencefrom Swedish
hospital data, is based on cross-sectional data fronl the same 59 departments for five years,
and its objective is to find out whether the cesarean section rate has a positive effect on health
outcome. The third essay, Benchmarking in obstetric care: a comparative study based on
Data Envelopment Analysis, focuses on variation in productivity in inpatient obstetric care
among 19 Swedish hospitals, but also on strengths and weaknesses of the units studied, and
the potential for enhanced productivity.

The last two essays deal with a new method for incorporating patient perspectives into the
management of health care, i.e., as a basis for quality improvement. Change-oriented patient
questionnaires - testing a new method at three departments ofophthalmology, is a pilot study
using a method that is explicitly change-oriented. The last essay, Patient satisfaction and
priority setting - an economic approach, is based on the same method but takes this approach
one step further by analysing if, and how, priorities are influenced when an economic
dimension is included.

4.1 Essay I
The purpose of this study is to explain the variation in cesarean section rates among
obstetrical departments in Sweden and discuss the potential economic consequences of this
variation. Based on a single year cross-sectional sample of 59 obstetrical departments in 1991,
we identified some 20 determinants, demand-related as well as supply-related. A general,
unrestricted, linear regression model 'including all these regressors was specified. After
reducing this model, we were able to explain about 27 percent of the interdepartmental
variation.

According to our final model, the cesarean section rate increases with the percentage of
mothers over 35 years, and the percentage of cases with indication placenta praevia, but
decreases with the existence of a systematic follow-up of performed cesareans. Even within
the different indication groups we found a large variation in cesarean section rates among
departments. This indicates that the decision on mode of delivery is, to a large extent,
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governed by practice style which, in tum, is assumed to reflect the attitudes and beliefs of the
obstetricians/departments concerning the health production function. The variation in
cesarean section rates within the various indication groups is probably not only due to
differences in the probability of cesarean section, given a certain indication (treatment
practice style), but also to differences in the propensity to set a certain diagnosis (diagnosis
practice style).

We conclude that the unexplained variation in cesarean section rates indicates inefficiency,
mainly due to over-utilisation. Our discussion concerning the economic consequences results
in some rough estimates, showing an additional cost for "unnecessary" cesarean sections of
13-16 million SEK per year. The welfare loss to society due to undesired variation is
tentatively estimated to be about twice as high.

4.2 Essay II
While, in the first study, we implicitly assumed that there was no difference among
departments in health outcome, this paper tests the null hypothesis of a zero effect of the
cesarean section rate on health outcome, against the alternative of a positive effect. Besides
the traditional outcome measure,perinatal mortality, we also used a morbidity measure, rate
ofasphyxia.

An obstetrical department may have a high cesarean section rate because of a high prevalence
of risk cases or complicated deliveries, which makes it necessary or desirable to perform a
relatively large number of cesarean sections. When controlling for case-mix, however, we
should expect to find a negative correlation between outcome (perinatal mortality, rate of
asphyxia) and cesarean section rate.

We used hospital data on health outcome, cesarean section rates and some further variables
measuring "case-mix", from 59 obstetrical departments in Sweden 1988-1992. We specified
two separate linear regression models, one with perinatal mortality, and the other with rate of
asphyxia, as the dependent variable. Besides the cesarean section rate, we included the
percentage of mothers over 35 years, the percentage of multiple births, and the percentage of
(ten) different obstetrical indications as independent variables to control for case-mix. These
models were estimated by single-year cross-section and pooled cross-section regressions.

We could not reject the null hypothesis ofa zero effect, i.e., we did not find any significant
positive relationship between the cesarean section rate and health outcome in terms of
perinatal mortality or rate of asphyxia. Thus, we conclude that an increase in the cesarean
section rate does not inlply lower perinatal mortality or a lower rate of asphyxia. This, in tum,
indicates that the minimal cesarean section rate is optimal. We end by stating that a natural
next step would be to elaborate on the methods for estimating the welfare loss due to
undesired variation, and also to identify and evaluate the policy options, Le., the opportunities
for change.

4.3 Essay III
Benchmarking is an important tool for self-assessment as well as external accountability to
promote efficiency in the health care sector. However, a prerequisite is that the benchmarking
process is based on scientifically sound methods. Using DRG-data from 19 Swedish hospital
departments in 1994-1995, we apply Data Envelopment Analysis (DEA) to compare technical
efficiency (productivity) in inpatient obstetric care. Output is measured in terms of cesarean
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sections, vaginal deliveries and other DRGs, while physician costs, costs for other staff and
number of beds are used as inputs.

The results indicate an average potential for enhanced efficiency of at least 6-7 percent each
year. Most hospitals show a decreasing productivity in 1994-1995, partly due to the inability
to adjust production capacity and costs to decreasing demand. The efficient units were found
among departments of all sizes, while the inefficient ones were found among small and large
departments.

From a policy perspective, an important advantage of the DEA method is that it helps identify
strengths and weaknesses in the units studied. We conclude that there are good reasons for
employing the DEA method for benchmarking in other speciality fields as well, and
preferably on a larger scale, i.e., with more observations, and for including quality indicators
among the output variables.

4.4 Essay IV
In recent years, various methods for measuring patient satisfaction have been applied as part of
quality improvement programmes. The purpose is to incorporate patient perspectives into the
management of health care. However, these survey methods have often been defective in terms
of validity and reliability and with respect to the potential for using the results to improve the
quality of health care. This essay presents a study at three departments of ophthalmology in
Sweden, involving a new method, Quality Satisfaction Perfomlance (QSP), that fulfils
reasonable demands for validity and reliability, and is explicitly change-oriented. The
parameters of the model are estimated with simultaneous equation methods, based on partial
least squares technique.

Data were collected by a questionnaire survey at three ophthalmology departments in May and
June 1994. Patients in three segments - cataracts, strabismus, and diabetes - answered
questionnaires containing 49 questions about different quality dimensions at the departn1ents.
Approximately 1500 patients were invited to participate in the study and the final response rate
averaged 80 percent.

The results show consistently high patient satisfaction indices. All departments got an index
value between 86 and 90 (out of 100). Satisfaction varies somewhat among the different patient
segments and departments. Cataract patients were found to be the n10st satisfied patient group at
all three depat1n1ents, and the lowest index for cataract patients (90.5) was higher than the
highest index figure for the other groups. In addition to patients' rating of different quality
dimensions, the QSP n1ethod also shows the impact of these dimensions on overall patient
satisfaction. All patient groups in the three departments gave low ratings to accessibility, a
quality dimension that was demonstrated to have a high impact on overall satisfaction, and thus
a strong candidate for improvement. We conclude that decisions on improvements must be
preceded by a thorough assessment of costs as well as the effects associated with the various
changes.

4.5 Essay V
Several studies have shown that the QSP model can produce useful and policy relevant
results. However, from a health economics perspective, the lack of economic content in the
basic model is a serious deficiency. The purpose of this study is to analyse if and how
priorities according to the QSP approach are influenced when an economic perspective is
explicitly included. This is accomplished by a cost-effectiveness analysis of certain proposed
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changes/improvements, a cost-benefit analysis based upon the patients' willingness-to-pay for
these changes, and a correlation analysis of priorities based on patient satisfaction,
willingness-to-pay, cost-effectiveness analysis and cost-benefit analysis, respectively.

Data were collected by a patient survey at the Department of Obstetrics and Gynaecology at
Karolinska Hospital in Stockholm, Sweden. All patients visiting the clinic for the first time
during the period August 1998 - February 1999 received a survey questionnaire including 43
closed response questions about their judgements of the quality dimensions accessibility,
environnlent and participation, and their willingness to pay for proposed improvements. In
total, 800 original questionnaires were distributed and the final response rate was 82 percent.

Our results show that the ranking between various improvements is strongly influenced when
an economic dimension is included. We conclude that even a methodologically appropriate
measurement of patient satisfaction may lead to a cost-ineffective priority setting, unless
economic consequences are explicitly considered. The cost-effectiveness analysis gives a
basis for priority setting and the cost-benefit analysis tells us how much should be spent on
improvements.

\
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5. DISCUSSION AND CONCLUDING REMARKS

The title of this thesis"... the economics of medical practice variation" is to be understood in
a broad sense. The purpose is to show how economics can contribute to a better understanding
of the variation phenomenon, which includes the role of economic analyses in performance
monitoring and priority setting based on patient views.

Using cesarean section as an example, we specified and estimated an econometric model in
order to explain the variation in cesarean section rates among hospitals. Since only a minor
part of the variation could be explained by differences in the demand- and supply-related
variables included, and since a cesarean section is more resource demanding than a vaginal
delivery, we concluded that the variation indicates inefficiency. Next, in order to find the op­
timal rate, we tried to estimate the effect of the cesarean section rate on health outcome. We
tested the null hypothesis of a zero effect against the alternative of a positive effect. The null
hypothesis could not be rejected, i.e., we did not find any significant positive relationship
between the cesarean section rate and health outcome.

Much of our information suggests that the unexplained variation is largely due to differences
in physicians' practice styles. However, these are difficult to identify and even more difficult
to quantify. Using data fronl the Medical Birth Registry makes it difficult to capture exactly
what governs the decision to carry out a cesarean section or not. To find out more in detail
which factors influence the medical decision-nlaking, we probably have to rely on other kinds
of data and analytical methods. Careful survey studies of a number of individual cases might
enable us to learn more about the influence ofpractice style on medical practice variations.
This seenlS to be an area in need of further research. Possibly, multilevel analysis techniques
could help us separate out the effect of the practice style factor (Gatsonis et aI, 1993; Westert
et aI, 1993).

Regarding the economic consequences of medical practice variation, we present some tenta­
tive and rough estimates. This is a field in great need of further research and development.
The method developed by Phelps&Parente (1990) seems to be an interesting approach, suit­
able for our purposes. However, before we can fully adopt that method, we need to estimate
the marginal value curve. Since there is no real market for health care in Sweden, there is no
self-evident method for estimating demand. Possibly, we could use the contingent valuation
method (Johannesson, 1996; Johansson, 1995) to that end, i.e., ask patients about their will­
ingness-to-pay for a certain procedure, given specified risks and benefits, and thereby derive
the "demand" - for cesarean sections as well as other procedures.

Concerning the opportunities for change, the literature review tells us that it is difficult to in­
fluence practice- by information alone. Assuming that medical practice variations are largely
due to differences in practice style, whether reflecting differences in physicians' attitudes and
beliefs about the effectiveness ofmedical technology (professional uncertainty) or differences
in enthusiasm, we have to find means and measures to motivate efficiency-enhancing
changes. Probably, what is needed is a combination of methods, like continuous feed-back of
information on performance and practice variation, clinical practice guidelines, education and
appropriate incentives. To identify and implement the incentives necessary to move practice
style towards best practice, we need more infornlation and knowledge about the utility func­
tions of patients and physicians. Furthermore, active involvement and support from those
physicians who will be affected, is a prerequisite for success.
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The benchmarking approach in obstetric care, based on data envelopment analysis (DEA),
seems to be very useful from a policy perspective. Opportunities for enhanced efficiency were
demonstrated and the analysis also indicated strengths and weaknesses of the different de­
partments, which should be of great value when it comes to decisions on changes. There are
good reasons for adopting the DEA method on a larger scale as a component of a system for
continuous performance monitoring.

Patients' perceptions of quality are essential for determining effectiveness and efficiency in
health care delivery, and should thus be utilised as a basis for decisions on quality improve­
ments. We used the QSP approach, which has beel) demonstrated to produce useful and policy
relevant results. However, from a health economics perspective, the lack of economic content
in the basic model is a serious deficiency. To remedy that deficiency, we estimated the costs,
as well as the effects, of various improvements. In that way, we are able to rank potential im­
provements according to their cost-effectiveness ratios. In addition to this, we also asked the
patients to evaluate the benefits in terms of their willingness to pay for the changes, in order
to rank the changes according to their benefit-cost ratios.

We found that the ranking between various improvements is obviously influenced when an
economic dimension is included. We also found disagreement between the cost-effectiveness
and the cost-benefit ranking in a few instances. This indicates a need for further analysis and
model development. It also points at the importance of studying both the benefit and the cost
side, when considering alternatives for possible changes.

Finally, it should be kept in mind that the mere fact that variations exist does not tell us what
is right or wrong. The answer to the question "What is appropriate care?" would be that it de­
pends. Partly, it is a task for medical technology assessment. But it also depends on the pref­
erences of the patients and citizens, and the amount of available resources. Medical practice
variations, if caused by genuine professional uncertainty, may indicate a need for technology
assessnlent. Thus, there is a two-way link between studies ofmedical practice variation and
technology assessment. In that respect, the economic consequences ofmedical practice varia­
tions may be an important basis for priority setting in technology assessment.
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GLOSSARY

ablatio

asphyxia

cataract

cesarean section

disproportion

dystocia

eclampsia

fetal distress

fetus

malpresentation

pelvis

perinatal

placenta

placenta praevia

pre-eclampsia

strabismus

womb, uterus
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removal (of the placenta)

failure to breathe (the newborn)

condition where the lens of the eye gradually becomes hard and
opaque

surgical operation to deliver a baby by cutting through the ab­
dominal wall into the uterus

condition where the pelvic opening of the mother is not large
enough for the head of the fetus

difficult childbirth caused by abnormality (fetus or mother), or
malpresentation of the fetus

serious condition ofpregnant woman at the end ofpregnancy,
where the patient has convulsions and high blood pressure and
may go into a coma, caused by toxaemia ofpregnancy

condition ofnewborn babies where the lungs do not function
properly

unborn baby

abnormal presentation of the fetus in the womb

group of bones and cartilage which form a ring and connect the
thigh bones to the spine

referring to the period before and after childbirth

tissue which grows inside the uterus during pregnancy and links
the baby to the mother

condition where the fertilized egg becomes inlplanted in the lower
part of the uterus, which means that the placenta may become de­
tached during childbirth and cause brain damage to the baby

condition ofpregnant woman towards the end of the pregnancy,
which may lead to eclampsia

squint; condition where the eyes focus on different points

hollow organ in the woman's pelvic cavity in which a fertilized
ovum (egg) develops into a fetus
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Abstract

The objective of this study was to explain the variation in cesarean section rates among hospitals
(obstetrical departments) in Sweden, and to discuss its potential economic consequences. Using data
from The Swedish Medical Birth Registry 1991, we made a cross-sectional study of the cesarean
section rate at the departmental level. We identified some 20 determinants, demand-related as well
as supply-related. A general model including all these regressors was speci'fied. After reducing this
model, we were able to explain about one-quarter of the variation. We conclude that the large
variation in cesarean section rates indicates inefficiency, due mainly to overutilization, but perhaps
also underutilization. It is difficult to calculate tl1e economic consequences or the welfare loss to
society. We estimated an additional cost for unnecessary cesarean sections of 13-16 million Swedish
crowns (SEK) per year.

Keywords: Cesarean Section, Practice Patterns, Economics, Regression Analysis

Deliveries nlay be performed in one of two ways-vaginally (if necessary, aided
by forceps or vacuum extraction) or abdominally by cesarean section. Before 1950,
cesarean section was an uncommon procedure in Sweden, accounting for fewer
than 1% of deliveries. At that time, a cesarean was a risky intervention, especially
for the mother. Even in the late 1950s, the average cesarean section rate was only
20/0, ranging from 0.5-4.5 % among obstetrical departments.

Since then, however, cesarean sections have become more common in Sweden,
as they have in most other comparable countries. International comparisons of
cesarean section rates indicate a general increase since the 1970s, as well as large
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Figure 1. Cesarean section rates in Sweden, 1973-92.

variations among (and within) different countries (13). In the United States, perma­
nently among the high-rate countries, for example, the cesarean section rate in­
creased from 5.5% in 1970 to 20.3% in 1983 and 23.5% in 1991 (33). Even in low­
rate countries, such as Czechoslovakia, the cesarean section rate has increased
rapidly, from 2.3% in 1970 to 6.00/0 in 1983 and 7.7% in 1988 (37).

In Sweden, the average cesarean section rate more than doubled during the
1970s and amounted to a maximum of 12.30/0 in 1983. Figure 1 shows the range of
variation, and the quartiles, in cesarean section rates among hospitals (obstetrical
departments) during the period 1973-92. Obviously, the variation has been consider­
able and persistent, despite showing a downward trend. The coefficient of variation
(COV) decreas~d from 0.39 in 1973 to 0.24 in 1983 and 0.19 in 1991.

The reasons for this development have been thoroughly dicussed in medical
journals (2;26;27;28). Expanded indications, laws, and rules concerning medical
liability, and the development of new medical technology are some of the factors
believed to explain the rapid rise in the 1970s. Physicians' practice style and personal
attitudes toward cesarean section are also supposed to be important explanatory
factors (40;41). It should be noted that the decrease during the 1980s has been
accompanied by a continuous improvement (decrease) in such outcome measures
as perinatal mortality and prevalence of asphyxia (26).

This study investigates the determinants of the variation in cesarean section
rate among obstetrical departments in Sweden and discusses the potential economic
consequences. We first briefly review the literature. After a theoretical discussion
about what governs the choice of mode of delivery, we present a cross-sectional study
of cesarean section rates in 1991. The paper concludes with ideas for future research.

PREVIOUS STUDIES

Causes

Lomas and Enkin (22) divide the factors explaining the choice of mode of delivery
into three categories: obstetrical indications, nonmedical patient-related determi­
nants, and nonmedical professional-related determinants. The ma.jor obstetrical
indications for cesarean section are: previous cesarean, breech presentation, dys­
tocia, and fetal distress. The nonmedical patient-related determinants are: the
woman's socioeconomic status, influence of malpractice litigation, and women's
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expectations. Nonmedical professional-related determinants are: financial incen­
tives, convenience, professional discipline, and availability of technology. The au­
thors conclude that the cesarean section rate probably is affected as much by
nonmedical factors as by medical factors (36).

Broadhead and James (5) classify the reasons for differences in the utilization
of cesarean section among different countries as medical and nonmedical. The
medical reasons mentioned are: previous cesarean section, breech presentation,
fetal distress, cephalopelvic disproportion, dystocia, low birth weight, and preterm
delivery. The nonmedical reasons are: maternal age, socioeconomic status, cultural
factors, hospital resources and status, geographical location, private practice, litiga­
tion, and physician factors.

McCloskey et al. (24) found that maternal age is a dominant factor independent
of clinical risk and type of organization. Zahniser et al. (43) found that women
over 35 years had a 30% higher probability of delivering by cesarean section.
According to Adashek et al. (1), maternal' age, birth weight, need for oxytocin, and
spinal anesthesia each showed a positive correlation with cesarean section rate.

Anderson and Lomas (2) compared cesarean section rates by indication at
university hospitals and community hospitals. They found that the variation was as
large within as between the two types of hospitals. Some studies demonstrate the
importance of "the physician factor" (38). Tussing and Wojtowycz (39) found that
female doctors usually had a somewhat lower cesarean section rate, but had a
higher rate when dystocia was diagnosed. In a study of deliveries performed by 11
physicians in a single community hospital in Detroit, Goyert et al. (17) found that
only nulliparity had a greater influence than the identity of the physician on the
rate of cesarean section.

Gardner (15) divides the economic factors influencing use of cesarean section
into physician-level economic incentives and hospital-level economic incentives.
The first group includes reimbursement differential effects and time-minimizing
incentives. Even if these may be most pronounced in fee-for-service systems, other
economic incentives that favor cesarean section, such as physician convenience, are
relevant also in capitated or salary-based systems (35). Examples of hospital-level
economic incentives are occupancy rate and the degree of close linkage in the
hospital-physician relationship.

Brown (6) found that time-related variables related to the consUIllption of
leisure by physicians, including time of day and day of week, as well as interactions
between them, are significant predictors of both total and unplanned cesarean
sections.

Consequences
Cesarean sections have no doubt contributed to the improvements in perinatal
morbidity and mortality in this century. However, factors other than increased
cesarean section rates are also responsible for this development. Due to improved
medical technology, such as anesthetic techniques, pharmacotherapy, etc., maternal
morbidity and mortality rates have decreased significantly in abdominal deliveries
also. Consequently, the indications for cesarean section have been widened in recent
decades, in the best interest of all concerned, and certainly with better outcome
for the newborns. However, abdominal delivery is still associated with significantly
higher morbidity and mortality for the mother than vaginal delivery. Even if a
cesarean section today is regarded as, by and large, a riskless routine procedure,
the intervention may cause great discomfort for the woman as well as complications
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during and after the operation. The frequency of maternal mortality and complica­
tions, such as infertility, is higher mainly for women undergoing acute cesarean
section. Furthermore, infants born by cesarean section are at higher risk of devel­
oping respiratory distress syndrome (25).

Obviously, variations in cesarean section rates may have medical as well as
economic consequences. Regarding economic consequences, it should be noted that
a delivery by cesarean section is more resource-demanding than a normal vaginal
delivery. The direct costs differ, partly due to difference in the intensity of care
and partly due to difference in length of stay. Also, the indirect costs, e.g., in terms
of convalescence, are higher after a cesarean section as compared to a vaginal
delivery. Overall, maternal morbidity from cesarean section is associated both with
higher direct costs of care and with such indirect costs as production loss, delayed
recovery, and impaired maternal-infant bonding (11;12;15;31).

Based on British experience, Clark et al. (7) have made some cost calculations
for different modes of delivery, showing that the hospital cost of a cesarean section
without complications is three times that of a normal vaginal delivery. According
to U.S. diagnosis-related groups (DRG) payments, the additional cost for a cesarean
section is 85% over vaginal delivery. Based on a study by Health Insurance Associa­
tion of America, Keeler and Brodie (20) found that a cesarean section is 66% more
expensive than a normal delivery. Corresponding Swedish DRG data (1993) show
that the cost of a cesarean section is SEK 36,000 (with complications, DRG 370)
and SEK 26,500 (without complications, DRG 371), compared to the cost of a
vaginal delivery, which was SEK 12,500 (with complications, DRG 372) and SEK
10,000 (without complications, DRG 373).

In the light of these figures it seems quite obvious that a higher cesarean section
rate implies higher costs for obstetric care. According to Gardner (15), the annual
savings associated with each percentage point reduction in the cesarean section
rate in the United States would amount to more than $68 million (1987 dollars).
This estimate does not include the additional savings that would result from lower
physician fees and avoided cesarean section-related morbidity and mortality.

THEORETICAL FRAMEWORK

To further understand medical practice variations, it is important to understand
what governs medical decision making, i.e., the physicians' practice behavior. Var­
ious theories have been launched in the literature concerning the major determinants
for medical decision making (9;10;14). Theoretically, the medical decision can be
described as an optimization problem under uncertainty. Physicians/departments
are assumed to maximize a utility function, including their own utility as well as
patients' utility and the social utility. The utility maximization is constrained by a
variety of restrictions-medical, organizational, technological, economic, etc. Using
terminology from contract theory, the decision-making physician/department can
be regarded as a "double agent" for several principals with at least partly conflicting
interests (3).

Folland and Stano (14) developed an econometric model of physicians' resource
utilization, including uncertainty and practice style as explanatory factors behind
existing variations in utilization of medical and surgical procedures. Practice style
is regarded as reflecting the physician's beliefs concerning the health production
function, i.e., the correlation between the care provided and its benefit to the
patient. The fact that physicians' beliefs differ is assumed to be due to professional
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Figure 2. Marginal benefit and marginal cost as ·functions of use rate.

uncertainty. Based on empirical tests of the model, the authors conclude that practice
style does not seem to explain variations in resource utilization at an aggregated
level, but probably would do so for single procedures.

The "professional uncertainty" hypothesis has been confirmed by a number of
studies, demonstrating that variation, such as in hospital admission rates, tends to
be smaller when there is professional consensus on what constitutes best practice
(29;34;40). Different beliefs about the production function give rise to different
marginal benefit (MB) curves (Figure 2). Assuming that MB* is derived from the
"true" production function, the optimal treatment level is x*, where marginal benefit
equals marginal ~ost (MC). The treatment levels given by the intersection between
MB1 (MB2) and the MC curve, Xl (X2), thus indicates underutilization (overutiliza­
tion). The welfare loss in each case is represented by the triangles A and B, respec­
tively. If the patient has complete information and pays for the care out of pocket,
then she will demand x*. If, instead, the patient is fully insured (which, in principle,
is the case in Sweden), she will maximize well-being by demanding Xmax' A physician
acting as a perfect agent for the patient would also provide or recommend this
quantity (xmax) of care. However, in the Swedish setting the physician should prob­
ably be regarded as a "double agent" for several principals (the patient, the hospital!
department, the County Council, and the community). A compromise solution
would be somewhere between x* and Xmax, which means that there is an incentive
toward overutilization.

Moreover, there are other incentives working in the same direction. From the
physician's perspective, two kinds of mistakes (wrong decisions) are possible: to
perform a certain procedure when it is "inefficient" (to the. right of x* in Figure
2), and not to perform it when it would be "efficient" (to the left of or exactly at
x* in Figure 2). Both kinds of mistakes may have medical as well as economic
consequences. However, the consequences are not the same, and attempts to reduce
the first kind of mistake may increase the proba~ility of the second, and vice
versa. The incentives to avoid the second kind of mistake, and thereby reduce the
probability of malpractice litigation, seem to be much stronger than the incentives
to avoid the first kind of mistake, which means that there is a built-in bias to­
ward overutilization.
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Applying this simple model to the case of cesarean sections in Sweden, we
assume that the existing variation in cesarean section rates reflects differences not
only in demand or patients' needs, but also in supply-related factors, including
physicians' beliefs about the health benefit of cesarean sections. In the next section,
we will specify and estimate an econometric nl0del to explain the variation in
cesarean section rates among obstetrical departments in Sweden. We first should
provide some background information on the Swedish health care system. The
hospitals in Sweden are publicly owned and operated, traditionally within fixed
budgets. The physicians are employed by the hospital and salaried. There are
specially appointed chief physicians responsible for all health care in their depart­
ments. Only a few obstetricians at each obstetrical department are entitled to decide
whether to perform a cesarean section (8). This makes it reasonable to assume a
consistent practice style within the single department, i.e., an insignificant intrade­
partmental variation among individual doctors. This in turn means that the relevant
study unit is the clinical department rather than the single physician.!

We assume that the obstetrician/department-in consultation with the patient­
chooses the mode of delivery. Decision making is primarily guided by demand­
related factors, such as age, morbidity, expectations, etc. The physician/department
may, however, also want to fulfill personal interests and act as an agent for the
employer, the hospital, and the County Council, who may be assumed to demand
the cheapest medically defensible method to be used. This implies that resource
capacity and factors related to clinical judgment and practice style-what we call
supply-related factors-also influence the decisions.

CROSS..SECTIONAL STUDY, 1991

Material and methods

Data. Using data from The Swedish Medical Birth Registry 1991, a special
database was compiled, containing the following information on all newborns in
Sweden that year: cesarean section, maternal age, parity (order of delivery), still­
birth, perinatal mortality (stillbirth or dead within first week), mother and father
living together, number of newborns, prevalence of asphyxia (Apgar score <7 at
5 minutes), hospital (five-digit code), and indication for cesarean section (placenta
previa == 1, ablatio = 2, disproportion = 3, pre-eclampsia = 4, dystocia == 5, fetal
distress = 6, twins or more = 7, malpresentation = 8, psychosocial indication = 9,
and other indication = 10).

In 1991, 13,895 newborns were delivered by cesarean section in Sweden, corre­
sponding to 11.2% of all (123,650) newborns. In order to make relevant comparisons
on the department level, we excluded units with fewer than 600 deliveries per year.
Our material thus includes data from 59 obstetrical departments, covering 970/0 of
all newborns. The average cesarean section rate was 11.20/0, ranging from 5.60/0 to
18.00/0 across departments.

On average, the university hospitals and most well-equipped general hospitals
had a slightly higher cesarean section rate (11.3°k) than other hospitals (10.60/0).
The variation within the first group of hospitals was larger (5.6-18.0%; COY =
0.20) than among the second group (8.7-13.70/0; COY = 0.16). The variation among
the 26 counties ranged from 7.70/0 to 13.30/0, and among the six health care regions,
from 10.2% to 12.3 0/0.
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Table 1. Incidence of Different Indications for Cesarean Section

Indication

Placenta praevia
Ablatio
Disproportion
Pre-eclampsia
Dystocia
Fetal distress
T\vins
Malpresentation
Psychosocial
Other indication

Number of cases

299
657

4,038
2,957
8,792
5,890
2,074

15,258
999

78,351
119,315

Cesareans (%)

84
77
88
33
20
40
33
22
53
1

11.2

% of all cesareans

2
4

25
7

10
15
5

25
4
3

100

Table 1 shows the frequency of different indications for cesarean section, the
percentage of cesarean section per obstetrical indication, and the distribution of
the cesarean sections over different indications. The 10 classes of indications more
or less frequently resulted in cesarean section. The highest frequency was dispropor­
tion. The most common indications, given that cesarean section was performed,
were disproportion (250/0), malpresentation (250/0), and fetal distress (150/0).

Measurement and Model Specification. Based on the literature review, our
theoretical discussion, and the database described above, we defined a dependent
variable (cesarean section rate) and a number of independent variables. These
variables were used to specify and estimate an econometric model, aiming at ex­
plaining the variation in cesarean section rate among obstetrical departments. The
variables are shown in Table 2. The cesarean section rate increases with maternal
age. It is considerably higher for mothers over 35 years. Even if the risk is a
continuously increasing function of age, we defined the variable age as the per­
centage of mothers over 35 years, which also happens to be the most common
measure in previous studies. Cesarean section is more frequent among nullipara
(mothers having their first child). Parity, defined as the percentage of nullipara, is
thus supposed to be positively correlated with cesarean section rate. Further, ce­
sarean section is more common in multiple births (twins or more), 40.1 %, compared
to 10.4% in single births. This is captured in the variable twins. The variables
indication i-indication 9 are defined as percentage of cases with these indications,
respectively. The indications are based on obstetrical diagnoses and are mutually
exclusive on the individual level. The last group, other indication, is a residual and
is not included in the analysis.

Since some high-risk cases are referred from smaller to bigger and technically
better equipped hospitals, it seems natural that these latter hospitals have a higher
rate of cesarean sections. The dummy variable refhosp indicates whether a hospital
has continuous access to an obstetrician, as well as to a pediatrician and an anesthesi­
ologist.

Workload and availability of beds may have an influence on the propensity to
perform a cesarean section. Number of deliveries per obstetrician, delphys, and the
occupancy rate at maternity wards, occupancy, are intended to measure these
factors. Since the physicians also work at gynecological wards and clinics, we in­
cluded two more workload variables, the number of admissions at gynecological
wards per doctor, gadmphys, and the number of patient visits at the gynecological
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Table 2. Variables: Average Values and Coefficients of Variation, 1991

Coefficients
Variables Description Average of variation

Dependent variable
Cesarean section rate Percentage of cesarean sections 11.2 0.19

Independent variables
Percentage of:

Age mothers > 35 yr 11.3 0.19
Parity nullipara 40.2 0.08
Twins twin (or more) births 2.3 0042

Percentage with:
Indication 1 Indication 1 (placenta previa) 0.3 0.64
Indication 2 Indication 2 (ablatio) 0.5 0.58
Indication 3 Indication 3 (disproportion) 3.3 0045
Indication 4 Indication 4 (pre-eclampsia) 2.4 0.40
Indication 5 Indication 5 (dystocia) 6.9 0.77
Indication 6 Indication 6 (fetal distress) 4.7 0040
Indication 7 Indication 7 (twins or more) 1.6 0.43
Indication 8 Indication 8 (malpresentation) 13.7 0.57
Indication 9 Indication 9 (psychosocial) 0.7 1.07

Refhosp Well-equipped hospital? (yes = 1, 0.7 0.06
no = 0)

Delphys Deliveries per physician 143.7 0.27
Gadmphys Gyn admissions per physician 109.7 0.16
Gvisphys Gyn visits per physician 886.8 0.41
Occupancy Occupancy rate at maternity 79.5 0.21

wards; %
Management Senior obstetrician? (yes = 1, 0.8 0.51

no = 0)
Education Continuous follow-up? (yes:::: 1, 0.8 0.54

no = 0)
Malpract Any complaint in 1990? (yes = 1, 0.2 1.79

no = 0)

clinics per doctor, gvisphys. These variables are expected to be negatively correlated
with the cesarean section rate.

We also considered variables more closely related to the physician practice
style. The two dummy variables, management and education, measure whether there
is a senior obstetrician with special responsibility for the delivery unit, and whether
there is a systematic follow-up of all cesarean sections performed within the unit
as part of the internal education. Finally, we included a dummy variable, malpract,
indicating whether there were any complaints (concerning cesarean sections) against
the department submitted to the Responsibility Board for Health and Medical Care
in 1990, the previous year. The idea was that such a complaint may, in the short
run, bring about a more liberal attitude toward performing cesarean sections. Some
other variables were tested, such as the percentage of routine use of electronic fetal
monitoring. Problems concerning the definition of "routine" made us exclude that
variable from the analysis. However, available (incomplete) data did not support
the hypothesis of a significant correlation between this variable and cesarean sec­
tion rate.

To ensure that predictions remain inside the feasible range (0-1000/0), the
dependent variable (cesarean section rate) was transformed, by taking the natural
logarithm of the rate divided by its complenlent, into a "logit":
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Insectio = In (cesarean section rate/(IOO cesarean section rate)) = b'x + u

where b, x and u denote the regression coefficients, the explanatory variables, and
the disturbance term, respectively. We used aggregate data from the 59 obstetrical
departments to estimate the logit model. Since the disturbance term In the logit
model is heteroscedastic, with variance equal to l/[Ni psecti (1 - psecti)], we have
to use weighted least-squares (WLS) regression. The inverse of the variance is used
as weights (18).2

We started from an unrestricted equation, including all independent variables
enq.menited in Table 2, which was then reduced by successive elimination of vari­
ables not significantly correlated (on the basis of individual t statistics) with the
dependent variable. Tests for misspecification include tests for non-normality of
the residuals by the Jarque-Bera's skewness-kurtosis test (19), heteroscedasticity
by the Breusch-Pagan LM test (4), and functional misspecification by the Ramsey
RESET test (16;21).

Results

The results are summarized in Table 3. The final reduced model can be written as
shown below the table. The cesarean section rate, i.e., the log of the odds, increases
with the percentage of mothers over 35 years and with the percentage of cases with
indication 1 (placenta previa), but decreases with the existence of systematic follow­
up of performed cesareans. The model explains 27% of the variation.3

The hypothesis that all coefficients for variables excluded in the reduced model
are equal to zero (slope restrictions) was tested using a joint F test, and could not
be rejected at the 5% level. The Jarque-Bera test (J-B), applied to test for normality
in residuals, showed that the null hypothesis could not be rejected at the 5% level.
From the Breusch-Pagan test (B-P), it appeared that none of the models showed
heteroscedastic residual variance. The RESET test did not indicate functional form
n1isspecification for any of the models.

Discussion

The purpose of our study was to explain the interdepartmental variation in cesarean
section rates, and to discuss its potential economic consequences. The final model
includes a constant term and three independent variables, all with expected signs.
Thus, our findings suggest that systematic follow-up is well suited to help control the
cesarean section rate. The model explains only about one-quarter of the observed
variation. Many of the independent variables considered could be defined differ­
ently. We tried a number of alternative definitions, e.g., of the age variable, without
any significant effect on the explanatory value. We also tried to cluster some of
the indications, again without much effect.

Even within different indication groups, we found large variations in cesarean
section rates among departments. This indicates that the decision on mode of
delivery to a large extent is governed by what we call practice style, i.e., the attitudes
or beliefs of the responsible obstetricians. The variation in cesarean section rates
within the various indication groups is probably due not only to differences in
probability of cesarean section, given a certain indication (treatment practice style),
but also to differences in propensity to set a certain diagnosis (diagnosis practice
style). Furthermore, it cannot be excluded that the variation is partly due to vague
criteria for different diagnoses or faulty registration routines. A high cesarean
section rate, given a certain indication, may be partly due to a low propensity to
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Table 3. Multivariate Regression: Dependent Variable, Insectioa

General model Reduced model

Parameter/variable Coefficient t-value Coefficient t-value

Constant -2.840b -6.364 -2.413b -20.586
Age O.028c 1.934 0.028b 3.035
Parity 0.011 0.923
Twins 0.016 0.139
Indication 1 O.416d 2.142 OA08d 2.399
Indication 2 0.127 1.282
Indication 3 0.009 0.362
Indication 4 0.060 1.497
Indication 5 -0.007 -1.078
Indication 6 -0.022 -1.191
Indication 7 0.043 0.302
Indication 8 0.002 0.365
Indication 9 0.021 0.543
Refhosp -0.176c -1.887
Delphys -6.821E-04 -0.663
Gadmphys 7.215E-04 1.073
Gvisphys -1.636£-04 -1.386
Occupancy 0.002 0.718
Management -0.073 -0.677
Education -0.161d -2.291 -0.104c -1.831
Malpract 0.116 0.168

d.f. 38 55
R2 (R2 adj) 0.466 (0.185) 0.269 (0.230)
SSE 230.994 316.157
Slope restr F(17;38) = 0.824
J-B (d.f.) X2(2) = 2.454 X2(2) = 2.762
B-P (d.f.) X2(20) = 12.371 X2(3) = 3.050
RESET (d.f.) F(3;35) = 0.007 F(3;52) = 0.327

a Final reduced model:
insectio = -2.41 + 0.03 age + 0.41 indication 1 - 0.10 education

(-20.59) (3.04) (2.40) (-1.83) (R2 = 0.27)
b Significant at the 1% level.
C Significant at the 5% level.
d Significant at the 100/0 level.

set (and/or lacking carefulness in the registration of) diagnoses, leading to this
indication. And vice versa, a low cesarean section rate may be due to a generous
attitude to setting (and/or carefulness to register) the actual diagnoses. In summary,
we have reason to believe that much of the unexplained variation in cesarean
section rates has to do with differences in practice patterns. However, these are
difficult to identify and even more difficult to quantify and model.

Differences in cesarean section rates may have medical as well as economic
consequences. Most interesting from an economic perspective is the extent to which
the variation indicates productivity or efficiency problems. Our study focuses mainly
on the potential efficiency problems related to the overutilization of cesarean sec­
tions. An evidently necessary cesarean section that is not performed may, of course,
create an even more serious problem from an efficiency perspective. However, this
situation is probably quite rare.

Since we were unable to fully identify the causes of variation, we have a limited
opportunity to evaluate the consequences of variation. In the individual case, an
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unnecessary cesarean section is an expression of inefficient resource utilization.
The practitioner has intervened beyond the indications, i.e., used the method where
the marginal value to the patient is exceeded by the marginal cost, including the
increased risk. Unnecessary costs are incurred:: di~ect costs of the procedure itself
and patient care, which are higher than those of the alternative, vaginal delivery,
and indirect costs related to the increased risk for complications during and following
the surgery, which in tum generate costs.

However, it is difficult to estimate the opportunity cost (i.e., the value of the re­
sources in the best alternative use), which may vary over time depending on the
workload of the clinical departments. It is also equally difficult to determine the
number of unnecessary cesarean sections. No universal agreement exists in applying
the indications for cesarean section. Furthermore, the tendency to meet patients'
preferences for cesarean section, generated by the fear or anxiety of childbirth,
may vary among the clinical departments. Is a cesarean section that is not strictly
motivated by medical indications (not "appropriate"), but which meets a patient's
preference, "unnecessary"? Opinions are also divided concerning the value of ce­
sarean section for prolonged deliveries where other complications appear.

Lacking anything better, we used the average additional cost of a cesarean
section as an approximation of the opportunity cost. Using Swedish DRG data
from· 1993, this cost-defined as the difference in cost between DRG 371, cesarean
section without complications, and DRG 372 (373), vaginal delivery with (without)
complications-has been estimated at 14,202 SEK (950/0 confidence interval, 13,568­
14,836) and 16,671 SEK (950/0 confidence interval, 16,124-17,218), respectively. The
number of unnecessary cesarean sections is, for reasons mentioned above, difficult
to calculate. If we assume that it were possible-without complications for mother
or child-to lower the number of cesarean sections at the clinical departments that
exceed the average rate (11.30/0 at the referral hospitals and 10.6% at the others),
it would mean about 940 fewer cesarean sections per year (1991). This corresponds
to an additional cost for unnecessary cesarean sections of 13-16 million SEK.

We also considered an alternative approach to calculating the economic conse­
quences of variation in cesarean section rates, based upon a method developed by
Phelps and Parente (32), and corrected by Phelps and Mooney (30). They have
shown that the total welfare loss (W) to society resulting from interarea deviations
from the correct4 rate is equal to

W = 0.5 (total expenses for X) (COV)2/1l

where COY is the coefficient of variation of inappropiate use (i.e., the standard
deviation in unexplained use divided by the average use of X)5, and 11 is the absolute
value of the price elasticity of demand. Phelps and Mooney (32) recommend 11 =
0.15 as a global estimate of demand elasticities, obtained from the RAND Health
Insurance Study (HIS) (23). Unfortunately, we have no corresponding estimate of
11 in Sweden. If we, nonetheless, assume 11 = 0.15, we get W = 31.2 million SEK,
due to unexplained variation in cesarean section rates. If, instead, we substitute
our above estimate of additional cost (13-16 million SEK)6 for W it} the formula,
and calculate 11 we get 11 = 0.29-0.36. Since the Swedish patients are in principle
fully insured, the "true" 11 is probably closer to 0.15 than to 0.29-0.35. To summarize,
the welfare loss due to undesired variation in cesarean section rates among obstet­
rical departments is at least 13-16 million SEK, and probably double.
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CONCLUDING REMARKS

In this study, we used data from the Swedish Medical Birth Registry, including
all deliveries in 1991. Alternatively, we could have made a sample study, using
questionnaires or interviews to gather the information needed. Both approaches
have their pros and cons. A disadvantage with the method chosen is the difficulty
in capturing exactly what governs the decision of whether to carry out a ce­
sarean section.

The choice of method for statistical analysis is governed by which decision level
is examined. Most available studies on variations in cesarean section rates seem to
focus on the individal physician/patient and use some kind of logistic regression
with a dichotomous dependent variable. In our study, however, the focus was on
the clinical department level, and consequently we used multiple linear regres­
sion analysis.

To find out in more detail which factors govern the choice of mode of delivery,
we probably have to carry out a survey study based on a sample of deliveries. In
particular, careful studies of a number of individual cases might enable us to learn
more about the influence of practice patterns on the variation in cesarean section
rates. Finally, it should be noted that variations per se tell us nothing about the
potential for greater efficiency. If the distribution as a whole is off target, a small
variation may be a greater problem than a large variation where the distribution
is generally on target. No particular level is right for all clinical departments. It
may be possible to determine what is right after the fact, when we have access to
the final results. Some variation is, of course, desirable-assuming it reflects the
differences in medical needs and patients' preferences.

NOTES

1 This also influenced our choice of statistical method. We considered employing multilevel
analysis techniques. However, since we lack data on the physician level and since our focus
is on the department level, we chose to use multiple linear regression analysis. Moreover,
studies using multilevel statistical techniques have demonstrated that the within hospital
variation (in length of hospital stay) between doctors is in most cases statistically insignifi­
cant (42).

2 The weights, Wj = Nj psectj (1 - psectj); Nj is the number of deliveries at department" i,
and psectj is the relative frequency of cesarean sections.

3 We also ran linear probability (LP) models with cesarean section rate (percent) as
dependent variable. This yielded the same model, but a slightly higher explanatory value
(R2 = 0.31). The LP model has the advantage that the coefficients are easier to interpret,
but the disadvantage that the predicted values of the cesarean section rates may tum out
to be less than 0 or greater than 100. The Logit model has the disadvantage that the estimated
parameters are sensitive to small measurement errors if the cesarean section rates are close
to zero or 100.

4 Phelps and Parente (32) first assume that the average amount of any medical intervention
(X) across all regions is correct, and then show that this assumption probably implies an
underestimate of the true welfare loss.

5 This modified COV2 = (1 - R2) COV2.
6 This sum refers to overutilization only.
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Abstract

This paper tests the null hypothesis of a zero effect of cesarean section rate on health outcome
against the alternative of a positive effect. Using data from 59 hospitals in Sweden from 1988-92,
we specify two separate linear regression models for health outcome, one with perinatal mortality,
and the other with rate of asphyxia, as dependent variable. We estimate the models by single-year
cross-section regressions and as pooled data systems. The null hypothesis cannot be reiected, Le.,
we do not find any significant positive effect of cesarean section rate on health outcome. Thus, we
conclude that an increase in cesarean section rate does not imply lower perinatal mortality or lower
rate of asphyxia. T~lis in turn indicates that the minimum cesarean section rate is optimal.

Keywords: Cesarean Section, Health Outcome, Regression Analysis, Economic Consequences

In Sweden, as in many other comparable countries, there has been a considerable
and persisting variation in cesarean section rates among hospitals (obstetrical de­
partments) (3;7;14). In a cross-sectional study of 59 hospitals in 1991, we identified
some 20 determinants of cesarean section rate, demand-related as well as supply­
related (5). A general model including all these regressors was specified. After
reducing this model, we were able to explain about one-quarter of the variation.
Since only a minor part of the variation could be explained by differences in
demand- and supply-related variables, and since a cesarean section is more resource­
demanding than a vaginal delivery, we concluded that the variation in cesarean
section rates indicates inefficiency. What, then, is the optimal rate of cesarean
section?
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To answer that question, we must estimate the effect of cesarean section rate
on health outcome, i.e., estimate the health production function. While there have
been numerous studies of the determinants of variation in cesarean section rates,
there is little information on the consequences of differing cesarean rates on outcome
variables. A critical issue is how to define appropriate outcome measures. The main
reason to perform a cesarean section is to improve the health outcome for the
newborn,! and the traditional measure used to assess outcome in obstetric care is
perinatal mortality (15). Perinatal mortality rates have decreased in recent decades
while there has been an upward trend in cesarean section rates. It seems logical to
apply a cause-and-effect relationship between these phenomena. However, on closer
investigation, there is not much to support such a relationship. Available data
suggest that the cesarean section rate does not contribute much to explaining the
variation in perinatal mortality (2).

International comparisons demonstrate that perinatal mortality has generally
improved, regardless of whether the cesarean section rates have increased, de­
creased, or remained stable over time (16). Several studies have confirmed this
finding and failed to show a strong correlation between cesarean section rate and
perinatal mortality. Furthermore, it has been shown that it is possible to lower the
cesarean section rate on a nationwide basis without increasing risks to newborn
infants (15).

Joffe et al. (10) compared groups of obstetric units, categorized according to
their cesarean section rates, to see what effect the rate has on fetal and maternal
outcomes.2 They found that for very low-birth-weight-infants, but not for other
deliveries, mortality rates were lower in units with higher cesarean section rates.3

Apgar scores showed no trend, but the onset of respiration after 1 minute was
significantly more frequent in units with a cesarean section rate of less than 100/0.
Increased maternal postnatal blood transfusion was associated with higher cesarean
section rates, but no trend was observed for the other maternal variables.

In summary, there is good reason to consider outcome measures other than
perinatal mortality, such as a measure of morbidity. Furthermore, to assess the
effectiveness of cesarean section with respect to outcome (mortality and nl0rbidity),
it is necessary to control for case-mix, or alternatively, to look at outcome for
specific indications rather than overall outcome.

This paper tests the null hypothesis of a zero effect of cesarean section rate on
health outcome against the alternative of a positive effect. We first briefly describe
the data and the variables selected. A description of the estimation methods used
are followed by the results. Finally, a discussion of our findings and some concluding
remarks on the need for further research are presented.

DATA AND MEASUREMENT

Using data from the Swedish Medical Birth Registry from 1988-92 (14), we compiled
a special database containing yearly data from the 59 hospitals-covering 97% of all
newborns-in the abovementioned study (5) on the number of newborns, deliveries,
perinatal deaths, cesarean sections, acute cesarean sections, mothers older than 35
years, multiple births (twins or more), cases with asphyxia (Apgar score < 7 at 5
minutes),4 and cases with indications 1-11, respectively (placenta praevia = 1,
ablatio = 2, disproportion = 3, pre-eclampsia = 4, dystocia = 5, fetal distress =
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Table 1. Description of Dependent and Independent Variables, Average Value, and Coeffi­
cient of Variation, 1988-91

Average
Variable Description value CV

Dependent variables
Permort Percentage: Perinatal deaths 0.59 0.44
Asphyx With asphyxia 1.08 0.39

Independentvariabks
C-section Percentage: Cesarean sections 10.74 0.20
Age Mothers > 35 years 11.13 0.18
Twinsa Twin (or more) births 1.37 0.44
Ind1 Placenta previa 0.24 0.63
Ind2 Ablatio 0.46 0.61
Ind3 Disproportion 2.51 0.36
Ind4 Pre-eclampsia 1.76 0.51
Ind5 Dystocia 6.94 0.77
Ind6 Fetal distress 5.86 0.36
Ind7a Multiple births 1.10 0.43
Ind8 Malpresentation 7.10 0.19
Ind9 Psychosocial ind 2.36 0.50
IndIO Other indication 0.83 0.96

Abbreviations: CV = coefficient of variation; ind = indication.
a Twins and Ind7 both measure multiple births (twins or more). However, while twins measure all cases,
Ind7 measures only those cases where it is the main indication.

6, multiple births = 7, malpresentation = 8, psychosocial indication = 9, prolonged
delivery = 10, other indication = 11).

Based on this database, we defined the variables shown in Table 1. Besides
the traditional outcome measure, perinatal mortality, defined as "percentage of
stillbirths and newborns dead within first week," we also used a morbidity measure,
rate of asphyxia, defined as "percentage of newborns with Apgar score less than
7 at five minutes." The independent variable in focus is the cesarean section rate.
The variables age, twins, and indications 1-10 are intended to measure case-mix.
Cesarean section rate is assumed to be negatively correlated with perinatal mortality
and rate of asphyxia, while all case-mix variables are assumed to be positively
correlated with the outcome measures.

Table 2 contains data on average values and coefficients of variation (CV) of
perinatal mortality, rate of asphyxia, and cesarean section rates in Sweden from

Table 2. Perinatal Mortality, Rate of Asphyxia, and Cesarean Section Rate, 1988-92;
Percent, Average Values, and Coefficient of Variation

Cesarean section
Perinatal mortality Rate of asphyxia rate

Year Average CV Average CV Average CV

1988 0.60 0.45 1.29 0.32 10.89 0.18
1989 0.62 0.44 1.23 0.35 10.70 0.17
1990 0.61 0.41 1.03 0.36 10.73 0.18
1991 0.64 0.36 0.95 0.34 10.82 0.19
1992 0.50 0.50 0.92 0.46 10.73 0.25
1988-92 0.59 0.44 1.08 0.39 10.74 0.20

Abbreviation: CV = coefficient of variation..
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1988-92. Obviously, the variation among hospitals has been large and persisting,
especially regarding the outcome measures. This is confirmed by historical data.
The average cesarean section rate increased rapidly during the 19705, while the
perinatal mortality and the rate of asphyxia decreased. Superficially, this seems to
indicate that the increase in cesarean sections contributed to improved medical
outcome. From the early 1980s on, however, the cesarean section rate stabilized
and even showed a slight decrease, while the perinatal mortality and the rate of
asphyxia continued to decrease. Notwithstanding, the variation among hospitals
has remained large (14).

ESTIMATION METHODS

Obstetrical departments with higher cesarean section rates should, other things
being equal, have better health outcomes in terms of lower perinatal mortality
and/or lower rates of asphyxia. In other words, if we could find two obstetrical
departments with exactly the same case-mix, we would expect the one with the
higher cesarean section rate to have the best health outcome. Otherwise, if no such
relationship can be established, the lower cesarean section rate would be optimal.

We first specify the following regression equations for health outcome, HOi,t
(perinatal mortality or rate of asphyxia), at department i, in a specific time period,
t (year):

(i = 1,2,.....,59)

(t = 1988-92)

where f31,t are the intercepts, 132,t...{314,t the coefficients, CSRi,l the cesarean section
rates, and X3i,b... ,X14i,t a set of variables measuring case-mix, i.e., age, twins, and
indications 1-105 (defined in Table 2). The stochastic disturbance terms, Ei,t, are
assumed to be normally distributed with mean zero and variance a[, where a[ =
a~Ni, and Nj is the number of newborns at department i. By controlling for case­
mix, we could, theoretically, eliminate the effect of a confounding factor that influ­
ences both the dependent and the independent variable. We test the null hypothesis,
f32,t = 0, against the alternative, (32,t < O. Note that a negative sign implies a positive
effect on health outcome.

We estimate the models equation by equation by use of weighted least squares
(WLS), and test for poolability in order to gain in degrees of freedom if pooling
is appropriate and to assess the stability of the estimated regressions. The weighting
variable is the reciprocal of the variance, Wi = 1/(Ni)2.

We test for poolability by use of conventional F tests (Chow test) for non­
normality of the residuals by Jarque-Bera's skewness-kurtosis test, and for homosce­
dasticity by the Breusch-Pagan test. Functional form misspecification is tested by
the Ramsey RESET test (1;9;13). To test for robustness of the results, we reestimate
the models using 5-year average values of all variables. We also estimate the models
excluding all but two case-mix variables. These additional tests are discussed below.

RESULTS

The results of the regression analyses are summarized in Table 3 (perinatal mor­
tality) and Table 4 (rate of asphyxia). Comparison between different years clearly
demonstrates instability in the coefficients for cesarean section rate and for the
case-mix variables. In both models, the coefficient for cesarean section changes
sign as well as magnitude between periods. However, it does not differ significantly
from zero except in one period (perinatal mortality, 1992). Thus, the findings do

126 INTL. J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 15:1, 1999



Estimating the effect of cesarean section rate on health outcome

not indicate that higher cesarean section rates result in lower perinatal mortality
or lower rates of asphyxia.6

The Jarque-Bera test (I-B), applied to test for normality in residuals, showed
that in most cases the null hypothesis could not be rejected at the 100/0 level. For
two models,7 however, it was rejected at the 1% level. From the Breusch-Pagan
test (B-P) it appeared that most of the models showed hete;roscedastic residual
variance.8 The RESET test indicates functional form misspecification for three
models.9

We also ran WLS regressions of reduced models with two control variables
only, age and twins, which-in contrast to indications l-lO-are objectively measur­
able. This change influences the coefficients for cesarean section, with respect to
sign as well as significance. There is a significant10 positive effect of cesarean section
rate on perinatal mortality in two single-year cross-section regressions (1988, 1990)
and in the pooled regression (1988-92), and on rate of asphyxia in the single­
year cross-section regression for 1988. Otherwise, the main difference was that the
coefficient for twins became significantly different from zero in most periods. The
hypothesis that all coefficients excluded in the reduced models are equal to zero
(slope restrictions) was tested using a joint F test, and was rejected for all but
three periods (perinatal mortality, 1988; rate of asphyxia, 1988 and 1991). Detailed
estimation results are available from the authors.

An assessment of multicollinearity is presented in Table 5. 11 The first column
reports the internal coefficients of determination for the regressor variables. The
remaining columns contain coefficients of correlation between the regressor vari­
ables in the pooled regression equation. The highest variance inflation factor (VIP)
for the regressors included is 3.846.12 A rule of thumb is that a VIF greater than
10 indicates strong multicollinearity (12). Our conclusion is that the individual t

ratios should 110t be too nluch affected by multicollinearity. However, the correlation
coefficient between the variables twins and indication 7 is high, 0.82, and the internal
R2S for twins and indication 7 is 0.68 and 0.74, respectively. This made us re-estimate
the models excluding either of these variables. However, this did not change the
results very much. The coefficient for cesarean section rate changed from negative
to positive in 1988 for perinatal mortality, and became significantly positive in 1992
for rate of asphyxia.

The Chow tests for equal slopes across equations show that the null hypotheses
could be rejected at the 1% level for perinatal mortality, F(52;45) = 3.23, and at
the 50/0 level for rate of asphyxia, F(52;45) = 1.79. Tests for equal slopes and equal
intercepts across equations show that the null hypotheses could be rejected at the
1% level for both perinatal mortality, F(56;45) = 3.53, and rate of asphyxia, F(56;45) =
3.61, which indicates that pooling is not justified in this case. Moreover, pooling
does not change the results.13

DISCUSSION AND CONCLUDING REMARKS

In the introduction, we stated that only a minor part of the variation in cesarean
section rates among obstetrical departments in Sweden is explained by differences
in denland- and supply-related variables. This indicates inefficiency. Some depart­
ments perform too many cesareans and some other departments too few. To find
out which rate is. optimal, we have to estimate the health production function, i.e.,
the effect of cesarean section rate on health outcome. The objective of this study
was to estimate the effect of cesarean section rate on health outcome in terms of
perinatal mortality and rate of asphyxia, respectively.
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Table 3. Parameter Estimates of Perinatal Mortality: Equation-by-Equation WLS and Pooled WLS; Coefficients (t values) for Regressors
7\

~
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Z
1991

::J

rJ Variable 1988 1989 1990 1992 Pooled a.
s:»

c... ::J
Constant 0.777E-01 0.919E-01 -0.665b 0.546c 0.360 0.147 a.

0
(0.201) (0.221) (-2.378) (1.469) (1.1.35) (1.080) G>II

CD-; CSR -0.409E-02 0.205E-01 0.847E-02 0.848E-02 - 0.225E-Olc -0.224E-02 ~m
0 ( -0.165) (0.722) (0.453) (0.584) (-1.418) ( -0.238) ::r
I s:»z Age 0.700E-01b 0.188E-Ol 0.383E-Olb 0.87E-02 0.126E-Ol 0.385E-01 8 30
r (2.333) (0.651) (1.974) (0.496) (0.601) (3.573)
0 Twins -0.201 0.957E-01 -0.344a 0.101 0.713E-Ol -0.11311
G)
-< (-0.846) (0.876) (-3.854) (0.727) (1.064) ( -2.950)
&; Indl 0.277E-01 -0.335 0.166 0.288b 0.235 -0.178E-01
(f)

(0.075) (-0.748) (0.953) (1.960) (1.219) (-0.170)m
(f)

Ind2 -0.272E-Ol 0.303c 0.29b -0.217E-01 0.137 0.136h(f)
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Ci Ind5 -0.912E-02 -0.861E-02 -0.351E-02 0.182E-013 0.105E-02 -0.601E-02c

:r: ( -0.758) (-0.692) ( -0.507) (2.777) (0.176) (-1.391)
0» Ind6 - 0.583E-01b - 0.358E-01c 0.227E-Olc 0.410E-Ola -0.294E-Olc - 0.209E-01 b
JJ ( -2.263) (-1.621) (1.431) (2.518) (-1.624) (-2.252)m
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(0
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Ind9 -0.692E-01 -0.185E-02 0.671E-Olb 0.509E-03 -0.315E-01 0.408E-02
(-0.901) ( -0.027) (2.347) (0.016) (1.111) (0.200)

IndIO -0.743E-02 -0.581E-Ol 0.150E-01 0.124a 0.158E-01. 0.406E-02
(-0.111) (-1.044) (0.380) (3.274) ( -0.506) (0.200)
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Table 3. (Continued)

Variable 1988 1989 1990 1991 1992 Pooled

Evaluation:
df 45 45 45 45 45 281
R 0.615 0.476 0.753 0.614 0.562 0.281
Standard error 0.25 0.29 0.17 0.18 0.19 0.28
J-B X2 (2) 0.534 0.230 0.902 11.4388 0.308 3.301
B-P X2 (13) 14.07 34.47a 23.77b 39.70a 24.12b 49.16a

RESET F(3;42) 4.640a 0.726 0.914 2.404 1.053 9.256a

Abbreviations: WLS = weighted least squares; CSR = cesarean section rate; J-B = Jarque-Bera test; B-P = Breusch-Pagan test; ind = indication.
a Significant at the 1% level.
b Significant at the 50/0 level.
C Significant at the 100/0 level.
All tests are one-tailed.
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0 ="Table 4. Parameter Estimates of Rate of Asphyxia: Equation-by-Equation WLS and Pooled WLS; Coefficients (t values) for Regressors ~

cZ
Variable 1988 1989 1990 1991

:J
-I 1992 Pooled 0-
r

~
L

1.039b
:J

Constant 0.872c 1.8338 -0.659 0.846 0.9568 0-
0

(1.581) (2.866) ( -1.133) (1.288) (2.105) (4.355) G)II
-I

(J)

CSR 0.307E-01 -0.191E-01 0.124E-01 0.497E-02 0.177E-01 0.851E-02
.,

m 0-n (0.868) ( -0.438) (0.318) (0.194) (0.714) (0.558)
......

I ::T
~z Age 0.242E-01 -0.101b 0.119E-01 -0.161E-01 -0.724E-01b -0.379E-02 30

r (0.567) ( -2.274) (0.296) (-0.517) ( -2.226) ( -0.218)
0
G) Twins -0.179 0.514E-01 0.159E-01 0.116 0.225b -0.100c

-< (-0.531) (0.305) (0.085) (0.472) (2.162) (-1.611)»
(f) Ind1 -0.557E-01 0.152 0.485c -0.929E-01 0.9381\ 0.261C
(f)
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(f)
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m (1.119) ( -2.620) ( -0.224) ( -0.295) ( -2.508) ( -1.035)»
~ Ind5 0.262E-01C 0.340E-01b -0.226£-02 0.113E-01 0.222E-01 b 0.915E-02c

I (1.526) (1.774) (-0.157) (0.970) (2.380) (1.312)n» Ind6 -0.693E-01b 0.286E-01 0.634E-Olb 0.248E-01 -0.160E-02 0.158E-01
JJ ( -1.889) (0.842) (1.923) (0.863) ( -0.057) (1.058)m
-.J.. Ind7 0.931 b 0.319 -0.280 0.258 -0.204E-01 0.47811
01

(2.358) (1.250) (-1.067) (0.819) ( -0.133) (5.542)
~ Ind8 -0.714E-01 0.163b 0.105h 0.143E-02 0.351E-01 -0.473E-01a
c.o (-1.265) (2.069) (2.011) (0.018) (0.599) (-2.347)c.o

Ind9 -0.668E-01 -0.129 0.220a -0.249E-01 0.603E-01c 0.185E-01
(-0.610) (-1.237) (3.707) ( -0.456) (1.368) (0.560)

IndIO -0.763E-01 -0.613E-01 -0.321E-01 -0.451E-01 -0.795E-01c -0.462E-01c

( -0.798) ( -0.714) (-0.390) (-0.674) ( -1.631) ( -1.412)
--
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An obstetrical department may have a high cesarean section rate because of
a high prevalence of complicated deliveries, which makes it necessary or desirable
to perform relatively many cesarean sections. When controlling for case-mix, how­
ever, we should expect to find a negative correlation between outcome (perinatal
mortality, rate of asphyxia) and cesarean section rate. As shown above, this is
generally not the case. The null hypothesis of a zero effect could not be rejected:
the findings did not indicate that a higher cesarean section rate inlplies better health
outcome in terms of perinatal mortality or rate of asphyxia. Thus, our results are
in accordance with those of Joffe et al. (10), who found the same lack of correlation
using a different methodological approach.

A critical issue in our analysis is whether the outcome and case-mix measures
are appropriate. Regarding the outcome measures, we chose perinatal mortality
and rate of asphyxia, both of which seem to be valid and readily available from
the Medical Birth Registry (14;15). To be sure, these measures are relatively crude.
Still, they are the only available measures suitable for comparisons across depart­
ments. Ideally, we should use a broader range of outcome measures, preferably
combined into a health outcome index. With regard to case-mix, we tried alternative
measures (reduced models), but these did not change the results.

The instability of the models is an obvious problem. The coefficients for cesarean
section rate as well as for the case-mix variables change sign and magnitude from
year to year. The reason for this is not clear. One possible explanation could be
the fact that we deal with low-incidence events. However, the fact that several
coefficients are significantly different from zero indicates that the observed variation
is larger than would be expected by chance alone. This was confirmed by chi-square
tests, showing that the hypothesis of no variation in the dependent variables could
be rejected.

Another conceivable explanation has to do with the statistical power of the
test. The fact that the sample is relatively small implies a high probability of type
II error, i.e., not rejecting the null hypothesis when it is in fact false. By expanding
the sample size, we could in principle reduce the variance of an estimator. However,
it is not quite clear whether this would influence the problem with changing signs
of the regressor coefficients.

Alternatively, the instability may indicate that the models are misspecified due
to omission of variables or nonlinearity. The RESET test indicates functional form
misspecification for some of the models. To check for nonlinearity, we standardized
the dependent variables in' the reduced models with respect to the variables age
and twins, and looked at scatter diagrams showing the correlation between cesarean
section rate and the standardized outcome variables. These inspections did not
indicate the existence of either nonlinearity or linearity.

Assuming that our conclusion about inefficiency due to variation in cesarean
section rates is correct, a natural next step is to estimate the economic consequences
of this inefficiency, i.e., to measure the welfare loss from undesired medical practice
variation (4;8). Since we did not find any significant effect of cesarean section rate
on health outcome, there is in principle no reason for performing cesarean section
rates above the minimum level (adjusted for case-mix). However, with regard to
the problems discussed above, there is good reason for caution in assessing the
validity of our results.

If we assume that, in fact, there is a significant positive effect of cesarean section
rate on health outcome, we are back to the problem of estimating the optimal rate
as a basis for estimating the welfare loss from undesired variation. In our previous
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study, we tried to do so, using a model developed by Phelps and Parente (17). One
of the problems that remains to be solved is to estimate the nlarginal value (demand)
curve for cesarean sections. Since there is no real market for health care in Sweden,
there is no self-evident method to estimate the denland. Possibly, we could use the
contingent valuation approach, e.g., by asking patients who are about to go through
a delivery about their willingness to pay for (valuation of) a cesarean section, given
specified risks and benefits (11).

Finally, we should also look closer at available policy options, i.e., the opportuni­
ties for changing practice towards the best practice as defined by science and
proven experience. It is a well-known fact that it is difficult to influence practice
by information alone (6). However, we are convinced that improved knowledge
and information about the economic consequences of different medical practices
would be a valuable basis for influencing practice.

NOTES
1 More than two-thirds of cesarean sections are performed exclusively for the newborns'

sake (15).
2 The outcome measures used were: perinatal mortality, Apgar scores at 1 and 5 minutes,

onset of respiration after 1 minute, postnatal transfusion, postnatal infection, thromboembo­
lism, low hemoglobin concentration at discharge, and puerperal psychosis.

3 This is contradicted by Rydhstrom et al. (18), who found no such correlation in twin de­
liveries.

4 Apgar score is a method of judging the condition of a newborn baby. The baby is given
a maximum of two points on each of five criteria: color of the skin, heartbeat, breat1ring,
muscle tone and reaction to stimuli.

sIndication 11, "other indication," is a residual, and is not included in the analysis.
6 Since perinatal mortality as well as rates of asphyxia are generally very low in Sweden,

they are extremely sensitive to random variation. Therefore, we also ran WLS regressions
based on average values of all variables in the 5-year period. This did not change the results
concerning the coefficient for cesarean section rate, but gave a higher R2 (0.792 for perinatal
mortality and 0.670 for rate of asphyxia).

71991 for perinatal mortality and the pooled model for rate of asphyxia.
8 We also estimated tvalues with the covariance estimator, which allows for heteroscedas­

ticity, but this did not change the results (13).
91988 and pooled model for perinatal mortality, and 1988 for rate of asphyxia.

10 At the 50/0 level for perinatal mortality in 1990, otherwise at the 100/0 level.
11 Table 5 is based on the pooled data, but. the results are similar for every year.
12 The VIP for a regressor Xk is calculated as (1-Rk2)-1, where Rk2is the R2 from regressing

the kth independent variable on all the other independent variables.
13 We also estimated the five equations as a set of linear equations, using Zellner's seemingly

unrelated regressions (SUR, or error-related regressions), i.e., one set of equations with
perinatal mortality as dependent variable and the other with rate of asphyxia as dependent
variable. The disturbances across the regressions were allowed to be freely correlated. Equa­
tion-by-equation OLS were used to obtain an estimate of the disturbance covariance matrix
n and then generalized least squares (GLS) was used on the "stacked" set of equations (19).
However, neither did the SUR estimations change the main conclusion of the WLS re­
gressions.
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Benchmarking in obstetric care
- a comparative study based on data envelopment

analysis (DEA)

Ingemar Eckerlund & Magnus Tambour

Abstract

Benchmarking is increasingly used in performance monitoring of the health care sector, for
self-assessment as well as external accountability - in order to promote efficiency. However,
a prerequisite for achieving this objective is that the benchmarking process is based on scien­
tifically sound methods. Using DRG-data from 19 Swedish hospitals in 1994-1995, we apply
data envelopment analysis (DEA) to compare technical efficiency (productivity) of inpatient
obstetric care. The results indicate an average potential for enhanced productivity of at least
six-seven percent each year. Most hospitals show decreasing productivity between 1994 and
1995, partly due to their inability to adjust production capacity and costs to decreasing de­
mand. From a policy perspective, DEA could be very useful in performance monitoring. An
important advantage of the DEA method is that it helps identify the strengths and weaknesses
of the various units (hospital departments) studied. We conclude that there are good reasons
for adopting the DEA method for benchmarking in other types of hospital departments as
well, and preferably on a larger scale, Le., with more observations, and also for including
health outcome and quality indicators among the output variables.
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1. INTRODUCTION

Benchmarking, i.e., a comparison of the performance of similar production units, has become
common in the health care sector. The idea is to stimulate a process of learning from "the
best" and thereby promote efficiency. For several reasons, it is difficult to assess the overall
efficiency of health care provision, i.e., the relation between health outcomes and costs at an
organisational level, such as hospital or hospital department. The most important difficulty
seems to be the lack of valid, reliable and generally accepted measures of the outcome or ef­
fects of health care. These must be assessed in relation to the ultimate goal of the activity
studied, i.e improvements in life expectancy, and quality of life for the patient. Furthermore,
isolating the effect of a specific medical treatment or surgical procedure may be difficult,
since it often takes some tinle before any effect can be observed. This makes it difficult to
separate the effect of the intervention from the natural history of the disease and the effects of
other activities in the period. The same kind ofvalidity problems is to be found on the re­
source side, since it may be difficult to define, separate and measure the relevant costs.

Generally, technical efficiency or productivity), defined as the ratio between output and input
of resources, is easier to assess. However, productivity measurement is not an easy task when
- as in health care provision - multiple outputs are produced by multiple inputs. Substituting
productivity assessment for overall efficiency assessment presupposes an unambiguous and
positive correlation between the output measure used and the goal of the activity.

Frequent output measures in health care are outpatient visits, admissions, discharges, exami­
nations (diagnostic tests) and surgical procedures. These measures may be used to describe
the volume of a certain activity, but cannot be used to analyse productivity or efficiency with­
out further considerations. For example, fewer outpatient visits per physician hour (lower
technical efficiency) may well result in improved effectiveness, and even lower costs. If the
doctor spends more time per patient/visit, the treatment goal may be reached with a smaller
total nunlber of visits. This example demonstrates a potential conflict between productivity
(measured in this way) and overall efficiency. However, this is not necessarily the case, pro­
vided that adequate productivity measures are used. In principle, comparisons of productivity
over time or between various production units nlay be valid if the content and quality of the
outputs are constant between the times of measurement or if the outputs from the units com­
pared are equivalent in a cross-section study. Ifnot, we must adjust for the differences. Many
studies of health care productivity do not fulfil these prerequisites. Moreover, traditional out­
put measures only reflect limited aspects of the activities and/or do not correctly link outputs
and inputs (costs).

In the light of these problems, an alternative method for productivity measurement, Data En­
velopment Analysis (DEA), has gained interest within health economics (1, 2, 3, 4, 5). DEA
is a non-parametric method based on linear programming techniques. Using observed data on
production volumes and resources/costs, DEA can be applied to derive a "best practice fron­
tier", consisting of optimal combinations of inputs and outputs. The individual producer's
technical efficiency level is determined by the distance to the estimated best practice frontier.
An important advantage of DEA is that several inputs and outputs can easily be included,
provided that enough observations (e.g., hospital departments) are included in the dataset.
Furthermore, the variables do not have to be measured in the sanle units ofmeasurement or
weighted (between themselves) beforehand. Hence, it is possible, albeit not optimal, to si-

1 In the data envelopment analysis (DEA) literature, productivity often denotes changes in technical efficiency
over time. However, here productivity and technical efficiency are used as synonyms.
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multaneously use both quantities and costs as measures of input, i.e., the DEA estimation
technique is independent of the unit of measurement.

The purpose of this study is to benchmark obstetric care in Swedish hospitals by comparing
their performance in terms of technical efficiency (productivity). We limit this study to in­
clude only inpatient obstetric care, i.e., inpatient maternity care and deliveries. This choice is
based upon the judgement that resources and costs as well as output can be reasonably well
and completely described for that sector of care, even if some resources are shared with out­
patient care. Furthermore, there is a strong tradition of performance monitoring in obstetric
care in Sweden, concerning the cesarean section rate, perinatal nlortality, etc, and a great in­
terest in new methods for monitoring (6).

Section 2 presents the data and the variables selected. The method applied, Data Envelopment
Analysis (DBA), is described in section 3, and the results are presented in section 4. The paper
ends, in section 5, with a discussion and some concluding remarks.

2. MATERIAL

Data
The data were collected by a questionnaire sent to all 58 hospitals with separate departments
of obstetrics and gynecology in Sweden. The information asked for was outputs in terms of
discharges according to Diagnosis Related Groups (DRG) and resource use and costs of inpa­
tient obstetrical care in 1994 and 1995. The reason for using DRG as the output nleasure is
that it is the best measure available, even if it has not yet been adopted throughout all hospi­
tals.

25 hospitals answered the questionnaire, while 16 reported that they did not use the DRG
system. The renlaining 17 hospitals did not answer despite reminders. However, most of these
did not use DRG. Six of the 25 answering hospitals were excluded due to incomplete answers.
Thus, 19 hospitals (33 percent of all hospitals surveyed, but close to 100 percent of those us­
ing DRG) are included in the study; five university hospitals, ten well-equipped general hos­
pitals and four other (local) hospitals. This means some overrepresentation of large hospitals,
which is evident from the fact that the study includes about 40 percent of all deliveries in the
country (6).

Variables
According to a common rule of thumb in DEA, the number of observations should be at least
three times the number of variables, i.e., the sunl of inputs and outputs (4). Thus, the number
ofvariables in this study should not exceed six (19 > 3x6). The various types of outputs
(DRGs) asked for in the questionnaire were grouped into the following three categories:

cesarean sections (DRG 370, 371)
vaginal deliveries (DRG 372, 373)
other DRGs.

Two input variables were derived from the questionnaire, i.e. physician costs and costs for
other staff. Since there were only very small wage differences among hospitals within the
various personnel categories at this time, these variables probably reflect resource input fairly
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well. A variable reflecting the supply of beds in maternity wards was also included (6). Thus,
the following input variables were included in the analysis:

- physician costs
- costs for other staff
- number ofbeds.

The variables are presented in Table 1.

Table 1. Variables in the DEA-study; min-, median and max-values (1994 and 1995).

Variable Year Min Median Max

Outputs:

Cesarean sections 1994 68 206 761
1995 52 204 558

Vaginal deliveries 1994 634 1 838 4216
1995 536 1 706 3793

OtherDRGs 1994 92 313 607
1995 85 244 463

Inputs:

Physician costs (1000 SEK) 1994 420 2967 8655
1995 498 2999 8545

Cost for other staff (1000 SEK) 1994 5056 18808 45000
1995 4701 19098 43000

Number of beds 1994 12 35 70
1995 10 38 59

Obviously, vaginal deliveries are the most common type of output. Among single diagnosis
groups DRG 373 Vaginal delivery without complicating diagnoses is the most frequent by far,
covering 60-70 percent of all discharges from these departments.

Data quality
Output data are ofhigh quality regarding the number of cesarean sections and vaginal deliv­
eries. The output group other DRGs is probably less homogenous, nlainly due to a potential
variation in registration practice. As a rule, physicians share their time between various ac­
tivities. Thus, data on physician costs are based on estimations of their average time distribu­
tion. The variable costs for other staffis more straightforward, even if some hospitals reported
difficulties in separating the costs referring to inpatient care.
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3. METHODS

Efficiency analysis
Data Envelopment Analysis (DEA) uses mathematical optimisation techniques (linear pro­
gramming) to calculate the relative efficiency level of various production units (1, 10). In
principle, this is executed by comparing every single unit with the most (technically) efficient
units. Figure 1 demonstrates the principles behind DEA by a simplified example with only
two types of outputs.

Figure 1. Production possibility frontier; DEA

Output 2

o

E

•
IL

•
J

•

D

Output 1

Assume a number ofproduction units (A - L) which all produce two types of output (output 1
and 2). For illustration purposes only, we also assume all units to have the same amount of
inputs, which are used in the production ofvarious combinations of outputs. Units A, B, C
and D are most efficient. The connection of these points constitutes a best practice frontier,
the production possibility curve, which is equal to the set of optimum (or maximum) combi­
nations of the two types of outputs. These units are regarded as technically efficient, since it is
impossible for any of them to produce more of one output without producing less of the other.
The other units are technically inefficient, since it would be possible for them to increase one
or both outputs. It should be noted that in the application of DEA, the frontier is derived from
the units studied only, which means that producing output combinations outside the estimated
frontier may in fact be possible. In other words, the "true" frontier may be situated further
from origo.

According to the DEA-method, the efficiency (productivity) of each production unit is calcu­
lated by relating the actual production level to the maximum possible production level. In
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principle, unit G could produce G'. The relative productivity is denoted by the ratio OG/OG'
and the distance to the frontier is a measure of the potential production increase, given the
actual production mix (the relation between output 1 and 2).

More formally, the DEA-method may be described as follows (10):

Let xkn denote the amount of the n'th input used by unit k, and let Ykm denote the amount of
the m'th output produced by unit k. The technical efficiency of unit k is estimated by solving
the following linear programming problem2

:

(1)

subject to:

F';(y,x) = min')...
'A.,z

(la) Ykm ~ LZkYkm m = 1,...M,
k

(Ib) LZkXkn ~ Mien n = I, ...N,
k

(1c) Z k ~ 0 k = I, ....K

The optimization problem is to find the smallest number (factor), 'A, by which each input x
(used by unit k) can be reduced, and still produce the same output. Hence, if 'A is equal to one,
it is not possible to reduce the input levels (and costs) and the unit is then considered techni­
cally efficient. The Z variables are referred to as the intensity variables. They tell us how an
inefficient unit might increase its efficiency by adopting a linear combination of the produc­
tion technologies of two technically efficient departments or more, the "peers". If, for exam­
ple, Zt and Z2 are greater than zero (while all other Z values are equal to zero), units 1 and 2
constitute the reference technology for unit k. Thus, in DEA, each production unit is com­
pared with its "peers". For example, in figure 1, unit G is compared with units Band C, since
G' can be attained by a linear combination of the outputs of these units.

In the optimisation problem specified in (1), the technical efficiency is estimated for a given
period (year). It is also possible to apply the DBA method on panel data to calculate producti­
vity changes between different periods, e.g. by estimating Malnlquist indices (10) which ma­
kes it possible to calculate the change in productivity by relating inputs and outputs for each
production unit to its peers in different time periods. This method also enables a decomposi­
tion of "the total productivity change" into frontier (or "technical") change, e.g. due to a
shift in the production technology, and efficiency change, e.g. if a production unit has moved
closer to the best practice frontier between two periods.

The default DBA-model in the software programme3 used is the so-called input-saving meas­
ure of technical efficiency, with constant returns to scale, denoted by Fi(y,xIC). However, it is
also possible to calculate efficiency under nonincreasing returns to scale, FlY,xIN), and vari­
able returns to scale, Fi(y,xIV).

2 This is the input-saving DEA model, which is most appropiate in this case. However, Figure 1 illustrates the
output-oriented DEA model which, in our opinion, makes it easier to demonstrate the idea behind DEA.
3 OnFront™ (Economic Measurement and Quality in Lund AB).
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Thus, if a production unit is found to be inefficient according to the default model, it means
that it deviates from constant returns to scale. This deviation is the intuition behind the meas­
ure input scale efficiency (Si), defined as Si(y,x) = Fi(y,xIC)/Fi(y,xIV). By computing the three
efficiency measures, we can determine if a unit is scale efficient. If it is not, we can determine
whether this is due to its operating at increasing returns to scale, which is the case if FlY,xIN)
= Fi(y,xIC), or decreasing returns to scale, ifFiy,xIN) > Fi(y,xIC).

To test for the impact of production volume (or capacity) on efficiency (productivity), we ap­
ply ordinary least squares (OLS) regressiqn analysis. We test the null hypothesis of a zero ef­
fect ofproduction volume (capacity) on the efficiency level. The dependent variable is me~s­

ured in terms of super-efficiency, a measure calculated by comparing each departnlent with all
departments but one's own, in order to separate the technically efficient units (8). Volume
(capacity) is measured in three alternative ways, in terms of number ofbeds, total number of
admissions and number ofdeliveries, respectively. To obtain more observations, we also pool
the data for 1994 and 1995 in the regression analysis.

As mentioned, the DBA-method has some inlportant advantages compared to other methods
for productivity measurement. First, it is based on few assumptions about the properties of the
production function. Second, it is possible to include several inputs and outputs in the model
which must not necessarily be expressed in the same measurement units or weighted between
themselves beforehand.

There are also some disadvantages or limitations, however. The method presupposes that ex­
treme cases are judged to be technically efficient, and is thus sensitive to data errors. Further­
more, the results are sensitive to the number of variables included in the analysis; the number
of units regarded as efficient increases with the number of variables. Thus, the above men­
tioned rule of thumb, that the number of observations should be at least three times the num­
ber ofvariables, is intended to prevent overestimation of the efficiency levels (2).

Finally, it is important to keep in mind that the DEA-method only measures relative effi­
ciency. Even if a unit is regarded as technically efficient, there nlay be other units not in­
cluded in the comparison which are still better, i.e., the DBA measure is biased relative to the
"true" frontier.
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4. RESULTS

Efficiency (productivity) of inpatient obstetric care (1994 and 1995)
Table 2 shows the results of the DEA.

Table 2. Efficiency (productivity) in 1994 and 1995, and changes between 1994 and 1995.

Hospital Eff Farrell Rank Eff Farrell Rank Effchange ITechn change Malmquist
1994 1994 1994 1995 1995 1995 1994-1995 1994-1995 index I

(a) (b) (c) (d) (e) (f) (g) (h) (i) (j)

1 1.00 1.00 7 1.00 1.00 6 1.00 0.92 0.92

2 1.00 1.00 8 1.00 1.00 5 1.00 0.96 0.96

3 0.94 1.06 11 1.00 1.00 9 1.06 0.99 1.05

4 0.87 1.15 15 0.98 1.02 11 1.13 0.87 0.98

5 1.00 1.00 3 1.00 1.00 3 1.00 0.98 0.98

6 1.00 1.00 1 1.00 1.00 1 1.00 1.01 1.01

7 0.94 1.06 12 0.98 1.03 12 1.04 0.87 0.91

8 1.00 1.00 6 0.99 1.01 10 0.99 0.89 0.88

9 0.82 1.22 18 0.89 1.12 15 1.09 0.85 0.93

10 0.76 1.31 19 0.73 1.38 19 0.96 0.93 0.89

11 0.96 1.05 10 0.87 1.15 18 0.91 1.00 0.91

12 1.00 1.00 4 1.00 1.00 7 1.00 0.84 0.84

13 0.88 1.14 14 0.88 1.14 17 1.00 0.91 0.91

14 0.92 1.09 13 0.91 1.10 14 0.99 0.94 0.92

15 1.00 1.00 9 1.00 1.00 4 1.00 1.12 1.12

16 0.87 1.15 16 0.94 1.07 13 1.08 0.93 1.00

17 0.87 1.16 17 0.89 1.12 16 1.02 0.99 1.02

18 1.00 1.00 2 1.00 1.00 2 1.00 0.90 0.90

19 1.00 1.00 5 1.00 1.00 8 1.00 0.84 0.84

Average 0.94 1.07 0.95 1.06 1.01 0.93 0.94
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Efficiency (productivity) in 1994
Column (b) shows that in 1994, nine of the 19 hospital departments obtained a score equal to
1.00, which means that they were technically efficient, I.e., situated on the production possi­
bility curve (see Figure 1). The other ten units obtained efficiency values of less than 1.00,
which means that they were technically inefficient, I.e., their actual outputs could have been
produced with less inputs. It is important to note that, due to the non-parametric estimation
techniques used in DEA, it is not possible to directly test the statistical significance of the in­
dividual estimates.

Column (c), containing the inverted values of column (b), shows the potential efficiency in­
crease. This measure is often called Farrell-efficiency after one of the pioneers behind the
DEA-method (7). The figure 1.06 for department number 3 in column (c) means that this de­
partment could, in principle, increase its production by six percent, or produce its actual out­
put by six percent less inputs. DEA also tells us how this could be done by a linear conlbina­
tion of the production technologies of two technically efficient departments or more, I.e., the
"peers". The average potential efficiency increase at the units studied is estimated at seven
percent in 1994.

In column (d) the departments are ranked in descending order ofproductivity. The ranking of
the technically efficient departments, all of which have the value of 1.00 in columns (b) and
(c), is calculated by comparing each of these departments with all departments but one's own.
This measure is the above mentioned super-efficiency (8).

Efficiency (productivity) in 1995
The following columns give the corresponding information for 1995. Thus, column (e) shows
that even in 1995, nine (but not quite the same units) of the 19 hospitals were technically effi­
cient, I.e., obtained a score equal to 1.00.

Column (f), containing the inverted values of column (e), again shows the potential produc­
tion increase. The figure 1.02 for department nunlber 4 in column (f) means that this depart­
ment could increase its efficiency by two percent. The average potential efficiency increase at
the units studied is estimated at six percent in 1995.

In column (g), the departments are ranked in descending order ofproductivity in 1995.

Changes between 1994 and 1995
The last three columns reflect changes between 1994-1995 in temlS of Malmquist indices.
Column (h) shows the "efficiency" change conlponent of the total productivity change, cal­
culated as the ratio between the values in columns (e) and (b). A value above 1.00 indicates an
increase in productivity, i.e., that the department has approached the best practice frontier. A
value of less than 1.00 means a productivity decrease, i.e., that the department has nl0ved
away from the frontier. The departments which were technically efficient in both years, i.e.,
were situated on the frontier, obtain the value of 1.00 in this column, since technical effi­
ciency has neither improved nor deteriorated.

Column (i) reflects whether the best practice frontier has shifted, I.e., the "technical change"
component of the overall productivity change. As shown, only two departments - 6 and 15 ­
have become more productive in this sense. Finally, column (j) shows the Malmquist index,
which is derived by multiplying the values in columns (h) and (i). This index gives a sum­
nlary measure of the productivity change, taking into account the relative change (the depart-
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ment's position relative to the frontier) as well as the absolute change (the position of the
frontier) (9). Four departments - 3, 6, 15, 17 - show a Malmquist index value greater than 1.

Returns to scale
As shown in Table 2, each year, nine of the 19 department were found to be efficient. As ex­
plained above, this means that they are operating at constant returns to scale (CRS). Among
the others, four were operating at increasing returns to scale (IRS) and six (two ofwhich are
hidden in the figure) at decreasing returns to scale (DRS). Figure 2 shows how this is related
to the size of the departments in terms of number of beds.

Figure 2. Department size and returns to scale (1995).
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Obviously, departments operating at increasing returns to scale are small, while those operat­
ing at decreasing returns to scale are generally to be found among the larger ones. The picture
was very similar for 1994.

Impact of production volume (capacity)
The results of the regression analyses to test for the impact of production volume (capacity)
on efficiency are summarised in Table 3.

Table 3. Bivariate regression results;
Dependent variable: Productivity (super-efficiency).

3a. Independent variables: Number of beds (t-values in parentheses)

Variable 1994 1995 Pooled
Constant 1.136*** 1.296*** 1.214***

(9.426) (7.733) (12.119)
Beds -2.82E-03 -6.708E-03 -4.646E-03

(-0.933) (-1.456) (-1.756)*
***,**,* SIgnIficant at the 1%,5%, and 10% level, respectIvely.
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3b. Independent variables: Number of admissions (t-values in parentheses)

Variable 1994 1995 Pooled
Constant 1.086*** 1.224*** 1.154***

(9.600) (7.813) (12.319)
Admissions -1.999E-05 -6.328E-05 -4.019E-05

(-0.523) (-1.083) (-1.211)
***,**,* SIgnIficant at the 1%,5%, and 10% level, respectIvely.

3c. Independent variables: Number of deliveries (t-values in parentheses)

Variable 1994 1995 Pooled
Constant 1.084*** 1.227*** 1.154***

(9.802) (8.054) (12.610)
Deliveries -2.160E-05 -7.184E-05 -4.518E-05

(-0.514) (-1.139) (-1.246)
***,**,* sIgnIficant at the 1%,5%, and 10% level, respectIvely.

The hypothesis of a zero effect ofproduction volume or capacity on productivity level could
not be rejected. Only one regression model, the pooled regression ofproductivity on number
ofbeds, showed a significant (negative) regression coefficient. However, a closer examination
of the data revealed that this was due to one outlier, department number 6, which was the
most efficient according to the DEA results. Naturally, this constitutes no strong support for
the null hypothesis, since the number of observations is very limited. However, the result
seems to be in accordance with the findings reported in Figure 2. The efficient units were
found among departments of all sizes, while the inefficient ones were found among the small
and larger ones.

Alternative model specifications
To assess the effect of different setups of the DBA model, we compare the ranking order of
the hospitals (in 1994) according to the base model (3 inputs and 3 outputs), and three alter­
native models, where one variable or more is excluded. Alternative I excludes the output vari­
able other DRGs and alternative II excludes the input variable number ofbeds. Alternative III,
finally, combines the first two alternatives, thus excluding other DRGs as well as number of
beds.
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Table 4. Alternative model specifications. Rank according to the base model and
alternative models. Figures in bold indicate technically efficient units.

Hospital Base model Altl Altll Alt III
department (3+3) (3+2) (2+3) (2+2)
1 7 5 10 7
2 8 7 8 3
3 11 8 13 9
4 15 13 16 13
5 3 6 4 6
6 1 1 1 1
7 12 11 17 14
8 6 9 3 8
9 18 15 19 17
10 19 17 18 15
11 10 19 6 19
12 4 4 7 5
13 14 12 14 10
14 13 10 12 12
15 9 18 5 18
16 16 14 15 11
17 17 16 11 16
18 2 2 2 2
19 5 3 9 4
Nb ofeff.
Depts. 9 7 3 2

The row at the bottom of Table 4 shows that the number of technically efficient units de­
creases with the number ofvariables. This is due to the fact that a smaller nunlber of variables
implies a limitation of the production possibilities and thus, a lower probability for a unit be­
ing unique in some respect, i.e., to be regarded as technically efficient, because there is no
unit for comparison. This also implies that no department can get a higher efficiency value as
the number ofvariables decreases.

The alternative models imply unchanged or higher rank for most units. However, one depart­
ment (number 5) obtained a lower rank in all alternatives, and five departments -7, 8, 11, 12
and 15 - obtained a lower rank in two alternatives out of three. The fact that departnlent 1
obtains rank number 10 instead of 7 when the variable number ofbeds is excluded (Alt II) in­
dicates that this department utilises its beds relatively efficiently. Consequently, the hospital is
"favoured" when this variable is included.

The opposite is true for e.g. department number 8, which obtains rank number 3 instead of 6
when the variable number ofbeds is excluded, indicating a relatively inefficient bed utilisa­
tion. Thus, department 8 obtains a better rank order when this variable is excluded. Accord­
ingly, we conclude that e.g. department 19 is relatively inefficient in producing other DRGs,
since the rank nunlber is 3 instead of 5 when this output variable is excluded (Alt I). The de­
partment is "favoured" when the variable other DRGs is excluded.
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5. DISCUSSION AND CONCLUDING REMARKS

The purpose of this study is to analyse the productivity of inpatient obstetric care in Swedish
hospitals using the DBA method. An advantage of the DEA-method is that several inputs and
outputs can be simultaneously included in the model. This is important since the "production
technology" in health care is characterized by multiple outputs produced by multiple inputs.
Our study object, inpatient obstretic care, was selected because it is possible to give a relevant
and complete description of outputs as well as inputs in this area.

Data quality is generally good. By collecting the data directly from the hospital departnlents,
we probably obtained the best possible data quality. A crucial assumption made is that the in­
put variables physician costs and costs for other staffreflect real resource inputs. This as­
sumption was based on the fact that in the mid-1990's, there were only very small wage dif­
ferences among hospitals within the same personnel categories. Today, this is probably not
the case, so that new studies should not apply that assumption, but use input measures ex­
pressed in quantities.

The results indicate a potential for enhanced productivity of inpatient obstetric care - on aver­
age seven percent in 1994 and six percent in 1995. That is, in principle, it would be possible
to produce the actual output with less resources. Furthermore, the fact that DEA measures
"relative" efficiency indicates that the true potential is even larger.

The volume of inpatient obstetrical care is, to a large extent, determined by demand. Since the
demand for deliveries is exogenous and competition among hospitals was limited at the time,
the production volume is largely determined by conditions beyond the control of the single
production unit. When the number of deliveries decreases, as it did in all of the hospitals but
one between 1994 and 1995, this naturally implies that output, in terms of cesarean sections
and vaginal deliveries, decreases. In the short run, it nlay be difficult to adjust production ca­
pacity and costs accordingly. Decreasing output and constant or increasing costs by definition
imply decreasing productivity.

In principle, it is not impossible to reduce costs when demand decreases, however. Personnel
can be reallocated to other production lines, e.g. outpatient care. Furthermore, forecasting the
demand for (inpatient) obstetric care is relatively straightforward. The adjustment to changing
demand thus is a very important factor for maintaining high productivity.

Despite the fact that the average relative productivity increased by 1 percent from 1994 to
1995 (see Table 2, column h), the absolute productivity decreased in most departments. This,
in tum, means (cf. Figure 1) that the production possibility curve (the best practice frontier)
moved inwards - towards origo. Thus, most departments obtained a Malmquist index score
less than 1, which is equivalent to a negative change in productivity.

The obstretic departments in this study are hardly representative for all obstetric departments
in Sweden. Thus, it is not possible to generalize from our results. On the other hand, there is
no obvious reason to believe that other hospitals are, in general, more - or less - efficient than
those in the study.

DEA is an appropriate method for efficiency (productivity) analysis in health care. The
method is well suited for benchmarking purposes, particularly as it indirectly shows the
strengths and weaknesses of every single production unit. By including health outcome and
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quality indicators among the output variables, it is, in principle, possible to further inlprove
the analysis. This is an important area in need of further research and development. There are
good reasons for adopting the DEA method in other speciality fields as well, and preferably
on a larger scale, Le., with more production units included. The more observations, the more
variables can be included, for example quality indicators.
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The use of patient question­
naires has increased widely in
recent years. Their purpose,
to incorporate patient per­
spectives into the orientation
and design of health care, is,
of course, commendable.
However, the survey methods
themselves have been less
adequate, both in tenns of
validity and reliability, and
with respect to the potential
for using the results to
improve the quality of health
care. Presents a pilot study at
three departments of ophthal­
mology in Sweden, involving a
new method which meets
reasonable demands for
validity and reliability, and is
explicitly change-oriented.
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I Introduction

Interest in eliciting patients' views on the
qUality ofhealth care has increased substan­
tially in recent years. This is a positive devel­
opment since patients' perceptions ofquality
are essential for determining effectiveness ­
and efficiency - in health care delivery.
Patient questionnaires have been the main
instrument for gauging patient satisfaction,
and are being used across most ofthe health
care sector. Indisputably, these efforts have
been positive in the sense that patient per­
spectives are receiving greater attention.
This has contributed towards greater aware­
ness ofthe customer perspective among
health care personnel and has engaged
patients in quality improvement efforts. Con­
sequently, a range of quality shortcomings
have been identified and corrected[l-4].

Attempts to survey patient perspectives
have not been without problems. The survey
methodology has been criticized, among
other things for deficient validity and relia­
bility, and a weak orientation towards
change. Procedures for local administration
ofquestionnaires and interpretation of
responses have been questioned[5]. Consider­
able effort has been invested to improve the
methods[3]. In this paper we describe a study
involving a new method which assures a
reasonable level ofvalidity and reliabilit~

while being explicitly change oriented. Three
Swedish ophthalmology departments - at
Boras Hospital, Malar Hospital in Eskilstuna,
and S:t Erik's Eye Hospital in Stockholm­
participated in this pilot study. The following
groups were studied: cataract patients, stra­
bismus (squinting) patients, and diabetic
patients. These segments ofpatients were
chosen because they cover a wide range of
age groups.

IMethods and data

A method called Quality, Satisfaction, Perfor­
mance (QSP) was used to measure quality
and focus on quality improvement. Figure 1
illustrates the QSP model that was used in the
project.

The model consists of three integrated
components. One component measures the
degree of patient satisfaction (and different
aspects thereof) among different patient
groups. Patient-perceived quality levels of
various quality dimensions (quality factors)
are also measured, which a priori are
assumed to explain the variation in patient
satisfaction. Each quality dimension is
represented in the patient questionnaire by
three to five questions, intended to repre­
sent a specific quality factor as thoroughly
and reliably as possible. The questions
should be specific enough to provide an,
operative decision-making basis for quality
improvement. Finall~ the model also con­
tains a component on goals, with questions
directed at what patient satisfaction should
ultimately lead to, e.g. increased trust,
increased likelihood for positive recommen­
dations, etc. This aspect of the measurement
model assures the validity of the model and
the measurement method, since patient
satisfaction is, as strongly as possible,
related to the goals.

The questionnaire addressed eight differ­
ent quality dimensions, using 41 questions
each with a ten-grade rating scale. The eight
dimensions: accessibili~ hospitality, service
commitment, etc., appear in the left part of
Figure 1. The questions were formulated as:
"What rating would you give to...?". For
example, Figure 2 presents some of the ques­
tions within the "Environment" quality
dimension. ~ach question relates to specific
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Figure 1
The QSP model
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actions that a department can take ifa
particular dimension receives a low rating,
while at the same time being important to
patient satisfaction.

To measure "patient satisfaction" (PSI =
patient satisfaction index) three questions
were asked concerning how patients per­
ceived the visit generally. These questions
correspond to the centre part ofFigure 1, and

concern the degree to which patients were
satisfied with the service, whether the visit
met their expectations, and how closely the
clinical department they visited approxi­
mated an "ideal clinical department". Based
on these questions a PSI was calculated for
each patient.

The last five questions in the questionnaire,
which correspond to the right part in the

Figure 2
Examples of questions in the quality dimension "environment"
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C - The possibility to have private
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model, addressed the departmental goals.
Thus, it is not enough to measure patient
satisfaction and identify changes that con­
tribute most towards increasing patient satis­
faction. Rather, patient satisfaction must be
defined in relation to "the goals". Measure­
ment models and measurement methods
confirm the relationship between patient
satisfaction and the "goal variables". In this
study we (in collaboration with the depart­
ment heads) chose to ask patients questions
about their expectations in terms ofhow the
visit influenced their sight and other disease­
related problems, about trust in the depart­
ment, about the willingness to seek advice
from departmental staffby telephone, and
about whether they would recommend the
department to an acquaintance with sight
problems who is seeking care.

In the QSP model, the relationships
between quality factors and satisfaction are
expressed as equations. When liniited to two
variables, these equations can be illustrated
graphically. Figure 3 shows the schematic
relationship between a quality factor and
patient satisfaction (assuming that just one
quality questiOn/manifest represents the
quality factor).

Each dot in the figure represents the
response from one patient, with the patient's
rating ofthe particular quality question (man­
ifest) plotted on the horizontal axis and the
patient satisfaction index on the vertical axis.
Using the QSP method, we can draw a regres­
sion line based on these data and calculate the
slope of this line. The slope ofthe line deter­
mines the impact ofthe factors on PSI. The
steeper the slope, the more important the fac­
tor. Therefore, the importance ofa particular
quality factor is determined by its impact on
PSI. Ifthe slope is steep, even a small change
in the rating may substantially influence PSI.

This briefly describes the principles behind
the QSP method. In practice, however, there
are several manifests/questions combined to

Figure 3
Relation between quality factor and PSI

(1)

Figure 4
Prioritizing matrix

Low impact/high rating High impact/high rating

~~~actj~ow rat_~_ .~~~n:E.~t/lo~ rat~~ __.__

where 11 =(111' ... , 11p) is a vector ofendogenous
factors (here patient satisfaction and the goal
factors respectively, Le. p =4), and fJ. =(fJ.l' ... ,
fJ.q) is a vector ofexogenous factors (here
quality factors to the left in the model, Le. q =
8) and E (.) indicates the expected value, E (.1 .)
signifies the conditional expected value. The
matrices a (p xp) and f3 (p x q) contain effect
parameters (from patient satisfaction to goal
variables, and from quality factors to patient
satisfaction).

each quality factor and several quality fac­
tors. The effect on PSI is measured for each
quality factor in a simultaneous estimation
process. This information may then·be com­
bined with the relevant average ratings and
presented in a simple four cell matrix. See
Figure 4.

In this way it is possible to identify the
factors which should be prioritized to achieve
greater patient satisfaction. The greatest
"return" is obtained by prioritizing improve­
ments in quality factors that land in the lower
right quadrant (high impact/low rating).
Factors on the left in the diagram should
receive lower priority.

The associations on the right in the model
(see Figure 1) are analysed simultaneously in
similar fashion to show the effect that a par­
ticular increase in PSI has on the goal vari­
ables. The model is now complete, providing a
method for determining the changes that
would most efficiently increase the value of
the goal variables.

The statistical methodology used in the
measurement model is taken from modern
multivariate analysis. It is based on princi­
ples applied in the partial least squares
methodology (PLS)[6]. The analytical model
consists of two components:
1 a structural model that describes how

quality factors, patient satisfaction, and
goal factors are related to each other (see
Figure 1);

2 measurement models (one for each factor),
that show how quality factors/patient
satisfaction!goal factors are related to the
survey questions, which represent the
respective factors.

Somewhat more formally; the structural
model may be described as follows:

E (11 1 11, fJ.) = 007 + f3J.L,

10864o 2
Rating

PSI
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The vectors 71 and 11 are latent, or not directly
observable (Le. measured indirectly by their
respective manifests). The structural model
(1) of course never includes all factors that
explain the variations in patients' quality
values. The model, therefore, contains a vec­
tor oferro~se= (£1' ... , Ep ), where e = 71-E(77I.).
In the contmued analysis it is assumed that
E(71E) = E(j1.e) = E(e) = O.

The formal description ofthe measurement
models is presented as follows:

y=A71+v
x =BJi. + 0, (2)

wherey =(Yl' ""Ym) is a vector of the ques­
tionnaire's manifest variables related to the
?ndogenous factors in 11 and x = (Xl' .".. , Xn)
IS a vector of the questionnaire's manifest
variables related to the exogenous factors in
j1. (Le. m + n = number ofquestions in the
questionnaire).

The matrices A (m xp) and B (n x q) show
how the manifests correlate to their respec­
tive.latent factors. In the statistical analysis,
the Impact parameters (a and f3) are deter­
mined, and the rating associated with the
latent variables 71 and 11- in principalE(71)
and E(Ji.) - are estimated. Furthermore, A and
B are calculated to provide information con­
cerning how the manifests correlate. The
statistical method is iterative, having the
characteristic that it converges towards
statistical estimates which are consistent and
have the best possible precision[7].

Data
The data was collected via a questionnaire
survey at three ophthalmology departments
during May and June of 1994. Patients in the
three "segments" - cataracts, strabismus and
diabetes - answered (partly different) qU~s­
tionnaires containing 49 questions about
quality at the departments. The question­
naires were distributed to 150-200 consecutive
patients in each segment at the different
departments. This was done in conjunction
with an ambulatory visit, and patients were
requested (under normal anonymity protec­
tion) to fill out and return the questionnaire
to the department within one week. Approxi­
mately 1,500 patients were invited to partici­
pate in the study. Written reminders, and a
new questionnaire, were sent to patients who
did not respond within ten days. The final
response rate averaged 80 per cent.

IResults

Table I shows the patient satisfaction index
(PSI) at each department, and for each patient
segment. The maximum index value is 100.

Table I
Patient satisfaction index (PSI) for different
patient groups and departments (maximum
value =100)

Diabetic Cataract Strabismus All

Boras 85.7 90.5 81.7 86.2
Eskilstuna 87.6 92.4 89.2 89.7
S:t Erik 83.0 95.6 85.3 87.3
All 85.4 92.3 85.5 87.8

The table shows that PSI is consistently high.
All departments received an index value
between 86 and 90, which is very good. Other
studies based on the QSP model often reflect
substantially lower index values. In compari­
son, the PSI for community health centres is
estimated to be 68, according to the Swedish
Customer Satisfaction Barometer[8].

Although the index figures are consistently
high, satisfaction varies somewhat among the
different patient segments and departments.
For example, cataract patients were found to
be the most satisfied patient group at all three
departments. The lowest PSI for cataract
patients (90.5) was higher than the highest
index figure for the other groups.

In addition to patients rating the different
quality dimensions, the QSP method also
shows how these dimensions impact on PSI.
Figure 5 illustrates the rating and impact of
the quality dimensions. The results of the
questionnaire from strabismus patients at
the department of ophthalmology in Eskil­
stuna are used as an example.

The lower left field (I) presents the quality
dimensions that received reiatively low rat­
ings and have little impact on PSI. The upper
left field (II) shows quality dimensions which
received high ratings but also have little
impact on PSI: Field III reflects dimensions
which the departments were considered to be
good at (high rating) and which also have a
major impact on PSI. Finally, field IV shows
the dimensions which patients view to be
important, but which received relatively low
ratings. As can be noted, the dimensions in
Figure 5are not exactly the same as in Figure
1. This is due to a respecification ofthe quality
factors as a result ofthe estimation process.

The different fields provide departure points
for choosing optimum treatment strategies.
Field IV contains dimensions that the depart­
ment should focus on in their quality improve­
ment efforts, e.g. to improve accessibility (bet·
ter telephone service, reduced waiting times,
etc.) and the waiting room environment. Field
III contains dimensions for which the depart­
ment should maintain the level ofquality,
~inge even these greatly influence patient
satisfaction. Therefore, the department should
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Low High Impact ,

attempt to maintain the level ofthe service
commitment by physicians and orthoptist.
Field II contains dimensions where the depart­
ment may potentially reduce its efforts. The
resources for, e.g. information and advice may
possibly be reduced without jeopardizing the
level ofpatient satisfaction. Finally, field I
includes dimensions that should not be priori­
tized in terms of increasing patients' satisfac­
tion. Here, this could be interpreted to mean
that the department in Eskilstuna need not
necessarily commit resources towards
increasing freedom ofchoice or improving the
reception area/treatment room environment.

Similar diagrams for the other departments
and patient groups show similar results. For
example, all patient groups in the three
departments gave low ratings to accessibility
and freedom ofchoice. However, while accessi­
bility plays a major role in satisfaction in
eight ofnine patient groups, freedom ofchoice
does not appear to carry the same importance.
Consistently, patients gave high ratings to the
knowledge ofphysicians and other staff,
including their service commitment.

Finally, with regard to the right side ofthe
measurement and analysis model (Figure 1),
the results show that, for diabetes and strabis­
mus patients, PSI had the strong~st(Positive)
impact on confidence in the department. This
suggests that ifthe departments, through vari­
ous improvement strategies for these patients,
are able to achieve higher PSI, this would
increase both confidence in the department
and the tendency for patients to recommend
the department to oUlers with sight problems.
For cataract patients, PSI had the strongest
impact on expectations of how the visit would

influence sight and problems related to the
disease. In this patient group, increased PSI
is mainly associated with high expectations
ofthe results of treatment.

IDiscussion and concluding remarks

What distinguishes this model from most
others used in health care is that it not only
measures the degree of satisfaction but also
the impact that various quality dimensions
(factors) have on satisfaction. Consequently,
both patients' quality opinions and their
quality dimension preferences are identified.

Since experience shows it is difficult for
patients to rank different quality dimensions
in a questionnaire, the basis for prioritization
must be derived from the measurement
model. The method does this, which is a
major advantage. Thus, the method provides
a reliable base, grounded in patients' own
values, for prioritizing among different mea­
sures to improve patient-perceived quality.

Another advantage with the QSP method is
the linkage to the "goal side", which secures
validity in the model. This aspect of the
model requires the user to specify organiza­
tional goals. A department obviously cannot
aim "only" towards satisfying patients. Other
longer-term goals are also important to an
organization's future. Ifa department is to
survive and develop, it must define a clear
and comprehensive quality strategy, ofwhich
the short-term goals are a part.

The study presented here has several char­
acteristics of a pilot study, and therefore does
not claim to nave applied the methodology in
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its final form. Naturally, the methodology for
quality improvement must also be subject to
quality improvement processes. For example,
the formulation ofsurvey questions is an
important area that requires further
research.

-Regarding the results of the stud~ we
shall not go into far-reaching interpreta­
tions here. An obvious result, however, is
that cataract patients were clearly more
satisfied than the other patient groups. This
corresponds well to the experiences
reported by the staff. The explanation
appears to be that surgical patients are
involved, and since cataract surgery is usu­
ally quite successful it leads to radical
improvement in patients' quality of.life.
This is not the case with strabismus and
diabetes, where patients are usually sub­
jected to long treatment series with less
obvious results. Even the age factor may
playa role. Cataract patients are usually
older, and experience shows that older
patients report higher satisfaction[3].

Distinct differences were also found among
the different groups with regard to individual
quality dimensions. "Freedom ofchoice", Le.
the opportunity for patients to choose their
appointment time and physician (or other
caregiver) generally received a relatively low
rating from patients. It can be noted, however,
that freedom ofchoice does not greatly influ­
encePSI.

Further analysis is probaply most
appropriately done locally at the participat­
ing departments themselves. It should be
noted that a health economics' perspective is
a prerequisite, Le. decisions must be preceded

by thorough assessment of the costs and
effects associated with the various changes.

Finally, it can be noted that the project has
generated major interest both among other
ophthalmology departments and other areas
ofmedicine. We believe that the method could
play an important role in developing systems
for continuous quality improvement in
health care. Follow-up and assessment of
"patient satisfaction" is critical for achieving
efficiency in health services.
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Patient satisfaction and priority setting
- an economic approach
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Abstract

In recent years, various methods for measuring patient satisfaction have been applied as part
of quality improvement programmes. However, the validity and reliability as well as the ap­
plicability and change-orientation of adopted methods have been questioned. Furthermore,
most methods pay no specific attention to economic aspects. The purpose of this study is to
analyse if and how priorities are influenced when an economic perspective is explicitly in­
cluded. Data were compiled by a patient survey at a gynaecology clinic, inquiring about the
patients' views on various quality dimensions, and their willingness to pay for proposed im­
provements. The parameters of the model are estimated with simultaneous equation methods,
based on partial least squares technique. We compare the ranking of proposed improvements
derived from a patient satisfaction index, a cost-effectiveness analysis and a cost-benefit
analysis, respectively. Our results show that even a methodologically appropriate measure­
ment of patient satisfaction may lead to a cost-ineffective priority setting unless economic
consequences are explicitly taken into consideration. Further, it is demonstrated how an
analysis including patient preferences as well as economic aspects may be carried out.



2

1. INTRODUCTION

Patient preferences measured in terms of satisfaction indicators, are being increasingly recog­
nised as an important basis for priority setting in the health services and for improving the
quality of care (1, 2, 9). The most common method for systematic assessment of patient satis­
faction in health care is patient surveys (questionnaires). In Sweden, the first generation of
patient questionnaires was introduced in the mid-1980's (13). They helped to focus on the pa­
tient perspective, but had certain deficiencies both in terms of validity and reliability, and with
regard to their potential as a basis for quality improvements. However, several new methods
were launched in the 1990's, claiming to meet demands for statistical quality as well as
change-orientation and relevance better than earlier methods (4, 7, 10, 12, 14). Still, economic
aspects are seldom included, i.e., measures identified as effective for improving patient satis­
faction are usually not evaluated with regard to their costs and benefits.

The purpose of this study is to analyse if and how the explicit inclusion of an economic per­
spective influences priorities based on patient views. This is accomplished in the following
sequence of steps presented in the paper after the initial part devoted to genuine patient satis­
faction measurements: i) a cost-effectiveness analysis of certain proposed changes/ improve­
ments, ii) a cost-benefit analysis based on the patients' willingness-to-pay for these changes,
and iii) a correlation analysis of priorities based on patient satisfaction, willingness to pay,
cost-effectiveness and cost-benefit analysis, respectively.

The following presentation starts with a description of the theoretical model for patient satis­
faction nleasurements and an outline of the empirical approach in Section 2. The results of the
patient satisfaction study, the cost-effectiveness calculations and the cost-benefit analysis are
presented in Section 3. The paper ends with a discussion and some concluding remarks in
Section 4.

2. METHODS AND MATERIAL

The method applied for quality assessnlent based on a patient satisfaction approach, QSP
(Quality, Satisfaction, Performance), is illustrated in Figure 1.

Figure 1. The QSP-model
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The QSP model consists of three integrated components. One component measures the degree
of patient satisfaction (PSI), usually through three questions. Patient-perceived quality levels
of various quality dimensions (quality factors) are also measured, which are, a priori, assumed
to explain the variation in patient satisfaction. Each quality dimension is represented by three
to six questions in the patient questionnaire, intended to represent a specific quality factor as
thoroughly and reliably as possible. The questions should be specific enough to provide an
operative decision-making basis for quality improvement. Finally, the model also contains a
component on goals, with questions directed at what patient satisfaction should ultimately
lead to, e.g., increased trust, increased likelihood of positive recommendation and related loy­
alty indicators. This aspect of the measurement model links patient satisfaction to the goals of
the health care provider.

The statistical methodology used in the nleasurenlent model is based on a state-of-the-art
multivariate analysis based on principles applied in the partial least squares methodology,
PLS (3, 8). The analytical model consists of two components:

1) a structural model describing how quality factors, patient satisfaction, and goal factors are
related (see Figure 1);

2) measurement models (one for each factor), that show how quality factors, patient satisfac­
tion and goal factors are related to the survey questions, which represent the respective
factors.

More formally, the structural model Dlay be described as follows:

(1)

where 11 = (111'.··' 11 p) is a vector of endogenous factors (here patient satisfaction and the

goal factors respectively), and Jl =(Ill' ...'Ilq) is a vector of exogenous factors (here quality

factors to the left in the model). E (.) indicates the expected value, and E (.1.) signifies the
conditional expected value. Matrices a (p x p) and ~ (p x q) contain effect parameters, from
patient satisfaction to goal variables, and from quality factors to patient satisfaction.

Vectors 11 and Jl are latent, or not directly observable (i.e., measured indirectly by their
respective manifests). The structural model (1) naturally never includes all factors explaining
the variations in patients' quality values. The model therefore contains a vector of errors

E=(E1' ... ' Ep ), where E= 11 - E(111.). In the continued analysis, it is assumed that

E(l1E) =E(JlE) = E(E) = O.

The formal description of the measurement models is presented as follows:

(2)

where y =(y1' ... ' Ym) is a vector of the questionnaire's Dlanifest variables related to the

endogenous factors in 11, and x =(Xl' ... 'xn ) is a vector of the questionnaire's manifest
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variables related to the exogenous factors in J..l (i.e., m + n = nurrlber of questions in the
questionnaire).

Matrices A (m x p) and B (n x q) show how the manifests correlate with their respective latent
factors. In the statistical analysis, the impact parameters (a and ~) are detemlined, and the
rating associated with the latent variables II and J..l - in principal E(ll) and E(J..l) - is
estimated. Furthermore, A and B are calculated to provide information on how the manifests
correlate. The statistical method is iterative with the characteristic of converging toward
statistical estimates that are consistent and have the best possible precision (8).

In earlier studies in the health services, the QSP method has been shown to produce relevant
results (4, 6, 7). Especially, it identifies the most effective measures of improving PSI. A
weakness in common with other known methods is the lack of an economic dimension. The
analyses of the patients' valuation of various quality factors and proposed improvenlents do
not take into account the cost-effectiveness of different improvement measures. For this pur­
pose, we must estimate the "PSI production function", which is done in the cost-effectiveness
analysis. Furthermore, to know how much should be spent on improvenlents, we must also do
a cost-benefit analysis.

The current study is based on an earlier study of patient satisfaction at the gynaecology clinic
at the Karolinska Hospital in Stockholm, Sweden, carried out in 1997 with the QSP method
(7). In that study, three main areas calling for improvement were identified, namely accessi­
bility, environment and participation. Now, these areas are analysed in further detail in terms
of current patient satisfaction. This follow-up study is combined with a study of patient
valuation - regarding satisfaction and willingness to pay, respectively - of possible improve­
ments and relative to the calculated costs of these improvements.

Thus, we use a reduced model including three of the seven quality dimensions in the above
mentioned QSP-study. We single out the three dimensions (latent variables) which were
found to be inlportant in determining the patient satisfaction level and, at the same time, being
among the least appreciated by the patients (high impact and low scores). Each of the latent
variables - accessibility, environment and participation - is measured with four questions,
i.e., manifest variables l

.

To obtain an assessment of overall patient satisfaction, we asked three questions about the
visit as a whole; to what extent the patient was satisfied with the service, if the visit fulfilled
the expectations and how the actual clinic compared to an ideal clinic. Finally, three questions
were asked concerning the patients' loyalty to the clinic; the trust in the clinic, whether the
patient would come back for another visit, and if she would recommend a friend to visit the
clinic.

Thus, the study consists of three parts. This first part constitutes a replication of the above­
mentioned study conducted in 1997. It should be noted that the replication was done in a most
condensed form as the original study included seven different latent variables. In addition to
the variables studied here, the four latent variables medical care, doctor's attention, nurse's
attention and information were included in the initial study. All of these received very high
scores and/or low impact levels, and were thus considered not to be so important for focused

1 In the WTP-study, two of the manifest questions - relating to waiting-room functionality - were pooled to­
gether.
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improvement work. However, the relationship between costs and patient valuation was not
explicitly considered for them.

In the second part, we included questions concerning possible improvements expressed in
certain detail, and asked the respondents to indicate on the same scale what score they would
give if such a change was implemented. In this way, we obtain an estimate of how much such
a change is valued in terms of improved patient satisfaction. The following proposed modifi­
cations have been modelled2

:

Accessibility
• Extended telephone hours by two hours per working day (telephone hours);
• "Guaranteed" answer within three telephone signals (telephone answer);
• The doctor calls back the same day as the initial contact (call back);
• Open clinic two hours every Wednesday evening (opening hours).

Environment
• Improved sign-posts guiding the visitor to the clinic (sign-posts);
• TV, coffee-machine and new magazines in the waiting room (waiting-room);
• Offering lockable wardrobe in the proximity to the clinic (wardrobe).

Participation
• The patient is always offered to choose the appointnlent tinle for her next visit (next visit);
• The patient is routinely offered to see the same doctor every tinle (same doctor);
• The scheduled visit time is extended by 10 minutes (visit length);
• The patient is asked in advance whether students may be present (medical students).

In the third part, the respondents were asked to indicate whether they would be willing to pay
a certain amount (on top of the current patient charge) to obtain the indicated improved serv­
ice/treatment. Eight different payment alternatives ranging from SEK 10-150 were defined
and randomly given to an equal number of the patients.

Implementation of the study
The study was conducted during the period August 1998 - February 1999 at the gynaecology
clinic at Karolinska hospital, Stockholm. All patients visiting the clinic in this period (the first
time during the period they visited the clinic) received a survey questionnaire to be filled in
either directly after the visit, or later and if so, to be returned by mail to the clinic. The survey
questionnaire included a total of 43 closed response questions and two open questions (where
the respondents could indicate any positive and/or negative aspects relating to the clinic). By
and large, the same manifest questions as in 1997 were asked but a number of these were re­
phrased. The questionnaire design was pre-tested on both enlployees of the hospital, and ac­
tual patients. The structure of the questionnaire, which took on average some 15 - 20 minutes
to fill in, is shown in the Appendix.

In total, 800 original questionnaires were distributed to patients in the period, coinciding with
the number of first time visits in the study period. About 100 patients received a reminder in­
cluding a new questionnaire and this procedure gave a gross response rate of 88 percent. After
discarding forms with less than 70 percent filled-in answers (or inconsistencies in answers

2 The proposed changes were based on a review of the answers of the patients in the 1997 study when asked to
report on "This is what I am especially dissatisfied with", and also on discussions with the clinic staff.
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according to the test program), 657 forms (82 percent) were accepted and thus included in the
analysis.

3. RESULTS

Patient satisfaction
The estimated condensed QSP-model is summarised in Figure 2. Calculated average scores
and impact coefficients are given together with 95 percent confidence intervals (CI).

Figure 2. The QSP-model- the patients' valuation of actual service
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The scores are reported on the scale 0 - 100, where 0 means totally dissatisfied and 100 totally
satisfied. This transformation of the original 10-grade measurement scale is performed to
make the presentation as useful as possible also for policy purposes. The Patient Satisfaction
Index (PSI) was 78 (76.2-79.8; 95% CI). The "loyalty" score was 79. The three quality fac­
tors - accessibility, environment and participation - received relatively low scores, 60-65. The
impact coefficients, e.g. 0.22 for accessibility, should be interpreted as the estimated effect on
PSI of a one-unit change in the score for quality factors. Correspondingly, the figure 0.53 to
the right tells the effect on "loyalty" of a one-unit change in PSI. With one exception, the es­
timated scores and impact coefficients were lower than in the 1997 study, mainly due to the
actual model being partial (only three out of the originally seven dimensions, latent variables,
were included here). Only accessibility received a higher score than in the earlier study. Still,
the statistical quality of the model is generally acceptable (as indicated by the confidence in­
tervals in Figure 2).

Table 1 shows current scores, relative weights for the various questions and estimated impact
on PSI, and also the scores if the proposed improvements are implemented.
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Table 1. Patient satisfaction - Base case and change results

Factor Score Relative Impact on Score after
actual Weight PSI change

PSI 78 92
Loyalty 79 87

Accessibility 64 0.22 89
- telephone hours 68 0.31 0.161 89
- telephone answer 56 0.22 0.116 89
- call back 49 0.25 0.127 89
- opening hours 70 0.22 0.114 89

Environment 60 0.22 84
- sign-posts 68 0.32 0.161 88
- waiting-room comfort 60 0.36 0.178 (82)
- waiting-room convenience 60 0.24 0.120 (82)
- wardrobe 38 0.07 0.037 86

Participation 65 0.17 89
- next visit 58 0.22 0.098 89
- same doctor 56 0.29 0.124 94
- visit length 69 0.33 0.140 84
- medical students 69 0.16 0.069 88

It is seen that the highest actual scores (where the patients are most satisfied) are obtained for
opening hours, visit length and the presence of medical students, while the lowest scores are
noted for wardrobe and (doctor's) call back. The relative weights (standardised to 1 for each
latent variable) are fairly equal for the majority of the manifests, while a few are significantly
different (wardrobe and J;nedical students are lower than the average; and telephone hours,
sign-posts, waiting-room comfort as well as visit length are higher than the average).

The column "impact on PSI" indicates how much a one-unit increase in the score for the re­
spective manifest variable would increase the PSI-score (based on using the absolute - not
relative - weight of each manifest variable). From the above table, it is seen that the factor
relating to waiting-room comfort has the strongest single effect (with telephone hours and
sign-posts in shared second place).

The effects of all the proposed improvenlents are shown in the last column of Table 1. Using
the same impact coefficients and relative weights, the figures tell us what would happen if all
the proposed improvements were implemented at the same time. It is seen that the PSI would
increase by 14 units (from 78 to 92) and loyalty by 8 units (from 79 to 87). It should be noted
that the questions in the survey were spelled out in such a way that the respondents considered
one proposed improvement at a time. As it would be realistic to assume that the proposals are
not independent, the presented results should be seen as a simplification of the real effects.
Possible interactions between packages of improvements have not been considered so far.

As shown in Table 1, all latent and manifest variables are increased as a consequence of the
proposed improvements. This means that the patients find them all to be positive (represent­
ing real improvements). This is true also for almost each individual respondent answer (hardly
any "inconsistencies" were found in the database is this respect).



8

The pending question now is whether the indicated improvements are really worth imple­
menting. In the next section, a cost-effectiveness analysis is reported, specifying the relative
value of improvements in each manifest variable (expressed in terms of PSI), and comparing
these with the associated costs.

Cost-Effectiveness Analysis
What distinguishes the QSP-model from most other methods used for quality measurement in
health care is that it not only measures the degree of patient satisfaction but also the impact of
various quality dimensions (factors) on satisfaction. Consequently, one of the model's
strengths is that the patients' quality opinions as well as their quality dimension preferences
are identified. Thus, the identified opportunities for change are based on actual patients'
opinions.

However, the model does not account for the cost-effectiveness of the potential changes. In
order to remedy this inherent weakness, we estimated the costs as well as the effects (impact
on Patient Satisfaction Index, PSI) of various specified potential changes in the three main
areas (domains) considered - accessibility, environment and participation. The costs - mainly
in terms of costs for additional personnel needed for extended telephone hours, etc, but also
for waiting-room equipment, and so on - were estimated in collaboration with the clinic's fi­
nancial controller and only costs at the clinic level are included. The cost-effectiveness ratios
in Table 2 were calculated as the monetary cost to achieve a one-unit increase in PSI from the
respective manifest variable.

Table 2. Cost-effectiveness ratios for proposed changes

Change Cost per visit PSI-change" Cost-effectiveness ratio"
(SEK)

Accessibility (88)
- telephone hours 20 3.381 5.92
- telephone answer 66 3.828 17.24
- call back 1 5.080 0.20
- opening hours 1 2.166 0.46

Environment (10)
- sign-posts 1 3.220 0.31
- waiting-room 8 3.278 2.44
- wardrobe 1 1.776 0.56

Participation (315)
- next visit 100 3.038 32.92
- same doctor 100 4.712 21.22
- visit length 110 2.100 52.38
- medical students 5 1.311 3.81

It is noted that the cost-effectiveness ratios are varying within very wide margins, which is
mainly due to large differences in cost between the various improvement measures. The low­
est cost-effectiveness ratio (the cheapest way of increasing PSI) has been calculated for the

3 The PSI-change shows how much PSI will increase as a consequence of the increased scores (Table 2).
4 The cost-effectiveness ratio is defined as the calculated cost per unit increase in PSI, i.e., the cost per visit di­
vided by the PSI-change
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improvement consisting of the doctor calling back the same day the patient has called. The
highest cost-effectiveness ratio, SEK 52.38, stands for extended length of visits.

The remaining question is now whether these improvements are worth the additional costs
(expressed in monetary terms) in the eyes of the actual patients. For that purpose, it is neces­
sary to compare the costs and benefits measured in a single unit, which is why the additional
willingness to pay study was included.

Cost-Benefit Analysis
This part of the study was carried out using the standard methodology for measuring willing­
ness-to-pay that has been developed and applied in various societal contexts in recent years
(11). Patients were asked whether they were willing to pay an additional X SEK per visit (on
top of the current patient charge, which amounts to 120 SEK), provided that the respective
improvements were implemented. The patients were randomly distributed into eight groups of
equal size that received different bids (X), fronl an additional 10-150 SEK (1 US$=IO.50
SEK) per visit and improvement. Thus, 100 patients were allocated to each pay alternative.

The result of the WTP-study differs between components. The mean willingness to pay was
calculated for each of the considered alternatives. A logistic as well as a probit model have
been estimated. The results of the willingness-to-pay study are summarised in Table 3, which
shows the average willingness-to-pay in SEK for the various improvements. It is based on the
Logit model estimations.

Table 3. Willingness-to-pay (WTP) for various changes (based on the Logit model)

Change MeanWTP
(SEK)

Accessibility
- telephone time 10.68
- telephone hours 13.01
- call back 26.52
- opening hours 23.83

Environment
- sign-posts 3.52
- waiting room 7.69
- wardrobes 8.31

Participation
- next visit 14.31
- same doctor 31.12
- visit length 12.73
- medical students 10.78

5 The results are rather similar also in the Probit model case. However, due to the fact that the distribution be­
tween alternatives is not normal, we decided to use the Logit alternative in the further analysis.



10

Figure 3 shows the estimated percentage of the patients (based on the Logit model) willing to
pay an additional X SEK per visit for the respective alternatives associated with the accessi­
bility latent variable. It is shown that a relatively smooth downward function is estimated for
each of the four considered improvement situations.

Figure 3. Distribution ofWTP (percentage answering yes); Logit model
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A comparison between the costs of realising the proposed improvements and the patients'
valuation (willingness-to-pay) demonstrates that willingness-to-pay is higher for some im­
provements while for some, they are lower than the cost. Table 4 shows the ratio between the
average (mean) willingness-to-pay (Table 3) and the cost per visit (Table 2) for the various
improvements.

The effect on patient satisfaction (PSI) of running the improvements with a WTP-cost ratio
equal to or above 1 will be an increase by four units (from 78 to 82). At the same time, the
loyalty index would increase by three units (from 79 to 82). The cost increase per visit for this
improvement package is estimated at 9 SEK6

•

6 Based on an estimated 4 200 visits per year, the total costs would be 37 800 SEK.
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Table 4. Willingness-to-pay (WTP)-cost ratios for various changes

Changes WTP-cost ratios

Accessibility
- telephone hours 0.54
- telephone answer 0.20
- call back 26.52
- opening hours 23.83

Environment
- sign-posts 3.52
- waiting-room 0.96
- wardrobe 8.31

Participation
- next visit 0.14
- same doctor 0.31
- visit length 0.12
- medical students 2.16

Using the alternative approaches in priority setting
To summarise our findings on whether and how the priorities based merely on patient prefer­
ences are influenced by the inclusion of an economic perspective, we finally compare the rank
order ofthe various improvements according to the alternative priority rules, i.e., PSI-change,
willingness-to pay, cost-effectiveness and benefit-cost ratio. We find the following Pearson
correlation coefficients:

Figure 4. Correlation between the study approaches
** Correlation significant at the 0.01 level (2-tailed)
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The low correlation coefficients between the PSI-change approach and those based on cost­
effectiveness (CE) and benefit-cost ratio (BC) clearly demonstrates that the ranking of the
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various improvements, i.e., the priority setting, is influenced by the inclusion of an economic
dimension. The correlation between PSI-change and WTP is also relatively low.

Thus, carrying out a traditional patient satisfaction analysis and using those results directly for
priority setting is not enough. To appreciate the patients' valuation of possible improvements,
either a PSI-change study or a WTP study is needed, both of which enable us to rank the al­
ternative improvements. However, to reach cost-effective decisions, we must estimate the
"PSI production function", which is done in the cost-effectiveness analysis. To find out
whether various improvements are worth their costs, we also need a WTP-approach.

4. DISCUSSION AND CONCLUDING REMARKS

Patients' perceptions of quality are essential for determining effectiveness and efficiency in
health care delivery, and should thus be utilised as a basis for decisions on quality improve­
ments. Even if this is done to an increasing extent, economic aspects are seldom included in a
proper way. One of the advantages of the QSP-model is its focus on change. Several studies
have shown that the QSP approach can produce very useful and policy relevant results. How­
ever, from a health economics perspective, the lack of economic content in the basic model is
a serious deficiency. For instance, this means that in rating the various quality factors, patients
do not take cost-effectiveness into account. This, in tum, means that the priorities derived by
the model may be cost-ineffective (5).

This study is an attempt to remedy that deficiency by estimating the costs, as well as the ef­
fects, of various improvements. In that way, we are able to rank the potential improvements
according to their cost-effectiveness ratios. In addition we also asked the patients to evaluate
the benefits in terms of their willingness to pay for the changes, in order to rank the changes
according to their benefit-cost ratios.

As shown, the ranking between various improvements is strongly influenced by the inclusion
of an economic dimension. This points at the inlportance of looking at both the benefit and the
cost side, when considering alternatives as concerns changes. We also found disagreement
between cost-effectiveness and cost-benefit ranking in a few instances. This indicates a need
for further analysis and model development.

The inlprovement call back gets the highest rank except for the WTP-ranking. Otherwise, the
ranking differ much between the ranking order lacking an economic dimension and those
based on cost-effectiveness and benefit (WTP)-cost ratio, respectively. The second and third
priorities according to "PSI-change" (same doctor and telephone answer) are relatively cost­
ineffective, i.e., they have relatively high cost-effectiveness ratios. Moreover, they have WTP­
cost ratios of less than 1, which means that the patients are not willing to pay the costs of the
changes.

Assuming a decision rule that defines a cut-off value for the WTP-cost ratio of at least 1
means that those improvement measures, which cost less than or equal to what the patients are
willing to pay, shall be implemented. In our study this would mean that the following im­
provements - and only these - should be undertaken.

• The doctor calls back the same day as the initial contact (call back)
• Open clinic two hours every Wednesday evening (opening hours)
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• Offering lockable wardrobe in the proximity to the clinic (wardrobe)
• Improved sign-posts guiding the visitor to the clinic (sign-posts)
• The patient is asked in advance whether students may be present (medical students)

We conclude that even if patient views are very important as a basis for improvement deci­
sions, it is necessary to supplenlent it with economic analysis in order to avoid "wrong" deci­
sions' i.e., sub-optimisation. Naturally, it is important to try to meet patient demand for conti­
nuity, i.e., seeing the same doctor on a follow-up visit. But it is not enough in terms of a basis
for priority setting. There are other improvements that - according to patient views - are more
important when economic aspects are considered, and thus should be given higher priority.

To sum up, our findings suggest that it is possible to expand the QSP model with an economic
dimension. Thereby, one can get a clear picture of the costs and effects of various improve­
ment measures - and a relevant basis for continuous, cost-effective quality improvement.
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Appendix

Questionnaire

Examples of questions on "Environment" (page 3 in the 5-page questionnaire)

Today: The physical standard ofthe clinic has improved substantially since 1997. However, there is no TV,
coffee machine or lockable wardrobe in the clinic waiting room.

How do you grade

the possibility to find your way to the clinic
the homeliness/comfort of the rooms
the convenience of the rooms
the possibility to deposit your outdoor garment
during the visit

Lowest grade Highest grade

If instead there were:
better sign-posts to the clinic
TV, coffee machine and new magazines in the waiting-room
Lockable wardrobe close to the waiting-room

How would you then grade

the possibility to find your way to the clinic
the homeliness/comfort of the rooms
the convenience of the rooms
the possibility to deposit your outdoor garment
during the visit

Lowest grade Highest grade

Would you be willing to pay an additional SEKX (10-150) per visit (above the ordinary charge) if

- there were better sign-posts to the clinic yes no

Would you be willing to pay an additional SEKX (10-150) per visit (above the ordinary charge) if

- the waiting-room was equipped with TV, coffee machine and new magazines yes no

Would you be willing to pay an additional SEKX (10-150) per visit (above the ordinary charge) if

- lockable wardrobes were installed close to the waiting-room yes no
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