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Abstract

Introduction The pressure on health care resources is rising. Therefore, creating
a sustainable health care system is necessary. Cost minimization and productivity
growth is demanded. An undesirable side effect of cost minimizing behaviour could
be a reduction in quality. The current evidence on the relationship between cost
and quality is ambiguous. The relevance of this research is to find evidence on the
correlation between the quality of health care provided by hospitals and their costs in

order to figure out what part of costs and cost inefficiency can be explained by quality.

Method Operating costs, quantitative and case-mix adjusted qualitative (perfor-
mance indicators) output variables based on data of 22 Norwegian hospitals between
2008-2014 were used to estimate the hospitals’ cost functions and cost efficiencies using
Stochastic Frontier Analysis. A true fixed effects method was applied to respect the
longitudinal aspect of the data and quadratic terms of the qualitative output variables

were added in order to allow for a flexible relationship between cost and quality.

Results Sign, level and significance of estimated coefficients are inconsistent over
the cross-section and panel data models and the models with or without quadratic
terms. The most consistent result is a negative correlation between cost and quality
for the patient safety indicator pulmonary embolism/deep venous thrombosis. Fur-
thermore, negative correlations between cost and quality based on the patient safety
indicators sepsis and obstetric trauma are estimated in two models. A positive, but
inconsistent correlation between cost and quality based on 90-day mortality and qual-
ity based on bed sores was found. A U-shaped relationship between cost and quality
was found for the quality indicators of 90-day mortality and an inverted U-shaped
relationship was found for the patient safety indicator pulmonary embolism/deep ve-
nous thrombosis and the patient safety indicator obstetric trauma. Based on the most
basic cross-section model, the average cost efficiency is 89.7%. There is no significant

inefficiency term found in the more complex models.



Conclusion The results are inconsistent leading to a remaining uncertainty in the
evidence on the cost/quality trade-off. Unobserved heterogeneity and model specifi-
cation might be important factors of influence in this field of research. The finding
of a negative cost/quality relationship indicates that health care organizations could
possibly aim for cost minimization by improving quality based on patient safety in-
dicators. There is weak evidence for the existence of a cost/quality trade-off for the
quality indicator 90-day mortality and bed sores. Practical implications for health
care authorities are that unobserved heterogeneity should be considered when ranking

and rewarding hospitals based on their activity and quality.
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Chapter 1 Cost and quality in the Norwegian hospital setting

1 Introduction

Health care expenditure in Norway has been increasing over the past years (World
Health Organizationl [2018; |(OECD)|2019). This trend has led to the tendency to focus
on cost containment in national health care policy in order to achieve efficient allo-
cation of scarce resources in health care. Activity-based financing (ABF) of hospitals
might incentivize an increased effort to reduce costs per patient and has been proven ef-
fective to achieve higher efficiency in hospitals in Norway (Bigrn et al.,|2003). However,
activity-based financing of hospitals might also incentivize hospitals to increase cost
efficiency independent of the consequences of such a policy on the quality of provided
health care. In addition to cost containment, quality of healthcare is an important
aim of health care policy. Therefore, the incentivized aim for cost minimization and
cost efficiency raises the important question about what (unwanted) side effects might
occur with respect to the quality aspect of the medical care in hospitals.

In this introduction chapter the Norwegian health care system and the current
evidence on the relationship between cost and quality is discussed. Then, the research

objective is described. Finally, the relevance of the study is addressed.

1.1 The Norwegian health care system

1.1.1 Contextualisation of the Norwegian healthcare expenditure

According to the report ‘Health at Glance’ from the Organisation for Economic Co-
operation and Development (OECD), Norway has the third highest increase in per
capita health spending worldwide over the time period 2007-2018 (OECD),|2019). Over
this period Norway’s per capital purchasing power parity (PPP) health spending in-
creased by 43%. In 2018, Norway spent 6187 US dollar (USD) PPP per capita; this
amount puts Norway on a high ranking in the OECD health care expenditure list
(OECD| |2019)). Norway’s health expenditure in 2018 was 10.2% of its gross domes-
tic product (GDP). Predictions from the ‘OECD division projection 2019’ which are
based on 2015 health expenditure as share of GDP, show that the expected share of

health expenditure of GDP in Norway will go towards 12.2% by 2030 (OECD}, 2019).
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In regard to the question of whether this big spending on health care is paying off
by showing results, the report shows that Norway spends more than average on health
care while at the same time achieving a lower than average avoidable mortality rate
. The same result is found for breast cancer; they invest more capital in
health care which is paid back by the result that the 5 year survival of breast cancer
in Norway is higher than average [2019). This shows that investments are
paying off.

In general, Norway spends relatively more on inpatient and long-term care, and
less on medical goods as share of their total expenditure than OECD average. For
example; OECD average is that 38% of the total health expenditure is spent by the
hospital provider, while in Norway this is 40% . As stated in this report,
sufficient amount of resources are necessary to achieve a health system that functions
properly . However, it does not necessarily mean that by having the
highest expenditure you will keep achieving a higher health status in your country.

This can be explained by the diminishing returns to scale of health expenditure on

health status, explored in the model by Grossman (Grossman, [2000; Zweifel et al.

2009). Therefore, in addition to focusing on the absolute amount of resources that
is spent on health care in order to improve health status, it is important to focus
on whether this amount is well-spent. In other words: Is there an efficient way of

producing health from the provided resources?

1.1.2 Financing health care in Norway

Norway has a publicly funded health system. There is a very limited use of private

health insurance. Almost all hospitals in Norway are owned and financed by the state

(Statens legemiddelverket), [2016)).

In 2002 a reform of the ownership and finance structure of hospital care in Norway

was executed (Hagen & Kaarboe, [2006)). Ever since, regional health authorities have

been given more responsibility: They receive a certain sum of money from the central
government and have the responsibility to divide it within their region. This is also

called the base payment or basic funding. In addition, there also still is a system of
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activity-based financing (ABF) for somatic health care, called ‘innsatsstyrt finansier-
ing’ (ISF) (Helsedirektoratet], |2019al). This finance system is based on the activity of
a hospital.

The hospital activity is measured and weighted by the use of diagnosed-related
groups (DRGs) (Helsedirektoratet) [2019a). DRGs classify patients into certain disease
groups. Patients within these groups are of comparable medical disorder and use of
resource. In this way, the finance does not only depend on the number of patients,
but it also takes into account the complexity of the different diseases and treatments.
The weight of a DRG is based on the average costs nationally. They include all costs
that are made by the hospital to help a patient with a certain disease.

Regional health authorities are financed by the central government through the
activity-based-payment system and base payments. In 2020, fifty percent of the pay-
ment is activity-based and fifty percent is a base payment for somatic health care.

Activity-based financing (ABF) is proven effective in order to achieve higher ef-
ficiency in hospitals in Norway (Bigrn et al. 2003). Furthermore, the productivity
of Norwegian hospitals has increased in the time period 1999 to 2014 (Anthun et al.,
2017)).

1.1.3 Health care policy in Norway.

In January 2020, the new strategy of the Norwegian health directorate was published.
In this strategy it is expressed that the focus of the health policy will be on sustain-
ability of the system (Helsedirektoratet} 2020). How this new policy will be executed

in the future is not explicitly stated in the document.

1.2 Cost, cost efficiency and quality

This section reflects on the most important results from current literature on the
relationship between quality of health care and cost efficiency, or quality of health
care and costs at the aggregate, hospital level. I have found the literature through a
semi-structured search on PubMed and through a snowballing approach. Firstly, the

international evidence from the literature is discussed. Then, the focus will be on the
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evidence from the Norwegian hospital setting.

A short note on definitions will be provided first. The cost/quality trade-off is
defined as a situation where you have to sacrifice a certain level of quality when
decreasing costs. Quality of care will be decreased, or ’traded-off’; in order to minimize
costs. In other words, a cost/quality trade-off is found if there is a positive relationship
between cost and quality.

For a more extensive background on the definitions of cost, technical, and allocative
efficiency see section 2.2. "Efficiency and costs in health care’. The definition of quality
of care is further elaborated in section 2.1. 'The quality of health care’. For more

information on the method see section 4.1.1. ’SFA and DEA’.

1.2.1 Literature background

Evidence on the relationship between costs and quality at the hospital level is ambigu-
ous. There is no use of a general method in the literature, neither for cost efficiency
calculations nor for the measurement, or inclusion and use of quality indicators. This
causes difficulties in the comparison and general interpretation of different study out-
comes. Therefore, drawing a conclusion is challenging.

Deily and McKay analyzed the relationship between cost inefficiency and mortality
rates of hospitals in Florida, USA (Deily & McKay}, [2006). Their article focuses on the
portion of the cost that can be defined as inefficiency. According to their article it is
important to distinguish between the relationship between costs and quality, and the
relationship between cost efficiency and quality (Deily & McKayl [2006]). Part of their
hypothesis is that if input and process quality is constant, you would not expect to find
an association between cost inefficiency and risk-adjusted mortality rates. However,
if input quality is constant, but process quality is varying between hospitals, then
there are some hospitals that possibly have improved performance with respect to cost
inefficiency as well as risk-adjusted mortality rates. So one would expect lower cost
inefficiency to be associated with lower risk-adjusted mortality rate. They conclude
that a 1%-point reduction in cost inefficiency is associated with 1 fewer in-hospital

death per 10.000 discharges. This would indicate that being more cost efficient would
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be associated with a lower mortality rate (Deily & McKay), [2006). They performed

a Stochastic frontier analysis (SFA) to estimate the cost efficiency scores. However,
they only included quantitative output in the SFA model. Their quality parameter
‘in-hospital death per 10.000 discharges, corrected for patient risks and other factors’,
is used as an output in a second model. They used cost inefficiency residuals as
data input for an independent variable for a second model, where they modeled their
quality parameter as outcome and use cost inefficiency as regressor, together with other
variables to risk adjust and case-mix. A follow-up study by McKay and Deily from 2008

focuses again on the relationship between costs due to inefficiency and quality outcome

indicators (mortality and complication rates) (McKay & Deily}, |2008). The study used

data on US hospitals over the same time span, 1999 to 2001, as the previous described
study on the hospitals in Florida. In this study they used the same kind of method
as in the previous study; a second model regression analysis with cost inefficiency as
independent variable of interest, estimated by the first SFA-model, and patient health
outcomes mortality and complication rates as dependent variables of interest
‘ The study found no evidence of existence of an association between
cost inefficiency and mortality and complication rates in the US over the period 1999-

2001. In addition, a different cross-sectional study from 1996 also finds no significant

association between mortality ratio and cost efficiency (Ferrier & Valdmanis| [1996]).

|Carey & Stefos| (2011) analyzes the cost-quality relationship using adverse patient

safety events as quality indicators and hospital costs. Their most important finding is
that adverse patient safety events are associated with higher hospitals costs. Adverse
patient safety events are a sign of worse quality of care. This implies that quality and
costs are negatively correlated. An interesting question that is raised in the discussion
of this article is if the costs of prevention of adverse patient safety events exceed the
costs of these adverse events. In conclusion, the results of this article also plead against
the existence of a cost-quality trade-off as they find a negative association between cost
and quality.

also focuses on the cost/quality trade-off in the hospital setting. A

mortality index is used as quality indicator. The method of use is Stochastic Frontier
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Analysis. Costs are lower when there is a higher mortality index . This
implies a negative association between costs and adverse health events, and a positive
association between costs and quality, which indicates a cost/quality trade-off. In this
article it is argued that small number of hospitals control on costs by trading it off
with quality of service. However, in addition the article elaborates on an alternative
hypothesis that some hospitals do not try to control the costs, but they are just too
small to have the buying power to invest in the newest medical technology to provide

the best possible quality of care (Careyl [2003). Another study on mortality and

hospitals costs provides a similar result.

[Morey et al.| (1992) found evidence that when mortality goes down, the hospital

costs tend to increase. This also indicates a possible trade-off between cost and quality.
They perform a linear regression model including output of the quality indicator,
measured as mortality ratio. They emphasize in their discussion that a limitation is
that their quality of care is just measured in mortality ratio and they recognize that

the quality of care should be captured in multiple aspects and not just in the sole

measurement of mortality (Morey et al.| [1992).

Due to difference in analytical tools of use (Data Envelopment analysis, Stochastic
frontier analysis and other methods), methods of measuring quality of care (mortality,
patient safety parameters, readmission rates) and what type of efficiency or output is
estimated (technical efficiency, allocative efficiency, cost efficiency, costs, productivity),
it is difficult to derive an overall conclusion on the existence of correlation between

costs and quality of care in the literature.

[Deily & McKay| (2006) and [Carey & Stefos| (2011) both show findings that their

used quality indicator shows a lower quality to be associated with higher cost or higher

cost inefficiency. On the contrary, (Carey| (2003)) and [Morey et al.| (1992)) display ev-

idence that lower mortality rates, so higher quality, could be associated with higher
costs. These findings are contradictive, and it is unsure to what extend their conclu-
sions could be a result of their methods of use or other limitations like the inability to
test if case-mix adjustments are adequate.

This conclusion is in line with the conclusion from a systematic review by |Husse
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on the evidence of the relationship between cost and quality. They provide
an insightful overview of the studies on the topic, and derive the conclusion that both
positive and negative associations are found, although small. Most studies included in
their review had the hospital level as level of analysis and most studies used outcome
parameters to measure quality. They suggest that follow-up studies focus on what part
of the expenditure is real inefficiency and what part is contributing to quality
2013). However, an important limitation of the study is that they excluded all

studies that used sources from outside of the USA (Hussey et al.,[2013). Therefore, the

evidence they provide is evidence of cost and quality trade-off in the USA healthcare
setting.

There are other studies focusing on other types of efficiency than costs or cost
efficiency, that could possibly provide insight in what way quality of hospital care can
influence technical, scale and allocative efficiency, or vice versa. For example
shows that hospitals operating at a high level of quality of care are more likely

to operate technically efficient than hospitals that operate with a lower quality of care.

More studies support this evidence. |Clement et al.| (2008)) studies technical efficiency

through Data Envelopment Analysis (DEA), including risk-adjusted mortality in the

model. They provide evidence that technical inefficiency is associated with lower

quality. Furthermore, |[Ferrier & Valdmanis| (1996) find evidence that lower mortality

rate is positively related with technical efficiency. In this same study they also find
a negative association between quality and scale as well as allocative efficiency. An
important interpretation from this result is that in order to achieve an increase in

quality, it might be necessarily to trade off quality with the most efficient size and

input mix (Ferrier & Valdmanis), [1996).

[Nayar & Ozcan| (2008) find that there is no difference between calculations of

efficiency and performance in hospitals when including or excluding quality indicators
in the models. They use Data Envelopment Analysis. They use the quality indicators
‘percent of pneumonia patients receiving oxygenation assessment’, ‘initial antibiotic
timing’ and ‘pneumococcal vaccination’. This result could imply that there is no

trade-off between technical efficiency and quality of hospital care (Nayar & Ozcan
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2008).

|Valdmanis et al.|(2008) provides evidence of the association between total efficiency

and patient safety indicators in the hospital setting. Through the DEA method they
derived an input efficiency frontier in which they corrected for patient safety indicators.
Their aim was to find if certain hospital characteristics are associated with inefficiency
and quality. They found that high-quality hospitals tend to be inefficient due to too

high labour inputs, having a slack on personnel. Low-quality hospitals have too low

labour input (Valdmanis et al., [2008). This indicates that input mixes can be changed

in order to decrease inefficiency and increase quality. They also provide evidence that
high quality hospitals seem to have a higher overall efficiency. They conclude that in

policy perspective, higher overall efficiency could be achieved by more efficient use of

resources at hand (Valdmanis et al. [2008]).

In conclusion, evidence on the existence of a cost-quality trade-off is ambiguous.
The evidence of the association between technical efficiency and quality is more con-
sistent. Furthermore, multiple articles state that results might depend on the choice

of method of analytical tool, choice of quality indicator, and whether there was an ad-

equate correction for case-mix (Ferrier & Trivitt], 2013; Nayar & Ozcanl [2008; Morey|

1992)). Also, it appears that most studies have measured a form of a health

outcome parameter to detect the quality of care.

1.2.2 Norwegian literature on cost, cost efficiency and quality

Although there are studies on the efficiency and quality of the hospitals in Nordic
countries over the past years, evidence in the literature on the relationship between
costs and quality in the hospital setting in Norway is ambiguous. Almost all of the
evidence on hospital efficiency in Norway is part of a bigger project called EuroHOPE
which is doing a cross-country comparison in the Nordic countries (Kittelsen et al.

2015} [2018).

A 16-year study of the Norwegian hospital sector shows an increase in productivity

over the period 1999 to 2014 (Anthun et al.,[2017)). They point out that further research

on possible quality changes alongside the productivity change in this period is required
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as quality of healthcare might have changed over time as well.

Multiple studies were conducted on the comparison of cost efficiency between
Nordic countries (Linna et al., 2006} 2010). The only study that addresses the as-
sociation between costs and quality in Norway, tests the hypothesis that difference in
productivity between Nordic countries could be caused by difference in health care
quality (Kittelsen et al., 2015). This study makes use of panel data from 2008 and
2009. Technical productivity is estimated through DEA. They use a secondary re-
gression model to calculate the effect of quality on technical productivity. The study
finds a small but significant, positive relationship between productivity and inpatient
readmissions within 30 days. Assuming that quality is lower if inpatient readmission
within 30 days is higher, this result could indicate a productivity-quality trade-off.
Furthermore, they found a possible sign that higher 30-day mortality could lead to
higher costs, but no significant evidence was found on the existence of a trade-off
between cost and quality (Kittelsen et al., 2015]).

Recently, a master thesis was done on quality and cost trade-off in the Norwegian
hospital setting. In this thesis, data from 2008 to 2014 was used as a pooled data
set, doing a SFA analysis including quality as an outcome variable. The results of
this thesis showed no significant association between costs and emergency readmission
rate and a significant, negative association between costs and 30-day mortality. This
indicates a trade-off between costs and quality between costs and 30-day mortality
rate (Bakke] |2019). However, another important conclusion was that it is possible
that these outcomes could have been found due to arbitrary choice of the analytical
tool and methods. Furthermore, the data on quality that was included was limited
to quality indicators mortality and readmission rates. In addition, the longitudinal
aspect of the data was not respected, and therefore, there could be omitted variable
bias due to confounding of unobserved heterogeneity between hospitals.

There is one recent study on the scale efficiency and quality in Nordic countries.
This study found that costs could possibly be decreased by increasing size of the
hospital while thereby increasing scale efficiency, without trading this off for quality

parameters readmission and mortality rate (Kittelsen et al., |2018).
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A study on comparison of cost efficiency at university hospital level in Nordic
countries tried to find determinants of cost efficiency (Medin et al., [2011). It did
not include quality indicators. They found that important explanatory variables are
geographic location of the hospital and the share of discharges with a high case weight
(Medin et al.l[2011). However, it is concluded that a large share of the variation in cost
efficiency in the university hospital level in this study remains unexplained (Medin et

all, 2OT1).

1.3 Research objective

The major research objective is to expand the evidence on the relationship between
cost and quality in the Norwegian hospital setting beyond what has been done before.
The main research question is what the relationship between costs and quality is, and
if there is a trade-off between cost and quality. The focus of the thesis is on how
quality of health care is related to the total operating costs of hospitals and what part
of the cost can be explained by quality of care provided in a hospital. The hypothesis
is that providing ‘high’ quality of care is associated with higher operating costs. In
conclusion, the focus is on what kind of relationship there is between quality of care
and operating costs in Norwegian hospitals in the period between 2008-2014 and what
quality indicators possibly play a role in this relationship.

Eventually, this could have policy implications for the main focus of the financing
system of the Norwegian hospitals and in what manner cost efficiency and quality of

care in hospitals are defined and rewarded in Norway or other countries.

1.4 Relevance

This introduction has briefly described the context of the financial situation of the
Norwegian health system and the research objective of this study. Norway has a top
ranking on the OECD health expenditure list and there is a prediction by the OECD
that the Norwegian health expenditure as percentage of the GDP will keep increasing

to 2030 (OECD, 2019). Simultaneously, the Norwegian health directorate expresses

10
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their interest to aim for a sustainable health care system in the newest policy report
of January 2020 (Helsedirektoratet), |2020). The relevance of this research is to find
evidence on the correlation between the quality of health care provided by hospitals and
incentives for ‘sustainable healthcare system’ by cost-containment and cost efficiency.

This master thesis is a part of the NFR-financed project ‘The effects of DRG-
based financing on hospital performance: productivity, quality and patient selection’
of which the project leader is Jon Magnussen, NTNU El NFR : 214338. REK midt:
2012/1887. The project is a collaboration between NTNU and Frisch Center. This
thesis is within the project plan section 2.3.1. ‘Multilevel analysis of productivity and
quality’, with prof. dr. Sverre Kittelserﬂ as thesis supervisor.

Furthermore, this project has been granted a NORCHERH student stipend.

2NTNU is the Norwegian University of Science and Technology based in Trondheim, Gjgvik
and Alesund

3Professor II, Avdeling for helseledelse og helsegkonomi (HELED), Institutt for helse og
samfunn, Universitetet i Oslo. Contact: sverre.kittelsen@frisch.uio.no
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Chapter 2 Cost and quality in the Norwegian hospital setting

2 Theoretical Framework

2.1 The quality of health care

The academic conversation about the definition of quality of health care and methods
of measuring quality of health care is ongoing. Given the difficulty of measuring
quality of care and the multidimensional aspects of the topic, the topic is continuously
evolving.

According to the model by Grossman, medical care is not demanded for its own
sake per se. It is demanded by an individual with the purpose to increase health status
(Jacobs et al.| |2006; |Grossman), [1972)). It is important to note that medical care is not
the same as health care. Medical care is the provision of a treatment by a health care
professional and is part of the bigger concept health care. The concept health care
includes, besides medical care, the quality of the service and administration around
the medical care that is provided.

The model on quality of health care by Donabedian describes that quality of health
care can be defined by using a combination of three main pillars: process, structure
and outcome indicators (Donabedian} 1978, |2005)).

The process of health care can be assessed, for example, in patient record analysis
(Donabedianl [1978). This kind of analysis includes a review on the information that
is registered in the patient record care by another health care professional. This type
of peer review is a review of the medical care or service that is provided based on the
available patient information from the patient record. Based on this patient record
administration, another health care professional could assess the quality of care that
this patient has received while he or she was under treatment. This is a very thorough
and time demanding way of analysing health care quality. Even still, this type of
analysis leaves a large part of the performance unexplained. It is concluded that the
process of health care is hard to observe (Donabedian) (1978 |2005). Since you would
have to be an invisible fly on the wall in order to observe process indicators objectively,
it is very resource demanding and technically difficult to execute such an analysis as

a method to measure quality of care in practice (Donabedian [1978)).
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Structural indicators observe a combination of the process and health outcomes,
tracking a patient through a trajectory. Health outcomes are variables that display
part of the effect of the medical care on the health status.

Outcome indicators cover the improvement in health status of an individual as a
result of the treatment. Initially an increase in health status is why health care is
demanded. However, medical care only partly explains a change or a level of health
status, next to the many genetic, social, and environmental factors that influence
health status (Donabedian |1978]). Therefore, it is very hard to explicitly measure the
effect of the treatment on health status without capturing effects of other observed or
unobserved variables of influence.

In the hospital setting in health care it is hard to observe the counterfactual situa-
tion or to establish a counterfactual situation by setting up an randomized controlled
trial. Hence, it is challenging to find the pure effect of medical care on health status
in health care. Even though econometric models are able to correct for genetic, social,
and environmental factors that influence health status, it is difficult to assess whether
this correction is adequate. In conclusion, it is difficult to model an effect of medical
care on health status that only displays the effect of the level of quality of medical
care on health status.

Furthermore, quality of health care is much more than just the effectiveness of a
treatment. Given the practice of evidence-based medicine, we assume that a certain
treatment has the same effectiveness regardless of the personal characteristics of the
physician that performs the treatment (Jacobs et al., 2006). If there are differences in
health outcomes after the same treatment between different physicians or health care
providers, while keeping patient characteristics and other influencing factors constant,
a plausible explanation for this difference could be that there is a difference in the
quality of the treatment between the different providers or a difference in the process
that lead to the diagnosis and treatment (Jacobs et al., 2006). The difference in
quality of treatment can be assessed if there is a adequate correction for the individual
(risk) characteristics of the patient that also influence health status and a proper

correction of the case-mix of the patient group as a whole. If risk adjustment and
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case-mix adjustment is performed adequately, health outcome could be used to assess
difference in quality of health care between different health institutions. Unfortunately,
determining what part of the production process of medical care is leading to the
lower quality is not possible, as more information on the relationship between process,
structure, and outcome measurements of the quality of care is needed. For example:
did a lack of educated health personnel, thus a lack of knowledge and skill, lead to
a series of adverse events for a specific patient group? Then the outcome parameter,
used as quality indicator, would possibly show the effect of a problem with a structural
issue on health status.

In conclusion, it is very difficult to assess to what extent a variation in quality of
care can cause a different outcome in health status and therefore it cannot be assumed
that measures of health outcome cover all aspects of quality of care.

The OECD has defined a set of Quality Indicators (QIs) (Drosler et al., 2009).
These Qls are standardized, evidence-based measures of health care quality that are
used to measure performance and outcomes in the hospital setting. Norway utilizes
a quality indicator system which is based on the OECD quality model: The health
care quality indicator project (Helsedirektoratet] 2018). Their National Quality In-
dicator system includes 100 QIs. In this system, they use two groups that are also
suggested by the quality model by Donabedian; outcome and process indicators. In
addition, they also use patient satisfaction as an indicator. Over the last years they
started the implementation of these QIs in the financial health care system in order to
reward health care institutions for performance and in the future they will continue
to implement this (Helsedirektoratet), |2018)).

The national health authority in Norway is responsible for developing and sus-
taining national quality indicators for health care services. The goal is to make sure
that there is access to health care of high quality (Helsedirektoratet, |2018]). In or-
der to achieve and maintain this goal the quality indicators can be used to compare
health care organizations objectively and incentivize them to improve their health
care service. In the Norwegian system a quality indicator is defined as ”an indirect

measure, a clue that says something about the quality of the area being measured”
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(Helsedirektoratet) 2019b)).
In this study indicators that display health outcome are used to measure quality

of care. The outcome indicators indirectly measure the quality of hospital care.

2.2 Efficiency and costs in health care

Measuring the absolute value of input and output in the health care industry is chal-
lenging (Jacobs et al. [2006). The value of the input can be based on the value of
the purchased inputs (labor, capital). It is, however, more difficult to value the level
of output. Firstly, it can be debated what the health outputs produced are. As dis-
cussed before, health care is demanded for the sake of improvement of an individual’s
health status. Output of a health care organization could be measured in the improved
health outcome. An alternative to using health outcome, could be using the quantity
of different types of activities, since health care organizations do have information
on the quantity of their activities. Unfortunately, these quantitative outputs do not
display information on the quality of health care (Jacobs et al.| 2006). Additionally,
the output still needs to be valued.

The output of a health care organization is not valued by a price that is derived
at the market equilibrium in a free market of supply and demand. The consumer, the
patient, is protected from paying the full price for the health care service by health
insurance or the national health services. In addition, there are more characteristics
of the health care market that would lead to market failure in case of a free market
setting, e.g. information asymmetry, internalities, and externalities. Thus, it is very
challenging to value the outputs that health care organizations produce for several
reasons. Prices of output are not set in a free market equilibrium, and the impact on
health status of the level of output is non-observable. Additionally, there is a great
variation by which a health gain is valued among different individuals.

A solution to valuing output is to benchmark the organizations with each other
within a group of health care providers and/or organizations. You could for example
figure out the best practice that can be observed within the group. The performance

of hospitals within the benchmark group, is valued relatively to the best practice per-
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formance that is observed within the benchmark group. In order to compare different

health care entities and providers, efficiency analysis is used (Jacobs et al) [2006). A

health care organization produces health care and therefore, indirectly, health. But,

how health care and health is produced by this organization exactly, is often unknown,

a so-called ’black box’ (Jacobs et al| [2006). For instance, it is unclear why a certain

level of output is generated from a certain level of input for one organization, while

for another with this same level of input, a different output level is produced (Jacobs
2006).

A production function describes this black box where input turns into output

(Kumbhakar et al [2015). Productivity is defined as ‘the ratio of all valued outputs

that an organization produces to all inputs used in the production process’
. In order to describe and benchmark the relationship between cost and
quality we also need to involve technological innovation and cost efficiency. When ac-
tual cost of production exceed the minimum necessary costs to produce the maximum

achievable value of output, the organization is considered to be operating cost ineffi-

cient (Kumbhakar et al) [2015). When the level of output is lower than the highest

possible output or when the level of input is higher than the minimum necessary input,

an organization operates technically inefficient(Kumbhakar et al., 2015).

Output oriented technical efficiency (T Eoo) is the ratio of attained output with a
given input to the best technically, highest possible output with a given input. Input

oriented technical efficiency (T'Ero) is the ratio of attained input with a given output

to the best technically, lowest possible input given output (Jacobs et all[2006). In this

case T E1o could be greater than one. There is an ongoing debate whether it is sensible
to estimate an efficiency score of more than 100%. In order for efficiency scores to be
between zero and one, one could take the inverse of the ratio of attained input with
a given output to the best technically and lowest possible input given output. Using
the inverse calculation of input oriented technical efficiency (T'Ero) would be a more
logical calculation.

In case technical and cost efficiency do not coincide, this can be explained by the

existence of allocative inefficiency. When the value of the used combination of inputs is
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higher than minimum necessary value of a combination of inputs given that technical
efficiency is in place, an organization operates allocatively inefficient (Kumbhakar et
al.}|2015)). Technical efficiency coincides with cost efficiency when there is no allocative
inefficiency. The level of cost efficiency will be between zero and one, where an organi-
zation with an efficiency score of one operates fully cost efficient. Organizations with
an efficiency score close to one are considered efficient. Efficiency and productivity in
practice is often depending on the scale of productivity that an organization operates
on. This is called economies of scale(Jacobs et al.l |2006]). The difference in economies
of scale between organizations within a group that is compared with each other, might
be a confounding factor in a cost efficiency analysis. In order to calculate cost effi-
ciency, a cost function needs to be estimated first. If a cost function is estimated, the
cost inefficiency can be defined as ‘the extent to which the costs of an organization
exceed the predicted costs by the cost function’ (Jacobs et al., [2006)).

There are two main type of models that can be used to estimate cost efficiency for
(health care) organizations: parametric and non-parametric models. Which method
is used depends on the relationship between input and output, what amount of input
and output variables need to be estimated simultaneously, and whether the researcher
needs to take random error from input or output variables into account. Section 4.1.1.
'SFA and DEA’ elaborates more extensively on the differences between the two types
of analysis and compares strengths and weaknesses of both methods.

Before deciding whether to use a non-parametric model or a parametric model,
the possible relationship between cost and quality is studied first. Depending on what
relationship is expected between cost and quality, a model is chosen that will fit the

expected relationship between the variables of interest best.

2.3 Cost and Quality

As discussed in the introduction section, literature on cost and quality relationship in
health care is ambiguous. However, there are a some theoretical frameworks deduced
from empirical literature. Considering mortality and readmission rates as quality

indicators, it appears that the relationship between cost and the quality indicators is
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complex (Fleming, 1991). Fleming finds a cubic relationship between quality and cost
where at very low levels of quality, a positive relationship between cost and quality is
found. In other words, quality increases when costs increase. But, at some point the
positive sign of the derivative changes to a negative sign. There, the marginal costs
are negative. Marginal costs in this case are the change in total costs in case of a
one unit increase of quality. Fleming calls the area of the curve where the derivative
and thus marginal costs are negative, the region of marginal savings [1991)).
At the highest levels of quality, the derivative sign of the cost function to quality
changes again to positive. So, for the highest level of quality, the marginal costs of one
extra level of quality of care are positive again . Fleming comments
on the negative cost/quality relationship by introducing the concept of ’learning by
experience’. More volume could lead to more cost efficiency since they learn to work

with less mistakes and more precise for each case (Fleming) [1991). The “learning by

experience” increases the ability to decide on the most cost efficient production of
health care [1991)). Decreasing costs could improve quality in this way. A
positive relationship between cost and quality is explained by the expectation that
decreasing costs does not only cuts unnecessary costs of the production of health

care (Fleming} [1991). However, Fleming does not describe a full hypothesis on the

underlying mechanism of the cubic relationship. Figure (a) displays the result of the
relationship between quality and cost from (1991). Area C is the so-called

area of marginal savings.

Additional to Fleming’s relatively old article (1991), the theory of a U-shaped

relationship has come up in the more recent Nordic literature (Hvenegaard et all

2011). In the study they focus on the relationship between cost and quality in hospital
departments and whether implementation of quality indicators changes the ranking in

benchmarking departments. The U-shaped relationship is theorized, but not proven

by [Hvenegaard et al| (2011). This theory on the cost quality relationship suggests

that dependent on the level of quality, there are positive or negative marginal costs
for the one unit increase of quality. The theory is based on the hypotheses that

adverse health events due to worse quality of care can be correlated with higher costs
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Figure 1: Cost/Quality relationship

while at the same time investment in quality of care, i.e. prevention of adverse health
events can be correlated with higher costs. Then, costs due to adverse health events
decrease if quality improves, and costs of prevention of adverse events increase in
order for quality to improve (See Figure [I}(b)). If the marginal costs are positive,

cost and quality are positively correlated. This indicates a cost/quality trade-off. The

theoretical framework from [Hvenegaard et al| (2011) is illustrated in figure [T}(b).

Based on these theoretical frameworks there is no reason to expect a constant

trade-off between cost and quality. The theory indicates that the relationship between
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cost and quality is complex and U-shaped or cubic. In order to analyze the relationship
between cost and quality adequately, the method of use needs to allow for changing
marginal costs or trade-offs at different levels of quality. Therefore, a flexible functional

form should be considered.
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3 Data

This study uses two different sources of data. The first source is patient level data

and the second source is data at the hospital level.

3.1 Patient level data

The patient-level data is derived from the Norwegian Patient Registry. The available
patient-level data from this registry for this study is data from 2008 to 2014. It includes
39,930,986 units of observations of hospital admissions in 22 hospitals in the years 2008
to 2014. It includes in- and out- patient hospital care.

Patient characteristics recorded in the data are age, sex, and region of residence.

Information on the treatment or so-called ‘episode’ includes referral date, admission
and discharge date and time, to which hospital they are admitted, where they come
from before admittance (home, nursing home, other hospital), with what urgency they
are admitted to the hospital, and at what level they are treated.

For every admission, the classification of the ‘episode’ that caused the patient to
be in contact with the health care provider, is registered. There is information on
the primary diagnosis, secondary diagnosis and the DRG-group of both primary and
secondary diagnosis. DRG in this database is the Nordic DRqa ICD-10, the 10th
revision of the International Statistical Classification of Diseases and Related Health
Problems from the WHO, is also reported (World Health Organization, |2004)).

Date of death is registered in this database. Out-of-hospital death is registered in
the national population registry, which is automatically linked to the national patient
registry.

From the above described information, additional information on episodes and
quality indicators is calculated (length of stay, Charlson index, number of secondary
diagnosis, readmission rate, referral time, mortality rate, patient safety indicators).

The codes for the calculations of these indicators are developed by the EuroHOPE

5The Nordig DRG is defined by the Nordic Casemix Center in Finland. They are
responsible for the definitions and updates of the DRG grouping for the Nordic DRG
and the national DRG systems of each of the Nordic countries. More information:
http://www.nordcase.org/eng/
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Table 1: Patient safety indicators

(Anthun et al.|[2012)

Patient safety indicator OECD PSI Code
Pulmonary embolism, deep vein thrombosis OECD PSI-12
Sepsis OECD PSI-13
Accidental cut, puncture or haemorrhage during medical care OECD PSI-15
Obstetric trauma OECD PSI-18

Bed sores N.A.

project (Anthun et al.l 2012)).

3.1.1 Quality indicators

Based on the information from the patient-level data, quality indicators for each hospi-
tal are calculated. Quality indicators that are derived from the data available are out
of hospital mortality within 30, 90, 180 and 365 days after last admission, emergency
readmission rate within 30 days after discharge, several patient safety indicators, and
referral time. Referral time is not used in this study.

Patient safety indicators are calculated based on the ICD-10. The way that they
are defined and calculated is taken over from the EuroHOPE project (Anthun et
al., [2012). They correspond to the patient safety indicators (PSIs) defined in OECD
Health Care Quality Indicator data collection (Drosler et al.,|2009). The PSIs that are
calculated are shown in table [} There is one PSI that is not defined by the OECD,
but is used in this research: Bed sores. This quality indicator is also defined and

calculated by the EuroHOPE project (Anthun et al.l 2012).

3.2 Hospital level data

Hospital level data includes cost data and quantitative output data. The hospital costs
reported in this database are operating costs, including all production-related costs in
a hospital. Capital, teaching, and research costs are excluded from the operating costs
(Anthun et al., |2012). The cost data is derived from the data called ‘SAMDATA’.

This is a data base for somatic care from the Norwegian Ministry of Health ‘helsedi-

22



Chapter 3 Cost and quality in the Norwegian hospital setting

rektoratet’. There is no information on input prices. The cost data available is overall
operating costs. The database includes information on the total number of patients
and total number of DRG-points per group in every hospital. In table [12|in appendix

[A] the 22 Norwegian hospitals that are included in the data, are summed.

3.3 Ethical implications

For the use and aggregation of the patient level data from the Norwegian Patient

Registry, ethical permission was granted by REK El

SREK is the regional committee for medical and health reseach ethics.
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4 Method

4.1 Efficiency analysis

The following section describes the method used to research the relationship between
quality of care and operating costs in Norwegian hospitals in the period from 2008 to
2014 and what quality indicators possibly play a role. In the health care setting, cost
function and efficiency estimation can be done in different ways. What method fits
best to the research objective and data of use, is discussed in this chapter. The unit of
analysis of this study is Norwegian hospitals. The hospitals are the decision-making
units of interested. They are considered to have the same function, namely producing
medical care. This study operates in the Norwegian hospital setting in which the

hospitals are considered comparable.

4.1.1 SFA and DEA

There are two major analytical tools available to estimate efficiency and benchmark dif-
ferent organizations with each other: Data envelopment analysis (DEA) and Stochastic
frontier analysis (SFA)(Jacobs et al., 2006). SFA utilizes a parametric model to es-
timate a production or a cost function(Jacobs et al., 2006). This production or cost
function includes an error term that is expected to consist of both idiosyncratic error
and inefficiency(Jacobs et al.| 2006)). Therefore, any deviation of an observation from
the best practice on the frontier could be explained by both random noise and ineffi-
ciency. Since SFA makes use of a parametric model, an assumption has to be made on
the functional form. Additionally, an assumption has to be made on the distribution
of the error term, random noise and inefficiency term. The functional form puts a
restriction on the estimates and what can be tested.

This would be a main argument to switch to the other method of analysis: Data
Envelopment analysis (DEA)(Jacobs et al., 2006). DEA is a non-parametric model.
In DEA it is assumed that all deviations from the frontier are solely caused by in-
efficiency(Jacobs et al., [2006)). It is assumed that measurements are done without

idiosyncratic error, and therefore there is no possibility to accept noise in the mea-
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surements. Statistical tools are difficult to use in DEA(Jacobs et al.l |2006). While
parametric models directly estimate the cost function, the non-parametric model es-
timates the efficiency scores (Jacobs et al., |2006). This makes it easier to directly
estimate individual efficiencies using the non-parametric model, while in parametric
models individual efficiencies are calculated after the estimation of the parameters of
the cost or production function.

The data consists of objective measurements of operating costs of hospitals, DRG-
points and health outcomes. In general, the most used method in the healthcare
sector is the DEA since in this method it is assumed that observations are done
without random error. The measurement of quality, however, is considered to be done
with error. Therefore, observation of quality might need allowance for random noise.
Furthermore, there are theories on the association between cost and quality that show
a cubic or U-shaped relationship between cost and quality (Hvenegaard et al., |2011}
Fleming] {1991). This type of relationship could be fitted by a logarithmic model with
quadratic terms of quality indicators, or a transcendental logarithmic model. Lastly
and most importantly, DEA does not allow for situations where estimation of the
qualitative and quantitative aspects is done simultaneously. It is not impossible and
could be done by applying multiple bootstrap methods, but it is difficult. It is done
by [Simar & Wilson| (2000). They describe a bootstrap method for non-parametric
models.

The above discussed arguments would justify to use SFA as method of analysis to
estimate the hospital cost function with quantitative and qualitative output and cost

efficiency.

4.1.2 Cost function

A cost function is estimated. A cost function is a function of output of the decision-

making unit of interest and input prices. This could for example be written as

C=f(,P), 1)
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(Jacobs et al., [2006).

where C' is operating costs and f is the functional form of the cost function. Y is a

vector of hospital output and P is a vector of input prices, which could for example

consist of wages and rent (Jacobs et al., [2006). What functional form f will have is

an arbitrary decision.

The cost function has several important properties (Coelli et all 2005)). Firstly,

non-negativity of the dependent variable (Coelli et al.,2005). Secondly, it is assumed

that if the level of the independent variable input price increases, the level of the de-

pendent variable costs shall not decrease (Coelli et al., 2005). This is also assumed for

the other independent variable output. If the level of the independent variable hospital
output increases, the level of the dependent variable costs shall not decrease(Coelli et

2005). Next, homogeneity in price on cost is assumed(Coelli et al., [2005). Lastly,

it is assumed that the cost function is concave on the independent variable input price

(Coelli et all [2005).

The application of the cost function in this thesis does not include the explanatory
variable input prices because there is no information available on wages or rent. Section

4.4. ’Variables’ includes more information on the explanatory variables of use.
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The cost function could be written as

C=fY), (2)

where Y is a vector of quantitative hospital output k (j = 1,..k) for each observation
n (¢ =1,..n). Including qualitative output in the cost function, the function could be

written as

C=f(Y,Q), ®3)

where Q is a vector of qualitative hospital output k (g = 1, ..k) for each observation n
(i =1,..n). The cost function has a certain functional form f. Applying Cobb-Douglas

as a functional form transforms the cost function into

C=aY?Q", (4)

which is to be estimated as

InC=a+BnY +vyInQ + (u+v) (5)

(Jacobs et al.| [2006).
where (u + v) is the error term ¢ which consists of w inefficiency and v idiosyncratic
error. B and ~y are vectors.

In case of heteroscedasticity of one or more of the variables, transforming the
function into logarithmic function normalizes the distribution of the variance of the
residuals and hereby solves the heteroscedasticity problem (Jacobs et al., 2006). Con-
sidering the theoretical framework on the U-shaped relationship between cost and
quality as described in section 2.3 ’Cost and Quality’, a flexible functional form needs
to be considered to analyze the association correctly. Transcendental logarithmic is the
most used flexible form in empirical research (Greene, 2018). Transforming the cost

function including both quantitative and qualitative output into a translog function
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leads to the following equation:
mC:a+ﬂme+7ﬂnQ+%Qﬂan+%&ﬂan+MﬂYhQ+a ©6)

An important limitation of the use of a translog function is that the degrees of freedom
decline with the number of parameters added to the function (Jacobs et al.l 2006}
Kumbhakar et al.||2015]). Therefore, in case of a data set with a relatively small number
of observations, instead of fully transforming the cost function into a transcendental
logarithmic function, quadratic terms are added for the quality indicators in order to
allow the cost function to be flexible in quality.

Transforming the Cobb-Douglas cost function into a cost function including quadratic

terms for the qualitative variables, leads to the following equation:
nC=a+BmY +4ynQ+d(InQ)* +¢ (7)

Again, 3 and ~ are vectors. Also, § is the vector of the coefficient of the quadratic
terms of the qualitative variables. If 6 < 0 the the cost function is concave while if
6 > 0 the cost function is convex in Q.

In this SFA cost function model € = u + v is the error term, consisting of u ineffi-
ciency and v idiosyncratic error. The value of the (full) error term is estimated through
SFA. The value of the inefficiency term can be derived by making an assumption on
the distribution of the error term and the distribution of the idiosyncratic error term.
The standard assumption would be that the idiosyncratic error term v is normally
distributed with v; ~ N(0,07).

The literature describes at least four different assumptions on the distributional
properties of the inefficiency term u: half-normal, truncated normal, exponential and
gamma (Jacobs et al., [2006). In this thesis the inefficiency term is assumed to be
half-normal distributed. This is the underlying assumption in the coding of use. In
addition, the ’true fixed effects’ method by |Greene| (2004)) assumes a half-normal dis-
tribution of the inefficiency term. The true fixed effects method is discussed in the

next section (see 4.1.3 ’Respecting the longitudinal aspect of the data’). Assuming a
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half-normal distribution of the inefficiency term, the expected value of inefficiency of

each individual unit of analysis can be calculated as:

’lli = E(U‘Ei) = m

o\ V(E:ﬁ) m} ®

(Jacobs et al.l [2006])

2

where 0% = 02 4+ 02, A = ‘;—L‘ and if A > 0 there is inefficiency in the error term. ¢(.) is

the probability density function and ®(.) displays the cumulative distribution function

of the standard normal distribution (Jacobs et al., 2006).

In order to calculate the individual cost efficiency (CE) scores for the Cobb-Douglas

cost function, the following equation is used:

CE; = exp(u;) (9)

(Jacobs et al.| [2006)

In order to estimate consistent coefficients several assumptions are made. Firstly,
variables are exogenous under E(v|Q,Y) = 0. The expected value of the idiosyncratic
error term v is zero considering the explanatory variables () and Y .
It is highly debatable if this assumption will stand in this context, because it is likely
that organizations try to influence their efficiency by changing their inputs
. Secondly, the inefficiency term w is assumed to be distributed half-normal,
as described above. Both of these assumptions are restrictive and have to be true
in order to derive consistent coefficients and an adequately estimated efficiency term.
Part of these restrictive assumptions can be dropped when applying a method in which

the longitudinal aspect of the data is respected, a panel data method. (Jacobs et al.

2006)).

4.1.3 Respecting the longitudinal aspect of the data

Panel data can be used to understand what distributional assumption on the ineffi-

ciency term fits the real data best (Jacobs et all [2006). Furthermore, when applying

a fixed effects method, you can allow the error term to be correlated with explana-
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tory variables and still be able to estimate a consistent coefficient (Jacobs et al. 2006}

|Greene| 2018} Wooldridgel 2013). Also, inadequate correction for (unobserved) con-

founders could lead to omitted variable bias in the estimated coefficients and in the
inefficiency term of a pooled analysis of the panel data. Therefore, the most important
advantage of panel data methods is the ability to adjust for time invariant unobserved
heterogeneity between units of observation, i.e. the unobserved differences between

hospitals that are constant over time. There has been an evolution of use different

panel data models concerning different aspects over time (Jacobs et al.l [2006; |Greene,

[2004)). |Greene| (2004) showed that the ’fixed effects’” methods in SFA by [Schmidt &

[Sickles| (1984) and (Cornwell et al.| (1990) cannot differentiate between (unobserved)

heterogeneity between units of analysis and inefficiency. In the models by

|& Sickles| (1984) and |Cornwell et al| (1990) inefficiency is assumed to be time in-

variant. Therefore, the inefficiency term captures both unobserved heterogeneity and
inefficiency. concluded that rankings that were derived based on these
'fixed effects’” methods were wrong for they were based on inefficiency scores that also
captured effects of unobserved heterogeneity between units of analysis. The use of
an improved fixed effects panel data model for a cost function in SFA that can dis-

tinguish between unobserved heterogeneity and inefficiency, is explored in this thesis.

This method is called the true fixed effects model’ (Greene, 2004} 2005alb). The "True

fixed effects’-model is written as:

Cit = o + B + wir + vie, (10)

(Greené}, [2004] [2005alb)

where 3 is a vector and it is assumed that:
o corr(@it, uit, Vit) = 0;
o Ui ~ N(O,O’Z-Q);
e u; ~ |N(0O, of)| from which u;; > 0 follows;
(20053).

The inefficiency term is assumed to be time variant. v;; is normally distributed, w;¢
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is half normally distributed and the explanatory variables, idiosyncratic noise and
inefficiency term are uncorrelated.

In the true fixed effects model inefficiency is assumed to be time varying (ust)
and «; captures the time invariant unobserved heterogeneity between units of analysis
(Greene [2004).

It is favoured to use the true fixed effects model if it is assumed that there is little
to no variation of the unobserved heterogeneity within units of observation, and most
unobserved heterogeneity is between units and constant over time .
This is a strong assumption on the variation of unobserved heterogeneity. The true
fixed effects method that allows inefficiency to be time variant is favoured because
there is a reasonable chance that the assumed to be time invariant inefficiency term of
the alternative models will include the effects time invariant unobserved heterogene-
ity (Creend 0053).

An important observation that is necessary to be able to apply a fixed effects
method, is that there should be change in levels in the variables over time within
units. When there is lack of change within hospitals over time this could lead to
biased results and would plead for not using a fixed effects method
2006)).

There are pitfalls in the 'true’ fixed effects model by Greene et al.. Firstly there
can be an incidental parameter problem when making use of non-linear models with
a small number of periods and a large number of parameters . Sec-
ondly, there is a risk of creating an over specified model. If inefficiency does not
vary over time, the inefficiency will be captured in the time constant «; that cap-
tures the hospital specific effect. This leads to an underestimation of the inefficiency
term. This is in contrast with other fixed effects panel models in SFA that are more
likely to overestimate it . The fixed effects method is more likely to
overestimate the inefficiency term because unobserved heterogeneity will captured in
the inefficiency term since both are assumed to be constant over time .
While the true fixed effects method is more likely underestimate the inefficiency term

because time invariant inefficiency will be split from the time varying inefficiency term
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(Greene, 2004). In the true fixed effects method time invariant inefficiency will be in-
cluded in the time invariant constant or dummy variables capturing the time constant
unobserved heterogeneity.

The risk over underestimation of the inefficiency term by splitting time invariant
heterogeneity from inefficiency, is preferred over not recognizing the time invariant

heterogeneity at all (Greenel [2004]).

4.2 Environmental influences

There are several options to correct for environmental influences that affect operat-
ing costs of hospitals from the patient level. Environmental influences need to be
corrected otherwise the estimated coefficients of the explanatory variables of interest
might (partly) capture effects that are caused by differences in environmental influ-
ences like for example patient case-mix. Correcting for environmental influences or
other observable confounding factors can be done in three ways (Jacobs et al., [2006)).

It can be handled by grouping the units of analysis into groups that are known to
have almost similar environments (Jacobs et al., 2006). Also, a model can be made
which puts constraints into the model. This means that observable confounding factors
are included in the model as explanatory variables (Jacobs et al., [2006)).

At last, the data can be prepared before running the model. This preparation
of the data consists of adjusting the data on the different observable confounding
environmental influences, before using it in the efficiency analysis.

In this study the case-mix adjustments on the patient level are done before running
the model. This method is often concluded to be the most sensible approach to
deal with observable heterogeneity caused by environmental influences (Jacobs et al.)
2006)). Furthermore, the method was proposed in previous Nordic literature on cost

and quality in the hospital setting (Kittelsen et al.l [2015]).

4.2.1 Case-mix adjustments at the patient level

Correction for environmental influences on quality indicators is necessary. Correction

for environmental influences on output DRG-points is not necessary as it is already
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Table 2: Case-mix adjustment variables.

(Kittelsen et al.|[2015)

Variable name Variable Definition
Diagnose related group,
DRG groups DRG Nordic DRG.
Agegrp* Age dummies for groups: 0, 1-9,

10-19, 20-29, 30-39, 40-49, 50-59,

Patient characteristics 60-69, 70-79, 80-89, 90+

Male Sex: male =1, female=0

TransInOwnhospital Dummies for transfer into
TransOutOwnHospital and/or out of the hospital
TransInOtherHospital department after stay
TransOutOtherHospital

Charlson Charlson index
NumSecDiagnoses Number of secondary diagnoses

Treatment Variables

partly inserted in the calculation of the weighted DRG points by the Nordic DRG
system. The case-mix adjustments on the quality indicators in this research follow a
method proposed by (Kittelsen et al., 2015). In their article they follow |Ash et al.
(2003)) by calculating the observed-to-expected ratio of the quality indicators. The
expected value is calculated in a case-mix adjustment model including different envi-
ronmental influences that need to be adjusted for. The case-mix adjusting model cor-
rects for differences in composition of DRG between hospitals, patient characteristics
and treatment variables. Patient characteristics included are sex and age. Treatment
variables included are dummies for transfer into and/or out of the hospital department
after stay, Charlson index and the number of secondary diagnoses. These variables
indicate the severity of disease. In Kittelsen et al.|(2015) there are in total five case-
mix adjustment models discussed. However, in their study model 2 including DRG,
patient characteristics and treatment variables is tested to achieve the best possible
case-mix adjustment of all models discussed. Therefore, in this thesis it is decided to
use this model as case-mix adjustment model. The case-mix adjustment variables are
shown in table 2

The observed-to-expected ratio is a ratio of the sum of all observed health outcomes
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in a certain hospital in all patients in all DRG groups and the sum of all expected
health outcomes in a certain hospital in all patients in all DRG groups (Kittelsen et
2015)). The observed-to-expected ratio is called performance indicator and can be

written like this:
_ 25:1 ZZI_\’:;le Wihk

Ph - K N N )
Dok 2t Wink

(11)

(Kittelsen et al.| [2015)

where k is DRG k € (1,...,K) and h is hospital h € (1,..., H). Np is the number
of patients in DRG k in hospital h. wini is the observed value of the quality indicator
for patient ¢ in hospital h in DRG group k. @;nk is the expected value of the quality
indicator for this same patient ¢ in hospital h in DRG group k. The time dimension
of the data is ignored in the case-mix adjustments.

Wink is predicted in two ways. For the part of the model that corrects for differences
in composition of DRG between hospitals Wi is predicted by dividing the observed
value of quality indicator within each DRG groups with the total patients within this
DRG group, resulting in the average value of quality indicator within each DRG group.

This can be written as: N
H gk |
2921 Zj:l Wigk

Wink = 7
Zg:l Nk

(12)

(Kittelsen et al.| [2015)

The expected value of the quality indicator for patient and treatment variables is
predicted using a logit model since all quality indicators are binominal variables. As

performed in Kittelsen et al. (2015) not all explanatory variables in the model have

the same impact in all DRG groups (Kittelsen et al.| [2015). Therefore, for each DRG

k the expected value of predicted health outcome is estimated with the maximum
likelihood estimation of a logit model where w;pi is the value of the quality indicator

for patient i at hospital h in DRG group k. Within this logit model that is written as:

ePoktBrZinkTeink

Wihk = 1 — eBoktBrzinkteink’ (13)

(Kittelsen et al.| [2015)

wink is predicted by setting the error term € = 0 and using the estimated Sor and 3,
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that are coefficients specific to each DRG k. z;nk is the vector for case-mix variables
that are individual specific. €;nk is an error term. The distribution of the error term
is assumed to be normal (Kittelsen et al.| 2015)). The expected values of the health
outcomes have to be predicted first in order to be able to estimate the performance in-
dicator for each hospital for each case-mix adjustment model. As all quality indicators
are based on adverse health events or negative health outcomes, they are considered
to display a lower quality of care when the values of these indicators are higher. So
performance indicator P} is interpreted to display a lower quality of care when its
value is higher (Kittelsen et al.,|2015)). For example: If the observed mortality rate in
a hospital is higher than the expected mortality rate in this same hospital, the P, for
that hospital will be higher. This relative higher observed mortality rate leads to a
higher P, for mortality rate in that hospital. In this case a higher P}, displays a lower

quality of care

4.3 Stata

Stata version 16.0 was used to run the SFA. Furthermore, a package of codes from

Kumbhakar et al.| (2015) was used to be able to run the SFA panel data models.

4.4 Variables

Table[3] Description of quality variables’ describes the quality variables before case-mix
adjustment. Table [4] ’'Description of variables’ describes the dependent and indepen-
dent variables that are included in the analysis.

The explanatory variables that are included are quantitative hospital output, de-
fined by DRG-points. The hospital output is defined by different quantitative output
variables based on DRG-points of four patient categories: elective patients, emergency
patients, day patients and polyclinic (outpatient) patients. Elective and emergency
patients stay at least one night in the hospital. In addition to quantitative output,
qualitative hospital output is included in the model. Qualitative output included are

case-mix adjusted mortality rate within 90 days after last admittance, case-mix ad-
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Table 3: Description of quality variables

Variable description Variable name Variable definition
Health outcomes as Readmission readm.30_cmec Emergency readmission
quality indicators ~ou-emg within 30 days after discharge.
mort30last All-cause out of hospital
PR mort90last mortality.
Mortality mort180last Dummies for 30, 90, 180
mort365last and 365 days after admission.
PSI12vt_pe
PSI13sepsis
Patient Safety Indicators PSI15ac_punc Table 1 Patient safety indicators.
PSI18ob_trau
Bed_sores

justed readmission rate within 30 days and case-mix adjusted patient safety indicators
(see section 'Quality indicators’).

To overcome collinearity problems only one of the mortality indicators is included
in the analysis. The decision on which mortality variable to include in the analysis is
based on a trade-off between the size of overlap between the mortality variable and the
emergency readmission within 30 days and the certainty that the quality of care of the
last admittance was of influence on the occurrence of the adverse health event death.
One could theorize that the longer the adverse health event happened after the last
admittance, the lower the probability that the quality of care of the last admittance
was of influence on the occurrence of the adverse health event. 90-day mortality is less
likely to partly overlap information with within 30 days emergency readmission than
30-day mortality. Moreover, mortality within 90 days has a lower probability that the
death was influenced by anything other than the health care provided during the last
admittance than within 180 and 365 days mortality. So, it is decided to include the
performance indicator of mortality within 90 days after last admittance as qualitative

variables of the mortality indicators.
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Table 4: Description of variables of use.

Variable description

Variable name

Variable Definition

Dependent
variable

Operating costs

In_kost

Natural logarithmic
transformed operating
costs of hospitals in
kNOK, already deflated

Quantitative
explanatory
variables

DRG points
daypatients

In_v_dagb

Natural logarithmic
transformed DRG
points for patients with
day treatment without
overnight stay

DRG points

polyclinic patients (outpatient clinic)

In_v_polk

Natural logarithmic
transformed DRG

points for patients
receiving health care
treatment at the polyclinic

DRG points
emergency patients

In_v_emrg

Natural logarithmic
transformed DRG
points for emergency
patients

DRG points
elective patients

In_v_elective

Natural logarithmic
transformed DRG
points for elective
patients

Qualitative
explanatory
variables

Readmission

perf_u2_readm30_emgc

Performance indicator
for acute readmission
to hospital within 30
days after discharge

Mortality

perf_u2_mort30last
perf_u2_mort90last
perf_u2_mort180last
perf_u2_mort365last

Performance indicator
for out of hospital
mortality from any
cause. Dummies for

30, 90, 180 and 365 days
after discharge

Patient Safety
Indicators

perf_u2_PSI12vt_pe
perf_u2_PSI13sepsis
perf_u2_psil5ac_punc
perf_u2_psil8ob_trau
perf_u2_bed_sores

Performance indicator

for patient safety indicators
as defined by OECD.

See Table 1 Patient

safety indicators.
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4.5 Stochastic frontier models of use

The cost function is estimated through several different Stochastic Frontier models.
These models will be discussed in this subsection. Model A is a pooled or cross-section
estimation of a Cobb-Douglas cost function with only quantitative output. Model B
is a pooled estimation of a Cobb-Douglas cost function with both quantitative and
qualitative output. Model F is a pooled estimation of a flexible model B including
quadratic terms for the qualitative variables. Models C are the panel data models.
Model C4 and Cg are, respectively, a true fixed effects estimation of a Cobb-Douglas
Cost function with only quantitative output and a true fixed effects estimation of a
Cobb-Douglas cost function with both quantitative and qualitative output. Model
Cr is the true fixed effects of the flexible model B including quadratic terms for the
qualitative variables. All models C are estimated by a dummy estimation method of
the true fixed effects model, following [Kumbhakar et al.| (2015]).

A general note on the case-mix adjusted qualitative variables is that they are not
transformed into their natural logarithmic forms. This would not make a difference as
their levels are close to one and deviating around one.

An overview of the models can be found in table [Fl

MODEL A - QUANTITATIVE OUTPUT

In Costiy = ap + BIn DRG: + (wit + vit) (14)

MODEL B - QUANTITATIVE AND QUALITATIVE OUTPUT

InCostit = ap + BIn DRG: + YPI,, + (uit + vit) (15)

MODEL F - FLEXIBLE MODEL

InCostiy = ap + BIn DRG,, + vPI,, + tS(PIit)2 + (it + vit) (16)
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In model A, B and F the panel data set is analyzed as if it is a cross sectional data
set. So, time dimension ¢ is suppressed.

MODEL C - TRUE FIXED EFFECTS MODEL

Model Cx
InCostiy = Bln DRG s + o + (Wit + Vit) (17)

Model Cp
InCostiy = BIn DRGy: + YPI,, + a; + (uir + vit) (18)

Model Cr
InCostiy = BIn DRG it + yPI;: + 5(P1it)2 + i + (uit + vit) (19)

True fixed effects model C is estimated by inserting dummies for every unit. This can
be written down as:
Model Cx

InCostit = a; * D; + BIn DRG it + (uit + vit) (20)

and Model Cp

In COStit = ; * Di =+ ﬂhl DRGu + "}’PI“ + (uit + Vit), (21)

Model Cr

InCostiy = o % D; + BIn DRGy; + YPI + 6(PIt)? + (wi + vir) (22)

For all equations:
e In Cost;; is the natural logarithm of the operating costs of hospital ¢ in time ¢;

e hospital i = 1,...22n;
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e DRG;; is the vector of the quantitative variables defined by DRG-points per

DRG-group (DRG) d = 1,..4m for each hospital ¢ in time ¢;

e P11, is the vector of the qualitative variables defined by performance indicators

(PI) of the quality variables p = 1,...7¢ for each hospital ¢ in time ¢;

e 3 is the vector of coefficients of quantitative variables d. = is the vector of
coefficients of qualitative variables p and § is the vector of coefficients of the

quadratic terms of the qualitative variables p;

e D, is the dummy variable for hospital i. D; = D1, ...D22 are all dummy variables

for the hospitals in the data;
e «; is the time constant unobserved heterogeneity of each hospital i;

e and timet =1,...77T.

Table 5: Overview of stochastic frontier models of use.

Cross section models Model A InCostiy = ap+ B In DRG ¢ + (wir + vit)
(Panel data treated as cross sectional ~Model B InCostyy = ap + BIn DRG, + yPI;; + (ui + (vit)

data, t suppressed) Model F InCostyy = ag + Bln DRGY; + YPI; + 6(PI;)? + (ui + vit)

Panel models Model Cy  InCostyy = BIn DRG + o + (wir + vit)
Model Cp  InCostyy = BIn DRG + YPI;, + o + (wir + vit)

Model Cr  InCost;; = BIn DRG it +~PI;; + 6(PI;it)? + a; + (uir + vig)
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5 Results

5.1 Descriptive statistics

The data contains 39,930,986 observed patient hospital admissions E]that are collected
from 22 different hospitals over a period of 7 years from 2008 to 2014 (Table @ The
unit of observation in the cost analysis is a hospital. The total number of observations
over 7 years is 151. 22 unique hospital units observed over 7 years would lead to a
balanced panel of 154 hospital observations. However, this is an unbalanced panel

data set for there are 3 missing hospital observations ﬂ

Table 6: Overview of observations in data

Number of hospitals 22

Total number of patient observations | 39,930,986
Number of years 7

Number of hospital observations 151

Table[7]summarizes the data on cost, quantitative and qualitative output variables.
Costs are reported in kNOKﬂ Mean operating costs per unit of observation (hospitals)
are ca. three billion NOK or 300 million euro E The range of operating costs goes
from a hospital with a minimum value of operating costs of 589 million NOK to a
hospital with a maximum value of operating costs of 14.3 billion NOK. This is a
difference of over 13 billion NOK between the lowest and highest observed value of
operating costs in the data (Table. The mean number of DRG-points of emergency,
elective, day and polyclinic patients are respectively 26,501, 16,668, 3,681 and 9,108
DRG-points.

The scatter plot of operating costs and either one of the DRG-points variable (the
number of DRG-points of emergency, elective, day and polyclinic patients) shows het-

eroscedasticity (Appendix@. In order to deal with the heteroscedasticity, the variables

"This is the number of patient observations from the patient level data. The number of
patient observations from the hospital level cost data is 39,700,334. The origin of the difference
in this counting is unknown. A possible explanation is difference or bias in registration.

8There are two observations unmatched in the year 2008 and there is 1 observation un-
matched in the year 2010. These observations had to be deleted from the data set manually
due to uncertainty in fit of the match in the merging process of the patient level and hospital
level data

9NOK is Norwegian Krone and 1 kNOK = 1000 NOK

107 euro =~ 10 NOK
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are transformed to the natural logarithm of operating costs and the natural logarithm
of number of DRG-points of emergency, elective, day and polyclinic patients. Ap-
pendix [D]includes the scatter plots of before and after transformation of the variables
to their natural logarithms.

Table[7] also summarizes the data on qualitative output variables and the case-mix
adjusted quality variables, called performance indicators (PI). The mean number of
emergency readmissions within 30 days, mean number of deaths within 30, 90, 180
and 365 days are respectively 15,072, 972, 1,263, 1,405 and 1,569. The mean number
of deaths is increasing over the four variables, where 365-day mortality has the highest
mean. This is expected for the way they are calculated is overlapping. The number
of death within 365 days includes also the number of death within 180, within 90 and
within 30 days.

The mean number of patients with adverse health eventﬂ for pulmonary em-
bolism/ deep vein thrombosis (OECD PSI-12) and sepsis (OECD PSI-13) are respec-
tively 198 and 175. This is relatively higher than the mean number of patients with
adverse health events accidental cut, puncture or haemorrhage during medical care
(OECD PSI-15), obstetric trauma (OECD PSI-18) and bed sores that have a mean
number of patients with adverse health events of respectively 57, 42 and 88. In general,
the means of the number of cases of these patient safety indicators are a low compared
to the mean of the total number of patients (264,444). Furthermore, accidental cut,
puncture or haemorrhage during medical care (OECD PSI-15) and obstetric trauma
(OECD PSI-18) have a minimum level of zero. This reveals that there are hospitals
in the dataset where the number of patients reported with this type of adverse health
event is zero. Possibly this could be explained by the fact that these adverse health
events did not occur in all hospitals or that they were not reported in all hospitals.

The mean levels of the predicted number of cases of the quality indicators and

the performance indicatorﬂ are also reported in table E In general, the mean of

1 These adverse health events are reported based on the patient safety indicators (see table
12The performance indicators are the ratio of the observed-to-expected number of cases, see
equation 9 in chapter 4 "Method’. The performance indicators (PI) are to be interpreted as
that a hospital with a higher level of PI for a certain quality indicator has a lower quality for
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Table 7: Summary of qualitative output variables.

Variable Mean  Std. Dev. Min Max
Number of hospital observations N= 151
Quantitative variables
Costs 3036796 2624917 589178 14251069
In_kost 14-64 0-75 13-29 16-47
v_emrg_p 26501-06 17052:05 624167 83062-45
v_elective_p 16667-60 18283-60 259277 98833-00
v_dagb_p 3681-11 2645-82 454-14 12617-76
v_polk_p 9108-05 7799-05 921-16 41604-05
Number of patients 264443-60 203104-40 30738 1049609
Observed number of cases health outcome quality indicators
readm30_emgc 15072-31 11674-81 2408 62015
mort30last 971-56 535-08 220 2231
mort90last 1262-76 688-77 329 2886
mort180last 1404-71 770-27 366 3504
mort365last 1569-15 898-27 385 4598
psil2vt_pe 197-65 155-67 23 981
psil3sepsis 174.70 142-22 27 743
psilbac_punc 57-36 55-70 0 290
psil8ob_trau 42-42 37-56 0 162
bed_sores 87-58 7179 14 371
Predicted number of cases health outcome quality indicators
pred2_readm30_emgc 14892-54 11584-75 2279-66 62115-51
pred2_mort30last 1040-93 609-03 216-90 3109-37
pred2_mort90last 1346-01 791-75 278-87 4025-46
pred2_mort180last 1493-55 879-52 313-65 4458-67
pred2_mort365last 1661-43 980-51 355-24 4945-84
pred2_psil2vt_pe 208-21 148-65 40-25 837-81
pred2_psil3sepsis 178-85 147-56 23-98 847-73
pred2_psilbac_punc 62-68 50-75 497 260-55
pred2_psil8ob_trau 4317 39-68 0-32 207-99
pred2_bed_sores 99-28 63-88 1840 343-54
Performance indicators - case-mix adjusted quality indicators
perf_u2_readm30_emgc 1-015 0-102 0-698 1-320
perf_u2_mort30last 0-955 0-125 0-612 1-328
perf_u2_mort90last 0-966 0-128 0-601 1-301
perf_u2_mort180last 0-969 0-137 0-586 1-402
perf_u2_mort365last, 0-970 0-178 0-542 1-614
perf_u2_psil2vt_pe 0-941 0-209 0-556 1.757
perf_u2_psil3sepsis 1-018 0-270 0-342 1.911
perf_u2_psilbac_punc 0-805 0-325 0-000 1-883
perf_u2_psil8ob_trau 0-921 0-545 0-000 2-435
perf_u2_bed_sores 0-920 0-465 0-275 2-696
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the performance indicators for the quality indicators are reported to be around one
or slightly lower than one E If the mean performance indicator(PI) over all hospital
observations is lower than one, this implies that at the mean the observed number
of cases are lower than the expected number of cases at the mean level. A mean PI
that is not very close to one could be explained by a certain group of good or bad
performing hospitals included in the data, or by insufficient case-mix adjustment.

Sepsis (OECD PSI-13) and emergency readmission within 30 days after discharge
have a level of the PI that is higher than one at the mean. The maximum reported
level of the PI for bed sores and the PI for PSI18 obstetric trauma level in the data is
respectively 2.696 and 2.435. This implies that in the hospitals where these maximum
values are reported, the absolute level of observed number of adverse health events were
more than two times the absolute level of the expected number adverse health events
of adverse health events. Possibly, this could be explained by poor quality of health
care in these hospitals or by an incomplete case-mix adjustment for the occurrence of
these adverse health events.

All variables included in the analysis change over time and the change between
units is relatively higher than the change within units (See Appendix . The Pearson
correlation between the quantitative output variables is high (See Appendix. Nev-
ertheless, they will all be included in order for the quantitative output to be complete.
The collinearity problem leads to less precise estimations of the coefficient of the quan-
titative variables and therefore interpretation should be done with care. As expected
there are high Pearson correlations between the mortality variables (See Appendix.
The mortality quality variables collect overlapping information and therefore one of
the mortality variables is included in the analysis to overcome this problem of multi-

collinearity.

this quality indicator.
131t is the mean of the PI values over all hospital observations (N=151). The mean PI over
all patient observations would be equal to 1.
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5.2 Cross section models A, B and F

In this section the results of the estimation of Model A, B and F are discussed. These
models are estimated by using the data as if it is a cross-sectional dataset and therefore
the longitudinal aspect of the data is not taken into account (See table . A 5%-
significance level is set. A coeflicient is considered to be not significant if the 95%-
confidence interval contains zero and the p-value is higher than 0.05. The first three
columns of table [§] report the estimated results based on the cross-section models.

For all three models, the Wald test on the fit of the cost function shows a p-value
smaller than 0.0001. The log likelihood of the model is increasing from model A to F
from 123.765 to 180.425.

The coeflicients of the natural logarithm of the DRG-points for day patients, emer-
gency patients and elective patients are positive and significant at the 1%-significance
level (p<0.01). The coefficient of the natural logarithm of the DRG-points for poly-
clinic patients is positive and significant at the 1%-significance level model A and
B

In model B the qualitative variables show significant, positive coefficients for the
patient safety output variables: pulmonary embolism/deep vein thrombosis (OECD
PSI-12), sepsis (OECD PSI-13), accidental cut, puncture or haemorrhage during med-
ical care (OECD PSI-15) and obstetric trauma (OECD PSI-18 The qualitative
variable for the patient safety output variable bed sores is negative and significantly
different from zero. The coefficients of the PIs of the patient safety indicators in model
F are positive and significant for pulmonary embolism/deep vein thrombosis (OECD
PSI-12) and obstetric trauma (OECD PSI-18). In addition, the coefficient of the PI

of 90-day mortality is negative and significant in model F.

1411 model F the coefficient of natural logarithm of the DRG-points for polyclinic patients
is positive and significant if instead of the PI of mortality within 90 days, the PI mortality of
within 180 or 365 days is used as quality variable

15In model B the coefficient of the PI of mortality within 30 days is negative and significant
if used as quality variable instead of the PI of mortality within 90 days
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Flexible form The coefficients of the quadratic terms of the PIs of within 90 day
mortality is positive and significant (p<0.01). The coefficient of the quadratic terms
of the performance indicators of sepsis (OECD PSI-13) is positive and significant
and the coefficient for the quadratic term of the performance indicator of obstetric
trauma (OECD PSI-18) is negative and significant (p<0.05m The coefficient of
the performance indicator of sepsis is not significant which makes it very difficult to
interpret what the relationship between sepsis and costs would look like. Yet, the
flexible function of cost to 90-day mortality and cost to obstetric trauma (OECD PSI-
18) can be derived from these coefficients (Table. The coefficient of the PI of 90-day
mortality is -3.478 and the coefficient of the quadratic term is 1.665 (Table . The
coefficient of the PI of obstetric trauma is 0.179 and the coefficient of the quadratic
term is -0.051 (Table [g).

The relationship between costs and the PI of 90-day mortality could be written as
In Costs = constant — 3.478 * (Plmortooiast) + 1.665 * (PImomnst)2 and is visualized
in red in figure 2} (a). This function is convex to the origin, and the minimum point is
at a performance indicator for mortality within 90 days of ca. 1,044E In figure (a)
this optimal point is marked together with the point on the curve where the mean
level of PI as reported in table |7|is set, in this case a PI of 0.966. In figure (b) the
relationship of cost and quality is displayed in blue. The blue form is the relationship
between costs and quality based on the inverse of PI of 90-day mortality.

The relationship between costs and the PI of obstetric trauma could be written as
In Costs = constant + 0.179 * (Plobstetrictrauma) — 0.051 * (PIobstemamuma)Q and is
visualized in red in figure B} (a) and the relationship of costs and quality based on the

inverse of PI of obstetric trauma is displayed in blue in figure (bﬂ This function

16The coefficient for the quadratic term of the PI of pulmonary embolism/deep venous
thrombosis is negative and significant if the PI of mortality within 365 days is used, instead
of PI of mortality within 90 days as quality variable

17This is derived by solving the optimization problem, setting the first order condition
(FOC) equal to zero.—3.478 + 2 % 1.665 * (Plyort90iast) = 0, leading to Plyorto0iast =

3.478  _
xL.o65) — 1044

18The minimum level of the PI of obstetric trauma is zero as in some hospital observations
there are zero observed cases of obstetric trauma (Table . Taking the inverse of zero is
impossible, and could indicate a quality level approaching infinity. This is incorrect. Therefore,
in order to compute ﬁgure (a) and (b) adequately, the observations with zero observed cases
of obstetric trauma are omitted (N=130).
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Relationship Cost and Quality (by PI within 90 days mortality)
Relationship Cost and within 90 days mortality
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Figure 2: Relationship Cost and Quality by PI of 90-day mortality

Relationship Cost and obstetric trauma Relationship Cost and Quality (by P! obstetric trauma)
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Figure 3: Relationship Cost and Quality by PI of obstetric trauma

is concave to the origin, and the maximum point is at a PI for obstetric trauma of ca.

1.755 [

5.3 True fixed effects model C

In this section the results of the panel estimation of Model C4, Cp and CF are dis-
cussed. By estimating these models with the true fixed effects method, the longitudinal
aspect of the data is respected (See section 4.1.3. ‘Respecting the longitudinal aspect
of the data’ and table [5| ). This panel data method assumes that the levels of the

outcome variable (operating costs) and the levels of the explanatory variables (quan-

19This is derived by solving the optimization problem, setting the first order condition
(FOCQ) equal to zero.0.179—2%0.051% (Plypstetrictrauma) = 0, leading to Plopstetrictrauma =

0.179 _
(2%0.051) 1.755
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titative and qualitative output) change over time within and between the units that
are observed multiple times over time. Appendix E confirms that this assumption is
met by showing that each variable of use is having a coefficient for within and between
variation that is not zero.

One dummy is omitted from the analysis to overcome multicollinearity problems.
The omitted dummy is the dummy for Oslo University Hospital (OUS). The three
columns on the right side of table [§] display the estimations based on the panel data
models.

The Wald test on the fit of cost function shows a p-value smaller than 0.0001.
The log likelihood of the model is increasing from model C'4 to Cr from 292.568 to
310.941. The degrees of freedom decrease from 126 to 112 from model C'4 to model
Cr.

In all three panel data models, the coefficients of the natural logarithm of the DRG-
points for day patients, polyclinic patients, emergency patients and elective patients
are positive and significant at the 1%-significance level (p<0.01).

Significance of coefficients of qualitative variables differ between model Cp and Cp.
The coefficient of the performance indicators of sepsis (OECD PSI-13) is positive and
significantly different from zero at the 5%-significance level (p<0.05) in model Cg.
This is the only significant coefficient of in total the seven quality variables in model
CB. The coefficients of the PI of emergency readmission within 30 days after discharge
and the PI of pulmonary embolism/ deep vein thrombosis (OECD PSI-12) are positive

and significantly different from zero in model Cr.

Flexible form The coefficient of the quadratic term of the performance indicator
of pulmonary embolism/ deep vein thrombosis (OECD PSI-12) is negative and signif-
icantly different from zero at the 1%-significance level in model Cr. The coefficients
of the PI of pulmonary embolism/deep vein thrombosis and the quadratic term are
0.458 and -0.211 respectively.

The relationship between costs and the PI of pulmonary embolism/ deep vein

thrombosis could be written as In Costs = constant + 0.458  (PIpg/pyr) — 0.211 *
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Relationship Cost and Pulmonary embolism/deep vein thrombosis Relationship Cost and Quality (by PI (PE/DVT))
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Figure 4: Relationship Cost and Quality by PI of pulmonary embolism/ deep
vein thrombosis

(PIPE/DVT)2 and is visualized in red figure (a). This function is concave to the
origin, and the maximum point is at a performance indicator for pulmonary embolism/
deep vein thrombosis of ca. 1.08@. The relationship of costs and quality based on

the inverse of PI of pulmonary embolism/deep venous thrombosis is displayed in blue

in figure [dH(b).

Dummy variables Table[9|shows the coefficients of the dummy variables of model
C4, Cp and CF that were left out from table@ The omitted dummy is Oslo University
Hospital (OUS). The signs of the significant coefficients of the dummies are negative
with respect to this omitted dummy. A significant negative coefficient of a dummy
means that the hospital belonging to this dummy has, ceteris paribus, relatively lower
operating costs than the hospital belonging to the reference, omitted dummy. The
coefficients of the dummy variables indicate the impact of the unobserved differences
between the hospitals on the dependent variable, operating costs.

The interpretation of the significant coefficient -0.369 for the dummy for Vestre-
viken based on model Cg would be as following: When considering the operating costs

for the hospital in Vestreviken, the dummy for Vestreviken will be one and the other

20This is derived by solving the optimization problem, setting the first order condition

(FOC) equal to zero.0.458 —2%0.211x(PIpg,pyr) = 0, leading to PIpg, pyr = % =
1.085

50



Chapter 5 Cost and quality in the Norwegian hospital setting

dummies will be zero. Ceteris paribus, the hospital specific effect of Vestre Viken
hospital is correlated with a 36.9% lower operating costs compared to the operating
costs of Oslo University hospital. There are more significant coefficients of dummy
variables in model C'4 than in model Cp and there are more significant coefficients
of dummy variables in model Cp than in model Cr. This indicates the size of un-
observed heterogeneity is bigger in models A/C4 including only quantitative output

variables than in models B/Cp or F/CF including qualitative output variables as well.

Table 9: Estimated coefficients of dummy variables from true fixed effects mod-
els.

Model Cy Model Cp Model Cr
Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI
Dummy Vestreviken —0-355%*x -0.421,-0.290 —0-369%%x -0.450,-0.288 —0-313%xx -0.411,-0.216
Dummy Akerhus —0-185%#% -0.261,-0.109  —0-194xxx -0.290,-0.098  —0-150%#x -0.261,-0.040
Dummy Innlandet —0-417+%x -0.480,-0.355 ~ —0-417%%x -0.499,-0.335  —0-378xxx -0.472,-0.283
Dummy Ostfold —0-334skx  -0.428,-0.241  —0-329xxx -0.442,-0.215  —0-281skx -0.404,-0.157
Dummy Vestfold —0-420%xx  -0.510,-0.330  —0-388%*x -0.482,-0.294  —0-326x**x -0.434,-0.218
Dummy Telemark —0-355%%x -0.457,-0.252 —0:325%xx  -0.435,-0.214 —0-238+xx  -0.372,-0.105
Dummy Sgrlandet —0-407+xx  -0.482,-0.333  —0:392%xx -0.494,-0.290  —0-334%*x -0.447,-0.222
Dummy Stavanger —0-360++x -0.438,-0.282 —0-327xxx  -0.418,-0.237  —0-267+xx -0.375,-0.158
Dummy Fonna —0-370%xx  -0.483,-0.257  —0-337##x -0.463,-0.211  —0-248x*x -0.394,-0.103
Dummy Bergen —0-173#xx  -0.225,-0.120  —0-163%*x -0.220,-0.106 ~ —0-124x*x -0.192,-0.057
Dummy Fgrde —0-210%%* -0.350,-0.070  —0-151% -0.316,0.013 —0-033 -0.216,0.151
Dummy Nord-Trgndelag —0-294%5k  -0.418,-0.170  —0-227#*x -0.362,-0.091  —0-106 -0.263,0.051
Dummy St. Olavs sykehus Trondheim ~ —0-194sk% -0.254,-0.134  —0-181#xx -0.251,-0.110  —0-124%%x -0.213,-0.035
Dummy More og Romsdal —0-279++x -0.389,-0.169  —0-212skkx -0.338,-0.087  —0-120 -0.266,0.026
Dummy Finnmark —0-036 -0.213,0.142 0-016 -0.184,0.215 0-152 -0.071,0.375
Dummy UNN —0-029 -0.112,0.054 —0-013 -0.110,0.083 0-058 -0.056,0.172
Dummy Nordland —0-117% -0.235,0.000 —0-076 -0.204,0.053 0-010 -0.138,0.158
Dummy Helgeland —0-209+«  -0.380,-0.039  —0-136 -0.327,0.054 —0-018 -0.228,0.192
Dummy Diakonsykehus —0-180++  -0.350,-0.011  —0-118 -0.297,0.060 0-010 -0.186,0.205
Dummy Lovisenberg —0-182%x  -0.350,-0.014  —0-121 -0.300,0.058 0-024 -0.169,0.218
Dummy Haraldsplass —0-121 -0.297,0.055 —0-066 -0.254,0.123 0-073 -0.134,0.279

Omitted dummy variable: OUS
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5.4 Cost efficiency scores

'CE’ in table[8]displays the average overall cost efficiency score for every model. Again,
a 5%-significance level is set. Overall, average cost efficiency based on model A is
89.7%.

In (0,)?, the natural logarithm of the variance of the inefficiency term w, is -3.961
(95% CI -4.800- -3.123) with a p-value smaller than 0.01. This indicates that there is
inefficiency. o, and o, display the standard deviation of the inefficiency term u and
idiosyncratic term v respectively. o2 is the total variance of the error term. o, is 0.138
and o, is 0.069, leading to a A of 1.990 (95% CI 1.901-2.078). This implies that the
proportion of inefficiency in the error term e is bigger than the proportion of random
noise.

The Loglikelihoodratio-test (LR-test) tests the null hypothesis (Ho) that o, the
standard deviation of inefficiency term w, is zero. The p-value of this test is 0.090.
Therefore, the Hy 0, =0 cannot be rejected in model A at the 5%-significance level.

Overall, average cost efficiency in model B is 99.96% and average cost efficiency
in model F is 99.99%. In model B, F, C4 Cp and Cp, the inefficiency term is not
significantly different from zero. In(o,)?, the natural logarithm of the variance of
the inefficiency term wu, is not significantly different from zero. In addition, A is < 1
meaning that the proportion of o, is smaller than o,. The LR-test for inefficiency in
model B and F on Hy 0,=0 fails to reject the null-hypothesis at the 5%-significance
level. Thus, there is no significant inefficiency found in these models.

Tabel [I0] shows the overall cost efficiency score per model and the average cost
efficiency scores for every hospital over 7 years at four decimals. In model A average
cost efficiency scores seem to differ between hospitals. Ranking of hospitals based on
the average cost efficiency scores of model A is shown in table Ranking based on
the average cost efficiency scores of the other, more complex models is not performed
because in these models no significant inefficiency term was found (see table . In
addition, the cost efficiency scores in the more complex models are fairly close to one

and there is no difference between hospitals at the four decimal level (see table .
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Table 10: Average cost efficiency scores 2008-2014 per hospital

Hospital code Model A Model B Model F Model C4 Model Cz  Model Cr

1 0.7896 0.9996 0.9999 0.9995 0.9997 0.9994
2 0.9255 0.9996 0.9999 0.9995 0.9997 0.9994
5 0.8271 0.9996 0.9999 0.9995 0.9997 0.9994
11 0.9487 0.9996 0.9999 0.9995 0.9997 0.9994
12 0.8954 0.9996 0.9999 0.9995 0.9997 0.9994
23 0.9673 0.9996 0.9999 0.9995 0.9997 0.9994
24 0.9314 0.9996 0.9999 0.9995 0.9997 0.9994
25 0.9525 0.9996 0.9999 0.9995 0.9997 0.9994
26 0.9190 0.9996 0.9999 0.9995 0.9997 0.9994
27 0.9423 0.9996 0.9999 0.9995 0.9997 0.9994
28 0.8916 0.9996 0.9999 0.9995 0.9997 0.9994
29 0.9004 0.9996 0.9999 0.9995 0.9997 0.9994
30 0.9304 0.9996 0.9999 0.9995 0.9997 0.9994
34 0.8875 0.9996 0.9999 0.9995 0.9997 0.9994
35 0.9408 0.9996 0.9999 0.9995 0.9997 0.9994
36 0.7933 0.9996 0.9999 0.9995 0.9997 0.9994
37 0.7923 0.9996 0.9999 0.9995 0.9997 0.9994
39 0.8463 0.9996 0.9999 0.9995 0.9997 0.9994
40 0.8925 0.9996 0.9999 0.9995 0.9997 0.9994
51 0.9341 0.9996 0.9999 0.9995 0.9997 0.9994
52 0.9336 0.9996 0.9999 0.9995 0.9997 0.9994
54 0.8881 0.9996 0.9999 0.9995 0.9997 0.9994
Overall 0.8970 0.9996 0.9999 0.9995 0.9997 0.9994

Table 11: Ranking hospitals on cost efficiency

Based on average cost efficiency scores 2008-2014 per hospital model A
Hospital code Model A rank A

1 07896 E2ZE—
2 0.9255 10

5 0.8271

11 0.9487

12 0.8954 13

2 0007
24 0.9314 8

25 0.9525 R
26 0.9190 11

27 0.9423 [
28 0.8916 15

29 0.9004 12

30 0.9304 9

34 0.8875

35 0.9408

36 0.7933

37 0.7923

39 0.8463

40 0.8925 14

51 03 6
52 0.9336 7

54 0.8881 16

Overall 0.8970
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Change over time In figure[5|the change of the cost efficiency scores per hospital
over time 2008-2014 are shown for model A, B, C'4 and Cp. Every color displays an
unique hospital unit. The y-axis displays the cost efficiency score. As discussed before,
only model A has a significant cost inefficiency term. The range of cost efficiency
levels over time in model A on the y-axis of figure (a) is between 0.750 to 1.000,
while the range of cost efficiency levels for the other models are somewhere between
0.9995 and 0.9997. The cost efficiency scores of model B, C4 and Cp are closely
approximating one. The cost efficiency scores of these models are calculated based
on inefficiency terms that are not significantly different from zero. Therefore, it is
not possible to rank the hospitals as there is done for the results of model A in table
Nonetheless, in figure (b) the change of cost efficiency levels over time of each
hospital based on model B are visualized. Each line represents one of the hospitals.
The lines representing hospitals at the bottom do not cross with the lines representing
hospitals at top with the highest efficiency score. So, there seems to be some sort
of ranking between hospitals over time. There is a smaller margin between the lines
representing the hospitals based on panel data model C'4 and Cp. In addition, lines
are crossing each other. Therefore, there is no clear visual difference between any of

the hospital cost efficiency lines in figure (d)
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6 Discussion

The research objective to find the relationship between cost and quality in the Nor-
wegian hospital setting is tested by estimating several cross-section and panel data
stochastic frontier cost functions. The cost function includes both quantitative and
qualitative explanatory variables, and quadratic terms to allow for flexibility. The es-
timated models have a good fit (p-value Wald Chi-squared < 0.001) which is expected
of cost functions since they generally have a good fit due to the influence that hospital
size has on total operating costs. Therefore, it can be concluded that the independent
variables in the models explain a significant part of the value of the dependent variable,
which is operating costs. The results provide insight in the existence of a cost/quality
trade-off and U-shaped relationship between cost and quality in the Norwegian hospi-
tal setting between 2008 and 2014. Before discussing the most important findings on
the cost/quality trade-off and flexible relationship between cost and quality, another

important finding is discussed.

6.1 Unobserved heterogeneity

The estimated set of coefficients of model A compared to C'4, model B to C'z and model
F to Cr, are not similar in size, direction and/or significance. Furthermore, (part of)
the coefficients of the hospital specific dummies in the panel models are significantly
different from zero. One of the reasons of the inconsistency of results between the
cross-section and the panel models could be the presence of time constant unobserved
heterogeneity. In that case, the estimated coefficients in cross-section model A, B and
F are affected by time constant unobserved heterogeneity, which indicates that the
estimated results from cross-section models A, B and F are subject to omitted variable
bias. Hence, the correlation that might be indicated by the estimated coefficients of
cross section models A, B and F should not be interpreted causally. Model A, including
only quantitative output variables, seems to have the highest level of omitted variable

bias as most coefficients of the dummy variables are significant in model C'4 compared
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to Cp and Cr. This is plausible and can possibly be explained because qualitative
output variables are not included in model A. An interesting insight based on the
coefficients of the dummy variables from table [J] is that the significant coefficients
of dummy variables are negative. This indicates that, all else being equal, hospitals
represented by these dummy variables have a significantly lower overall operating cost
than the hospital belonging to the reference dummy (OUS) due to a hospital specific
effect. Thus, there is time constant unobserved difference between hospitals in the data
affecting operating costs in the cross-section model. There it has not been corrected for
these time constant unobserved differences captured in the coefficients of the dummy
variables of models C. The value of the coefficients of the dummy variables indicate
how much impact the unobserved effect or difference has on the dependent variable.

There are multiple tenable causes of finding unobserved heterogeneity between
hospitals that indicates omitted variable bias in the cross-section models. Firstly, it
could be caused by inadequate case-mix adjustments on the health outcome quality
indicators. Unfortunately, there is no statistical test that can test whether case-mix
adjustments are complete. One explanation for inadequate case-mix adjustments could
be a difference between hospitals in complexity of cases within each DRG-type. Typi-
cally, more complex cases within each DRG-type are admitted or treated in a university
hospital. This hospital with more severe or complex cases within the DRG-type will
come out worse than they might be due to within DRG variation of severity of disease.

Secondly, institutional culture influences the performance and quality of care (Man-
nion & Davies, 2018} |Jacobs et al.| [2012). Institutional culture is difficult to define.
Mannion and Davies (2018) define organizational culture as ”the shared ways of think-
ing, feeling, and behaving in healthcare organisations”. There is no correction for
institutional culture in the models. Thus, all existing differences in institutional cul-
tures between hospitals that are constant over time, are captured in the unobserved
heterogeneity.

Thirdly, the model specification that the inefficiency term is time varying could
lead to the capture of time invariant inefficiency in time constant a;. In this case the

value of «; could be wrongly interpreted as unobserved heterogeneity, while it actually
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is inefficiency. The time persistent differences between hospitals might be expressions
of inefficiency. In this case unobserved heterogeneity can be overestimated, while the
inefficiency term is underestimated. The underestimation of inefficiency in the true
fixed effects model is further discussed in 6.3. *Cost efficiency’.

Of course, it is important to note that also in the panel data models omitted

variable bias could occur in presence of time varying unobserved heterogeneity.

6.2 Cost and Quality

In this section, the overall evidence on the cost/quality relationship is discussed. First,
a general note is made on the inconsistency between the coefficients over the models.
Then, evidence on both a negative and a positive relationship between cost and quality
is discussed. Afterwards, the existence of flexible relationships is discussed. Finally,
the coefficients of the quantitative variables are discussed.

Overall, there is inconsistency in sign, level and significance of the coefficients of
the qualitative variables between the cross-section and panel models (A, B and F vs.
Ca, Cp and CF) and between the non-flexible and flexible models (B and Cp vs. F
and Cr). The coefficients of the variables in the panel models, estimated through the
true fixed effects method, are solely driven by the variation of the variables within
hospitals (after this: within variation) over time, while the variation between hos-
pitals is captured in the fixed effects coefficient a;. In the cross-section models the
estimated coefficients are driven by between and within variation. So, between vari-
ation is not captured in the coefficients of the quantitative and qualitative variables
that are estimated by the panel models. This difference in capturing within or both
within and between variation between the panel and cross-section models, could pos-
sibly be another explanation of the inconsistency in the sign, level and significance of
the estimated coefficients of the variables.

The most consistent result on a cost/quality correlation is the positive and sig-
nificant coefficient for the correlation between costs and the patient safety indicator
pulmonary embolism/deep venous thrombosis. This result is found in model B, Cp

and CF, so both in cross-section and panel models. As a lower value of PI of pul-
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monary embolism/deep venous thrombosis is interpreted as a higher quality of care,
cost and quality based on the PI of pulmonary embolism/deep venous thrombosis are
negatively correlated. This contradicts the existence of a cost/quality trade-off. It
indicates that a higher quality of care, which is a lower number of cases of pulmonary
embolism/deep venous thrombosis, is correlated with lower operating costs. In addi-
tion, the coefficients of the qualitative output variable for sepsis in model B and Cp
and the coefficients of the qualitative output variable for obstetric trauma in model
B and F indicate a negative association between quality and costs. The negative cor-
relation between cost and quality based on these quality variables are found in more
than one of the models. Still, the discussed estimated coefficients of these variables
are not consistent over all the models (B, F, Cp and CF).

If causal inference could have been drawn from this model, the coefficients of these
qualitative output variables could have been practically interpreted as a decrease of the
performance indicator by a value of one to be correlated with a decrease of operating
costs by 100% times the value of the coefficient of the variable of interest. In order
for the ratio of observed to expected number of cases of sepsis to decrease with one,
the observed cases of sepsis need to decrease with the absolute value of the expected
cases. It would be more practical and realistic to interpret the coefficient as a decrease
of PT of sepsis of 0.1 to be correlated with a decrease of operating costs by 10% times
the estimated coefficients of the variable of interest. E.g. interpreting the coefficients,
a decrease of the PI of sepsis by 0.1, which is an increase in quality, is correlated with
a decrease of operating costs of 0.36% (based on model Cg).

For pulmonary embolism/deep venous thrombosis a drop of the PI by 0.1 is cor-
related with a decrease of operating costs of 4.58% (based on model Cr). A decrease
of PI is an increase in quality as for a decrease in PI the observed number of cases
decreases relatively to the expected number of cases. The mean observed number
of patients with pulmonary embolism/deep venous thrombosis (198) is relatively low
compared to the mean number of patients (264,444) (see table|7)). Thus, 4.58% seems
to be a relatively big impact on operating costs for this relatively small group of

patients with pulmonary embolism/deep venous thrombosis.
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The coefficient of the PI of sepsis is not significant in models F or Cr. Nor are
the coefficients of the PI of bed sores and acute puncture. Another argument for this
inconsistency would be that there is a lack of degrees of freedom in models F and Cp,
as this number decreased by 7 after adding the quadratic terms. This loss of power
for the model could make it difficult to estimate significant coefficients for relatively
rare adverse health events like sepsis, bed sores, and acute puncture, which have a
low number of cases compared to the number of patients. The coefficients of the PI of
emergency readmission within 30 days are not significantly different from zero in cross-
section models or in model Cg. But, in model Cr the estimated coefficient for this
variable is positive and significant, indicating a positive relationship between operating
cost and the PI of emergency readmission within 30 days. This hints at a negative
relationship between cost and quality based on the PI of emergency readmission within
30 days. One argument for the difference between the models, is that the estimated
coefficients in cross section model B and F are subject to omitted variable bias caused
by time constant unobserved heterogeneity. This does not explain, however, why the
coefficient of the PI of emergency readmission within 30 days is not significant in model
Cpg, but it is in model CF.

Other inconsistent, but interesting results on the existence of a cost/quality trade-
off are briefly discussed here. Firstly, the estimated coefficient of PI for within 90-day
mortality is negative and significant at the 1%-significance level in cross-section model
F. This indicates a possible cost/quality trade-off between cost and quality based
on within 90-day mortality. Further on in the discussion there is a more extensive
elaboration about the flexible relationship between cost and quality based on within
90-day mortality. Secondly, in model B a negative, significant coefficient of the PI of
bed sores is estimated. This could indicate a possible cost/quality trade-off. In neither
the flexible model F nor panel models the estimated coefficient for PI of bed sores are
significant.

Estimates from model Cr on the PI of pulmonary embolism/deep venous throm-
bosis indicate an inverted U-shaped relationship between quality and costs with the

turning point at a PI of 1.085 (figure [4). This means that hospitals with a PI lower
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than 1.085 and thus higher quality of care, will operate in an area where there is a neg-
ative relationship between cost and quality, while hospitals with a PI higher than 1.085
and thus a lower quality of care, will operate in an area where there is a positive rela-
tionship between cost and quality. The coefficient of PI of pulmonary embolism/deep
venous thrombosis on costs is positive, and the mean PI of pulmonary embolism/deep
venous thrombosis is with 0.940 lower than the PI of 1.085 at the turning point. This
indicates that the mean of the hospitals operate in an area of marginal returns where
there is a negative relationship between quality and costs.

A similar inverted U-shaped relationship between quality and costs with a turning
point at a PI of 1.755 is found based on the estimated coefficient of the PI of obstetric
trauma and the quadratic term of this in model B. The coefficient of the PI of obstetric
trauma on costs is positive with a mean PI of 0.921 being lower than the PI of 1.755
at the turning point. Again, this indicates that the mean of the hospitals operate in
an area of marginal returns where there is a negative relationship between quality and
costs.

To explain the finding of this inverted U-shaped relationship between quality and
costs based on these two patient safety indicators (obstetric trauma and pulmonary
embolism/deep venous thrombosis), I reflect on Fleming’s findings that were discussed
in the theoretical framework (Fleming} [1991). Tt could be theorized based on Fleming’s
model that hospitals currently operate in an area of marginal return, like area C in
Fleming’s model (figure [I}(a)), and that the inverted U-shaped relationships from
figure[3]and [ are due to hospitals operating at a moderate level of quality. This same
concept is seen areas B and C in Fleming’s model, where quality is not poor, but not
at its best either. It is unclear if there could be a second turning point, like area D
from Fleming’s cubic model. In order to research this, a third-degree function needs
to be estimated to allow for a cubic relationship. This could be an interesting concept
to look into in future research.

The relationship between cost and quality based on 90-day mortality is U-shaped.
As discussed before the coefficient PI for 90-day mortality is not significant in model

B, but in model F, the coefficients for both the PI and the quadratic term for 90-day
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mortality are significant at the 1%-significance level. The convex functional form has a
turning point at a PI of 90-day mortality of 1.044. The negative sign of the coefficient
of the PI of 90-day mortality indicates a negative association between cost and 90-day
mortality. This could be interpreted as a positive association between cost and quality,
and is a cost/quality trade-off. The mean level of the PI of 90-day mortality is 0.966.
At this level of PI of 90-day mortality, there is a negative derivative in figure [2}(a).
Since PI and quality are inversely correlated, this indicates again positive marginal
costs for the next unit of quality. Therefore, a cost/quality trade-off is found for
quality based on the PI of 90-day mortality.

However, it also indicates that the lower the quality, so the higher the PI for 90-
day mortality, the cost/quality trade-off turns at some point into an area of marginal
returns. In the area of marginal returns costs can be reduced by increasing quality.
The turn-point of the cost/quality trade-off for 90-day mortality and costs is at a per-
formance indicator of 1.044. If the PI becomes higher than that, the quality becomes
worse, and the curve is in the area of marginal returns, whereby increasing quality,
costs could be reduced.

The quality is interpreted to worsen when the PI increases. The PI increases
if the number of observed cases increases relatively to the expected number of cases.
Unfortunately, it is difficult to interpret what practical implications for each individual
hospital the change in cost/quality trade-off has over the value of PI over the graph and
what implication the turning point has. The level of PI depends on ratio between the
observed number of cases and the expected number of cases of death within 90 days.
The number of cases in this ratio are hospital specific. So, the PI ratio and the number
of cases that the cost/quality trade-off is based on, varies per hospital. Practical
interpretation of the cost/quality trade-off could be made based on the observed and
predicted number of cases of each hospital. However, this is not advisable because
there is uncertainty in the model specification and causal inference cannot be drawn
from the models of use.

The U-shaped relationship between cost and quality based on the PI of 90-day

mortality, and the inverted U-shaped relationship between cost and quality based on
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the PI of obstetric trauma, are based on estimations by cross-section model F. Model F
is the only model where the coefficients of the qualitative variables of 90-day mortality
and obstetric trauma are significantly different from zero. As stated earlier, it is
important to be aware that the estimated results of the cross-section model F could
be subject to omitted variable bias.

A general note about figures [2] [3] and [ is that they visualize the relationship
between cost and the quality variables (relatively 90-day mortality, obstetric trauma
and pulmonary embolism/deep venous thrombosis) where the value of the intercept
is included in the calculations and the level of all other variables is set to zero. It
is unrealistic that the levels of the other variables are zero. Therefore, the levels of
operating costs cannot be interpreted from these figures. However, the change and
shape of the relationship is not affected and can be interpreted. To get an better
insight on the real levels of operating costs on the y-axis, the mean level of each of the
other variables could be inserted in the calculations of the relationship between cost
and the quality variables (relatively 90-day mortality, obstetric trauma and pulmonary
embolism/deep venous thrombosis).

Finally, the coefficients of the quantitative output differ over the 6 models. As
discussed earlier, comparing cross-section models to panel models, it can be noted
that the coefficients of models A, B, and F are different from these same models in
panel data analysis (Ca, Cp and CF). Comparing the models including only quan-
titative to the ones including both qualitative and quantitative variables, the levels
of the coefficients of the quantitative variables are also changing over the different
models A to B and F or Ca to Cp and Cr. The fixed effects are not captured in
the coefficients in the panel data models, where coefficients are solely driven by the
within variation. Therefore, the coefficients for the quantitative output variables of
the panel model could capture aspects of the long-run cost functions of hospitals com-
pared to the coefficients of the cross-section model capturing aspects of the short-run
cost functions. Also, there is a collinearity problem between the quantitative output
variables which leads to a less precise in the estimated coefficients (See appendix for

Pearson correlation coefficients between quantitative variables and operating costs).
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The value share of a quantitative variable over the output should be aligning with the
estimated coefficient for this variable because DRG weights are directly used to value
the output produced, and are thus directly linked to costs. In this case, the value
shares in DRG-points are 3,681 for day patients, 9,108 for polyclinic patients, 26,501
for emergency patients, and 16,668 for elective patients (Table[7]). This indicates that
the coefficient for emergency patients should be highest and the coefficient for day
patients should be lowest as these are the variables with, respectively, the highest and
lowest value share of output. As shown in table[§] the coefficients for the quantitative
variables are not aligning with the value shares of output. In model A, B, and F the
coefficient for DRG-points of polyclinic patients is lowest and the coefficient for DRG-
points of elective patients is highest. Also, in model C4, Cp and CF the coefficient
for DRG-points of day patients is highest, while it is expected to be lowest given the
value shares of output in DRG-points (Table .

If causal inference could have been drawn from this model, a careful interpretation
of the estimated results from model C's could for example be that a 1 percent increase
of the DRG-points of day patients, polyclinic patients, emergency patients and elective
patients is associated with, respectively, a 0.387, 0.112, 0.342, 0.189 percent increase

of total operating costs in kNOK (table .

6.3 Cost efficiency

The tests on the significance of the inefficiency term show that inefficiency is found in
model A, but not in the other models. The insignificant inefficiency terms of models
B, F, Cr and CF indicate that the estimation of an average cost function would have
been sufficient and estimate the same coefficients as the stochastic frontier models.
An interesting finding is that even though there was no significant inefficiency found
in model B, in ﬁgurethere seems to be some influence or effect that is keeping the lines
displaying the upper hospital efficiency scores up and the lines displaying the lower
hospital efficiency scores down. Based on this figure, it can be concluded that it appears
that there is something going on that effects a differentiation between the hospitals.

As this figure is based on model B, this could be the unobserved heterogeneity present
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in the cross-section models, which was discussed earlier.

There are several explanations for finding an insignificant inefficiency term for the
more complex models. It is important to note that it is reasonable to assume that in
real life there is inefficiency to some extent, and that results of insignificant inefficiency
terms are driven by the model specifications. Firstly, the cost function could be over
specified. Overfitting could lead to bias in the estimates of the inefficiency term. The
independent variables explain a great part of the costs while only an insignificantly
small part of the costs are explained by inefficiency. In addition, quality aspects could
be captured by the significant inefficiency term of model A, while in model B qualita-
tive variables are added as explanatory variables making the quality aspects disappear
from the inefficiency term. Yet, this does not explain why the inefficiency term appears
insignificant in model C'4 compared to a significant inefficiency term in model A. This
can be explained by the specifications of the true fixed effects model. The true fixed
effects model by Greene captures time constant inefficiency in the fixed effects term
or individual specific constant term (c;) which leads to an underestimation of ineffi-
ciency. In addition, time constant unobserved heterogeneity could be captured in the
inefficiency term in the cross section models while in the true fixed effects model only
time varying unobserved heterogeneity can influence or be captured in the inefficiency
term in the panel data models. Both could lead to over- and underestimation of the
inefficiency term, depending on the direction of the effect the unobserved heterogene-
ity has. Lastly, assumptions on the distribution of the error term and inefficiency are
restrictive and could cause bias on the estimation of inefficiency if the assumptions are
not met. If in real life the distribution of the inefficiency term is not half normal as

assumed, the estimates of inefficiency by the models are invalid and biased.

6.4 Comparison to other findings

The finding of a cost/quality trade-off, or positive relationship between cost and qual-
ity for 90-day mortality is in contrast with the findings by [Kittelsen et al.| (2015).
They find that better productivity is associated with lower mortality rates, so better

quality. Based on this, they interpret a ’tendency’ for hospitals to have higher costs if
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mortality is higher, which indicates a negative relationship between quality and costs.
The result from is in line with the finding of a cost/quality trade-off for
90-day mortality in this study. However, this result could be subject to unobserved
heterogeneity, just like the significant result that is based on model B in this study.
Therefore, results are not comparable and conclusions cannot be drawn on the exis-
tence of a cost/quality trade-off based on 90-day mortality in the Norwegian hospital
setting between 2008 and 2014.

In addition, the findings of a negative relationship between cost and quality based

on PSI are not in line with the results from [Kittelsen et al.| (2015)). They did not find

any correlation between quality based on PSI and productivity, while this thesis finds
negative correlations between cost and quality based on PSI pulmonary embolism/deep
venous thrombosis, sepsis and obstetric trauma. However, results on PSI in
might be biased by the fact that they use data from three different
Nordic countries which could make quality comparison based on PSI difficult because

of differences in coding.

|Carey & Stefos| (2011) find that costs can increase excessively when quality mea-

sured by adverse health events becomes poor. The result indicating a negative rela-
tionship between cost and quality based on PSI, is in line with the findings of this
study.

However, the finding of a negative relationship and inverted U-shaped relationship

between cost and quality is in contrast with |Gutacker et al|(2013)). In this thesis the

finding of a negative relationship and inverted U-shaped relationship between cost and

quality is based on patient safety indicators. |Gutacker et al| (2013) find a U-shaped

relationship between quality and costs on the patient level. Quality in their study is

not based on (adverse) health outcomes, but on reported quality of life based on EQ-

5D and Oxford scores (Gutacker et al}|2013). They find some evidence for a U-shaped

relationship between quality based on positive quality scores and patient level costs.

The finding of Hvenegaard et al| (2011) of a U-shaped relationship between de-

partment level cost and quality based on mortality, is in line with the finding of this

thesis of a possible U-shaped relationship between operating cost and quality based
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on 90 day-mortality. Nonetheless, the coefficient of 90-day mortality is inconsistent
over the models B, F, Cp and CF.

Hvenegaard et al.| (2011)) find no significant relationship between cost and quality
based on the adverse health event wound sores. The evidence in this thesis on the
correlation between cost and quality based on bed sores is weak. A significant, positive
correlation is found in cross-section model B indicating a possible cost/quality trade-
off, but there is inconsistency of the estimated coefficients over the models and it is
therefore plausible that this result is biased.

This thesis finds evidence that quality of care based on patient safety indicators
is negatively correlated with costs. This result has important implications for both
application in practice and in research. Cost minimization strategies could be done
by improving quality, and future research could be focused on quality of care that is

defined by more than just mortality or readmission as an outcome indicator.

6.5 Limitations

Model assumptions None of the model specifications allow to draw a conclusion
on causal inference. As discussed in the method section, the true fixed effects will
underestimate the inefficiency term. The fixed effects, or hospital specific time constant
effects, are assumed not to hold inefficiency. Still, time constant inefficiency might
be captured in it. In addition, a strong assumption on an equal shift of the cost
functions has to stand in order to estimate quadratic terms through the true fixed
effects method. Furthermore, distributional assumptions on the error and inefficiency
terms are restrictive. The model is misspecified if the distributional assumptions are
not met.

Moreover, the cost efficiency term is not significant. This might indicate that an
average cost function estimation would lead to similar results and estimating the cost
function through stochastic frontier analysis is not necessary.

Lastly, there could be more than one reason for different estimations in panel
models and cross section models. As discussed before, one of the explanations is the

existence of unobserved heterogeneity. However, if the above mentioned problems
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arise, the differences in estimations between panel and cross section models could also

be explained by estimating misspecified models or not meeting model assumptions.
In short, it is plausible that the results are driven by model specification and the

belonging assumptions. This could be yet another explanation for the inconsistency

in results between the different models.

Confounding and unobserved heterogeneity Confounding could happen on
two levels. Firstly, it could happen on the patient level, influencing the likelihood of
getting an adverse health event and thus influencing the quality indicator. Case-mix
adjustments described in the method section are done in order to be able to compare
the effect of quality indicators on costs between hospitals. If there is an inadequate
case-mix adjustment differences between hospitals that are not adequately adjusted,
this could be confounding the estimates. However, there is no method to test if case-
mix adjustments are performed adequately. A variable that is not corrected for is the
impact of organizational or institutional culture on quality of care or performance of a
hospital. There is some literature on the correlation between culture and performance
of hospitals (Mannion & Davies| [2018; |Jacobs et al., |2012). Differences in culture
between hospitals could possibly explain differences in performance between hospitals.
It is debatable whether it is necessary to correct for this difference. The cultural dif-
ferences could explain why there are differences in efficiency scores between hospitals.
However, this does not necessarily imply that culture should have been corrected for.
Secondly, adequate adjustment for variables affecting costs in a hospital that are dif-
ferent per hospital need to be done. Factors affecting costs in a hospital could for
example be the quality of community care (Dusheiko et all |2011). Furthermore, the
geographic location of a hospital is found to be an important explanatory variable
for cost efficiency in Nordic hospitals (Medin et al., |2011). Also, costs are possibly

influenced by scale properties (Kittelsen et al., 2018)).

Endogeneity Due to endogeneity problems, no conclusion can be drawn on causal
inference in this study. First of all, behaviour of hospitals is not taken into account.

However, if hospitals decide on the process of production of health care in order to
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minimize costs, this causes endogeneity problems. In addition, cost and quality indi-
cators based on adverse health outcomes are endogenous. For instance, poor physical

condition could lead to early death, so low treating costs, while at the same time severe

patients are more costly as resources will be used to save them (Kittelsen et al.| 2015)).

In order to be able to draw conclusions on causal inference, an adequate correction for
endogeneity needs to be done.

There is no accepted method to estimate efficiency in SFA in presence of endo-

geneity (Mutter et al.,[2012). To what extent inefficiency estimated by SFA is affected

by endogeneity in the cost function is researched by [Mutter et al.|(2012]). Their study

predicts that including endogenous variables leads to a more precise estimation of

inefficiency in case that the endogeneity is expected to be due to a correlation with

random noise (v) (Mutter et al} [2012).

Future research could focus on finding instrumental variables that affect quality

indicators but not costs. Factors that affect quality of care but not necessarily costs

could be for example, shift length (Griffiths et al.| 2014} [Barger et al., |2006; [Stimpfell

2013). According to results from |Griffiths et al| (2014) day shifts are not

longer than 8 hours and night shifts are not longer than 10 hours in Norway, making

differences in shift length small. Another factor that could influence quality of care but
not necessarily costs could be medical leadership. A Norwegian study finds significant
effect of task-oriented leadership on quality of care in nursing homes (Havig et al.
011)

Still, it remains unsure if the one or multiple instrumental variables can correct
the endogeneity problem in this case completely as there is no accepted approach to

correct for endogeneity while estimating efficiency in SFA yet.

Definition quality of care Most evidence is based on quality outcome indicators.
Mortality and readmission rates are widely used as quality outcome variables. How-

ever, quality of hospital care is too complex to be based on a single quality indicator

(Ferrier & Trivitt, [2013)). In this thesis, the scope of quality is broadened by including

patient safety indicators next to mortality and readmission rates. Unfortunately, this
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study allows to draw conclusions on the single effects of these quality variables on costs
only. There is no clear pattern of possible interaction between quality variables found.
Ferrier & Trivitt| (2013) explore how different quality indicators can be combined into
one aggregate quality indicator that combines all relevant quality indicators. As it
appears in their study, correcting for a quality outcome indicator is more important
than correcting for a quality process indicator. The relationship between a combined
index of quality existing of both outcome and process quality indicators and costs

might be an interesting topic for future research.

Data The quality of the collected data can be considered good. The data is directly
derived from the official national registries and patient registries of hospitals within
the same country. Therefore, the way of registering data will probably be quite ho-
mogenous. However, the size of the data might be insufficient for the methods of use,
in particular the number of hospitals in the data. In the ideal situation the study
is repeated with a dataset that is of the same quality but includes a bigger pool of
hospitals and a longer observation period. This is practically difficult as we are bound

to the available data based on the number of hospitals in the country.

6.6 Policy recommendation and implications for further
research

Future research As discussed before, Fleming’s article on the cubic relationship
and different derivatives in areas of different quality levels, could provide an explana-
tion for the finding of both a U-shaped and an inverted U-shaped relationship between
costs and quality depending on what quality indicator is used. Therefore, it would be
very interesting to exploit the research on the cost/quality relationship fully by per-
forming a third degree function in order to allow for a cubic relationship. In addition,
the relationship between a combined index of quality proposed by |Ferrier & Trivitt
(2013)) existing of both outcome and process quality indicators and costs might be an
interesting topic for future research.

In addition, a follow-up qualitative study could provide insight on what factors play
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a role in this heterogeneity and how you could measure and correct for them. This
could possibly help to understand institutional behaviour and causes of unobserved
heterogeneity which could help to find a way to reward hospitals for good quality of
care in the payment schemes.

Also, it might be interesting to set up research utilizing both DEA and SFA meth-
ods on similar data subsets to understand what the impact of the model of use is on
the results that are found in the hospital setting in Norway.

Finally, there was no time dummy included in the models in this study. In future
research a time dummy could be included to capture technological progression over

the years or other possible time trends.

Policy recommendation Case-mix correction for observable or unobservable dif-
ferences between hospitals is insufficient to be able make a precise estimation of the
cost efficiency. In the Norwegian finance scheme of the hospitals, hospitals are partly
reimbursed by ABF, and partly by a base payment. In addition, they are implement-
ing the inclusion of performance measures in the payments. This study shows that
time constant unobserved heterogeneity between hospitals could be present and there-
fore should be taken into account during the implementation of financial rewards for
performance measures.

Additionally, quantitatively defined cost efficiency should not be the only instru-
ment used to benchmark hospital efficiency. Quality explains part of the costs that
would have been addressed to inefficiency in a model with only quantitative output.

An interesting finding in this study for the health authority and leaders of hospital
organizations is that the patient safety indicators as quality indicators show a positive
relationship between the adverse health events and costs, which can be translated into
a negative relationship of the quality of care with costs. Based on this result it can
be concluded that cost minimization behaviour does not necessarily has to be focused
on minimizing cost, because it could be done by focusing on improving quality and
thereby indirectly minimizing costs.

Be aware that rewarding for quality of care in pay-for-performance finance schemes
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could lead to cream skimming and create an incentive to focus to improve what is
observable and measurable, over what goes unobserved and unmeasured (Ferrier &
Trivitt, 2013)). It is debatable if you should be willing to measure quality of care at the
macro level, as it could lead to misinterpretation and wrongly incentivize health care
organizations. Evidence from this thesis on the relationship between cost and quality
in the Norwegian hospital setting is weak as results are inconsistent and inconclusive.
As the evidence is weak, any incentive to improve quality that might be indicated by

this evidence, shall not be too strong.
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6.7 Conclusion

This study investigates the relationship between cost and quality in the Norwegian hos-
pital setting. Multiple qualitative output variables show a correlation with operating
costs over the different cross-sectional and panel data models. A negative correlation
was found between operating costs and quality based on 30-day readmission (in model
CF), the patient safety indicator for sepsis (in model B and Cg), the patient safety
indicator for pulmonary embolism and deep venous thrombosis ( in model B, F and
CF), and the patient safety indicator for obstetric trauma (in model B and F). This
indicates that costs can be decreased by decreasing the 30-day emergency readmission
rates and by decreasing the number of cases of the patient safety indicators obstet-
ric trauma, pulmonary embolism/deep venous thrombosis, and sepsis. Furthermore,
quality based on patient safety indicator for pulmonary embolism and deep venous
thrombosis and obstetric trauma seem to have an inverted U-shaped relationship with
operating costs. One possible cost/quality trade-off was found for the qualitative out-
put variable for 90-day mortality, as well as a U-shaped relationship between cost and
quality based on 90-day mortality. The results on the relationships between costs and
quality based on 90-day mortality and quality based on obstetric trauma are estimated
in a cross-section model F. Time constant unobserved heterogeneity between hospitals
is present. There is no significant cost inefficiency found in the more complex cost
models including qualitative output variables.

Despite hinting evidence on both positive and negative relationships between cost
and quality in different models, there still is uncertainty on the relationship between
cost and quality due to the inconsistency in estimated results on the cost/quality rela-
tionship over the different models. There are clues that the relationship between cost
and quality changes over the level of quality in a non-constant way. This inconsistency
in results on the cost/quality trade-off is in line with the ambiguous and conflicting
evidence that is yet reported in the current literature. Model specification might be
an important factor of influence in this field of research.

Practical implications for health care authorities are that unobserved heterogeneity

should be considered when ranking and rewarding hospitals based on their activity and
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quality. This study also indicates that health care organizations could possibly aim

for cost minimization by improving quality based on patient safety indicators.
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Appendices

A Hospitals in data

Table

12: Hospitals in data

Variable code

Name hospital

OouUs
VESTREVIKEN
AHUS
INNLANDET
OSTFOLD
VESTFOLD
TELEMARK
SORLANDET
STAVANGER
FONNA
BERGEN
FORDE
NORDTRONDELAG
STOLAVS
MO@REROMSDAL
FINNMARK
UNN
NORDLAND
HELGELAND
DIAKON
LOVISENBERG
HARALDSPLASS

Oslo University Hospital

Vestre Viken

Akerhus University Hospital
Innlandet Hospital Trust
Ostfold Hospital Trust

Vestfold Hospital Trust
Telemark Hospital Trust
Hospital of Southern Norway
Stavanger Hospital Trust

Fonna Hospital Trust

Bergen Hospital Trust

Fgrde Hospital Trust
Nord-Trgndelag Hospital Trust
St. Olavs University Hospital
Mgre og Romsdal Hospital Trust
Finnmark Hospital Trust
University Hospital of North Norway
Nordland Hospital Trust
Helgeland Hospital Trust
Diakonhjemmet Hospital
Lovisenberg Diaconal Hospital
Haraldsplass Deaconess Hospital

B Correlation performance indicators of mor-

tality quality variables

Table 13: Correlation Performance indicators of mortality quality variable

| perf_u2_mort30last

perf_u2_mort90last perf_u2_mort180last

1.0000
0.9512
0.8474
0.6019

perf_u2_mort30last
perf_u2_mort90last
perf_u2_mort180last
perf_u2_mort365last

1.0000
0.9524 1.0000
0.7526 0.9133
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C Pearson correlation coefficients
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Scatter plots of cost and

quantitative vari-
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Figure 6: Scatter plots variable transformation Cost and DRG-points for emer-

gency patients
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Figure 8: Scatter plots variable transformation Cost and DRG-points for day
patients
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Table 15: Between and within variation of the included dependent and inde-
pendent variables.

Variable Mean SD Min Max  Observations
In_kost overall 14-641 0-754 13-286 16.472 | N=151
between 0-769 13-347 16.415 | n=22
within 0-109 13-992 14.968 | T-bar = 6.864
In_v_emrg overall 9-960 0-701 8739 11.327 | N=151
between 0-712 8861 11.214 | n=22
within 0-098  9-576 10.380 | T-bar = 6.864
In_v_elective overall 9-332 0-854 7-860 11.501 | N=151
between 0-862 7965 11.430 | n=22
within 0-176  8:359 9.846 | T-bar = 6.864
In_v_dagp overall 7917 0835 6-118 9.443 | N=151
between 0-842  6-196 9.405 | n=22
within 0-147 7255 8.463 | T-bar = 6.864
In_v_polk overall 8798 0-836  6-826 10.636 | N=151
between 0-846  6-907 10.570 | n=22
within 0-150  8:048 9.200 | T-bar = 6.864
perf_u2_ readm30_emgc  overall 1.015 0-102  0-698 1.320 | N=151
between 0-078 0-871 1.196 | n=22
within 0-068 0-776 1.235 | T-bar = 6.864
perf_u2_mort30last overall 0955 0-125  0-612 1.328 N=151
between 0-117  0-650 1.217 n=22
within 0-052  0-820 1.097 | T-bar = 6.864
perf_u2_mort90last overall 0-966 0-128  0-601 1.301 N=151
between 0-122  0-646 1.222 | n=22
within 0-050 0-849 1.128 | T-bar = 6.864
perf_u2_mort180last overall 0-969 0-137  0-586 1.402 N=151
between 0-122 0650 1.219 | n=22
within 0-070  0-844 1.227 | T-bar = 6.864
perf_u2_mort365last overall 0-970 0-178  0-542 1.614 N=151
between 0-120  0-660 1.217 | n=22
within 0-135 0-793 1.411 T-bar = 6.864
perf_u2_psil2vt_pe overall 0-940 0209 0-556 1.757 | N=151
between 0-170  0-620 1.424 | n=22
within 0-127  0-342 1.290 | T-bar = 6.864
perf_u2_psil3sepsis overall 1.018 0270  0-342 1.911 N=151
between 0204 0639 1.536 n=22
within 0-180  0-579 1.555 | T-bar = 6.864
perf_u2_psil5ac_punc overall 0-805 0-325 0-000 1.883 | N=151
between 0-276 0-068 1.494 n=22
within 0-178  0-157 1.382 | T-bar = 6.864
perf_u2_psil8ob_trau overall 0-921 0-545  0-000 2.435 N=151
between 0-477  0-000 1.767 | n=22
within 0274  0-188 1.764 | T-bar = 6.864
perf_u2_bed _sores overall 0-920 0465 0275 2.696 N=151
between 0-408  0-355 2.094 n=22
within 0-236 —0-080 1.740 | T-bar = 6.864
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