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Abstract

This dissertation contains three empirical studibat examine the performance
measures, reimbursement and behaviour of New Zg:gdahlic health care providers,

the district health boards (DHBS).

The first essay investigates whether highly skillezhlth care providers are at a
disadvantage because they attract difficult casgegxamining over 10 million publicly
funded patient discharges in New Zealand duringptireod from 1999 to 2011. Using a
patient’s transfer status and the complexity andarbidity level (CCL) indicator as the
measure of task difficulty, | calculate the effecistask difficulty on performance
indicators such as the length of hospital stay, thiedprobabilities of 30-day mortality
and readmission while controlling for potential egdneity. The results confirm that
this disadvantage does exist. Transferred patistatg in hospital longer, and have
higher probabilities of 30-day mortality and 30-desadmission. Overall, patients
assigned to higher level of complexity and comathidhdicators also have longer

hospital stays and higher probabilities of moryadihd readmission.

The second essay examines how the public health prawviders in New Zealand
responded to the system reform that reintroducezhmtation scheme, which pays
providers a fixed amount per enrollee, regardlelsshe actual service usage per
enrollee. | find that the new capitation schemere@ged the movement of patients
between districts, especially those whose conditiane more severe. The results
indicate that sicker patients are less likely tdreated by specialist providers since the
reform. Overall, the decrease in inter-district mment seems to have negative effects

on health outcomes.



The third essay examines the capitation fundingesysfor New Zealand public
health care providers, which allocates funds acdissicts based on the characteristics
of district population. As the first step in undargding the adequacy of this payment
system, this research examines how the actual usagatients is associated with the
funding, which is computed based on the charatiesisf population. To examine the
relation, | regress the government funding receibvgdhe DHBs on the characteristics
of the population who actually received treatmevgrathe period of 2003 to 2011. |
find that the usage of health care services byategopulation groups is higher than

their population share.
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Chapter 1 Introduction

1.1 Introduction

This dissertation studies the performance measum@seimbursement system of public
health care providers in New Zealand and examirtestiver there are differences in the
response to the payment system change betweenyhglfiled and low skilled

providers. Providing the correct incentives to icelithe optimal performance of the
participants is a difficult task for any organisaij especially for health care providers,

as a life is at stake.

As Arrow (1963) discusses in his seminal work, thedical care market shows
characteristics different from a competitive marKéte main reason for the differences
is the existence of uncertainty in regards to tbeuoence and treatment of disease.
There is greater informational inequality betweba buyer and seller in the medical
care market than in a competitive market. Due t® dimcertainty, competitive markets
may generate an inefficient allocation of resouroskile non-market means may
improve the efficiency of the medical care marKetis explains the prevalence of the

public provision of health care in many countries.

In the past, the public health sector around theldveeimbursed care providers
based on the costs incurred during the treatmempiabénts. Faced with rising health
expenditure, however, many countries including NZealand have switched the
payment methods to the prospective payment systéich pays health care providers
based on the average costs across all providerenéern surrounding such a system is

that the quality of health care may deteriorateabse the providers receive a fixed
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payment regardless of the actual costs incurredthfn problem is that providers may
selectively treat more profitable patients. For regke, Ellis (1998) shows that a
prospective payment system leads providers to sogety services to more seriously
ill patients and to even avoid these patients. Siomes, a change within the fixed
payment system also results in undesirable respofisen providers. Dafny (2005)
shows that, after a change in the diagnosis-relgtedp (DRG) prices in 1988 in the
U.S., hospitals upcoded patients to diagnosis caitesthe largest price increases.

As important as the efficient provision of healttres is, maintaining high quality
care and ensuring access to care for those in stemad also be the key objectives of
the public health sector. A payment system thavigdes the correct incentives to the
health care provider plays a pivotal role in acligvthose objectives. In the New
Zealand health care system, access to health eariees for its citizens and permanent
residents is less of a problem, because publicitadspn general are not able to select
which patients to treat. However, ensuring the ityiaf care, while keeping costs low
is still an issue. In particular, under the fixedyment system, it may be harder to
provide the correct incentives and compensationtliose providing more complex
services, such as specialist hospitals. In othekets, the seller of high quality products
may be able to demand higher prices. In a markerevbonsumers do not directly pay
for the services and the reimbursement providarsive is based on the average costs
across all health care facilities, the quality afecthe specialist hospitals provide may,

however, decline if they do not receive some typeeward.

This dissertation contains three essays. Thedgsay aims to answer the question of
whether highly skilled providers are at a disadagetdue to their expertise; as they

possess more complex skills, they receive casésathamore difficult, however, more
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difficult cases take more effort and time to treamlile having a higher probability of
failure. This essay investigates the effects ok @ifficulty on performance measures,
while controlling for potential endogeneity problerbetween the task difficulty and
performance measures. The second essay of thetdigseinvestigates the response of
health care providers in New Zealand to the systform in 2003, which reintroduced
capitation. Under the capitation system, the funmgrs providers based on the number
of people enrolled to use their services, regasdtdsthe actual usage by the enrolled
people. | examine whether the system reform hagingreffects on providers with
different skill levels and whether it has any eféeon health outcomes. Lastly, the third
essay examines how the actual usage of healthseaveces by patients is associated
with the payment received by providers under th@tadon system, which is computed
based on the characteristics of population. Intaxdil examine the levels of funding

for providers treating complex cases under theetiifiunding system.

1.2 Contribution to theliterature

The general contribution of this dissertation iptovide a comprehensive analysis of
the performance and reimbursement of health caweigers that have different skill

levels, using a rich dataset that includes all gbblicly funded health care events in
New Zealand over the 12-year period. The numbedotad observations in the dataset
exceeds 10 million discharges and 3 million pasieifihe publicly funded health care
events comprise nearly 80 percent of the total asimms in New Zealand. Therefore,
my findings are not specific to certain diseased fatilities, but are more generally

applicable across the sector. Below | discuss dinéribution of each essay.
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1.2.1 Expertise: Isit agift or curse? Evidence from the health care sector

In the first essay, | examine the effects of casmmexity as measured by the transfer
status and complications/comorbidity levels on peeformance measures commonly
used in practice; length of stay in hospital, 3Q-de#ortality, and 30-day readmission.
The findings of the essay show that overall theeeregative effects of complex cases
on these performance measures. To my knowledgeisttine first study that addresses
the issue of potential simultaneity bias betweee tomplexity indicators and

performance measures. The findings that transtaeases the length of hospital stay,
mortality and readmission are prone to simultaneigs, as a hospital that initially

receives patients may transfer them to anotheriggo\because it anticipates a longer
length of stay and/or higher probabilities of mbityaand readmission. Therefore, the
positive relations found in the previous literatbetween transfer or other indicators of
the severity of illness, and performance measures simply reflect the simultaneity

bias.

In this essay, | use the Instrumental Variable @gproach to accurately measure the
effects of complex cases on performance measugemsftuments, | use the exogenous
variation of transfer due to variation on the numbkpeople eligible for the publicly
funded health care, which is the focus of this gtuthe change in the eligibility is
measured by the change in the level of net permiangnation. The increase in transfer
due to the increase in the number of people ebditit public health care is exogenous,

since the health status of the net immigrantsrisawerage, similar to the people already

1 See, for example, Bernard, Hayward, Rosevear, ChdiMaiMahon (1996), Combes, Luyt, Trouillet, Chastrd an
Gibert (2005), Gordon and Rosenthal (1996) and RuesegnHofer, Strachan, Watts and Hayward (2003).
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living in New Zealand. The results from the IV mtslsuggest that endogeneity is not

an issue in the regressions on the length of staytality and readmission.

1.2.2 Health care provider response to system reform: Effects of capitation on the

inter-district movement of patientsand health outcomes

The second essay of this dissertation investigdtesffects of the system reform in
New Zealand in 2003, which reintroduced capitatimm inter-district patient flows and

health outcomes. The findings show that patierédess likely to receive treatment in a
district outside their residence since the systeform. The decline is more notable
among those patients with more severe ilinessaghiyiskilled providers are also less
likely to receive patients from another districhelresults indicate that sicker patients
are less likely to be treated by specialist prosadgnce the reform. Nevertheless, the
reform has actually increased the transfer of ptgiewith diagnoses where the
probability of mortality is high. Therefore, thenfiing suggests that non-specialist
providers are selectively treating patients in msesere, but less fatal, conditions.
Overall, the decrease in inter-district movemergns® to have negative effects on

health outcomes.

A number of past studies examine how the diagnedated group (DRG) based
payment system affects the transfer decision opitals’, however, few report the
impact of capitation on patient flow between haagiteven though many countries use
capitation to reimburse their health care provid&ame studies examine the impact of

a capitation scheme on referrals, which are théeemaflows between primary care

2 See, for example, Eze and Wolfe (1993), Newhol:889) and Sloan, Morrisey and Valvona (1988).
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providers and specialistsThe studies on physician referral under capitatfmwever,
are not directly comparable to this essay becéuse tare notable differences between
physician referral and hospital transfer. For ins&g non-tertiary and tertiary DHBs
perform more similar work than do general praatiéics and specialists. Most
importantly, hospitals transferring patients ne@gay the receiving hospital out of the
capitation payment, whereas general practitionereiglly do not pay for the patient’s
specialist care. Furthermore, this essay invegtggaow the change in transfer patterns

due to the system reform affects health outcomes.

Lastly, the previous literature reports that fixgayment systems, such as the DRG
based payment system, increases transfer ratethibassay shows that the direction of
the impact is less clear under capitation, whicansther type of fixed payment system.
Capitation may increase the inter-district patigodv if the prices for the treatment of
patients from another district are set too low. dMamterestingly, however, hospitals
may be discouraged from transferring patients twthaar district in order to retain the
funds received from the government. Although thiglg uses data from New Zealand
hospitals, its findings are applicable to the Headector in other countries where

capitation and universal coverage are in place.
1.2.3 Public health care provider reimbursement in New Zealand

The third essay examines how the usage of healéhseavices by patients is associated
with the level of government funding, computed lobsm the characteristics of

population regardless of actual usage. To exani@edlation, | regress the government

3 An example is Allard, Jelovac and Leger (2011).
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funding received by public health care providergtmn characteristics of those patients
who receive treatment. | find that some populatwoups are associated with lower
levels of funding, although they receive higher gi®s under the current funding
system. This is because the usage of health sertigethese groups exceeds their
population share. Maori and Pacific Island patigfuisinstance, receive higher levels of
funding, as they are considered as high-risk etignizips. The finding of this essay
shows, however, that the level of funding for pd®rs treating a higher proportion of
these ethnic groups is lower, suggesting that #tesrof usage by these groups are

higher than their population share in districtd the@at a higher proportion of them.

To the best of my knowledge, this study is thstfio examine the relation between
the patients’ actual usage of hospital servicesthadevel of funding computed based
on the regional population under the New Zealangditagon system. Since the
capitation system was reintroduced in July 200Ba# received much attention from the
health sector, however, no studies have yet toyaaeahe relation between the actual
usage by population and the level of funding, @ #dequacy of payment. There are
past studies that examine similar payment systéiaisare based on the average costs
across providers. Most of these studies, howesr,abbservations from U.S. Medicare
patients, who only account for less than 15 peroétiie nation’s population and have

different demographics than the general public.

In New Zealand, Penno, Audas and Gauld (2012)igecan excellent review of the
new funding system that was introduced in 2003, dwes, they note that whether the
funding allocations are adequate, and whether théhods could be improved, are

further issues to be investigated. My essay previtie first step in understanding the
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adequacy of payment by examining how the actuajeisd health services relates to

the government funding.

1.3 Organisation of dissertation

The remainder of the dissertation is organised dllsws. Chapter 2 examines the
effects of complex cases on performance measuréseiNew Zealand health care
sector. Chapter 3 studies how the health systeormeintroduced in 2003 in New

Zealand has affected health care providers. Chapteramines the reimbursement
system for public health care providers in New Zedl Chapter 5 summarises the key

findings from the three essays.
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Chapter 2 Expertise: Isit a gift or a curse? Evidence from the

health car e sector

2.1 Introduction

The problem with being better at something tharestls that you might end up taking
on the most difficult tasks, but not receiving rgoition for doing so. One of the
reasons for this lack of recognition may be psyobigial. A common finding in
psychology literature (Gilbert & Malone, 1995; Heid1958; Ichheiser, 1949; Jones &
Harris, 1967) suggests that people take insufficieansideration of situational
constraints, such as task difficulty and role assignt, when determining the causes of
a person’s behaviour, or assessing the performainatherd. Another explanation may
be that, due to the complexity of the task, a ndiffecult task is harder to evaluate and
compensate accordingly. In general, more diffitatks take longer to complete, so the
person or organisation working on it may appeafficient if the level of difficulty is
not taken into account. The health care sector lbeagn example of this issue. Those in
the industry often argue that the common perforreameasures currently used cast
hospitals treating complex cases in an unfair lighiperformance measures do not
accurately reflect the complexity of cases, hospitkealing with difficult cases are
likely to appear inefficient, as complex cases nexjlonger hospital stays and higher
levels of resources, often with unfavourable restich as death.

This study investigates whether more highly skilledganisations are at a

disadvantage because they attract difficult casggxamining all the publicly funded

4 For more on these studies, see Jones and He8Ag ) IRoss, Amabile and Steinmetz (1977), Weber, Game
Rottenstreich and Knez (2001), Mayo and Tinsley 2@hd Moore, Swift, Sharek and Gino (2010).
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hospital events in New Zealand during the perioduty 1999 to June 2011. The dataset
includes more than 10 million patient discharged about 3 million patients. As the
Ministry of Health in New Zealand keeps recordsatirof the publicly funded hospital
admissions, which comprise nearly 80 percent otdbe admissions, my results are not
specific to a few diagnoses, or hospitals, but amgnerally to all of them. | use a
patient’s transfer status and the complication/arbidlity class level (CCL) indicator
to measure the difficulty of a case and calcullagrteffects on performance indicators,
such as the length of hospital stay, 30-day maytahd readmission.

The disadvantage faced by highly skilled people, ooganisations, has two
components. First, they are given the most difficakks, which take longer and/or
require greater effort, but have lower successsra&decond, the payment they receive
for a difficult task may not adequately compenghtan for the level of difficulty. The
problem is more serious when these two componeoisxist. Receiving a more
difficult case on its own will not necessarily berablem if you receive higher payment
that compensates for the complexity. If a hospiéakives a premium for a complex
case, the negative effects may not be as largeheg first appear, although an
unfavourable impact will remain, as bad performaimc¢éhe quality and/or efficiency
measures will make the hospital look bad in thelipukye, causing disruptions to the
organization, such as changes of the board. Thdysntends to provide evidence on
the first type of disadvantage. The third essayhefdissertation will provide the first
step in answering the question of whether the cosgeon given to highly skilled
hospitals is sufficient.

My findings confirm that the disadvantage to hyghkilled hospitals does exist. In
the base models, transfer leads to an increaséhanlangth of hospital stay by

approximately 22 days, in the probability of matiaby 5 percentage points and in the
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probability of readmission by 0.04 percentage ihtigher levels of complexity and
comorbidity also have negative effects on perforceameasures, in general. As
endogeneity between transfer and the dependemthlesi may cause the models to fail,
| further estimate the models by using instrumewaiable (IV) methods. Endogeneity
may be present if hospitals transfer a patient iiedhey expect her to stay longer, or
have a higher chance of mortality, or readmission.

The instrument used in this study is the changeshe monthly level of net
permanent migration, which will measure the chaimmgthe number of people eligible
for the publicly funded health care. As the hodmatémissions studied in this essay are
publicly funded, permanent residency or citizenshipequired in general for a patient
to be eligible for the service. The increase imgfar due to the increase in the number
of people eligible for public health care is exoges, since the health status of the net
immigrants is, on average, similar to that of peagdteady living in New Zealand.

In the models controlling for potential endogengitye effects of transfer on the
length of hospital stay and readmission are siai insignificant. In the regression
on mortality, the effect of transfer is slightly alier than the base model estimated by
Probit. However, the test for endogeneity doesfimot that endogeneity is present in
any of the IV models. Thus, the negative effectstrahsfer on the performance
measures found in the base models still hold.

To the best of my knowledge, this study is thetfis provide comprehensive
analysis of the effects of task difficulty on perfance in hospitals using extensive
data. Several medical studies examine the effdctsosfer, or severity of illness, on
performance measures and costs in hospitals (Condtesl., 2005; Gordon &
Rosenthal, 1996; Hall, Willis, Medvedev, & Carso2012; Kahn, Kramer, &

Rubenfeld, 2007; Munoz, et al., 1988; Rosenbercl.et2003); however, their data
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include only a limited number of hospitals, diage@and/or years. While these studies
provide valuable insights, in order to obtain aeteresults a variety of conditions need
to be included in the analysis. My finding that thiects of complex cases on the
performance measures vary across different diagnosefirms the importance of
examining a broad set of patient discharges. Amatbetribution of this study is that |
address the issue of endogeneity between transterthe performance measures. If
providers are more likely to transfer a patientéhse they anticipate a longer length of
hospital stay, or higher probabilities of mortalignd readmission, the estimates
obtained ignoring such a relation will be biasedsé the IV approach to control for the
potential endogeneity.

| believe that transfer is a good indicator of taléfficulty, because the hospital to
which a patient is originally admitted will transféhe patient to another facility if her
condition is too complex for it to tréatThus, | define highly skilled hospitals as those
equipped with facilities and staff that can treamplex conditions. Along with a
patient’s transfer status, | use the complicatiomfrbidity class level (CCL) as
difficulty measures. Ranging from 0O to 4, a CClassigned to each case and indicates
the level of complexity. My results suggest that tommon performance measures
may not adequately represent the true quality dficiemcy of hospitals, if they are

used without the indicators of case complexity.

® The health care sector in the U. S. is likely ¢oaln exception to this argument because the codo@y not have
the wide coverage of publicly funded health cateays. For instance, some U. S. studies (Himmelstedl., 1984;
Schiff et al., 1986) report that many transfersmythe period of their studies are due to econaeasons, such as
the lack of insurance. In most developed counttiesiever, publicly funded health care events cosepttie
majority of total health care expenditure, so tkeision to transfer a patient is mostly based odicaé conditions,
rather than economic ones.
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2.2 Related literature

The disadvantages faced by high skilled hospitale tb imperfect performance
measures have received relatively little attentiorthe economic literature. Cutler,
Huckman and Landrum (2004) and Dranove, KesslerClBltan and Satterthwaite
(2003) point out that hospitals treating sickeliggas may appear to have low quality if
the quality reporting system in the health care ket does not adjust for the
differences in levels of sickness. The focus of #tedy by Cutler et al. (2004),
however, is on the impact of the quality reportgygtem on the volumes and future
quality of hospitals, while Dranove et al. (2008rtis on the selection of patients by
hospitals.

Evans and Walker (1972) examine 90 hospitals inidBriColumbia, Canada and
show that case-mix complexity increases costs. éadee later, Barer (1982) confirms
Evans and Walker’s findings, using a panel datesetaining 87 acute care hospitals in
the same region. The literature on non-health wakets also provides some evidence
on the impact of complexity on costs. In the elatics industry, Miller and Vollmann
(1985) claim that transactions which occur dueh® tomplexity of the production
process drive up overhead costs. Banker and Joh($893) find production process
complexity and product diversity to be a significaost driver in the airline industry.
On the other hand, Foster and Gupta (1990) exathaeffects of volume, complexity
and efficiency on overhead costs and find no sicgmit effects of complexity and
efficiency. Despite the finding, they believe thamplexity and efficiency affect
overhead costs, and argue that the insignificastlt® must have arisen from the
difficulty of selecting appropriate proxies for cplaxity and efficiency, and the lack of

consistent measures.
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The studies similar to this essay are mostly founithe medical field. These studies
examine the effects of transfer, or severity afelis, on costs or other performance
measures, such as the ones used in my study. Alhthese studies provide valuable
insights into the effects of case complexity on fitads, their results are hard to
generalise because most of them use data fromgée dwospital, a limited number of
diagnoses and/or relatively short time periods.tédg by Rosenberg et al. (2003) is
closest to this essay, as it examines the impacapsfer on benchmark measures, such
as length of stay (LOS), readmission and mortafiyes. Using data on 4,579
admissions to the medical intensive care unit (MGl a tertiary care university
hospital in the U.S. from 1994 to 1998, they shiwat ttransfer patients have a 40
percent longer hospital stay and two times highesrtatity rates. The authors
acknowledge that the results are hard to generadisehe sample is from a single
hospital and the reasons for transfer are undistudy improves on these points, as |
have an extensive data set that includes everyitabspd nearly 80 percent of all the
hospital admissions in a country. Also, in my samble reason for transfer is most
likely to be the inability of the transferring haisg to treat the patient because New
Zealand hospitals are not able to select whicheptdito treat, whereas in the U.S.
transfer often occurs due to financial reasons (Hébstein, et al., 1984; Schiff, et al.,
1986). Moreover, | control for the endogeneity betw transfer rates and the
performance measures.

Bernard et al. (1996), by examining about 85,00(epts admitted to the University
Hospital at the University of Michigan, show thedrsfer patients are more likely to
stay in hospital for longer, die in the hospitatlaonsume more resources. They do not
control for the severity of illness in the studgwever, so it is difficult to measure the

true effects of transfer on the outcomes. GordahRosenthal (1996) examine 40,820
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patients at University Hospitals in Cleveland fra888 to 1991 and show that transfer
patients have higher hospital mortality, LOS andrgbs, even after adjusting for the
severity of illness. Their findings indicate thatsipitals where transfer patients account
for 20 percent of admissions would appear to hagbeen mortality and LOS of 17
percent and 8 percent, respectively, compared mo8pitals where transfer comprises
only 2 percent of the patients. Combes et al. (2088 data from the intensive care unit
(ICU) of a tertiary care centre to measure theeddihices between transfers from another
hospital’'s ICU. The database includes 3,416 patiéoin 1995 to 2001. Their findings
show that not only does transfer have negativeceffen the length of stay and
mortality rates, but that the negative effectssarenger for ICU transfer than non-ICU
transfer. This study suggests that classifyingstiens based on the characteristics of the

sender may provide further insights into the analys

Munoz et al. (1988) analyse the lengths of stay ewsts related to 3,073 general
surgical patients in Long Island Jewish Medical €em New York during the period
of January 1985 to December 1986. Of these pati@itaere transferred from another
acute care hospital. They find that transferredepts cost twice as much to treat as
non-transferred patients and have longer hospiayss Transferred patients also
generated a yearly deficit of US$238,717 during shely period. Jencks and Bobula
(1988), using Medicare data for 1984 to 1985, &lsd that costs per case at hospitals
receiving more transfers and referrals are higfiee transferred patients, however,
account for only one-third of the higher costs, le/inéferred patients do not have effects
on costs. They note that the possible reasonshfeset high costs may be that those
hospitals have higher admission thresholds of cerifyl, or assume roles as centres of

excellence and use more expensive treatment methad®ther hospitals.
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Dormont and Milcent (2004) investigate how much hseyvable, as well as
observable, hospital heterogeneity can explain itedspost variability, using 7,314
stays for acute myocardial infarction in 36 Frepeiblic hospitals during the period of
1994 to 1997. They point out that, although costiakélity may result from
inefficiency, it can also be the result of unobsdte differences among hospitals, such
as long-term moral hazard, infrastructure and caraity. Their findings suggest that
transitory unobservable heterogeneity plays a laotge in cost variability. In addition,

hospitals that receive a higher number of trandiax® higher costs.

In the U.S., the transferring hospital receivesea giem payment, which is the
diagnosis-related group (DRG) weight divided by tieometric mean of LOS, for
transfer cases staying shorter than the geometannof LOS, whereas the receiving
hospital receives a fixed payment and any outldgjusiments. A transfer with longer
than, or equal to, the geometric mean of LOS resew full DRG payment (Carter &
Rumpel, 1993). The differences in payment to thedsg hospital and receiving
hospital are most likely to recognise differenaeghe pattern of transfer between the
earlier days and the later days of the stay. Famgte, Buczko (1993) reports that
initial stays of transfer episodes are slightlyslesvere and less costly than the average

Medicare discharge, but that final stays are muorersevere and costly.

Such differences in payment for transfers have rgéee interest among researchers
in the effects of transfer on sending hospitalsyall as receiving ones. The study by
Hall et al. (2012) is similar to this essay, butkamines the impact of transfer on
hospitals that send patients to another facilitgll ldt al. (2012) measure the effects of
transfer rates to long-term acute care hospitalg1drospital mortality and ICU length

of stay, the new quality indicators endorsed byNa¢ional Quality Forum in the U.S.
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at the time of their research. If a transferredgpatdies in hospital, mortality for that
patient will not be recorded in the hospital thahtsthe patient; therefore, there is
incentive for hospitals to increase transfers. Y4i@7 teaching and affiliated non-profit
hospitals in the U.S., Hall et al. (2012) show tinateasing a transfer rate from thé"25
percentile to the 75 percentile will improve the transferring hospisathortality index

from 0.97 to 0.83, and its LOS index from 1.281t0 1

Buczko (1997) tests whether the percentage of feesigeceived and sent in a
hospital has an effect on costs per case, using hhspital-level data for 1987. His
findings suggest that transfers sent, as well esived, increase costs, although their
effects are much smaller than case-mix, wages aedrésident/bed ratio. Using
Medicare data for the financial years 1990 and 19®4arter and Rumpel (1993)
examine the costs of transfer cases to the sermiggital and test alternative payment
formulas. In their study, transfer cases at thalsgnhospital cost more than both the
amount received from the existing payment methadl the average costs incurred by
the corresponding DRGs. Kahn et al. (2007) perfargohort study and Monte Carlo
simulation using 120,475 patients at 85 ICUs in UW&spitals. They show that
increasing transfer rates can significantly impravaotential quality measure for ICUs,
the standardised mortality ratio (SMR), which is tihserved mortality divided by the
expected mortality adjusting for severity of illsemnd case mix. The authors argue that
hospitals can easily manipulate this measure hystearing critically ill patients to
other facilities. Transferring only one patient deaprove the SMR measure in many

ICUs.

| believe that the negative effects of transferreceiving hospitals are likely to be

greater than those on transferring hospitals; tbezemore analysis of the effects on the
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receiving hospital is required than is currenthaidable. This is because the sending
side can respond to the unfavourable compensagiamcbeasing transfer rates, whereas
the receiving hospital often does not have anyrotheice than to treat the patients.
This is especially true in the New Zealand healhecsector, but also applies to a
country such as the U.S. For instance, in a stady @analyses the characteristics of
transfers in the U.S., Buczko (1993) shows thatllsara/or rural hospitals are the

major senders, whereas large urban hospitals eeceilarge percentage of transfers.
Newhouse (1989) also tests whether unprofitableemat are more likely to be

transferred and end up in hospitals of last resdnich he describes as city and county
hospitals. These studies support my argument #rédin hospitals do not have choice
on whether to accept, or transfer a patient, awdya treat the patients they receive. My
study contributes to the literature, as none of dhalies reviewed above explore the

issue of endogeneity between transfer rates anpdtiermance measures.

2.3 Data

Analytical Services at the Ministry of Health in M&ealand provide patient discharge
data for all the publicly funded hospital eventsNaw Zealand for the period 1 July
1999 to 30 June 2011. The earliest year for whicéinl obtain data with all the required
information is 1999. This is a large dataset, witbre than 10 million observations.
Each record in the dataset contains informatiom siscthe age, gender and ethnicity of
a patient, the facility in which the patient wasedted, a diagnosis type and severity,

lengths of stay, transfer status, admission typg. @ective, or acute) and event end
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type (e.g. death, self-discharge, or routine disga Each patient in the dataset has a
unique identification number, so | can check théegpéis admission and discharge
history during my research period.

The dataset includes 3,243,791 patients and 55ftiésc Transferred patients
comprise approximately 6 percent of total admissiofihe complication/co-morbidity
class level (CCL), which ranges from O to 4, intksathe severity of illness. CCLs
range from O to 4 for surgical and neonate episoded from 0 to 3 for medical
episodes. Each patient is also assigned a coshityeidnich is used to compute the
costliness of treatment based on factors thatafféict costs, such as DRG codes and
length of stay. The length of stay ranges from @220 day® There are 21 district
health boards (DHBs), which oversee the facilitretheir districts and provide funding
and care for all the admissions in the datasegisis-related Groups (DRGsyvhich
classify diagnosis types into 667 groups, codeptteents’ diagnosis types. The Major
Diagnostic Category (MDC) provides another methddclassifying diagnoses. The
MDC divides all the diagnoses into 25 groups, basathly on an organ system. Table
2.1 provides the description of MDC codes and thenlmer of observations in the

dataset that belong to each code.

® For more detailed description of this dataset,Ne® Zealand Health Information Service (2008).

| exclude transfers from a highly skilled providera low skilled one, which typically occurs whpatients are
transferred back to the facility in their own dists, because this type of transfer is not a goedsure of case
complexity.

8 The patient with the longest hospital stay indagaset is a 91 year-old (at the time of dischafgymple diagnosed
with dementia and global disturbances of cerelnattion.

9More than one version of the DRG code is availaethe code is constantly updated. | use DRG cod@one3.1,
because the current code is not available forezaatimissions.
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Table 2.1 Major Diagnostic Category (MDC)

MDC code Description N

0 Pre-MDC 888

1 Diseases and disorders of the nervous system 4®D5,

2 Diseases and disorders of the eye 251,536

3 Diseases and disorders of the ear, nose, modtthewat 565,275

4 Diseases and disorders of the respiratory system 733,787

5 Diseases and disorders of the circulatory system 1,044,025

6 Diseases and disorders of the digestive system 071830

7 Diseases and disorders of the hepatobiliary syated pancreas 177,973

8 Diseases and disorders of the musculoskeletatersysand 1,061,873
connective tissue

9 Diseases and disorders of the skin, subcutartessug and breast 532,166

10 Endocrine, nutritional and metabolic diseasesdisorders 127,425

11 Diseases and disorders of the kidney and urimacy 552,027

12 Diseases and disorders of the male reprodusyistem 96,651

13 Diseases and disorders of the female reprocusyistem 287,815

14 Pregnancy, childbirth and the puerperium 1,278,3

15 Newborn and other neonates 881,203

16 Diseases and disorders of blood, blood-formingans and 132,832
immunological disorders

17 Neoplastic disorders 210,581

18 Infectious and parasitic diseases 178,141

19 Mental diseases and disorders 183,309

20 Alcohol/drug use and alcohol/drug-induced organinental 34,299
conditions

21 Injuries, poisoning and toxic effects of drugs 12395

22 Burns 15,334

23 Factors influencing health status and other amsatwith health 460,641
services

99 Error DRGs 0

Total 10,777,536

@ Pre-MDC is assigned to cases that require intengseurces, such as organ transplants, before aggign
MDC.
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| use a subset of the main dataset that exclugeslibervations from the last month
when estimating the effects of task difficulty ononmtality, because my mortality
variable measures death within 30 days of dischdJ/gimg the records on the event end
type, | create an in-hospital mortality dummy vahk& which equals 1 if the patient’s
discharge type is ‘died’, or ‘died while still ilmergency department acute facility’. In-
hospital mortality comprises about 2 percent oélt@idmissions in this subset. | also
count mortality outside hospital within 30 daysdi$charge at 0.6 percent. In addition, |
create a 30-day readmission dummy variable, whighaks 1 if a patient is admitted to
any hospital in the dataset within 30 days of trevjpus discharge date, or 0 otherwise.
In some cases, patients with more complex conditioray appear to have lower
readmission rates because they died since theogoeviisit to hospital. Therefore, |
exclude patients who died in the hospital, or witBD days of the last discharge date,
and compute the readmission variable. The subsaogpigrises about 96 percent of
the full dataset and includes 3,191,519 patiends=6 facilities. Table 2.2 presents the

descriptive statistics of the entire dataset, dbagethe subsample.

Table 2.2 Descriptive statistics

Mean Standard Minimum  Maximum
Deviation
A. Entire datasetN=10,777,536)

Transfer 0.06 0.24 0 1
CCL 0.94 0.90 0 4
Length of stay 4.92 40.74 0 4,220
Gender (Female dummy) 0.56 0.50 0 1
Age 42.73 27.93 0 112
Cost-weight 1.12 3.59 0 292.33
Small 0.06 0.24 0 1
Medium 0.30 0.46 0 1
Large 0.64 0.48 0 1
Rural 4.45 3.67 0.02 11.21
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Tertiary

Teaching

European

Maori

Pacific Islander

Asian

Others

Average no. of admission per patient
Net permanent migration
Unemployment rate

Median weekly income
(NZ$, 2011 price)

Transfer

CCL

Length of stay

30 day mortality
In-hospital mortality
Gender (Female dummy)
Age

Cost-weight

Small

Medium

Large

Rural

Tertiary

Teaching

European

Maori

Pacific Islander

Asian

Others

Average no. of admission per patient
Net permanent migration
Unemployment rate

Median weekly income
(NZ$, 2011 price)

Transfer
CCL

0.58 0.49 0 1
0.72 0.45 0 1
0.68 0.47 0 1
0.16 0.37 0 1
0.07 0.25 0 1
0.05 0.21 1
0.05 0.21 1
3.32 7.46 1 142,
1,025 1,800 -2,808 6,692
0.05 0.02 0.02 0.09
1,086.96 195.40 594 1,423
B. Mortality datasetN=10,673,877)
0.06 0.24 0 1
0.94 0.90 0 4
4.92 40.72 0 4,220
0.03 0.17 1
0.02 0.12 1
0.56 0.50 0 1
42.72 27.93 0 112
1.12 3.60 0 292.33
0.06 0.24 1
0.30 0.46 1
0.64 0.48 1
4.45 3.67 0.02 11.21
0.58 0.49 1
0.72 0.45 0 1
0.67 0.47 0 1
0.16 0.37 0 1
0.07 0.25 0 1
0.04 0.20 1
0.05 0.21 1
3.31 7.43 1 122,
1,031 1,807 -2,808 6,692
0.05 0.02 0.02 0.09
1,085.38 194.88 594 1,423

C. Surviving patients at 30 days of discharge
(N=10,358,815)

0.06
0.92

0.24
0.87

0
0
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Length of stay 3.68 22.82 0 3,889

30-day readmission 0.24 0.43 0 1
Gender (Female dummy) 0.56 0.50 0 1
Age 41.78 27.66 0 112
Cost-weight 1.00 2.72 0 292.33
Small 0.06 0.24 0 1
Medium 0.30 0.46 0 1
Large 0.64 0.48 0 1
Rural 4.44 3.67 0.02 11.21
Tertiary 0.58 0.49 0 1
Teaching 0.72 0.45 0 1
European 0.67 0.47 0 1
Maori 0.17 0.37 0 1
Pacific Islander 0.07 0.26 0 1
Asian 0.05 0.21 0 1
Others 0.05 0.21 0 1
Average no. of admission per patient 3.25 7.38 1 128,
Net permanent migration 1,030 1,806 -2,808 6,692
Unemployment rate 0.05 0.02 0.02 0.09
Median weekly income 1,085.38 194.88 594 1,423

(NZ$, 2011 price)

2.4 M ethodology

Equation (1) below measures the effects of traresfierclinical complexity on length of
stay in hospital. As the base model, | estimateaiqn (1) with ordinary least squares
(OLS). Since Equation (1) has the count outcomeabbalength of hospital stgy also
present models estimated by Poisson and negativenial regressions. | use standard

errors clustered by patient. Equation (1) takeddhewing form:

Lie = Bo+ BiTie + Xj=1 8,41 Cije + Bo Xie + B7 Ve + i (1)
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where Lj; is the length of stay (LOS) for patientat a facility where she receives
treatment; T is a dummy variable, which equals 1 if the patisntransferred from
another facility and 0 otherwis&;; is CCL, which takes the value of 0 to 4 and
indicates the severity of illness; aKd is a vector of control variables indicating patient
characteristics, such as age, gender, ethnicity diagnoses types (MDC cod&s
facility characteristics, such as size, locaticzaching status and tertiarin€ssand
regional economic indicators, such as employmeaesrand median weekly income of
the district patient resides iff. Y; indicates year dummies.

Equation (2) measures the effects of transfercéingtal complexity on mortality:

ProbM;;) = o + B1Tic + Z;¥=1 Bj+1Cije + Be Xit + B7Ye + &1 (2)

whereM;; is a dummy variable, which equals 1 if patiedies in hospital, or within 30
days of the discharge date, and O otherwise. Ther otariables are as described in
Equation (1). Last, Equation (3) measures the &ffetctask difficulty on the probability

of 30-day readmission:

ProbR;:) = Bo + p1Tic + Z?=1 Bj+1Cijt + Be Xit + B7Y: + €1 (3)

where R; is a dummy variable, which equals 1 if the patiem readmitted to any
facility in the dataset within 30 days of the piaw discharge date and O otherwigg.

Cit, Xi andY; are as described above. | estimate Equations (Rf3rbelow with probit

01 do not include MDC codes 0 and 99, as the nurnbebservations for those two categories is toollsiso, |
use MDC codes, instead of DRG codes, to controtifagnoses due to the high number of DRG codesrtfoime
robustness checks with a subsample of data bydmgDRG codes. Section 2.6.1 reports the results.

1 | include 21 DHB dummy variables instead of therahteristics of DHBs and re-estimate the equatidiie
coefficients and significance of the key variablsain qualitatively unchanged.

2 Some of the observations do not have recordsedithtrict of residence. | exclude these from thalysis.
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regression. Table 2.3 shows the summary statiircthe dependent variables and key
independent variables by MDC code.

| use the characteristics of DHBs to which eachlifacbelongs, such as size,
location, teaching status and tertiariness, torobfdr the facility characteristics. Using
DHBs to proxy for the facility is a reasonable mgping, as DHBs are in charge of
funding and providing care for all the admissionsthie dataset. For size, | use the
grouping used by the Ministry of Health (2010) (#maedium, or large). Location
addresses how rural the district is. To control fmration, | use the share of rural
adjuster, which is included in the population-basedding formula, to compensate
DHBs for extra costs incurred due to how ruralringion is (Ministry of Health, 2004).
The teaching variable is a dummy, which equalsthefDHB has a teaching hospital(s)
and is 0 otherwise. Of the 21 DHBs, 9 run teacHiogpitals, while one DHB has more
than one teaching hospital. The tertiary variablea dummy, which equals 1 if the
DHB operates a tertiary hospital(s), with 7 of DEIBs being classified as tertiary.
Information on teaching hospitals is drawn from theustralian Society of

Otolaryngology Head and Neck Surgery (ASOHNS) (AS(*12010).

Table 2.3 Summary statisticsby MDC

Mean
MDC? Transfer CCL LOS Mortality Readmission
1 0.08 1.09 19.97 0.06 0.27
(0.27) (0.90) (124.81) (0.23) (0.44)
2 0.01 0.57 0.70 0.00 0.10
(0.09) (0.66) (16.67) (0.03) (0.30)
3 0.01 0.61 0.95 0.00 0.09
(0.10) (0.70) (11.29) (0.04) (0.28)
4 0.04 1.22 6.07 0.04 0.21
(0.19) (0.96) (44.88) (0.20) (0.41)
5 0.07 1.35 5.59 0.03 0.25
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10

11

12

13

14

15

16

17

18

19

20

21

22

23

(0.25)
0.02
(0.13)
0.03
(0.17)
0.02
(0.15)
0.01
(0.12)
0.04
(0.18)
0.02
(0.15)
0.03
(0.17)
0.01
(0.11)
0.11
(0.32)
0.15
(0.36)
0.03
(0.12)
0.03
(0.16)
0.03
(0.17)
0.07
(0.26)
0.02
(0.15)
0.03
(0.16)
0.06
(0.23)
0.30
(0.46)

(0.92)
0.98
(0.94)
1.21
(1.03)
0.84
(0.94)
0.86
(0.84)
1.33
(0.97)
1.13
(0.79)
0.83
(0.91)
0.88
(0.76)
0.96
(0.50)
0.00
(0.00)
0.95
(0.96)
0.98
(0.74)
1.19
(1.07)
0.93
(0.70)
0.94
(0.68)
0.99
(0.87)
1.29
(0.73)
1.53
(1.13)

(43.29)
2.87
(17.00)
4.33
(16.75)
4.07
(28.57)
2.41
(17.86)
7.69
(57.64)
2.13
(21.22)
3.14
(27.28)
1.70
(11.50)
2.02
(4.22)
3.13
(7.03)
2.05
(18.82)
2.36
(17.42)
3.85
(22.95)
24.76
(85.07)
6.24
(39.71)
2.23
(7.63)
4.61
(8.82)
1157
(43.98)

(0.17)
0.02
(0.13)
0.03
(0.18)
0.01
(0.08)
0.01
(0.09)
0.02
(0.14)
0.01
(0.11)
0.02
(0.15)
0.00
(0.07)
0.00
(0.01)
0.00
(0.05)
0.01
(0.08)
0.03
(0.16)
0.03
(0.17)
0.00
(0.06)
0.00
(0.05)
0.01
(0.08)
0.01
(0.10)
0.02
(0.13)

(0.43)
0.17
(0.38)
0.25
(0.43)
0.18
(0.38)
0.12
(0.33)
0.25
(0.43)
0.53
(0.50)
0.16
(0.37)
0.12
(0.32)
0.25
(0.43)
0.20
(0.40)
0.41
(0.49)
0.68
(0.46)
0.18
(0.39)
0.35
(0.48)
0.19
(0.39)
0.19
(0.39)
0.22
(0.41)
0.21
(0.41)

NOTE. — Standard deviations are in parentheses.

& For full description of MDC codes, see Table 2.1.
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Endogeneity between transfer and the dependerdblesi may cause the models to
fail because hospitals may transfer a patient e éxpect her to stay longer, or have a
higher chance of mortality or readmission than transfer patients. To address this
issue, | use instrumental variable (IV) techniquBse exogenous variation of transfer
due to variation in the number of people eligilwe publicly funded health care is used
as an instrument. | examine the eligibility for pathealth care because this research
examines publicly funded hospital events, which ganeral require permanent
residency, or citizenship The change in the eligibility is measured by first
differences in the monthly net migration level. Tiherease in the number of transfers is
exogenous since the health status of the net inamigiis, on average, similar to people
already living in New Zealand.

| believe that the change in net migration will raffect the health outcomes.
Although permanent residency in New Zealand is tgghmore frequently to applicants
with a higher level of education, which is positiveelated to healtf, many highly
educated citizens and permanent residents alse tbavcountry in the hope of finding
higher-paying jobs overseas, mostly in neighbouAwngtralia. A study of immigrants
and expatriates in OECD countries (Dumont & Leneaitt005) reports that the
proportion of highly skilled immigrants in the cdwyis skilled workforce and that of
highly skilled people who are expatriates are lmtér 20 percent for New Zealand. As
a result, the net highly skilled migrants in Newalasd are close to zero, as shown in a
chart in their study. In addition, the countries rekidence of the new permanent

immigrants arriving in New Zealand during the reshgeriod show a combination of

13 Overseas visitors do have access to publicly fdrideatment under the Accident Compensation Adtdf/tsustain
injuries while in New Zealand. Hospital visits fother causes such as illness are, however, notem\y publicly
funded services. People who have a 24 month, gelomvork visa may also access publicly fundedthesdrvices.
14 See, for example, Cutler and Lleras-Muney (2006).
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developed and developing countries, which may hkee an effect on their level of
health. The top five countries where these permainemigrants to New Zealand used
to reside are the U.K., Australia, China, India &h8. (Statistics New Zealand, 2013).
To estimate Equation (1) while addressing the f@kerssue of endogeneity, | use
the two-step estimator for the Poisson model imsémnting the potential endogenous
variable transfer, along with a two-stage leastases (2SLS) regression as a base
model. The Poisson two-step approach will provideststent estimates for the count
data with over dispersion (Cameron & Trivedi, 2009stimate Equations (2) and (3)

with IV probit.

2.5 Empirical results

The estimation results show that both transfer @@dl lead to unfavourable outcomes
in most specifications, supporting the argument trganisations given more difficult
tasks are at a disadvantage. In all the modelsnattd by the IV approach, the
instruments are significant at the 1 percent lavehe first stage regressions, as shown
in Table 2.4. | also present the F-statistics @netkcluded instrument, where applicable.
The model in column 1 shows that an increase ofpmmeanent immigrant compared
with the previous month leads to an increase @ @€rcentage point in the probability
of transfer. Although it is a small increase, cdesing that the mean of transfer is 6

percent, the increase is not negligible.
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Table 2.4 First stage regressions (Dependent variable: Transfer)

LOS LOS Mortality Readmissioh
Net permanent 0.0003**  0.0003** 0.0003** 0.0002**
migration
(5.59) (5.59) (5.21) (4.76)
F-statistics 31.21
Estimation method 2SLS Poisson IV Probit IV Probit
two-step

NOTE. —.z statistics are in parentheses.
* Significant at the 10 percent level.
" Significant at the 5 percent level.
™ Significant at the 1 percent level.
2The table presents the coefficients of the pregtimates.

The base model (Model 1) in Table 2.5 shows thextstierred patients lead to a
longer stay at hospital by over 21 days. As expmkctee length of hospital stay
increases as the level of complexity becomes highke hospital stay for patients
assigned to CCL 1 is longer by less than a daylewthe most severe cases (CCL 4)
increase LOS by over seven days. Models 2 ando3calsfirm that transferred patients
and those with more severe conditions have longmpital stays. The effects of
transferred patients in the Poisson and negatimential models are similar to each
other, but the effects of patients with differer€I vary. The effects of CCL are the
largest in the negative binomial model. In the nhiegabinomial model, patients with
the two higher levels of complexity stay in hospitanger than transferred patients,
whereas in the other two models, transfer has dagféects than any level of
complexity.

Transferred patients have negative, but stati$yicalsignificant, effects on the
length of hospital stay when | address the issupoténtial endogeneity in Models 4
and 5. In both the 2SLS and two-step Poisson mpdelsst for endogeneity by
including the residuals from the first stage regi@ss in the second stage. The residuals

in both models are statistically insignificant, gagting that endogeneity is not present.
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Therefore, | conclude that transfer status increabe length of hospital stay, as

indicated in Models 1 to 3.

Table 2.5 Effects of transfer and CCL on length of stay (N=10,728,729%

Model 1 Model 2 Model 3 Model 4 Model 5
Transfer 21.67* 8.21** 6.96** -13.04 -2.78
(114.89) (193.94) (172.29) (-0.40) (-0.44)
CCL1 0.46** 0.35** 0.95** -0.67 -0.58
(12.15) (8.22) (52.41) (-0.63) (-0.29)
CCL2 2.36** 1.70** 3.81** 2.13** 0.33**
(36.62) (26.60) (128.41) (9.48) (7.70)
CCL3 6.02** 3.34** 8.08** 7.90** 0.85**
(60.06) (46.99) (194.89) (4.47) (2.51)
CCL4 7.55%* 6.29** 15.09** 8.79** 1.11*
(104.85) (81.07) (262.91) (7.52) (4.95)
p-value of the 0.28 0.71
endogeneity test
Estimation method oLs Poisson Negative 2SLS Poisson
binomial two-step

NOTE. — The table reports the effects of case cerifyl as measured by transfer and complicationsécbiity
levels (CCLs) on the length of hospital stay. “Tharsis a dummy variable, which equals 1 if theipat is transferred
from another facility and 0 otherwise. “CCiddicates the complications/comorbidity levels, ethtake the value of O,
1, 2, 3, or 4. CCL 0 is the reference category. Modebnd 4 present the coefficients of transfer @ad., while
Models 2, 3 and 5 report the average marginal &ffdeor computational constraints, | report thetatistics of the
coefficients in Models 2, 3 and 5. In Models 4 &ndl use the change in the net permanent migratsotihe instrument
for transfer. The test for endogeneity reports ghalues of the residuals from the first stage regioes. Table 2.4
presents the first stage regressions for Modelsdt 5 All the models include control variables wating patient
characteristics, facility characteristics, economdicators and year dummidsor z statistics are in parentheses.

* Significant at the 10 percent level.

" Significant at the 5 percent level.

™ Significant at the 1 percent level.

# Excluding the observations that do not have recordthe patients’ residence.

Table 2.6 shows that transfer leads to a highepgimiity of mortality in the base
model estimated by Probit. In this model, transfereases the probability of 30 day
mortality by 5 percentage points. In the models mhé control for potential
endogeneity, the results are mixed. In Model 2 cing estimated by IV probit, shows
that transfer still increases the probability of rtabty even after | control for
endogeneity. Nonetheless, the Wald test of exogersiggests that there is no
endogeneity in the model. In both models, CCL 1d¢eto a lower probability of
mortality than the reference category, CCL 0, waserthe higher CCLs increase the

probability. This finding may be the result of exding individual diagnosis codes from
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the equation. CCL 1 may lead to lower probabilinat CCL 0, because certain
diagnoses with no complications (CCL 0) have highevbability of mortality in

general than do some other diagnoses with minaoaomplications (CCL 1).

Table 2.6 Effects of transfer and CCL on mortality (N=10,625,264%)

Model 1 Model 2
Transfer 0.05** 0.04**
(195.99) (8.91)
CCL1 -0.007** -0.01**
(-61.20) (-48.78)
CCL2 0.02** 0.02**
(106.71) (105.84)
CCL3 0.06** 0.04**
(195.85) (126.37)
CCL4 0.05* 0.03**
(107.28) (96.17)
Wald test of exogeneity 0.21
(p-value) (0.65)
Estimation method Probit IV Probit
NOTE. — The table reports the effects of case ceriyl, as measured by transfer and

complications/comorbidity levels (CCLs), on the proitity of 30 day mortality. “Transfer” is a dummy
variable, which equals 1 if the patient is transfdrfrom another facility and 0 otherwise. “CChticates
the complications/comorbidity levels, which take thalue of 0, 1, 2, 3, or 4. CCL 0 is the refererategory.
All the models present the average marginal efféais computational constraints, | report th&tatistics of
the coefficients. In Model 2, | use the changehia het permanent migration as an instrument forsfea.
Table 2.4 presents the first stage regressionstémtel 2. All the models include control variableslicating
patient characteristics, facility characteristiesonomic indicators and year dummiesstatistics are in
parentheses.

* Significant at the 10 percent level.

" Significant at the 5 percent level.

™ Significant at the 1 percent level.

@ Excluding the observations that do not have rezortthe patients’ residence.

Table 2.7 reports the estimation results for Eque{B). In both models, transfer and
each CCL increase the probability of 30-day readiois Overall, patients assigned to a
higher CCL are more likely to be readmitted to ealth care facilities within 30 days.
The increase in the probability of readmission ttudéigher CCLs is substantial, as it
ranges from 5 to 20 percentage points. The effectsansferred patients rise when |
control for endogeneity, but the effects are diatifly insignificant. In the base model,

transferred patients only lead to a small increfdd percentage points) in the
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probability of readmission, whereas in Model 2 tleayise increases of 2 percentage
points in the probability of readmission. Similarthe regressions on mortality, the 1V

probit model suggests that endogeneity is not pteaeghe model.

Table 2.7 Effects of transfer and CCL on readmission (N=10,310,999°%)

Model 1 Model 2
Transfer 0.004** 0.02
(4.89) (0.82)
CCL1 0.05** 0.05**
(48.39) (40.76)
CCL2 0.13** 0.12**
(103.99) (103.53)
CCL3 0.15** 0.14**
(122.14) (77.40)
CCL4 0.20** 0.18**
(125.68) (104.09)
Wald test of exogeneity 0.42
(p-value) (0.52)
Estimation method Probit IV Probit
NOTE. — The table reports the effects of case cerigyl as measured by transfer and

complications/comorbidity levels (CCLs) on the probgbof 30 day readmission. “Transfer” is a dummy
variable, which equals 1 if the patient is trangfdrfrom another facility and 0 otherwise. “CChtlicates the
complications/comorbidity levels, which take théueaof 0, 1, 2, 3, or 4. CCL 0 is the reference aatggAll the
models present the average marginal effects. Fompuatational constraints, | report tlestatistics of the
coefficients. In Model 2, | use the change in tleeé permanent migration as an instrument for tran3fable 2.4
presents the first stage regressions for Model 2.t models include control variables indicatipgtient
characteristics, facility characteristics, economdicators and year dummiesstatistics are in parentheses.

* Significant at the 10 percent level.

" Significant at the 5 percent level.

™ Significant at the 1 percent level.

2 Excluding the observations that do not have recordthe patients’ residence.

2.6 Robustness checks

2.6.1 DRG codes

In the previous section, | include dummy variabfes each MDC to control for

different diagnoses. | did not directly control filve effects of diagnoses by including
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DRG codes in the equation due to the high numb&RE codes. Since DRG codes are
arguably the most important factor in the variatioh the LOS, mortality and

readmission, | re-estimate the equations with DR@ecdummies on a random sample
of 20 percent of the observations. Due to the cdatfmnal constraints, | do not use the
full dataset. Table 2.8, Table 2.9 and Table 2.i€sent the estimation results for

Equations (1), (2) and (3), respectively.

Table 2.8 Effects of complexity on length of stay after controlling for DRG (N=2,145,746)

Model 1 Model 2 Model 3 Model 4
Transfer 22.46** 7.28** 5.68** 18.32
(51.09) (79.30) (70.68) (0.37)
CCL1 -0.38** -0.03 1.35* 0.38
(-4.46) (-0.28) (37.30) (0.24)
CCL 2 -0.79** 0.01 2.65** 2.38**
(-4.17) (0.11) (50.28) (6.61)
CCL3 2.76** 1.26** 5.45** 6.21**
(9.03) (7.63) (67.89) (2.27)
CCL4 5.58** 3.81** 9.89** 7.65%*
(25.16) (20.69) (83.85) (4.43)
p-value of the endogeneity test 0.94
Estimation method oLS Poisson N_egati_ve 2SLS

binomial

NOTE. — The table reports the effects of case cerifyl as measured by transfer and complicationsécbidity
levels (CCLs) on the length of hospital stay. “Tfansis a dummy variable, which equals 1 if theipat is
transferred from another facility and 0 otherwi$eCL” indicates the complications/comorbidity levels, ethtake
the value of 0, 1, 2, 3, or 4. CCL 0 is the referecetegory. Models 1 and 4 present the coefficieftsansfer and
CCL, while Models 2 and 3 report the average margiffakts. For computational constraints, | repbetzstatistics
of the coefficients in Models 2 and 3. In Modeld 4se the change in the net permanent migraticanaastrument
for transfer. The test for endogeneity reports ghalues of the residuals from the first stage regoes. All the
models include control variables indicating DRG @dgatient characteristics, facility characteristieconomic
indicators and year dummidsor z statistics are in parentheses.

* Significant at the 10 percent level.

" Significant at the 5 percent level.

™ Significant at the 1 percent level.

Most DRG code dummies have significant effects @ dependent variables, as is
expected. For brevity, | do not report the coeéiits of the DRG dummies. Overall,
adding DRG codes as additional control variablessdeot change the results of the
main analysis by much, as shown in Table 2.8. @rother hand, the DRG codes seem

to absorb some of the effects CCLs have on LOS adé¥s 1 and 2. In these models,
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the effects of CCL become smaller. The lower lex#l<CL even change the signs,
indicating that they decrease the length of hokgiiays. Nevertheless, the negative
effects of more complex cases, as proxied by CCLan@ 4, on the performance
measure remain in all the specifications. For thesthntomplex case (CCL 4), the

increase in LOS ranges from 4 to 10 days, evemn eftgtrolling for DRG codes.

Table 2.9 Effects of complexity on mortality after controlling for DRG

Model 1 Model 2
Transfer 0.04** 0.06**
(76.19) (59.92)
CCL1 -0.01** -0.01**
(-19.37) (-17.54)
CCL?2 0.01* 0.01**
(19.25) (19.76)
CCL3 0.04** 0.03*
(63.74) (61.85)
CCL 4 0.10** 0.06**
(57.20) (56.23)
Estimation method Probit IV Probit
N? 2,123,131 2,011,481
NOTE. — The table reports the effects of case ceriyl as measured by transfer and

complications/comorbidity levels (CCLs) on the prabgbof 30-day mortality. “Transfer” is a dummy siable,
which equals 1 if the patient is transferred fromother facility and O otherwise. “CCLhdicates the
complications/comorbidity levels, which take théueaof 0, 1, 2, 3, or 4. CCL 0 is the reference aatggAll the
models present the average marginal effects. Fompatational constraints, | report tleestatistics of the
coefficients. In Model 2, | use the change in tle¢ permanent migration as an instrument for trangf# the
models include control variables indicating DRG adeatient characteristics, facility characteristieconomic
indicators and year dummiesstatistics are in parentheses.

* Significant at the 10 percent level.

" Significant at the 5 percent level.

™ Significant at the 1 percent level.

2 Some of the DRG dummies and their observationsi@gped due to the issue of perfect prediction.

Similar to the main analysis, transferred patidrdse higher probability of 30-day
mortality. In the base model in Table 2.9, tranrgfémpatients increase the probability of
dying within 30 days by four percentage points. Therease in the probability of
mortality slightly increases in Model 2. The effecf CCL dummies do not change
much from the main analysis. The largest change ike effects of the most complex

cases, CCL 4, on mortality. When | include the DB@nmies, the effects of CCL 4
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become even larger in both models. Patients assign€CL 1 are still less likely to die
within 30 days of discharge than those in the esfee category, CCL 0, while all the
other CCLs increase the probability of mortalityhus, the negative effects of CCL 1
are not due to the omission of DRG codes. It sebatsat the lower end of complexity,
an increase in CCL does not lead to the increassontality, making the CCL indicator

an imperfect predictor of mortality.

Table 2.10 Effects of complexity on readmission after controlling for DRG

Model 1 Model 2
Transfer 0.03* 0.03
(20.11) (0.52)
CCL1 0.04** 0.04**
(40.36) (37.78)
CCL 2 0.07* 0.07**
(51.33) (52.79)
CCL 3 0.11** 0.11**
(57.65) (45.40)
CCL 4 0.18** 0.16**
(48.11) (40.44)
Estimation method Probit IV Probit
N? 2,062,177 2,060,797

NOTE. — The table reports the effects of case cexiyl as measured by transfer and complicationsécbidity
levels (CCLs) on the probability of 30-day readmassi‘Transfer” is a dummy variable, which equal$ the patient
is transferred from another facility and 0 otherwisCCL” indicates the complications/comorbidity levels, @i
take the value of 0, 1, 2, 3, or 4. CCL 0 is therafee category. All the models present the avensayginal effects.
For computational constraints, | report thetatistics of the coefficients. In Model 2, | u$e tchange in the net
permanent migration as an instrument for transfdr.the models include control variables indicatipatient
characteristics, facility characteristics, economdicators and year dummiesstatistics are in parentheses.

* Significant at the 10 percent level.

" Significant at the 5 percent level.

™ Significant at the 1 percent level.

2 Some of the DRG dummies and their observationsiagped due to the issue of perfect prediction.

The base model in Table 2.10 shows that transferagiénts are more likely to be
readmitted to hospital within 30 days of dischabge3 percentage points. The increase
in the probability is much higher than that foundthie main analysis. The models that
address the issue of endogeneity also show thisaeed probability of readmission of

3 percentage points. Overall, including the DRGecddmmies in the regressions does
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not change the core findings of the main analy&ithough the size of the effects
differs in some cases, transferred patients stllehlonger hospital stays and higher

probabilities of 30-day mortality and readmission.

2.6.2 Adult servicesand pediatrics

Next, | divide the dataset into adult services padiatrics and estimate OLS and probit
models, because pediatric services may have urghaeacteristics that can lead to
different results. As the results from the eariealyses suggest that endogeneity is not
present in the models, | only report the OLS andbRrmodels. | define pediatric
services as treatment given to a patient whosasaf)® or younger. Approximately 23
percent of the total admissions fall into the p&dia category. Overall, there are large
differences in the effects of transfer betweentthe services. Table 2.11 shows that
adult transferred patients stay in hospital muchgéy than pediatric patients do.
Transferred pediatric patients have longer hospta}s by only one day, whereas adult
transferred patients stay in hospital almost a méorger. In contrast, the effects of the
CCLs are much more comparable, but pediatric patiaotually have longer hospital
stays than adult patients in the most severe cgtego

The effects of the complexity measures on the 30rdartality indicators are also
much smaller in pediatric services. Table 2.12 rspohat transferred patients in
pediatric services increase the probability of mildst by 0.2 percentage point, while
those in adult services increase the probability Ipercentage points. Unlike the above
regressions, which measure the effects of trarasfdrCCL on LOS, the regressions of
mortality on complexity measures show that the a$feof CCLs also diminish in
pediatric services. In all the levels, the effeotsCCLs on mortality is smaller in

pediatric services than in adult services.
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Table 2.11 Adult services and pediatrics. Length of stay

Adult services Pediatrics
Transfer 28.67** 0.93**
(113.73) (35.45)
CCL1 1.04** 0.51*
(21.67) (50.06)
CCL 2 2.51* 2.01**
(33.97) (58.98)
CCL3 5.71* 4.81**
(51.67) (62.68)
CCL4 7.36** 10.85**
(91.73) (43.71)
Estimation method oLS oLS
N 8,257,476 2,471,253

NOTE. — The table reports the effects of case cerifyl as measured by transfer and
complications/comorbidity levels (CCLs) on the lengthhospital stay. “Transfer” is a dummy
variable, which equals 1 if the patient is trangfdrfrom another facility and 0 otherwise. “CCL”"
indicates the complications/comorbidity levels, efhtake the value of 0, 1, 2, 3, or 4. CCL O is the
reference category. All the models include contratiables indicating patient characteristics,
facility characteristics, economic indicators améiydummiest statistics are in parentheses.

* Significant at the 10 percent level.

" Significant at the 5 percent level.

™ Significant at the 1 percent level.

The effects of transfer and CCL on the probabdite# readmission are larger in
pediatric than in adult services. Table 2.13 sholat transferred patients in adult
services are more likely to be readmitted to ha$foy 3 percentage points than non-
transferred patients, whereas those in pediatrdces are less likely to be readmitted
by 6 percentage points. The effects of differemele of complexity indicators are also
slightly larger in pediatric services. Overall, timain finding from the previous section,
that transferred patients increase the lengthgayf and probabilities of mortality and
readmission still hold for adult services. The sainel direction of the effects, however,
slightly varies for pediatric services, confirmingpat they do possess unique

characteristics that can alter the results.
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Table 2.12 Adult services and pediatrics. 30-day mortality

Adult services Pediatrics
Transfer 0.07** 0.002**
(196.40) (12.44)
CCL1 -0.01** -0.0002
(-61.13) (-1.57)
CCL2 0.03** 0.006**
(104.76) (20.29)
CCL3 0.07* 0.02**
(191.98) (37.08)
CCL4 0.06** 0.02**
(105.64) (18.85)
Estimation Probit Probit
method
N 8,257,476 2,471,253
NOTE. — The table reports the effects of case cenrifyl as measured by transfer and

complications/comorbidity levels (CCLs) on the lengfthospital stay. “Transfer” is a dummy variable,
which equals 1 if the patient is transferred fronother facility and 0 otherwise. “CClihdicates the
complications/comorbidity levels, which take théuesof 0, 1, 2, 3, or 4. CCL 0 is the reference aatgg
All the models present the average marginal efféais computational constraints, | report #eatistics
of the coefficients. All the models include contrariables indicating patient characteristics, Ifgci
characteristics, economic indicators and year dwesmBstatistics are in parentheses.

* Significant at the 10 percent level.

" Significant at the 5 percent level.

™ Significant at the 1 percent level.

Table 2.13 Adult services and pediatrics. 30-day readmission

Adult services Pediatrics
Transfer 0.03* -0.06**
(107.61) (29.83)
CCL1 0.04** 0.06**
(43.87) (37.21)
CCL2 0.12** 0.17*
(50.01) (88.68)
CCL3 0.14** 0.24**
(38.09) (105.87)
CCL4 0.20** 0.22**
(219.27) (115.15)
Estimation Probit Probit
method
N 8,257,476 2,471,253
NOTE. - The table reports the effects of case ceriyi as measured by transfer and

complications/comorbidity levels (CCLs) on the lengthhospital stay. “Transfer” is a dummy variablehich
equals 1 if the patient is transferred from anotHacility and 0 otherwise. “CCL”indicates the
complications/comorbidity levels, which take thdueaof 0, 1, 2, 3, or 4. CCL 0 is the reference gaitg. All the
models present the average marginal effects. Fampatational constraints, | report the statistics of the
coefficients. All the models include control varied indicating patient characteristics, facilityacacteristics,
economic indicators and year dummiestatistics are in parentheses.

* Significant at the 10 percent level.

" Significant at the 5 percent level.

™ Significant at the 1 percent level.
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2.7 Conclusion

Using more than 10 million discharges from publispitals in New Zealand during the
period from 1999 to 2011, | show that transferratigmts and those assigned to higher
comorbidity/complication levels negatively affecodpital performance measures in
general. In most specifications, transferred pédidrave a longer hospital stay. The
increase in LOS ranges from 7 to 22 days acrossréift models. Transferred patients
are more likely to die within 30 days of dischalge5 percentage points. They are also
more likely to be readmitted to health care faeditwithin 30 days of discharge by 0.4
percentage points. | do not find that endogenaitgresent in the regressions on LOS,
mortality and readmission.

Furthermore, | show that higher CCLs have negatiffects on performance. The
highest CCL, which signifies the most complex caseseases the length of hospital
stay by 6 to 15 days, the probability of 30-day tality by 4 to 5 percentage points and
a probability of 30-day readmission by 17 to 20cpetage points. Therefore, the
negative effects of transferred patients on theeivémy hospitals suggest that
organisations given more difficult tasks due tartheégh level of expertise may be at a
disadvantage if performance reviewers do not tadeownt of individual patients’

treatment difficulty levels.
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Chapter 3 Health care provider responseto system reform:
Effects of capitation on theinter-district movement of patients

and health outcomes

3.1 Introduction

The capitation scheme pays service providers a famount per enrollee, regardless of
actual usage. This is similar to the diagnosistedlagroup (DRG) based payment
method used in hospitals, which reimburses prosidessed on a pre-determined
amount per case. Capitation may be preferred tO®@& based payment system under
certain conditions because capitated providersesmgonsible for all their patients, even
those who do not receive treatment (Selden, 19B@. use of capitation payment is
increasing in the public sector worldwide, espégial the health care sectdrin New
Zealand, capitation was introduced to the healttosen 1983, but its use stopped
during the period from 2000 to 2003 while the traos for the newly developed
district health boards (DHBs) was underway as & @la system reform. Eventually,
capitation was reintroduced in July 2003 to allechealth care funding to the 21
DHBs'® established to oversee the health care faciliti¢beir regions. Under the new
capitation scheme, DHBs receive government fundiaged on the characteristics of
the regional population. Prior to the reintroductiof capitation in 2003, funds were
allocated to DHBs based on the services providethbyhealth care facilities in their

districts.

15 Rice and Smith (1999) provide a survey of capitatigstems used in the health care sectors of Iistrest
18 There are currently 20 DHBs, as two of the DHBs reéfig 2010.
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| explore the impact of the policy reform in 2008 imter-district patient flows by
examining every publicly funded hospital dischamg&lew Zealand over the period of
July 1999 to June 2011. My findings show that patiemovement between districts
decreased after the system reform took place. wing is more notable among
patients with more severe illness. Since 2003, igpsicproviders are also less likely to
receive patients from other districts. The resuitlicate that sicker patients are less
likely to be treated by specialist providers sittoe reform. Nevertheless, the reform has
actually increased the transfer of patients in nlisgs with higher probabilities of
mortality; therefore, non-specialist providers aedectively treating patients with more
severe, but less fatal, conditions. Overall, therelgse in inter-district movement seems

to have had negative effects on health outcomes.

One of the notable changes that the new capitatystem has brought to the New
Zealand health care sector is the varying amourfumding received by DHBs with
different skill levels. Similar to the early progpee payment system discussed in
Cutler (1995), capitation has increased the averamgebursement to some providers.
The capitation formula assigns higher weights ® plopulations with greater needs,
such as those in high-risk ethnic groups, or wotl socioeconomic status. Since DHBs
where no specialist hospitals are located (nomatgrtDHBs) tend to have a higher
proportion of residents with greater needs, notiaigr DHBs have experienced higher
funding growth under capitation than have spedigh®viders (tertiary DHBS). In
contrast, specialist, or tertiary, providers arpidglly located in urban areas whose
population is deemed to be less at risk, so thel lefrisk-adjusted capitation funding is
relatively low. In theory, the redistribution ofrfding between the so-called “losers”

and “winners” under capitation will balance thetiadi differences in funding levels

52



when the winning side purchases services from tsing side (Bedard, Dorland,
Gregory, & Roberts, 2000). Redistribution, howevegy not work well if capitation

reduces the movement of patients between districts.

Another change is in the reimbursement method fdrepts receiving care in a
district other than where they normally reside.tle capitation scheme allocates funds
to each district for the care of its own residettie, method does not offer a clear rule
on reimbursement for the treatment of non-resideiitsus, the government has
developed a price list for inter-district flows @), the term used to refer to patients
from other districts. If a patient receives treatinat a DHB other than her own, her
DHB pays the other according to the national prit®kether the IDF prices are set at
the adequate level is debatable, however. In arrepaewing the New Zealand health
sector reforms, Ashton (2007) argues that payn@rCfFs based on the national prices
is often insufficient and that the capitation systes unfair to DHBSs receiving more
patients from other districts. If the national pscset for IDFs are lower than their fair
values, the tertiary DHBs, who receive more intstritt patients, will not recover the

above-mentioned losses.

Given these two changes, the effects of the newtategm system on patient flow are
ambiguous. The providers who receive greater fundimder the new system may want
to treat the residents within their districts téare these funds. On the other hand, the
allegedly low prices for IDFs may encourage proksde send their patients to another
district to receive treatment. Thus, | examineithpact of the policy reform in 2003,
which reintroduced capitation on inter-districtipat flows. The data includes over ten
million discharges and more than three million gatis. Publicly funded hospital

admissions comprise nearly 80percent of the tadahissions in New Zealand. Not
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having information on privately funded events widit significantly affect the results as
the private health sector in New Zealand is smatl anainly deals with elective

procedures.

If hospitals increase transfers under capitatibe, negative effects will not be as
large as documented by some past studies, becatisatpdumping is not an issue in
New Zealand due to universal health care. The insgansfers, combined with low
transfer prices, may have negative effects on ¢leiving hospitals’ bottom lines, but
the efficiency of the health sector can improveapitation encourages specialisation.
This suggests that if non-tertiary hospitals deseeansfers and attempt to treat more
complex cases on their own, the efficiency of tlealth care sector may decline. If,
however, capitation reduces unnecessary trangficency may improve. Therefore, |
further examine whether capitation decreases tlobatility that more severely il
patients receive treatment in a district outsidarthesidence, and whether this affects

health outcomes.

To understand how capitation affects patient flowfirst estimate the effects of
capitation on the probability of receiving IDFs. Theck the health care providers’
responses more directly, |1 also examine how capitaaffects the probability of
transferring patients to another district. Althoubk change to capitation has altered the
prices for IDFs, inter-district transfer reflectsspital response more accurately because
IDFs include movement unrelated to hospitals’ denis (e.g. admission to a hospital
while visiting out of town relatives). In additiomecause patients in New Zealand
typically do not have a choice of where to recdreatment if their hospital stays are

publicly funded, a decision to transfer patienticgates the response of providers.
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The new capitation scheme was introduced as pathefhealth system reform,
which aims, among other things, to promote equitye newly elected government in
1999 initiated the reform to restore a non-comnaixystem, because an attempt in the
1990s to introduce market-based incentives to éadtlh sector was considered by many
to be a failure. By distributing funds accordingthe relative needs of the regional
population, the new capitation scheme helps achilegegoals of the reform. | use a
difference in differences estimator to examinedffects of such exogenous change in
the payment method on patient movement betweenctistAs tertiary DHBs receive a
much larger proportion of IDFs, any effects of ¢afon on the probability of receiving
IDFs will be more notable in tertiary DHBs. On thther hand, non-tertiary DHBS,
which send inter-district transfers more frequerdlyd also receive greater funding
under capitation, will show a larger change in plagern of inter-district transfer. | use
the fact that the degrees of patient flows varps&mproviders depending on their skill

levels to identify the effect of the reform.

| find that both IDFs and inter-district transfeealeased since the system reform
took place. Capitation reduced the probability tit admitted patient is from another
district by 3 percentage points, and the probabdit transferring patients to another
district by 0.4 percentage points. Given that threamprobabilities of IDFs and inter-
district transfer are 14 percent and 2 percenpedsvely, the effects are considerable.
Tertiary DHBs are less likely to receive patienmtsni another district under capitation
than non-tertiary DHBs. Moreover, non-tertiary DHB#ich transfer more patients to
another district in general, are less likely todsamter-district transfers under the new

scheme.
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The findings support the prediction that the cadpmitascheme will provide health
care providers, especially non-tertiary DHBs, wiiticentives to keep patients within
their districts. The results also suggest thatléhrel of payment for inter-district flow
may be so high that non-specialist DHBs have rediticeir transfer rates. They do not
provide conclusive evidence on the level of IDFeesi, however. Even if IDF prices are
low, the providers may have found it more attractio keep the funds than pay
someone else to do the job due, for instance,gatiministration costs involved with
transfer. In fact, a non-tertiary DHB urges itsffsta an internal newsletter to ensure
whether it is necessary to send their patientsitdheer district, because they need to pay
another district for the treatment while still pagyithe medical staff and overheads in
their own hospital (Wairarapa District Health Bga@10). Moreover, because non-
tertiary DHBs receive a higher level of funding encdcapitation and the financial
objective of the organisations in the public secsoich as DHBs, is to break even, the

reform may have prompted non-specialist providetsdat the patients on their own.

In the analysis of the effects of the complicatt@miorbidity class level (CCL) on
the probability of inter-district movement, | finthat patients with more severe
conditions are less likely to be treated in a h@$poutside their residence under
capitation. Compared with the CCL 0, which is tbevést severity of iliness, all the
higher categories of CCL decrease the probabilityillFs under capitation. The
decrease is greatest in the highest level of CCBE (#rcentage points). Patients
assigned to higher CCLs are also less likely tar@esferred to another district under
capitation. Again, the decrease is greatest in @CL.3 percentage points), which is the
most complex category. Since the CCL indicatespfesence of complications and

does not distinguish between different diagnosedsd use the mean mortality rates of
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each diagnosis to proxy for the most difficult Gasénterestingly, patients in the
diagnoses with higher probabilities of mortality anore likely to be transferred since
the reform. Therefore, under capitation, non-teytiproviders still transfer the most

difficult cases to another district, but keep teeese, but less fatal, cases.

Taken together with the earlier result that notidey DHBs are less likely to
transfer patients to another district, this resuljgests that the efficiency of the health
care sector may have declined since the reintramtucif capitation, because non-
specialist providers have reduced the transfer ofenseverely ill patients. Thus, |
examine the effects of the system reform on 30+dastality, readmission rates and the
length of hospital stay. | find that the probalyiliof mortality within 30 days of
discharge declined during the research period,enf@hdmission increased. The length
of stay has decreased since the reform took ple®tality may have decreased
because the cases prone to fatality are stillylikelbe transferred to specialist providers
under the capitation system. On the other handdéueease in the length of stay and
increase in the probabilities of readmission sugyes patients are more likely to be
readmitted to hospital because they are dischasggtier under the new system.
Moreover, this pattern is more notable among theeps who are not transferred to
another district. Thus, the reform seems to hawmatine effects on the health care

sector, by reducing necessary inter-district movegme

The research period prior to the system reformG@32can be divided into two sub
periods. The early capitation scheme was in plagengd the first two years, whereas
capitation was not used over the period from 2@02003. Although capitation existed
in 1999 and 2000, in the main analysis | do notimslish between the two periods

prior to the reform because the early capitatidmeste did not have direct impact on
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health care providers. The early capitation scherms only used to distribute funds
across four regions, while the providers receivetlé from the purchasing body based
on contracts. On the contrary, DHBs have a dual aslpurchaser and provider, so they
directly receive funds assigned to their distrietsd provide health care services using
the funds. Therefore, incentives created from the iapitation system will have a

greater impact on the provider.

Although a number of studies examine how the DR&ltgayment system affects
hospitals’ transfer patterns, few report the impeEatapitation on patient flow between
providers. Furthermore, this study investigates ftosvchange in transfer pattern due to
the system reform affects health outcomes. Anatbetribution of this study is that it
uses comprehensive data that includes the majofityospital events in a country to
examine the impact of a policy reform. Previousiss on the behaviour of health care
providers tend to use relatively small datasets ¢baer limited geographical areas, or
diagnoses. Last, the previous literature repods d@hfixed payment system such as PPS
increases transfer, but this research shows teadlitection of the impact is less clear
under capitation, which is a type of fixed paymsydtem. Capitation may increase the
inter-district patient flow if the prices for IDFare set too low. More interestingly,
however, hospitals may be discouraged from transfgpatients to other districts in
order to keep the funds they receive from the guwent. Although this study uses data
from New Zealand hospitals, its findings are agile to the health sector in other

countries where capitation and universal coveragensplace.

58



3.2 Background and related Literature

3.2.1 Background

The use of capitation in New Zealand began in 1i@8allocate funds to 14 area health
boards (Quin, 2009). Called population based fuypdihe capitation scheme remained
in place during two health system reforms that tptdce in 1993 and 1999. Its use
stopped during the period from 2000 to 2003 whhe transition for the newly
developed DHBs was underway as part of anotheesystform. Eventually, capitation
was reintroduced in July 2003 to allocate healtte ¢anding to the 21 DHBs that had
been established in 2001 to oversee the healthfaaitdies in their regions. Although
regional health boards existed before DHBs, DHB#&ha role different from that of
their predecessors. Prior to DHBs, there was aragpa between the purchaser and
provider of health care, and a single purchiddeought health care services from the
regional health boards and other providers. Inresht DHBs act as both purchaser and
provider. DHBs directly receive the funds assigriedtheir districts and pay their
provider arms for the services delivered. Therefaneentives created from the new
capitation system have a greater impact on progiddnder the previous capitation
system that existed until 2000, the funds werecatied across four regions via
capitation, but the method did not have a direqtaat on the providers as they received

funds from the purchasing body based on contracts.

The most basic form of capitation pays the sameuaméor everyone, but some

adjustments to reflect the relative needs of dfiergroups of people are often

" There was a period when four purchasing agencéee im operation, before they were merged into Boea
concise review of the New Zealand health systeornes, see Quin (2009).
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beneficial. For instance, Newhouse, Manning, Keafet Sloss (1989) show that adding
various measures of health and prior utilisatiorthi® existing capitation formula can
improve its explanatory pow&r The New Zealand capitation scheme allocates funds
based on the size of the population each DHB seamdsother factors that reflect the
health care needs of the population, such as agm®jeg, ethnicity, socio-economic
status and geographic characteristics. The funftingula is updated every five years
to incorporate the projections from the latest paipon census. The scheme assigns
higher weights to elderly people, those with lovzieseeconomic status and high-risk
ethnic group¥, because their health conditions are generallysevtinan the rest of the
society. Areas that are rural and/or have a highenber of overseas visitors also
receive higher levels of funding. Penno et al. @0drovide a detailed description of
how the population based funding formula is cal@da The capitation scheme
promotes equity, as it allocates more funding ® fbgions whose populations have
greater needs. As Hauck, Shaw and Smith (2002)estigbgowever, allocating more
resources to the unhealthy group is contrary toakigyuof access objective. Smith
(2003) also points out that the focus on equitye ohthe main objectives of formula

funding, may indicate the move away from the pdfieiency solution.

Hospitals in New Zealand are classified into fivegegories (health centres, sub-
acute units, secondary hospitals, lower leveldagyrthospitals and higher level tertiary
hospitals) depending on the complexity of the céiseg normally treat (English, 1998).
The DHBs running tertiary hospitals are recognisedtertiary DHBs and receive

tertiary adjusters, which compensate for the higbtg incurred by complex cases.

18 A number of studies discuss what factors shoulthtleded in the capitation formula. For those iagted see, for
example, Bedard et al. (2000), Buehler and Holtgf2@@7) and Smith, Rice and Carr-Hill (2001).
91n New Zealand these groups are Maori, the indigempeople of New Zealand, and Pacific peoples.
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Nevertheless, whether the overall funding to teytl2aHBs is sufficient to compensate
for the work they do is still controversial. Firsipspitals that possess expertise to treat
complex cases are typically in urban areas whopelption is deemed to be less at risk,
hence the level of risk-adjusted capitation fundisigelatively low. Table 3.1 shows
that five out of seven tertiary DHBs received lessding than their population shares in

the 2003/04 financial year.

Moreover, although the introductory year underitedipn saw a sharp rise in the
level of funding overall, the growth came, by aadgke, from the non-tertiary DHBS,
as their average growth rate was 45 percent, whdoedhe highly skilled DHBs this
figure was only 9percent. The excess growth ratesve in Figure 3.1; measured by
the annual growth rate of each DHB in excess of aherage across DHBs; also
confirm that the highly skilled DHBs fared negatyweuring this period, as only one
tertiary DHB’s funding grew more than the averagmhijle all but two non-tertiary
DHBs surpassed the average. As a result, nonfie@EBs in particular experienced

the increase in the average price under capitation.

Table 3.1 DHB funding and population share (%), 2003/2004

DHB Funding share Population share
Auckland* 9.74 10.43

Bay of Plenty 5.45 4.82
Canterbury* 11.15 11.33
Capital and Coast* 5.91 6.59
Counties Manukau* 9.88 10.45
Hawke’s Bay 4.06 3.70

Hutt* 3.22 3.41

Lakes 2.65 2.52
MidCentral 4.27 4.06
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Nelson Marlborough 3.47 3.27

Northland 4.20 3.64
Otago*® 457 4.45
South Canterbury 1.51 1.33
Southlané 2.62 2.66
Tairawhiti 1.31 1.12
Taranaki 2.85 2.62
Waikato* 8.53 8.32
Wairarapa 1.11 0.97
Waitemata 10.72 11.92
West Coast 0.92 0.76
Whanganui 1.86 1.61
Total 100.00 100.00

NOTE.—From Ministry of Health (2004).
* Tertiary DHBs
2Since 1 May 2010, Otago and Southland DHBs mergéarin Southern DHB.

Figure 3.1 Differencesin the annual funding growth rates between each DHB and the average

across DHBs (M ean of differences over 2001-2011 period)
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Second, Wignall and Tringham (2008) argue thatamgrtadjusters do not accurately
reflect the difficulty of services provided by hlghskilled hospitals, due to the
complexity involved in categorising and pricing Bugervices. There are mixed views
on even the fundamentals, such as what constiteteary services. Moreover, similar
to the DRG-based reimbursement, a tertiary adjustdrased on the average costs
across tertiary providers, who equally share thgistishent. Thus, if there are large
discrepancies in the volume and complexity of &eyticases across providers, those
with higher expertise will be undercompensated, reag lower level tertiary providers
will enjoy a surplus. The inadequacy of the natiopaces for IDFs is also under
criticism. As mentioned in the previous sectionh#s (2007) points out that payment
for IDFs based on the national prices is oftenfiitdant and that the capitation system
is unfair to DHBs receiving more patients from othestricts. This implies that highly
skilled providers are at a disadvantage under #pgtation funding system, because

they treat more out of district patients, as shawhable 3.2.

Table 3.2 Descriptive statistics for inter-district flows and transfer by skill level (N=10,777,536)

Mean gé?,?aﬁg Minimum Maximum
IDF
Non-tertiary 0.05 0.23 0
Tertiary 0.20 0.40 0
Total 0.14 0.34 0
Inter-district transfer
Non-tertiary 0.03 0.16 0
Tertiary 0.02 0.13 0
Total 0.02 0.14 0

3.2.2 Related literature

Few studies examine how capitation affects patieaw between hospitals. Sinkin,

Fisher, Dozier and Dye (2005) show that transfegsréor pregnant women enrolled in
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Medicaid Managed Care are much lower than thodéedicaid Fee-for-Service, using
data on publicly funded cases in upstate New Yaithough they do not specify the
payment methods used in the Medicaid Managed @aseknown that capitation is one
of the methods Medicaid uses (Buehler & Holtgra2@)7; Selden, 1990). The lower
transfer rates for those in managed care is cgntoathe common findings gdatient

dumping,but whether less dumping is good news for patieisnclear. The authors
mention that written protocols for maternal and bem transfer between institutions
are in place in the area, because timely trangfer referral to specialist facilities
improve outcomes. Thus, lower transfer rates meicate that patients under Medicaid

Managed Care are not receiving the best availabie c

Some studies examine the impact of a capitatioeraehon referrals, which are the
patient flows between primary care providers anecigbists. For instance, Allard et al.
(2011) compare the incentives provided to generattgioners (GPs) by fee-for-
service, capitation and fundholding, which is atearled version of capitation where
physicians are also responsible for the costs dadcigpised and hospital care.
Recognising the physicians’ heterogeneity in ap#ihd altruism, Allard et al. (2011)
show that capitation results in more referralsdstly specialty care than the other two
schemes because GPs try to avoid the costs otlgitezating the patients. The studies
on physician referral under capitation, howevee, rast directly comparable to my study
because there are notable differences between gunysieferral to specialists and
transfer by non-tertiary DHBs to tertiary facilgieFor instance, the scope of work
performed by non-tertiary and tertiary DHBs are ensimilar than that performed by

GPs and specialists. Most importantly, hospitadégferring patients need to pay the
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receiving hospital out of their capitation paymemihereas GPs generally do not pay for

the specialist caf@

In contrast to the lack of research on the effettsapitation on transfer, a number of
studies investigate how the prospective paymeriesy$PPS) introduced to the U.S. in
the 1980s affects transfer pattern. Often calleeptdumping, transfer of patients
under PPS has received negative attention. Nomsthehot all of the studies report that
transfer is harmful, or find evidence of dumpingewhouse (1989) tests whether
unprofitable patients are more likely to be transfé to hospitals of last resort, which
he define as city and county hospitals, under PREfiads mixed results. Sloan et al.
(1988) find no evidence of patient dumping undeSP#&ter examining 467 hospitals
with about 1 million discharges per year over t88@t01985 period. Eze and Wolfe
(1993) show that the shifting of patients from Néeterans Affairs to Veterans Affairs
hospitals due to PPS may be efficient, if the edfit state is defined as allocations that

would occur if hospitals act as the perfect agehisatients.

Besides transferring patients, there are other whgs providers can respond to
reimbursement methods. Ellis and McGuire (1996) agganel dataset of Medicaid
psychiatric discharges in New Hampshire duringgeeod from 1987 to 1992 to study
the effects of the change to a fixed payment schevhech provided more generous
reimbursement to private hospitals with specialisgslychiatric facilities. They
decompose the effects of a reimbursement schemeniotral hazard, selection and
practice-style effects. Moral hazard effects caushange in treatment intensity, while

the selection effect changes the average severipatients. The practice-style effect

20 The fundholding scheme is an exception.
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refers to changes in the share of patients treatetifferent hospitals. The empirical
tests show that the moral hazard effects decrela®&lin the private hospitals by 1.8
days, while the practice style effects reduced/iBldays. In contrast, selection effects
increased LOS by 0.3 day. In a health system wpaldic financing is a dominant
source of funding, as in New Zealand, selection aradttice-style effects are usually
less prevalent because hospitals and patients limaited choices. Nevertheless, my
study shows that those effects are still relevantaimarket with universal health

coverage. The direction of the effects, howevery bedifferent.

Several studies investigate how health care presidespond to capitatiéh Ellis
and Miller (2009) point out that capitation may deproviders to select profitable
patients, reduce the level of services and incrédaseaise of lower-cost alternatives to
physicians, such as nurses and physician assistantamber of studies confirm that
capitation reduces the level of services (Hennilgrddt, Selten, & Wiesen, 2011;
Lurie, Christianson, Finch, & Moscovice, 1994; Mélar, 2009; Yip, Supakankunti,
Sriratanaban, Janjaroen, & Pongpanich, 2001); hewd¥ennig-Schmidt et al. (2011)
and Lurie et al. (1994) find that patients in cagtl plans are no worse off, despite
receiving less care. Machnes (1996) finds thatmtai@on system removes excessive

maintenance services found under per diem systepsyehiatric hospitals in Israel.

The change to a pre-payment system (PPS) in 1983 Ud&. Medicare
reimbursement created a large body literature deotimg how providers responded to

the change from cost reimbursement to the new ayeapnt system. See, for instance,

%1 The impact of capitation is widely researchedrimpry care settings: See, for example, Iversenlamds (2006)
for a review of the research.
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Acemoglu and Finkelstein (2008), Cutler (1995),nkrand Lave (1989), Hodgkin and
McGuire (1994), Lave and Frank (1990) and Sodersifb993). Although most studies
find that the PPS reduced resource use intensitycace quality, some present the
opposite effects. This strand of research suggests the direction of the effects
depends on the specific design of the reimbursemsgatem. Feess, Mueller and
Wohischlegel (2008) show that a PPS lowered comafin and readmission rates in
German hospitals. The decline in complication aatimission rates is due to the lower
reimbursements hospitals receive under a PPS fowplocations and readmissions,
inducing hospitals to exert greater efforts in #rea of care quality. Norton, van
Houtven, Lindrooth, Normand and Dickey (2002) swgjghat prospective payments
can increase care quality, if an increase in therame price offsets a decline in the

marginal price.

Dranove (1987) points out that a DRG-based reindment scheme can save costs
if hospitals specialise in DRGs for which they hdewer production costs. On the
contrary, if hospitals specialise in treating mprefitable patients, cost saving may not
occur. He suggests that creating additional DRGstyimg DRG rates to casemix
variation, will improve the rate-setting performan@ study by Dafny (2005) reports
how hospitals respond to the refinements to DRGesday examining the DRG price
changes in 1988 in the U.S., which increased th& DRights for the top codes within
DRG pairs. The results show that hospitals upcqadgignts to diagnosis codes with the
largest price increases, but neither increasesgdhene of admissions to take advantage
of the price increase, nor raised the quality oécBlospitals also spread the extra funds
received across all DRGs, implying that specialsatwhich Dranove (1987) suggests

is a potential benefit of a PPS, did not occur.
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Finkelstein (2007) investigates the effects of hapmajor change in the U.S. health
system; the introduction of Medicare in 1965. Aligb Medicare was introduced to all
the states in the U.S., the rates of private healtterage prior to Medicare differ across
regions. She uses the variation in private inswwataverage to identify the effects of
Medicare on health care spending. Her findings ssggghat the introduction of
Medicare may be one of the reasons for the risegjth care expenditure in the U.S.

from 1950 to 1990.

Outside the U.S. health care sector, Wagstaff arateNb-Serra (2009) study
whether the transition to social health insurarnystesns in former communist countries
in Europe and Central Asia improves health outcorméegir findings reveal that the
reform increased health expenditure, but failednmprove mortality and morbidity
indicators. Ernst and Szczesny (2008) report rd&ction by providers after the reform,
which introduced high-powered incentives, usingadabm a small German hospital
over the 1989 to 2002 period. They find that thenber of high-risk patients
significantly decreased after the introduction apjeed budgets, which pay hospitals per
diem payments for each day a patient stays upetdirtiit of the planned stay. None, or
only a part of, the costs are reimbursed for th@odeexceeding the planned stay. Ernst
and Szczesny (2008) also note that increased fmlaincentives may be beneficial if
they lead hospitals to specialise in what they det.bThe environment in which the
hospital in their study operates is similar to M@&w Zealand health care sector. In both
countries, it is relatively easy for secondary liadp to transfer patients to higher-level
hospitals due to the hospital structure and unaldnsalth care. The difference in the
incentives faced by capped budgets, or PPS frontatiam, in my study, however, is

that the capitation system may provide incentivesto transfer patients.
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3.3 Data

The data used in this study; the National Minimuatd3et’; are compiled by the New
Zealand Ministry of Health. The dataset provideSepa discharge data for all publicly
funded hospital events in New Zealand for the gefiom 1 July 1999 to 30 June 2011.
The current National Minimum Dataset was startedl®99. Although the original
National Minimum Dataset was compiled in 1993 amdksloaded with information
from 1988 onwards, it does not include all the nemfliinformation for this research.
Also, because the early data on some of the infeomasuch as patient residence, are
not directly comparable to the later data, | use dbrrent National Minimum Dataset
for consistency. The dataset includes 10,777,53@mhations, 3,243,791 patients and
555 facilities. Each record in the dataset contaf@rmation such as the age, gender
and ethnicity of a patient, facility in which thatgent was treated, district the patient
resides in, a diagnosis type and severity, lengtstay, transfer status, admission type
(e.g. elective, or acute) and event end type (éemth, self-discharge, or routine
discharge). Each patient in the dataset has a endgntification number, so | can
check the patient’'s admission and discharge hisdanng the research period. Some

patients in the dataset had multiple hospital aslons.

As mentioned earlier, New Zealand ranks hospitate ffive categories (health
centres, sub-acute units, secondary hospitals,ritevel tertiary hospitals and higher
level tertiary hospitals) depending on the compieri cases that they treat (English,
1998). In total, 11 hospitals are classified aiasr. Approximately 30percent of the

admissions in our dataset are treated in tertiagpitals. The 21 district health boards

22 For a more detailed description of this datasst,ew Zealand Health Information Service (2008).
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(DHBs)* oversee the facilities in their districts, provigifunding and care for all of the
admissions in the dataset. The DHBs running tertiasspitals are recognised as tertiary
DHBs. Although 8 DHBs receive the tertiary adjusteexclude 1 DHB (MidCentral
DHB) and consider only 7 DHBs as tertiary, becaMé#Central DHB operates not a
tertiary, but a secondary hospital, which providesne lower level tertiary services
(English, 1998}". Moreover, the excluded DHB received only NZ$0.8liom out of
the pool of NZ$116 million in the 2004-05 fundingund. In contrast, the mean of the
tertiary adjuster received by the other 7 tertibyBs is NZ$16 million (Wignall &
Tringham, 2008). The 7 tertiary DHBs treat aboupéi8ent of the total admissions in

the dataset.

DRGs, which classify diagnosis types into severahdred groups, code the
patients’ diagnosis types. The Major Diagnostic egaty (MDC) provides another
method of classifying diagnoses. The MDC dividdstlz¢ diagnoses into 25 groups,
based mainly on an organ system. As there are to/rmgroups of DRGs, | use MDC
code dummies to control for the effects of varythagnoses in the regression analysis.
Table 2.1 in the previous chapter of this dissemaprovides the description of the
MDC codes and the number of observations in thasgatthat belong to each code. |
include only 23 MDCs in the regression, because BXand 99 have too few
observations. CCL, which ranges from 0 to 4, indisahe severity of illness. CCL 0

signifies the least severe illness, while CCL 4his most severe. Each patient is also

2 Since 1 May 2010 only 20 DHBs have been in opematis Otago and Southland DHBs merged to form Southe
DHB.

24 also run the analysis with eight tertiary DHBat the results remain almost the same.

2More than 1 version of DRG code is available, &sdbde is constantly updated. The DRG code vefibnused
for the observations in the earlier years of ouaskt, classifies the diagnoses into 667 groupse wie current code
divides them into 742.

70



assigned a cost-weight, which is used for calaugpayments to the hospital treating

the patient.

In order to check the effects of policy reform oatipnt movement, | create two
dummy variables. The first indicates whether thenittgéd patient is transferred to
another facility at the end of stay. The dummy égjoae if the patient’s discharge type
is ‘DA (discharge to an acute facility)’, ‘DP (psvyatric patient transferred for further
psychiatric care)’, ‘DT (discharge of non-psychiatpatient to another healthcare
facility)’, ‘EA (discharge from emergency departmawcute facility to specialist facility
for neonates and burns only)’, or ‘ET (dischargenfremergency department acute
facility to another healthcare facility)'. | alsoeate an additional dummy to identify
whether the patient is transferred to another Dher-district transfers comprise
approximately 2percent of total admissions. | rdcan admission as an IDF if the
facility providing care is in a district outsideetipatient’s residence. Not all the IDFs are
transfers, as some patients are admitted as roatimessions (as opposed to transfers)
to a hospital outside their districts. IDFs accoiamtl4percent of the total admissions.
On average, patients transferred between distnate higher severity of iliness, while

IDFs show slightly lower severity, as presentedable 3.3.

Table 3.3 Descriptive statistics for CCL (N=10,776,648)

Mean Standgrd Minimum Maximum
Deviation
Non-inter-district 0.937 0.892 0 4
transfer
Inter-district transfer 1.317 1.018 0 4
Non-IDF 0.945 0.890 0 4
IDF 0.944 0.937 0 4
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Figure 3.2 and Figure 3.3 illustrate how the prtiparof IDFs and inter-district
transfer, respectively, has changed over the relseperiod. Overall, there is a
downward trend in the proportion of IDFs in botititgy and non-tertiary DHBs, but
the movement is more notable in tertiary DHBs. €Thange in the proportion of inter-
district transfers shown in Figure 3.3 is less ightiorward. Non-tertiary DHBs
transferred more patients to another district #@03, when the new capitation scheme
was introduced, after which they decreased intstridi transfers; however, the
proportion of inter-district transfers has startadreasing again since 2009. On the
other hand, the proportion of inter-district tragrsfin tertiary DHBs started declining in
2005, two years after the introduction of the nesliesne, only to increase again in

20009.

The increase in inter-district transfer in the ldsee years may be due to another set
of reforms undertaken by the newly elected govemima&s Gauld (2012) explains in
his study, the new centre-right government hasimeth DHBs and the capitation
system, because of its election promise that itlvowt overhaul the structure of the
health system, but has made other changes to improerdination among the DHBs.
The attempt to enhance centralisation and coolidmaacross regions may have
resulted in the increase in inter-district transfaraddition, the global financial crisis,
which started in 2007, led the government to pasgure on providers to use their funds

more efficiently. Such pressure could have alsceia®ed inter-district transfer.
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Figure 3.2 Proportion of IDFsreceived by skill level
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Figure 3.3 Proportion of inter-district transfer sent by skill level
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The new capitation system takes effect in therdaiight years of the research period.
I include eleven dummy variables (the 1999-20000gkis the reference category) to
measure the effects of years before and afteratapit The year dummies indicate the

financial years, so the 2000 dummy, for instaneéers to the period that starts from
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July 1, 2000 and ends in June 30, 2001. Sincedhecapitation system was introduced
in July 2003, the 2003 dummy indicates the yeaefafrm.

To indicate the skill levels of providers, | useélammy variable indicating whether
the provider is in a tertiary, or non-tertiary, DHBhe key variable of interest is the
interaction terms between the year dummies andatgrdummy. These interaction
terms will capture the differences in the effectscapitation between highly and less
skilled providers. | also create a second set @raction terms to check whether there
are differences in the effects of capitation ackzsses with varying complexities. These
interaction terms are between four groups of CQidthe year dummies. In addition, |
create a dummy variable indicating post-capitatiears. The interaction terms between
this post-reform dummy and the tertiary and CCL dues, respectively, will help
examine the average effects of the post-refornodesn patient movement.

In addition to the analysis of the effects of thewncapitation system on patient
movement, | also study health outcomes, such ada$O0mortality and readmission,
before and after the reform. To compute the mdytaliariable, |1 exclude the
observations from the last month of the researclogebecause the mortality variable
measures death within 30 days of dischafgecompute 30-day readmission, | exclude
patients who died in hospital, or within 30 daystloé last discharge date. Table 3.4
presents the descriptive statistics of the entaagkt, as well as the subsets used for
robustness checks. Since | exclude the observaitiohDCs 0 and 99, the number of

observations used in the analysis is 10,776,648.
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Table 3.4 Descriptive statistics™

IDF

Inter-district transfer
Post-reform years
Tertiary

CCLO

CCL1

CCL2

CCL3

CCL4

Gender (Female dummy)
Age

European

Maori

Pacific Islander

Asian

Others

Average costweight by DHB
30-day mortalit§

30-day readmissidn
Unemployment rates

Median weekly household income (NZ$,

2011 price)

IDF

Inter-district transfer
Post-reform years
Tertiary

CCLO

CCL1

CCL 2

CCL3

CCL4

Gender (Female dummy)
Age

European

Maori

Pacific Islander
Asian

2 MDCs 0 and 99 are excluded.

Mean Standard Minimum  Maximum
Deviation
A. Entire dataset: 1999-201M%£10,776,648)

0.137 0.343 0 1
0.018 0.133 0 1
0.702 0.457 0 1

0.584 0.493 0 1

0.342 0.474 0 1

0.450 0.497 0 1

0.140 0.347 0 1

0.058 0.233 0 1

0.010 0.101 0 1

0.558 0.497 0 1

42.722 27.937 0 112
0.674 0.469 0 1

0.163 0.369 0 1
0.069 0.254 0 1

0.047 0.212 0 1

0.047 0.211 0 1
1.123 0.191 0 1.688

0.030 0.169 0 1

0.243 0.429 0 1
5.070 1.656 2 9.1

1,257.08 151.52 808.59 1,544.07
B. DHB period: 2001-2011N=9,223,433)

0.134 0.341 0 1
0.021 0.142 0 1
0.820 0.384 0 1

0.583 0.493 0 1

0.344 0.475 0 1

0.450 0.498 0 1

0.138 0.344 0 1

0.058 0.234 0 1

0.010 0.101 0 1

0.557 0.497 0 1

42.985 27.932 0 112
0.672 0.469 0 1

0.165 0.371 0 1
0.071 0.256 0 1

0.050 0.217 0 1
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Others 0.043 0.202 0 1
30-day mortalit§ 0.0295 0.169 0 1
30-day readmissidn 0.246 0.431 0 1
Average costweight by DHB 1.135 0.195 0.71 1.688
Unemployment rates 4.919 1.658 2 9.1
Median weekly household income (NZ$) 1,282.69 184.7 891.15 1544.07

C. Pre-DHB and pre-reform period under the early

capitation system: 1999-20011€1,553,912)

IDF 0.152 0.359 0 1
Inter-district transfer 0.020 0.139 0 1
Post-reform years 0.000 0.000 0 0
Tertiary 0.585 0.493 0 1
CCLO 0.332 0.471 0 1
CCL1 0.447 0.497 0 1
CCL 2 0.153 0.360 0 1
CCL3 0.057 0.231 0 1
CCL4 0.010 0.102 0 1
Gender (Female dummy) 0.562 0.496 0 1
Age 41.159 27.908 0 111
European 0.686 0.464 0 1
Maori 0.152 0.359 0 1
Pacific Islander 0.061 0.238 0 1
Asian 0.032 0.176 0 1
Others 0.069 0.254 0 1
30-day mortalit§ 0.296 0.169 0 1
30-day readmissidn 0.226 0.418 0 1
Average costweight by DHB 1.049 0.150 0.779 1.342
Unemployment rates 5.974 1.319 2.5 9

Median weekly household income (NZ$) 823.07 118.32 594 1,027
D. DHB and pre-reform period: 2001-2008<1,656,622)

IDF 0.150 0.357 0 1
Inter-district transfer 0.022 0.146 0 1
Post-reform years 0.000 0.000 0 0
Tertiary 0.588 0.492 0 1
CCLO 0.337 0.473 0 1
CCL1 0.448 0.497 0 1
CCL2 0.148 0.355 0 1
CCL3 0.057 0.232 0 1
CCL4 0.010 0.102 0 1
Gender (Female dummy) 0.557 0.497 0 1
Age 41.922 27.885 0 112
European 0.680 0.466 0 1
Maori 0.157 0.364 0 1
Pacific Islander 0.065 0.246 0 1
Asian 0.039 0.193 0

Others 0.059 0.236 0
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30-day mortalit§ 0.031 0.174 0 1

30-day readmissidn 0.241 0.427 0 1
Average costweight by DHB 1.094 0.166 0.737 1.416
Unemployment rates 5.114 1.264 2.8 9.1
Median weekly household income (NZ$) 934.57 114.24 690 1,063
E. DHB and post-reform period: 2003-20N={,566,115)
IDF 0.130 0.337 0 1
Inter-district transfer 0.020 0.142 0 1
Post-reform years 1.000 0.000 1 1
Tertiary 0.582 0.493 0 1
CCLO 0.345 0.475 0 1
CCL1 0.451 0.498 0 1
CCL2 0.135 0.342 0 1
CCL3 0.058 0.234 0 1
CCL4 0.010 0.101 0 1
Gender (Female dummy) 0.557 0.497 0 1
Age 43.219 27.938 0 110
European 0.670 0.470 0 1
Maori 0.167 0.373 0 1
Pacific Islander 0.072 0.258 0 1
Asian 0.052 0.222 0 1
Others 0.039 0.194 0 1
30-day mortalit§ 0.029 0.168 0 1
30-day readmissidn 0.247 0.431 0 1
Average costweight by DHB 1.145 0.199 0.711 1.688
Unemployment rates 4.875 1.729 2 9.1
Median weekly household income (NZ$) 1,174.38 187.1 802 1,423

2The observations from the last month of the resepeciod are excluded.
®Only the surviving patients at 30 days of dischangeincluded.

3.4 Methodology

The unit of my analysis is the DHB, not individuabspitals. Although not all the
facilities in tertiary DHBs are tertiary hospitalis,is more helpful to examine the
behaviour of DHBs, as the capitation scheme distieib funds to DHBs, which then
operate individual hospitals with the funds. In iidd, DHBs organise some of the
publicly funded operations to be performed in prvhospitals in order to maximise
the efficiency of resource use; therefore, whabsesve in the data may not be the

behaviour of the hospital where the event took @ldit the response of the DHB. |
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estimate the equations with logistic regressionhwdtustered standard errors to
account for the correlations in the errors at patievel.

A potential problem with the identification strayeg that any changes | observe
after the reform may reflect other factors that migave changed over time across
providers. Thus, | include time-varying regionatttars, such as the unemployment rate,
median weekly income and mean cost-weights in tngaons to control for their
effects on the outcome variables. After estimathg equations, | examine the pattern
of the coefficients of the interaction terms betwdertiary providers and year fixed

effects to check the trend before and after thernef

The first equation measures the impact of the newitation system on the
probability that the admitted patient is the residef another district. The equation

takes the following form:

+2j-1B,,, CCLj X YEAR, + By Xt + & (1)

wherelDFj is a dummy variable, which equals 1 if admisgitakes place in a district
other than where the admitted patient resides anth@wise.YEAR is a set of year
fixed effects.H; is a dummy variable, which takes the value of th& DHB receiving
admission is tertiary.CCL; is a dummy variable indicating the level of CG£Y, 2, 3
and 4). The reference category, CCL 0, indicates |ldwest level of severity. |
hypothesise that capitation has different effeat®6lBs depending on their skill levels.
The change in the reimbursement of IDFs has adamggact on tertiary DHBs, because

tertiary DHBs are more likely to receive patientsnfi other districts. | measure the
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varying effects of capitation on different DHBs the interaction termHixYEAR. S
<0 indicates that tertiary DHBs are less likely ¢oaive patients from another DHB in
yeart. CCLjxYEAR measures the effects of capitation on varying ltewé illness
severity. Negative signs fgt, to 47 signify that a higher CCL reduces the probability

that the patient is from another district in year

Xit is a list of control variables, including the aage cost-weight of the DHB
receiving admission in yeart, age, gender, ethnicity, diagnostic informationhsas
CCL and MDC’, and economic indicators such as unemploymens ratel median
weekly income of the region the patient resideslime mean cost-weight of the DHB
measures the average difficulty of cases that tH8 freats. The quality of life may
affect health, which in turn can influence case plaxity and the transfer decision. The
regional unemployment rates and household incorteeata only available at the level
of regional councils, which cover wider areas tBa#Bs. In total, there are 12 regional

councils.

The second equation, shown below, is a more diesttof how DHBs respond to the
policy reform for two reasons. First, | examine giebability of sending patients, rather
than receiving. The sending pattern is a more tirglicator of the behaviour of health
care providers, especially in a market where thevigers cannot reject transferred
patients. Second, | limit the analysis to transfetsich reflects provider behaviour with
less noise, since IDFs include patient movemerttighaot initiated by providers. The

equation takes the following form:

27| have also included hospital characteristics sashospital size and teaching status, but thétsesxhibited no
qualitative change.
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ITsent;y = Yo+ YaYEAR: + v H; + y3 H; X YEAR,

+Xjo17,,, CCLij X YEAR, + g Xie + &¢ ()

wherelT_SENT; is a dummy variable, which equals 1 if admissias transferred to
another DHB at the end of the stay and 0 othenilike.other variables are as described
above. Capitation provides larger incentives to-testiary DHBs regarding transfer.
Non-tertiary DHBs not only transfer patients moregtiently, but also receive greater
funding under capitation. To retain the increasawl$, they may treat patients in their
districts rather than transfer them owg.measures whether tertiary DHBs are more
likely to transfer patients to another DHB in yeéaPositive signs would indicate that
non-tertiary DHBs are less likely to transfer patseto another district under capitation.
v4 to y; measure whether patients assigned to CCLs 1 &spectively, are more likely

to be transferred to another DHB than those asditm€CL 0 in yeat.

Finally, the last set of equations measures howntneduction of the new capitation
system affects health outcomes. The first meaduneaith outcome is 30-day mortality

and the equation takes the following form:

MORT;, = 8, + 8,YEAR, + 8,IT_SENT; + 85IT_SENT; X YEAR, + 8,Z;; + &

®3)

whereMORT; is a dummy variable, which equals 1 if patienied within 30 days of
discharge and O otherwise. The coefficient of thteraction term betweelT SENT
and year fixed effects measures the effects oréf@mm on mortality for the patients
transferred to another distric;; is a list of control variables such as a tertidmynmy,

the mean average costweight of a DHB receivingepéitiin yeart, CCL, MDC codes,
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age, gender and ethnicity. As the quality of lieeynaffect mortality, | also include the
economic indicators, unemployment rates and meaekly household income of the

region in which the patient resides.

The second measure of outcome is 30-day readmjsai@hthe equation takes the

following form:

READ;, = 8, + 86,YEAR, + 8,IT_SENT; + 85IT_SENT; X YEAR, + 6,Z;; + €, (4)

where READ; is a dummy variable, which equals 1 if patienvas admitted to any
facility in the dataset within 30 days of dischamed O otherwise. Again, the other
variables are as described above. The third andrlaasure of health outcome is the

length of stay in hospital, which is estimated Iy following equation:

LOS;; = 6y + 6,YEAR, + 6,Transfer; + 6sTransfer; X YEAR; + 6,Z;: + € (5)

whereLOS; measures the length of stay in hospital for paiien yeart. Transfer in

this equation is a dummy variable, which equal$ the patient admitted is a transfer
from another district and O otherwise. | examire effects of the patients admitted as a
transfer, instead of those transferred to anotstrict, because the dependent variable

is the length of stay in the health care facilitgttreceived the patients.

3.5 Reaults

As the interpretation of interaction terms in naekr models is not straightforward, |
use the following approach by Karaca-Mandic, Noraow Dowd (2012). To compute
the marginal effects of the interaction term betwdlee year dummies and (the

tertiary dummy), | calculate the marginal effectsyeart on the probability of inter-

81



district movement wheHR equals one and zero, respectively, and take ffexefice. To
obtain the marginal effects of the interaction tdretween the year dummiasad CCL,

| compute the marginal effects of ydaior each level ofCCL and take the difference
between the marginal effects for CCL 1-4, respetyivand CCL 0, which is the
reference category. Similarly, to obtain the maagiaffects of the interaction term
betweenPOSTandCCL, | compute the marginal effects BOSTfor each level of CCL
and take the difference between the marginal effémt CCL 1-4, respectively, and

CCL 0. An example of this calculation process isaiéed in the Appendix.

3.5.1 Effects of the system reform on providers of different skills

Table 3.5 reports the average marginal effecthefkey variables. | also estimate the
regressions without the interaction terms to chéwk average effects of the system
reform (Columns 1 and 2). Columns 3 and 4 preskat results from estimating

Equations 1 and 2. Panel A reports the averagetefte# the post-reform period on

patient flows, using a dummy variable indicating tyears under the new capitation.
Panel B shows the models including the individusdryeffects. Column 3 in panel A
shows that tertiary DHBs are less likely to recepatients from another DHB under
capitation. The decrease of 2 percentage point®nsiderable, given that there is a
mean probability of 19 percent that the admittetlep& is from another district for

tertiary DHBs. As a result, any negative effectsteriary DHBs from the change in

IDF prices will be somewhat mitigated, because thegeive less IDFs since the
introduction of the new system. The decrease inslDRder the new capitation system
supports the argument that capitation motivates BHB keep the patients in their
districts. The reduction is greater in tertiary D${Bvhich is the usual destination for

IDFs.
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Table 3.5 Effects of capitation on patient flow (N=10,776,648)

1) (2 Q)
IDF received Inter-district IDF received
transfer sent

(4)
Inter-district
transfer sent

A. Post-reform dummy

PostxTertiary -0.0195** 0.0049**
PostxCCL1 -0.0054** -0.0060**
PostxCCL2 -0.0021 -0.0012**
PostxCCL3 -0.0163** -0.0092**
PostxCCL4 -0.0264** -0.0135**
Post -0.033** -0.0044** -0.0183** -0.0061**
Tertiary 0.1214** -0.0118* 0.1214** -0.0118*
CCL1 0.0003** 0.0119** 0.0004** 0.0120**
CCL2 0.0008** 0.0207** 0.0085** 0.0208**
CCL3 0.0243** 0.0320** 0.0244** 0.0320**
CCL4 0.0940** 0.0548** 0.0941** 0.0549**
B. Year dummies

2000 xTertiary -0.0021** -0.0040**
2001 xTertiary 0.0022* -0.0018**
2002 xTertiary 0.0167** -0.0029**
2003 xTertiary 0.0253** -0.0022
2004 xTertiary 0.0280** 0.0022**
2005 xTertiary 0.0028** 0.0038**
2006 xTertiary -0.0020** 0.0035
2007 xTertiary -0.0271* 0.0034**
2008 xTertiary -0.0507** 0.0055
2009 xTertiary -0.0556** 0.0059+
2010 xTertiary -0.0580** 0.0045*
2000 0.0077** 0.0023** 0.0055** 0.0019
2001 0.0000 0.0003 -0.006 -0.0019**
2002 0.0144** 0.0015** 0.0054** -0.0015**
2003 0.0316** 0.0024** 0.019** -0.002**
2004 0.0283** 0.0020** 0.0085** -0.004**
2005 -0.0007 -0.0023** -0.0267** -0.0108**
2006 -0.0084** -0.0054** -0.0389** -0.0152**
2007 -0.0287** -0.0081** -0.0661** -0.0193**
2008 -0.0652** -0.0085** -0.1028** -0.0202**
2009 -0.0797* -0.0074** -0.1185** -0.0199**
2010 -0.0718** -0.0050** -0.118** -0.0199**
2000x CCL 1 -0.0048** 0.0054**
2001 x CCL 1 -0.0075** 0.0022**
2002x CCL 1 -0.0131** 0.0046**
2003x CCL 1 -0.0127** 0.0043**
2004 x CCL 1 -0.0139** 0.0026*
2005x CCL 1 -0.0128** -0.0013**
2006 x CCL 1 -0.0104** -0.0050**
2007 x CCL 1 -0.0109** -0.0086**
2008 x CCL 1 -0.0065** -0.0109**
2009 x CCL 1 -0.0111* -0.0102**
2010x CCL 1 -0.0140** -0.0082**
2000 x CCL 2 -0.0053** 0.0007
2001 x CCL 2 -0.0047** 0.0007**
2002 x CCL 2 -0.0106** 0.0008+
2003 x CCL 2 -0.0084** 0.0034
2004 x CCL 2 -0.0109** 0.0030*
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2005 x CCL 2 -0.0064** -0.0018**

2006 x CCL 2 -0.0097** -0.0062**
2007 x CCL 2 -0.0118** -0.0085**
2008 x CCL 2 -0.0037 -0.0075**
2009 x CCL 2 -0.0085** -0.0067
2010x CCL 2 -0.0097** -0.0018**
2000 x CCL 3 -0.0024+ 0.0012
2001 x CCL 3 -0.0141** -0.0011*
2002 x CCL 3 -0.0165** -0.0039
2003 x CCL 3 -0.0211* -0.0024**
2004 x CCL 3 -0.0261** -0.0053**
2005 % CCL 3 -0.0249** -0.0107+
2006 x CCL 3 -0.0280** -0.0164
2007 x CCL 3 -0.0273** -0.0196
2008 x CCL 3 -0.0188** -0.0214**
2009 x CCL 3 -0.0260** -0.0193**
2010x CCL 3 -0.0276** -0.0118**
2000x CCL 4 0.0003 0.0011
2001 x CCL 4 -0.0001 -0.0015
2002 x CCL 4 -0.0151* -0.0094
2003 x CCL 4 -0.0057** -0.0057+
2004 x CCL 4 -0.0160** -0.0142**
2005x CCL 4 -0.0209** -0.0194+
2006 x CCL 4 -0.0277** -0.0240
2007 x CCL 4 -0.0395** -0.0386*
2008 x CCL 4 -0.0318* -0.0299
2009 x CCL 4 -0.0486** -0.0223
2010x CCL 4 -0.0380** -0.0100

NOTE. — All the models are estimated with logistigression. The table reports the average margffedts of
the new capitation system introduced in 2003 oiepaflow. Models 1 and 2 are estimated without ititeraction
terms. Due to computational constraints, | dideatulate the standard errors of the marginal &ffénstead, | report
the statistical significance of the coefficienterr the logistic regression. The patient flow is mwad by the
probability that the admitted patient is from arestidistrict (inter-district flows, or IDFs) and ttgrobability of
transferring patients to another district. “Postaidummy variable, which equals 1 if the admissamk place in the
years under the new capitation system. “PostxTgltis an interaction term between “Post” and “Tany”; a
dummy variable, which equals 1 if the DHB receivihg patientis classified as tertiary. “PostxCCL” denotes an
interaction term between “Post” and “CCL”", which ma&s the severity of illness and ranges from Gs{lsavere) to
4 (most severe). All the models include variabieidating the patient characteristics and econamdicators.

* Significant at the 10 percent level.

" Significant at the 5 percent level.

" Significant at the 1 percent level.

The results, however, do not provide conclusivelewte on whether the IDF prices
are too low. The decrease in inter-district moveinmeay suggest that the prices are in
fact too high. At the same time, the prices maydve but DHBs may have found it
more attractive to keep the funds than paying somedse to do the job, because they
still have to pay staff and overhead costs in tbain hospitals. As non-tertiary DHBs

receive a higher level of funding under capitateord the financial objective of the
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organisations in the public sector, such as DH8$) ibreak even, the reform may have
prompted non-specialist providers to treat more memcases, which they would have
sent to another provider prior to the reform. Therall effects of capitation on IDFs are
also negative, as presented in column 1. The deered 3 percentage points is

substantial, given that the mean value of IDFsrduthe research period is 14percent.

Column 4 in panel A reports that capitation deasathe probability that non-
tertiary DHBs transfer patients to another distbgt 0.5 percentage points. Overall,
capitation decreases the probability of inter-disttransfer by a small degree; 0.04
percentage points. The decrease in inter-distactsfer provides further evidence that
the scale of funding redistribution is small betwdle areas whose funding increased
and those that received less than their populaame. It also shows that, even when |
restrict the inter-district patient movement toaarower category, the earlier results still

hold.

In panel B, | estimate the models with individuehy dummies, instead of the single
post-reform dummy presented in panel A. Column dwshthat, after a slight decrease
in 2001 from the previous year, the probability reteiving patients from another
district increases until 2003, the year when the napitation is introduced, and then
begins to decrease. In the last year of our rekepeciod, the probability of IDFs
increases again, but the level is still much lowean the reference category, 1999.
Similarly, in column 2 the probability of transferg patients to another district
decreases temporarily in 2001, and then starteasang again until the year when the
capitation is introduced. The size of the yeardiedfects declines from 2003, the year

of the system reform. The probability of inter-dist transfer starts increasing again in

85



the last two years of the research period, bubteeall effects of the post-reform period

are negative, as shown in panel A.

The interaction terms between the year and tertdarngmies in column 3 show that
tertiary DHBs are more likely to receive IDFs thaon-tertiary DHBs until 2005, but
less likely since 2006. The decline begins in 2d@\wever, when the probability of
receiving IDFs sharply decreases from 2.8 percenpagnts to 0.28. Column 4 shows
that non-tertiary DHBs are less likely to trangbatients to another district since 2004,
a year after the introduction of new capitationeTthble shows that there is a lagged
response to the system reform in both models. M6H@§08) notes that DHBs whose
capitation shares are less than their historicalding share received funds from a
transitional funding pool in the financial year 2005. This transitional period may be

the reason for finding lagged responses to theesyseform.

3.5.2 Effects of the system reform on complex cases

Columns 3 and 4 in Table 3.5 also show whethertatipn affects the movement of
complex cases between districts. Compared witlp#tients assigned to the reference
category of CCL 0, the lowest level of severitypgt in higher categories of CCL are
less likely to be treated in a district outsideithresidence since the reform. The
decrease is greatest in the most severe casesgfZéntage points), followed by CCL 3
(1.6 percentage points) and CCL 1 (0.5 percentagiaty). The coefficient for
PostxCCL2 is statistically insignificant. Capitati@also decreases the probability that
patients assigned to higher CCLs are transferreshtoher district. Again, the decrease

is greatest in CCL 4 (1.4 percentage points), thetreevere category, followed by CCL
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3 (0.9 percentage points), CCL 1 (0.6 percentagetgjoand CCL 2 (0.1 percentage

points).

| can also compute the changes in marginal efieben CCL increases by 1 unit by
taking the difference between the interaction teimgsolumn 3, the increase from CCL
1 to CCL 2 under capitation raises the probabilitgt the admitted patient is from
another district by 0.3 percentage points. Theeiases, however, from CCL 2 to 3 and
from CCL 3 to 4 decrease the probability of IDF by} percentage points and 1
percentage point, respectively. Similarly, the @mbty of transferring patients to
another district decreases under capitation whenllliess severity level is increased
from O to 1 (0.6 percentage points), 2 to 3 (0.8&@eatage points) and 3 to 4 (0.4
percentage points), whereas the change from lewel 2L increases the probability of
transfer by 0.5 percentage points. Overall, thgdstr decline in the inter-district patient
movement under capitation is observed when CClLeas®s from 2 to 3, the second

Most severe cases.

Columns 3 and 4 in panel B report the interactierms between the CCL and
individual year dummies. Patients assigned to CChad 2 are less likely to transfer to
another district from 2005, two years after theomef. For those in the most severe
category, the statistically significant declinertsgdrom the year of reform, although the
declines in the last three years of the researdogare statistically insignificant. The
pattern is not as clear for patients in the CClatgory. While | observe a statistically
significant decrease in the probability of intestdct transfer in the year of reform, the
decline is also present in 2001, before the newtatagm is introduced. Nevertheless,
the estimation results for the overall effects alumn A confirm the decrease in the

probability of sending inter-district transfer undmpitation. In contrast, it is harder to
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check the pattern of the probability of receivimdfk, because in most years, patients
assigned to higher CCLs are less likely to be wetkias IDFs. As explained above,
however, the rate of inter-district transfer showdtlect the responses of providers more

accurately than IDFs.

Next, since CCL indicates the presence of comptinatand does not distinguish
between different diagnoses, | use the mean miyrtaie of each diagnosis as another
measure of case difficulty. Table 3.6 shows thdmedion results for the new
regressions measuring whether complex cases am wrless, likely to be transferred
to another district since the reform. The resulitsvs that the patients in diagnoses with
higher probabilities of mortality are more likelg be transferred to another district
under the new payment system by 0.7 percentagdspdihe probability of transfer
sharply increases from 2004, a year after the rapitation system is introduced. Thus,
non-tertiary DHBs are still transferring the mogfficult cases, while selectively
treating the severe, but less fatal, cases. Thiirfg suggests that the new payment
system makes it attractive to keep the more sevases, as long as they are not

suffering from the most serious conditions.
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Table 3.6 Effects of mortality on transfer (N=10,624,264)

1)
Inter-district transfer
A. Post-reform dummy
PostxMortality 0.007**
Post -0.00005
Mortality 0.0251**
B. Year dummies
2000xMortality 0.003
2001 xMortality 0.006**
2002xMortality 0.007**
2003xMortality 0.006**
2004xMortality 0.012**
2005%xMortality 0.008**
2006xMortality 0.012**
2007xMortality 0.012**
2008xMortality 0.007**
2009xMortality 0.006**
2010xMortality 0.028**
2000 0.0003*
2001 -0.0005**
2002 -0.0001
2003 0.0006**
2004 0.0006**
2005 -0.0008**
2006 -0.0019**
2007 -0.0021**
2008 -0.0023**
2009 -0.0016**
2010 -0.0008**
Mortality 0.0208**

NOTE. — All the models are estimated with logisggression. The table reports the average margffeats of
the mortality rates of a diagnosis on inter-disttransfer. Due to computational constraints, | ad calculate
the standard errors of the marginal effects. Imsteeeport the statistical significance of the ffioeents from the
logistic regression. The dependent variable igtiobability of transferring patients to anothertdés. “Post” is a
dummy variable, which equals 1 if the admissionkt@tace in the years under the new capitation syste
“PostxMortality” is an interaction term between ‘$?band “Mortality”, which signifies the mean mditg rate
of the patient’s diagnosis. All the models includwiables indicating the patient characteristicd anonomic
indicators.

* Significant at the 10 percent level.

" Significant at the 5 percent level.

" Significant at the 1 percent level.

3.5.3 Effects of the system reform on health outcomes

The finding that the reform decreases the intetridismovement of patients with severe
conditions, taken together with the result thatidey DHBs receive fewer IDFs, may
indicate a loss of efficiency in the health caret@e To study the implications for

efficiency, | check the effects of the reform oe firobabilities of 30-day mortality and
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readmission and the lengths of hospital stay. T@8bdepresents the effects of the post-
reform period on the health outcome measures. QuuIn4 and 6 show the estimation
results for Equations (3), (4) and (5), while cohsrl, 3 and 5 present models without
the interaction terms. The probability that the #@thd patient dies within 30 days of
discharge decreases by 0.2 percentage points ipdbereform years, as shown in
column 1. In the model including individual yeamaimies, the probability of mortality
decreases in most years, but the size of the dsxgen the post-reform years is larger
than those in the pre-reform period. Mortality magve decreased because of
advancements in technology, or improved standairdising over the research period.
Another possible reason for the decrease in muytalay be that the most difficult
diagnoses, which have higher probabilities of niytaare still transferred to another

district after the reform, as shown in Table 3.6.

Column 2 presents the model that includes theaotem terms between the transfer
and time dummies. Panel A shows that the probgbiit 30-day mortality for
transferred patients is positive but statisticallgignificant. The model with individual
year dummies in panel B also reveals that in mesirs/ there are no statistically
significant differences in the probability of mdity between transferred and non-
transferred patients. Mortality is significantlyer for transferred patients in the last 2
years of the research period, but in 2006 it isifigantly higher by 2 percentage points.
The weak effects of the reform on mortality maydue to the fact that mortality is a
rare event, which affects only a few diagnosesaddition, death within 30 days of
discharge may have occurred due to reasons ndedeta the treatment received in
hospital. Therefore, the other outcome measuresimession and length of stay, may

provide a better indication of the effects of theform on health outcomes.
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Table 3.7 Effects of capitation on health outcomes

)
Mortality

(N=10,672,988)

@
Mortality

(N=10,672,988)

(3
Readmission
(N=10,357,929)

(4)

Readmission
(N=10,357,929)

(%)

Length of stay
(N=10,728,729)

(6)
Length of stay
(N=10,728,729)

Post x Transfer
Post
Transfer

2000 xTransfer
2001 xTransfer
2002 xTransfer
2003 xTransfer
2004 xTransfer
2005 xTransfer
2006 xTransfer
2007 xTransfer
2008 xTransfer
2009 xTransfer
2010 xTransfer
2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

Transfer

A. Post reform dummy
0.0001 -0.0478** 11.57*
-0.0021** -0.0017** 0.0287** 0.0287* -0.17* 0.05**
0.036** 0.036** -0.0552** -0.0545** 17.28* 18.50**
B. Individual year dummies
-0.0133 -0.0302** 13.86**
-0.0097 -0.0083 24.33**
-0.0004 -0.0310** 37.23*
-0.0154+ -0.0345** 51.30**
-0.0037 -0.0428** 52.99**
0.0009 -0.0376** 40.69**
0.0203* -0.0657** 52.27*
-0.0077 -0.0663** 46.51*
-0.0004 -0.0248* 57.12**
-0.0199** -0.0788** 39.24**
-0.0441** -0.1560** 25.31*
-0.0007* -0.0009* 0.0137* 0.0143* -0.11** -0.003
0.0011* 0.001** 0.0275** 0.0287** 0.05 0.16**
-0.0006 -0.0007 0.0323** 0.0352* 0.05 0.16**
-0.0015** -0.0018** 0.0347** 0.0404** 0.01 0.20**
-0.0015** -0.0018** 0.0362** 0.0457** -0.09* 0.20*
-0.0031** -0.0034** 0.0483** 0.0619** -0.55** -0.29
-0.0027** -0.003** 0.0564** 0.0735** -0.43** -0.20*
-0.0016** -0.0018** 0.0563** 0.0797** -0.44* -0.1%
0.0001 0.0002 0.0569** 0.0829** -0.29** 0.11*
-0.0001 -0.0001 0.0507** 0.0801* -0.44** -0.02**
-0.0004 -0.0003 0.0411* 0.0795* -0.57** -0.18**
0.036** 0.037** -0.0544** -0.0509** 17.34* 18.84*

NOTE. — Models (1) to (4) are estimated by logiségression, while (5) and (6) are estimated wibative binomial regression. Columns (1) to (4prephe average marginal effects of the new capitagystem.
Due to computational constraints, | did not caltifthe standard errors of the marginal effects¢eats | report the statistical significance of tteefficients from the logistic regression. “Mortgliis a dummy
variable, which equals 1 if the patient died witBhdays of discharge. “Readmission” is a dummyatée, which equals 1 if the patient was readmittedny facility in the dataset within 30 days afaharge. “Post”
is a dummy variable, which equals 1 if the admissmok place in the years under the new capitagi@tem. “Transfer” indicates a dummy variable, Wwhéguals 1 if the patient is transferred to anottigtrict in
columns (1) to (4), while indicating a dummy vatethat equals 1 if the admitted patient is frorother district in columns (5) and (6).
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Columns 3 and 4 in Table 3.7 report the effectthefreform on 30-day readmission
among the patients who did not die during the 3@-plariod. Unlike mortality, the
probability of readmission increased since thermafolrhe model with individual year
effects shows that the probability of 30-day reassioin is higher in all the years than in
1999, the reference category. Although the proligbdf readmission has increased
overall since the reform, patients transferred notlaer district are less likely to be
readmitted than non-transfer patients. Transferpatients are less likely to be
readmitted to hospital in all years, but the loweybabilities are amplified from 2004, a
year after the reform took place. With the exceptadf 2008, the probabilities of

readmission for transferred patients are much fatga for the pre-reform years.

Columns 5 and 6 present the results from the regnes measuring the effects of the
reform on the length of hospital stay. Overall, teegth of stay decreases after the
reform by a small degree, however, transferredeptgistay in hospital over 11 days
longer than non-transfer patients since the reftrok place. Taken together with the
above results, it seems that the reform has negatfects on health outcomes, as
patients stay in hospital for a shorter periodmkt but are more likely to be readmitted
since the reform. These effects are more notablngrthe patients receiving treatment
in their own districts. Those transferred to anottiistrict stay longer in hospital and
have lower probabilities of readmission under tleev rcapitation system. Since low-
skilled providers are less likely to transfer patgeto another district under the new
system, the results suggest that the decreaseeindistrict transfer may be a cause of

the worsening health outcomes.

As the system reform has affected all the providiese is a concern that the effects

of the policy reform found above may include thosether factors changing over time.
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The pattern of the coefficients of the interactienms between tertiary, or transfer
dummies, and year dummies presented in Figure [®#%s however, that there is a
clear change in the trend in all but one of thecomte variables immediately after the
reform. Readmission is the only variable that shemsight response lag. There is a
reversal in the trend in mortality from 2006. Apkined above, however, the effects of
the reform on mortality may not be as clear as é¢hos other outcomes, because
mortality is a rare event which may occur due tasoms unrelated to the treatment

received in hospital.

Figure 3.4 Pattern of coefficientsfor theinteraction terms

a. Inter-district flows b. Intar-district transfer
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" Graphs a and b plot the interaction terms betwegiary and year dummies, while graphs c to e iletinteraction
terms between transfer and year dummies
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To summarise, | find that tertiary DHBs are ledely to receive IDFs since the
implementation of the policy reform that reintroddccapitation. A cause for the
reduction seems to be the reduced inter-distrasistier sent from non-tertiary DHBs.
Under capitation, non-tertiary DHBs are less likéty transfer patients to another
district. The findings suggest that the policy refoencourages non-tertiary DHBS,
which receive greater funding under capitation,trieat patients in their districts.
Although more severely ill patients are less likiybe treated in tertiary DHBs under
the new capitation system, the probability of miitstdnas decreased since the reform.
Readmission, on the other hand, increased undemeWwecapitation system, while the
length of hospital stay decreased. If patientsracee likely to be readmitted due to
shorter hospital stays, the reform will have nagagffects on the health care sector. |
do not find evidence that IDF prices are low, althio it is difficult to reach a
conclusion on this issue. Nevertheless, the restiltsmply that the level of funding to
highly skilled DHBs decreased under capitation,aose the redistribution of initial

funding did not seem to have occurred to a fuleektluring the research period.

3.6 Robustness checks

3.6.1 Analysis of the subset

For the two years at the start of the dataset,ptiedecessor of DHBs, Hospital and
Health Services (HHS), was in operation. Althougbré are similarities between the
two structures, the areas and roles of HHS wereesdrat different from those of
DHBs. Since | determine inter-district movement dhd skill levels of the regional

health boards based on DHBSs, the observations fih@se two years do not accurately
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reflect the behaviour of DHBs. Thus, | limit theadysis to the years excluding 1999
and 2000 as a robustness check. The total numbebs#rvations for this subset is
9,223,433. Table 3.8 presents the average margiifetts of the key variables on

patient flow.

Overall, declines in patient movement under capmaare still present in the subset.
Capitation decreases the probability of receivilifd for tertiary DHBs by 1.8
percentage points. The probability of transferrpagients to another district for non-
tertiary DHBs is lower by 0.5 percentage pointsidpais assigned to higher CCLs are
still less likely to be treated in another distictder capitation, however, the size of the
decrease is slightly smaller in every category &@LCand ranges from 0.05 to 1.9
percentage points, compared with the decrease20fo02.6 percentage points in the

main analysis.

Table 3.8 Effects of capitation on patient flow since 2001 (N=9,223,433)
) 2) 3 4

IDF received Inter-district IDF received Inter-district
transfer sent transfer sent
A. Post-reform dummy
PostxTertiary -0.0183** 0.005**
PostxCCL1 -0.0018** -0.0065**
PostxCCL2 0.0005* -0.0015
PostxCCL3 -0.0082** -0.0078**
PostxCCL4 -0.0190* -0.0105**
Post -0.0264** -0.0040** -0.01** -0.0051**
B. Year dummies
2002 xTertiary 0.0129* -0.0013
2003 xTertiary 0.0227 -0.0006+
2004 xTertiary 0.0256** 0.0039**
2005 xTertiary 0.0030 0.0053**
2006 xTertiary -0.0008 0.0048+
2007 xTertiary -0.0252** 0.0047**
2008 xTertiary -0.0532** 0.0069**
2009 xTertiary -0.0596** 0.0073**
2010 xTertiary -0.0607** 0.0060**
2002 0.0141** 0.0012** 0.0126** 0.0005*
2003 0.0323** 0.0021** 0.0291** 0.0003*
2004 0.0295** 0.0018** 0.0218* -0.0019**
2005 0.0051** -0.0024** -0.0065 -0.0082**
2006 0.0001 -0.0055** -0.0142** -0.0125**
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2007 -0.0190** -0.0082** -0.0382** -0.0168**

2008 -0.0591** -0.0087** -0.08** -0.0178*
2009 -0.0750** -0.0076** -0.0973** -0.0175**
2010 -0.0666** -0.0051** -0.0938** -0.0172*
2002x CCL 1 0.0122** 0.0016**

2003 x CCL 1 0.0307** 0.0001**

2004 x CCL 1 0.0278** -0.0033**
2005x CCL 1 0.0036** -0.0028**
2006 x CCL 1 0.0005* -0.0046*
2007 x CCL 1 -0.0184** -0.0067*

2008 x CCL 1 -0.0581** -0.0102**
2009 x CCL 1 -0.0756** -0.0109**
2010x CCL 1 -0.0687** -0.0101**
2002 x CCL 2 0.0120** -0.0008*
2003 x CCL 2 0.0322** 0.0007**
2004 x CCL 2 0.0284** -0.0013**
2005 x CCL 2 0.0076 -0.0016
2006 x CCL 2 -0.0011* -0.0040

2007 x CCL 2 -0.0218** -0.0048**
2008 x CCL 2 -0.0576** -0.0049

2009 x CCL 2 -0.0754** -0.0056**
2010x CCL 2 -0.0665** -0.0017

2002 x CCL 3 0.0158** -0.0037**
2003 x CCL 3 0.0297** -0.0033**
2004 x CCL 3 0.0231** -0.0078**
2005 x CCL 3 -0.0008** -0.0087**
2006 x CCL 3 -0.0091** -0.0123**
2007 x CCL 3 -0.0269** -0.0140**
2008 x CCL 3 -0.0625** -0.0171*
2009 x CCL 3 -0.0828** -0.0165**
2010x CCL 3 -0.0745* -0.0099**
2002 x CCL 4 0.0037** -0.0089**
2003 x CCL 4 0.0314** -0.0062**
2004 x CCL 4 0.0202** -0.0164**
2005x CCL 4 -0.0091** -0.0167**
2006 x CCL 4 -0.0198** -0.0192+
2007 x CCL 4 -0.0499** -0.0326**
2008 x CCL 4 -0.0866** -0.0248**
2009 x CCL 4 -0.1172* -0.0185**
2010 x CCL 4 -0.0965** -0.0070

NOTE. — All the models are estimated with logisggression. The table reports the average margffesits of
the new capitation system introduced in 2003 orieptaitflow. The data exclude the first two years.eDio
computational constraints, | did not calculate gtandard errors of the marginal effects. Insteadeplort the
statistical significance of the coefficients fronetlogistic regression. The patient flow is meagurg the probability
that the admitted patient is from another dist(inter-district flows, or IDFs) and the probabilitf transferring
patients to another district. “Post” is a dummyiahle, which equals 1 if the admission took plat¢hie years under
the new capitation system. “PostxTertiary” is ateiaction term between “Post” and “Tertiary”, a dayvariable
that equals 1 if the DHB receiving the patiéntclassified as tertiary. “PostxCCL” denotes an raxg&on term
between “Post” and “CCL”, which measures the sevapityliness and ranges from 0 (least severe) tandsf
severe). All the models include variables indiogtiine patient characteristics and economic indisato

In panel B, which presents the models with indigidgear dummies, the changes in
the probability of IDFs for patients in differenOCs are more notable. Unlike the main

analysis where we observe lower probabilities irshyears and CCLs, here we see that
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patients assigned to relatively more severe lef@BLs 3 and 4) are less likely to be
admitted to facilities in another district since080 which is two years after the reform
took place; instead the decline starts from 2004 Tower CCLs also show similar

patterns. Patients in CCLs 1 and 2 are less liteelye transferred to another DHB since
2004, which is a year after the reform. The prolii#s of inter-district transfer for

those in CCLs 3 and 4 are always lower than thereete category; however, in both
CCLs the probabilities of transfer increase until02, and then start decreasing.
Therefore, the earlier results that patient movdrbetween districts declines since the

system reform are not sensitive to the changeseareh period.

3.6.2 Effects of readmission on mortality

In the main analysis, | conclude that the systeforme seems to have negative effects
on health outcomes, as the probability of readmissncreased, while the length of
hospital stay decreased, since the reform tookeplalthough mortality also decreased
after the reform, the decrease may be due to a#esons, such as the improved
standard of living, or selective transfer by noriiéey DHBs, as explained in the main
analysis. Nevertheless, the decrease in mortalityiacrease in readmissions may also
be interpreted as positive effects of the reformttenhealth sector. This will be true if
patients are less likely to die due to increasedmassion. To explore this possibility, |
check whether the probability of readmission haseffects on mortality since the year

the reform was introduced. Table 3.9 presents gtimation results.

The results indicate that readmission is not theseaf the change in mortality. The
change in the probability of 30-day mortality aftbe reform for patients readmitted to

any health care facilities in the dataset is dtasiBy not different from that for those
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who are not readmitted. Panel A shows that theraot®n term between the
readmission and post-reform dummies is statisyidaBignificant. Panel B shows that,
in all years except for 2011, the probability ofniadity is lower for readmitted patients.
There is no clear pattern in the changes in threraction terms across time. This finding
supports the earlier conclusion that the systewrmeseems to have negative effects on

health outcomes.

Table 3.9 Effects of mortality on transfer (N=10,625,264)

30-day mortality

A. Post-reform dummy

PostxReadmission -0.0002

Post -0.0016**
Readmission -0.0033**

B. Year dummies

2000xReadmission -0.0013*
2001xReadmission -0.0016*
2002xReadmission -0.0022**
2003xReadmission -0.0019**
2004xReadmission -0.0023**
2005xReadmission -0.002**

2006xReadmission -0.0024**
2007xReadmission -0.0016**
2008xReadmission -0.0013*
2009xReadmission -0.0013*
2010xReadmission 0.0009

2000 -0.0006**
2001 0.0013

2002 -0.0003*
2003 -0.0016**
2004 -0.0016**
2005 -0.0026**
2006 -0.0020**
2007 -0.0006**
2008 0.0014**
2009 0.0013**
2010 0.0007**
Readmission -0.0033**

NOTE. — All the models are estimated with logistgression. The table reports the average margffedts of
the probability of 30-day readmission on mortadigross time. Due to computational constraintsdirit calculate
the standard errors of the marginal effects. Imstéaeport the statistical significance of the fficeents from the
logistic regression. The dependent variable isptiodability of dying within 30 days of discharg@dst” is a dummy
variable, which equals 1 if the admission took plamder the new capitation system. “PostxReadmisssoan
interaction term between “Post” and “Readmissiortijol signifies the probability of readmission witt80 days of
discharge. All the models include variables inditg@the patient characteristics and economic indisa

* Significant at the 10 percent level.

" Significant at the 5 percent level.

" Significant at the 1 percent level.
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3.7 Conclusion

The reintroduction of capitation due to a systeforre in New Zealand decreased the
movement of patients between districts. Non-tgytiariBs, in particular, are less likely
to transfer patients to another district under tedijoin. This finding suggests that
capitation provides incentives to health care piers to keep patients within their
districts in order to keep the allocated funds. Pphabability of IDFs, a more general
measure of inter-district patient movement, alsccrel@sed considerably under
capitation. Tertiary DHBs, who receive more outdidtrict patients, experienced a
larger decline in the probability of receiving IDFSonsidering that the growth of
funding was much higher for non-tertiary DHBs undapitation, the results imply that
the redistribution of funds between districts dat nccur as much as some believe. |
also find that more severely ill patients were Ikssly to be moved between districts
since the policy reform. Those patients with disgso with higher probabilities of
fatality are, however, still transferred, suggestinat non-tertiary providers selectively
treat more severe, but less fatal, cases. Healitomes have deteriorated since the
reform, as the length of stay in hospital has dedj but the probability of readmission
has increased. Therefore, the reform seems toreaueed necessary patient movement

between districts.

The findings that the probability of readmissionrgased and the length of hospital
stay decreased after the reform imply that healtfttames have worsened. It will be
helpful, however, to examine other indicators oéltie outcomes in future studies to
clarify the efficiency issue. In addition, it is thpossible to make a conclusion about
whether the prices for IDFs are lower than their ¥alue. The decrease in IDFs may

suggest that the prices are high, however, the sifgoan still be true if the providers
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simply find it more attractive to retain the fungimiven to the region due to, for
example, administration costs. The net effectshef dystem reform on highly skilled
providers are also unclear. On the one hand, thistrution of funds did not take
place on a large scale under the new capitatiotersysso the reduced level of funds
tertiary providers receive have not been compeddate On the other hand, however,
they receive fewer patients, so their workload haen reduced. | leave it to future

studies to explore these questions in more detail.
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Appendix

Table A1 Marginal effects of interaction terms

I. Dependent variable: IDF (Equation 1)

Marginal effects of POST for Tertiary (A) -0.0217
Marginal effects of POST for Non-tertiary (B) -0
Marginal effects of POSTxTertiary (A-B) -0.0195
Marginal effects of POST for CCL 1 (E) -0.0350
Marginal effects of POST for CCL 2 (F) -0.0317
Marginal effects of POST for CCL 3 (G) -0.0459
Marginal effects of POST for CCL 4 (H) -0.0560
Marginal effects of POST for CCL O (I) -0.0296
Marginal effects of POSTxCCLL1 (E-I) -0.0054
Marginal effects of POSTxCCL2 (F-I) -0.0021
Marginal effects of POSTxCCL3 (G-I) -0.0163
Marginal effects of POSTxCCL4 (H-I) -0.0264
Il. Dependent variable: Inter-district transfer (Btjon 2)
Marginal effects of POST for Tertiary (C) -0.0075
Marginal effects of POST for Non-tertiary (D) -0.0026
Marginal effects of POSTxTertiary (C-D) 0.0049
Marginal effects of POST for CCL 1 (J) -0.0013
Marginal effects of POST for CCL 2 (K) -0.0073
Marginal effects of POST for CCL 3 (L) -0.0025
Marginal effects of POST for CCL 4 (M) -0.0105
Marginal effects of POST for CCL 0 (N) -0.0148
Marginal effects of POSTxCCL1 (J-N) -0.0060
Marginal effects of POSTxCCL2 (K-N) -0.0012
Marginal effects of POSTxCCL3 (L-N) -0.0092
Marginal effects of POSTxCCL4 (M-N) -0.0135
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Chapter 4 Public health care provider reimbursement in New

Zealand

4.1 Introduction

To provide incentives for cost containment and cefficy, many countries have
changed the hospital payment system from cost naiseinent to prospective payment,
which pays the health care providers fixed pri@ggardless of the actual costs incurred
(Ellis & Miller, 2009). As the prices are often danined based on the average costs
across providers under the prospective paymentersyst problem arises if the
distribution of patients across providers is uneviear instance, under a diagnosis
related group (DRG) based payment method, if tlopgtion of patients with more
severe conditions is higher in one hospital thaothers, the payment received by the
hospital treating sicker patients will be insufict to cover the treatment costs. Another
form of the prospective payment system pays prositlased on the characteristics of
the potential patients enrolled to use their sewicThe same issue remains under this
method if the distribution of the severity of ilkg varies within a population group
across providers, or if the characteristics ofghgents who actually use the health care

services differ from those of the enrolled people.

The New Zealand public health sector has adoptetl aupayment system, which
allocates funds across regions based on the rdgiopalation, rather than the actual
treatment provided. As the first step in studyihg adequacy of this payment system,
this research examines how the actual usage ofhheate services by patients is
associated with the current level of payment, caexgbioased on the characteristics of

the population. To examine the relation, | regtegscurrent government funding on the
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characteristics of those actually treated. Theamnatbry variables include the measures
of case complexity, as well as a number of hospi@iient and regional characteristics.
Besides examining which population groups use moreless, of the health care

services than their population share, | am alser@sted in the relation between the
level of funding and the measures of case complegiich as the transfer status and
complications/comorbidity levels (CCLs). As the mmt funding is based on the

characteristics of population, it does not direcitynpensate the higher costs incurred

by complexity measures such as CCLs.

Most explanatory variables in my model are compuiaded on the actual usage,
rather than the number of people in the populatnin the current funding formula.
For example, in the current formula the number @bgde in the population in certain
ethnic groups affects the level of funding to th&rict health boards (DHBs). On the
other hand, the explanatory variables in this stuéasure the percentage of patients in
DHBs who belong to these ethnic groups and whoadlgtueceive treatment. These
variables will help me observe how the usage opltalsservices by various population
groups differs from the number of people in thespytation groups, which forms a
basis of the funding formula. If the proportion afpopulation group residing in a
district differs from the proportion of the groupat actually uses the health care
services, the district with a higher proportion tbbse groups whose actual usage

exceeds their population share may end up recelgingr levels of funding per case.

Overall, I find that increases in the proportionMéori and Pacific Island patients,
and in the average age of patients, are assoaiatedower levels of per case funding,
despite these population characteristics receiviigher weights under the current

funding method. An increase in the proportion ofdvand Pacific Island patients in a
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DHB is associated with a 0.14 percent lower levielunding in the base model. A 1
percent increase in the average age of the trgaehts is also associated with a 0.14
percent lower level of funding per case. Theseiffigsl suggest that the actual usage of
health care services by these population groupggiser than their population share. |
also find that the average complexity level for fhaients who receive treatment in
their own DHBs has statistically insignificant riden to the level of per case funding.
Thus, the case complexity of the treated patierstg not be reflected in the population

characteristics used to compute the level of fupdin

The per case funding received from the governnerdlso lower for providers
treating a higher proportion of transferred pasehiowever, | am not able to conclude
that the lower level of funding indicates insuféint reimbursement for highly skilled
providers. Providers treating patients from anotfistrict receive additional payment
from the district where the patients reside in.tAs government takes this additional
payment into consideration when it allocates fugdiproviders who treat a greater
number of patients from another district receives|éunding initially. The regression
results show that a 1 percent increase in the ptxge of transferred patients is
associated with a 0.01 percent lower level of fagdver case in the base model. | also
estimate instrumental variable (IV) models in aidditto the base model estimated by
ordinary least squares (OLS), which may be biasgel td potential endogeneity. If
providers who receive a higher level of fundingaadt more transfers, simultaneity bias
may affect the OLS estimator. The negative effettsansfer become slightly larger in

the IV model with the most complete specification.

The level of funding for tertiary DHBs is lower thahat for non-tertiary providers

by about 8 percent, whereas that for teaching DiBBsigher by 8 percent. Tertiary
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DHBs receive tertiary adjusters to cover the highktg incurred from treating complex
cases. The tertiary adjuster, however, is paid paraof the reimbursement for inter-
district flows (IDFs), which providers receive frothe other DHBs for treating their
residents. Therefore, similar to the coefficiemtstfansferred patients, the negative sign
for the tertiary dummy reflects the lower levels gvernment funding received by
tertiary DHBs due to the additional payment thelyfgem the other DHBs, rather than a

shortfall in reimbursement for tertiary DHBs.

My data are from the New Zealand Ministry of Headthd cover all the publicly
funded events in New Zealand from July 2003 to JR@&l. The total number of
observations is approximately 7.5 million. | aggegthe data by DHB and year to
compute the actual usage by different populaticugs, as well as the percentages of
transferred patients and average CCLs. Althoughutiie of the aggregate analysis,
DHBs, was established in 2001, | restrict the asialio the period after 2003, because a

different funding system was in place prior to 2003

To my knowledge, this study is the first to exantine relation between the patients’
actual usage of hospital services and the levetunfling computed based on the
regional population under the New Zealand capitatystem. The new capitation
system has received much attention in the New BAdalaealth sector since its
introduction in 2003, but no studies have yet talyse the relation between the two, or
the adequacy of payment. Moreover, many past suadie health care funding use
observations from U.S. Medicare patients, who @ugount for less than 15 percent of
that nation’s population and have different demppies than the general public. As the
effects of case complexity vary across DRGs, asd hécause the heterogeneity of the

patients is what causes the inadequacy of the patisp payment system, | believe it is
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crucial to include as diverse diagnoses, patients @oviders to conduct an accurate
analysis.

This study is the first step in understanding thecmuacy of payment. In order to
compute the adequate level of funding, the actasiscof treating patients would have
been ideal; however, no centralised data that decosts incurred at individual event
level across providers are available at the timthisf research. Although the limitation
of this study is that | do not observe the actusis of treating patients, | can still show
how the differences between the treated and agiopllation affect the funding

received by hospitals.

4.2 Background and related literature

4.2.1 Health care payment system in New Zealand

The capitation funding system in New Zealand, chlRopulation-based Funding,
categorises the population into groups based on(fageyear groupings, such as 0-4
and 5-10), gender, ethnicity (Maori, Pacific pegplnd others) and socio-economic
deprivation level (Quintiles 1 to %) The New Zealand Deprivation Index (Salmond &
Crampton, 2002; Salmond, Crampton, & Atkinson, 2037 used to determine the
deprivation level of the area in which a patiergides. Quintile 1 indicates the least
deprived 20 percent of areas in New Zealand, whuetile 5 signifies the most

deprived 20 percent. For each group, such as aiMede in the age band of 20 to 24

living in the area that belongs to the deprivatjuntile 3, the expected cost per person

28 For detailed discussion on the methods of allagdiinds by using the Population-based Funding Bansee
Penno et al. (2012).
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is calculated by using the historical average edjere. The expected cost for each
age, gender, ethnicity and deprivation cell graumultiplied by the number of people
residing in the DHB’s area who belong to each grotipe information on the

population of each district is obtained from thases that takes place every five year.

In addition, there are three further adjusters dmpensate DHBs for unavoidable
differences in costs. First, high-risk groups sashMaori, or Pacific Islanders, and
populations in deprivation quintiles 4 and 5 reeean extra NZ$50 per person to
improve health equality. There is also a rural sy which is designed to compensate
providers for the higher costs associated with joliog services to rural communities.
The rural adjuster is computed by using a variétioomulas to recognise higher costs
for inter-hospital transfer, the provision of commity services due to low population
density, small facilities, providing services tidents of offshore islands, rural GPs,
and travel and accommodation for patients. Laskg, overseas adjuster is added to
reimburse DHBs for the services provided to eligilslon-residents, such as New
Zealand citizens residing overseas and temporaigditing the country, citizens of
countries that have reciprocal agreements with Kealand and refugees. The overseas

adjuster is calculated based on the average cusiged by eligible overseas visitors.

Below is the final population-based funding formuées reported in Penno et al.

(2012). | provide an example of the computatiorcpss in the Appendix.

Funding Share= % Populatior Age/Sex/Deprivation/Ethnicity Costweights + Unmet

Needs Adjuster + Rural Adjuster + Overseas Adjuster

As the Population-based Funding Formula pays edé¢B for the characteristics of

its population, it does not provide a payment ffolethe services provided to residents
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of the other DHBs. Under the current system thattnent of non-residents, referred to
as inter-district flows (IDFs), is reimbursed segialy based on a list of national prices
and the actual volume of the flows. The nationalgw are based on the average cost of
treating the corresponding diagnosis across all ®HBnder the current system,
funding from the government includes the net payneach DHB makes for IDFs, so
the level of funding is higher for DHBs who sendgidents to another DHB more than

they receive out-of-district patients.

Tertiary DHBs also receive the tertiary adjustehich compensates for the high
costs associated with treating complex cases. GmeeMinistry of Health defines
tertiary services at the specialty level throughszdtation with DHBs, the average cost
by DRG across all tertiary services is calculatad aompared with the average cost
across all secondary services. The DRG in tersaryices whose cost is not different
from the average cost of the secondary servicdscarded from the calculation of the
tertiary adjuster. Furthermore, the tertiary DRGs0Be costs are inconsistent across
tertiary providers are also discarded. For instairficenly some tertiary providers incur
high costs for a DRG in tertiary services, thosed@3Rare excluded from the tertiary
adjuster calculation. After these filters are perfed, the adjuster to each tertiary
provider is calculated as the difference betweenaverage cost for a DRG in tertiary
services and the average secondary cost, multipleitie case-weighted volume of the

DRG each tertiary provider treats.

Wignall and Tringham (2008) describe the processatfulating the tertiary adjuster
in detail and also discuss some issues relateldetonethod. They argue that using the
average cost across all tertiary providers doesremagnise the apparent differences

among tertiary providers in terms of the level apertise. They further claim that
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defining tertiary services at the specialty levetoas all tertiary providers overpays
some lower-level tertiary DHBs, who only provideti@y-level services to a few
DRGs in that specialty. The tertiary adjuster is @aomew addition to the current system,
as it was in place even before the introductionthef capitation system. Under the
current system, the adjuster is paid as part oflfie payment. All DHBs pay each

tertiary provider their share of the tertiary adgusas the IDF payment.

4.2.2 Related literature

The capitation system used by the New Zealand govent to distribute funds to
DHBs is a type of prospective payment system, whhbee price of a diagnosis is
determined based on the average cost of treatnesepdsaall providers. Shleifer (1985)
shows that setting the price equal to the costsimflar firms can induce a socially
efficient level of cost reduction. Using the costcomparable firms as a benchmark is
superior to using the firm’s own costs in the past,there is no incentive for cost
reduction in the latter case. He describes Medisgm®spective payment system as one
of the examples of this yardstick competition. Heoaacknowledges, however, that

such a system may insufficiently compensate hdspitaating sicker patients.

4.2.2.1 Adequacy of compensation under the prospective payment system

A number of studies argue that health care prosidierating more complex cases are
underpaid under the prospective payment systemk L(2001) measures the price
variation within, as well as across, DRGs and fitlust among the hospital-specific
variables the average casemix index has the magtifisant impact on price

divergence, indicating that those hospitals ablkedat more complex DRGs also attract

sicker and more costly patients within the same DRI@ concludes that, because
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patients are not equally distributed across hadspitaterms of the severity of illness,

the payment based on the average costs of treaimenDRG shortchanges hospitals
receiving more expensive patients. Sikand, Willian#hite and Moran (2005) show

that the payment a tertiary care centre in the UdcCeives for the treatment of
polytrauma patients covers a mere 10 3percenteofut costs. Dormont and Milcent

(2004) examine 7,314 stays in 36 French public itmispand provide an example of a
DRG that does not receive additional payment fomaovative procedure despite the
high costs incurred by such a procedure. Basedhisn they argue that the payment
system penalises innovative hospitals.

Like this essay, some of the previous research ewmmthe reimbursement for
transferred cases under the prospective paymemensysBuczko (1997) notes the
differences in the methods of reimbursing transfeemt and received under the
prospective payment system at the time of his rebedut states that neither the
reimbursement to the sending hospital, nor thahéoreceiving hospital, compensates
transfer adequately. Bernard et al. (1996) alste dfaat accepting a transfer is not
financially viable under the prospective paymergtaymn. Using Medicare data for the
financial years 1990 and 1991, Carter and Rum@d3Lshow that transfer cases at the
sending hospital cost more than both the amourived from the existing payment
method and the average costs incurred by the @omeling DRGs.

Newhouse (1996) shows that modifying assumptions Sbfeifer's yardstick
competition model changes the conclusion that fptlyspective pricing is the optimal
reimbursement scheme. One of the assumptions tklexd¢hat of a homogenous
product, as unobserved heterogeneity across patedfeécts hospital cost functions.
Paying the average cost of all the hospitals, &sifShsuggests, will underpay hospitals

with a higher amount of unobserved patient hetereigg. In addition, Pope (1990)
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points out that one of the unobservable differencests stems from variation in the
severity of illness within a DRG. Chalkley and Mateson (2002) state that large
variations in the cost of treatment within the sédi®G mean that low cost patients are
overpaid under this system. They show the costngavito the purchaser from

introducing cost sharing to fixed price paymenttays can range from 7 percent to
over 60 percent depending on the degree of comttiar in DRGs.

Some of the measures that reflect the variatiorseferity in a DRG include
admission sources and different types of care ngettMunoz, Soldano, Lauchlin,
Margolis and Wise (1988) argue that hospitals vathigh proportion of emergency
room admissions may be disadvantaged under the p&@ent, as the costs per ER
patient are higher than those per non-ER patienthi®e same DRG. Melnick, Serrato
and Mann (1989) find that emergency, or urgent adion, incurs systematically higher
costs than elective admission by examining all liepé discharges from 96 short-term,
acute care hospitals in New Jersey in 1982. Usiisghdrge data for University
Hospitals of Cleveland between January and Noveni#83, Coulton et al. (1985)
find that in 10 out of 13 DRGs they examine, thetsoof the cases treated in an
intensive care unit are much higher than thosdedeia routine care wards. The authors
argue that since payments under the prospectivenguaty system are based on the
average costs, hospitals delivering a greater amofinntensive care will receive

unfairly low payments.

4.2.2.2 Adjustment to the prospective payment system

As a result of the above debate, some countriesses] their prospective payment
systems to take account of the factors reflectisgjflable differences across providers.

A study by Chalkley and Malcomson (2002) points thdt the Medicare payment
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system in the U.S. is not a pure fixed price moNeClellan (1997) also notes various
features that are retrospective in the U.S. prdsmegayment system; such as
procedure-based payments, outlier payments, anpitaband geographic adjustments;
and measures the extent to which these featuresexjplain the variation in costs.
Moreover, a large proportion of DRGs is related toaiagnoses, but to procedures.

Theoretical studies on the optimal health caremayt system often find that such
adjustments can improve the prospective paymenersysMalcomson (2005) and
Siciliani (2006) derive the optimal pricing and pision of medical care when there are
different types of treatment available for the satrsgnosis and the purchaser cannot
observe the recipient, or the actual costs. Maloonshows that it is optimal for the
purchaser to pay different prices for different dgpof treatment, even when the
underlying diagnosis is the same. An interestinglifig by Siciliani is that the optimal
contract pays hospitals that provide identical tirest at different prices. Hospitals
with high average severity receive a higher prige durgical treatments and a lower
price for medical treatments. Furthermore, Miral@iiliani and Street (2011) show
that the optimal price for the high-cost providerhigher than that of the low-cost
provider.

Similarly, De Fraja (2000) finds that paying di#et prices to hospitals is optimal
when hospitals’ costs are private information amel payment depends on the number
of cases treated. In his model, more efficient hakgptreat more cases and receive a
higher price per case. This is because the purclsaseld provide an incentive to the
more efficient provider to induce them to treat exgive cases. This finding may have
implications for this essay. Although | do not exaenthe efficiency of the hospitals,

that the purchaser pays a higher price to hospitadding a large volume of cases may
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suggest that the highly skilled hospitals in myadahould receive a higher price per
case, as they treat more cases in general.

The empirical evidence also dictates that includidditional adjusters, such as the
severity of illness indicator, improves the progpecpayment system. Averill et al.
(1992), using data on 76,798 patients in 25 Newelehospitals, show that adjusting
for severity of illness within DRGs can improve flagrness of the prospective payment
system. They also confirm the claim that a DRG-Ogs®spective payment system is
unfair to certain hospitals, as the severity afigls is not distributed evenly across
hospitals. Adding the severity measures increalsespayment to teaching hospitals
with the moderate level of Medicaid patients andyéanon-teaching community
hospitals, while decreasing the payment to smatiteaching hospitals. Nevertheless,
they acknowledge that their study may have undemagtd the actual impact of
severity on hospital payments, as hospitals in Nervgey are relatively homogeneous.
Horn, Horn, Sharkey and Chambers (1986) use a skttancluding DRGs in 15
hospitals of different teaching types from all smt$ of the U.S. and confirm the results
of their earlier study that the severity of illnesdex explains a large proportion of the

variability in patient resource use.

4.2.2.3 Debate on adjustment factors and methods

Although the relevant studies find that alteratiorthe prospective payment system is
preferable, finding the exact method of adjustmestaot easy. Ament, Dreachslin,
Kobrinski and Wood (1982) use a nested analysigadfince for 50 hospitals for the
1976 fiscal year to show that both a DRG basedsifieation and the two other

classifications he tests fail to account for enowgiiance in total patient charges.

Siciliani (2006) argues that the adjustments tatigay hospitals, or hospitals treating a
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higher share of low income patients, only partiatigrrects for the disadvantages
encountered by hospitals with high average sevdrdggause the observable variables,
such as teaching status, are imperfectly correlatddthe average severity.

Melnick, Serrato and Mann (1989) state that disathges encountered by hospitals
treating more emergency, or urgent, admissions rutihgeprospective payment system
are confirmed. The solutions, however, are not dasgome by because the single
adjuster does not improve the system, as well esuse hospitals can easily respond to
the change in incentives by coding the patientgrasrgency, or urgent, admissions.
Nyman and Dowd (1991) examine the claims that Ma@ishould raise the limits for
the reimbursement of costs for rural providershiome health agencies in Wisconsin in
the period from 1987 to 1988. They find that thare no grounds for the claim, as the
costs are higher in the urban area, contrary to desumptions. Any financial
disadvantages rural providers encounter seem to tem the fact that rural agencies
provide the types of visits that are more costlgefEfore, Nyman and Dowd (1991)
conclude that changing the reimbursement limitsdifferent types of visits, instead of

for rural providers, would be more appropriate.

The adequacy of the adjustment for teaching hdspita the U.S. prospective
payment system (PPS) has generated great intavettei health literatufé For
example, in a study that examines potential acpesslems to severely ill patients
under the prospective payment system, Newhouse3]i#8nts out that the adjustment
for indirect costs of teaching included in the Mede reimbursement may end up

increasing the salaries of residents at teachispitads, decreasing hospital profits and

2 The interested reader can refer to Rogowski andhidase (1992), Dalton and Norton (2000), Andersahlaave
(1986), Thorpe (1988), Sloan, Feldman and Stein{&383) and Welch (1987), among others.
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reducing the number of patients treated. This isabse the additional payment to
teaching hospitals to mitigate the negative effemftstreating severely ill patients
depends on the house officer/bed ratio, which emxs the demand for house officers,

whose supply is inelastic.

The studies reviewed above suggest that some fbadjostment to the prospective
payment system for differences across hospitalpatients, is beneficial, but they do
not have consensus on which factor should be iedud the adjustment. Transfer
status is a good candidate for the adjustmentfactthe prospective payment formula,
because the studies reviewed above show a coorelatitransfer with the severity of
illness. In addition, transfer status is relativegrder to manipulate since the sending
hospital makes the decision to transfer, and nethbspital treating the transferred
patients. | also examine the relation between payraed CCL. As CCL is a measure
for the severity of illness within a DRG, it is ataral candidate for the adjustment
factor. This measure may be more prone to manipulaty hospitals than transfer
status, however, because the hospitals may in@&té in order to receive a larger

payment.

4.3 Data and methodology

4.3.1 Data

| use the National Minimum Dataset compiled by Mew Zealand Ministry of Health
over the period of July 2003 to June 2011. Theadwati Minimum Dataset records all
the publicly funded hospital events in the counirige sample starts from 1 July 2003,

because a different funding system was in placer fid that date. | use information
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from the New Zealand Ministry of Health annual rgpamn the level of funding given
to each DHB’. The amount of funding given to each DHB is reeordunder the
statement of non-departmental expenses in the aneperts. In addition, the DHBs
reimburse one another for the treatment their cegdents receive from other DHBs. |
lack information on the amount each DHB receiveastifie treatment of non-residents
and pays for the treatment of its own residen@niother district, because not all DHBs
state these figures in their annual reports. Thusaclude the net flows of patients
between districts as a control variable in the rhotlee net flows in a DHB measure
the differences between the percentages of nodemts the DHB treats and its own

residents receiving treatment elsewhere.

As mentioned above, the method of funding DHBs gednin July 2003 from
financing the health care providers based on tindces they deliver, to distributing
funds according to the characteristics of each RHBOpulation and districts. The
characteristics included in the payment formulatheesize, age, gender, ethnicity and
socio-economic status of population, overseasorsito the district and the level of
ruralness. In addition to the funding based on ftvenula, DHBs receive tertiary
adjusters to cover the higher costs of complexscais tertiary adjusters are based on
the average costs of those services defined aaryeran argument has arisen similar to
those over the adequacy of DRG payments, whichasthe adjustment is insufficient

for those providers who treat a disproportionateggh share of tertiary services.

%0 The annual reports can be viewed on the Ministtijealth website: http://mww.health.govt.nz/about-
ministry/corporate-publications/annual-reports.
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4.3.2 M ethodology

The model presented in this study includes infoiomabn the actual usage of health
services. The existing payment formula focuseshercharacteristics of the residents of
the districts, as the nanfeopulation Based Funding Formulsuggests; however, it

lacks a medium to account for the differences @& tases actually treated by the
providers. In particular, the complexity of caseslely known to affect costs, is not

perfectly incorporated into the formula. Althoughet tertiary adjusters reimburse
providers for more complex cases, the method oéldging the adjusters has also come
under criticism, as the adjusters are based onatlezage costs across providers

(Wignall & Tringham, 2008).

Therefore, in addition to the variables in the Brgformula, the model in this study
contains measures of complexity such as the propodf transferred patients at a
DHB, the average CCL, teaching and tertiary statun&l mean cost-weights, which
measure the costliness of cases. Each hospitat svgiven a cost-weight based on the
DRG code, length of stay, total hours on mechanvestilation, and other relevant
procedure and diagnosis codes used to measureshimess of the case (New Zealand
Health Information Service, 2008). The cost-weightalculated using the Weighted
Inlier Equivalent Separation (WIES) method, whistupdated each financial y&arAs
cost-weights vary by DRGs, they also proxy for thikéerences in the types of DRGs
the providers treat. Although the complexity measudo not directly enter into the

current payment formula, they are known to affeetdosts of health care services. The

%1 Information on the details of the WIES methodoldgryeach year is available on the New Zealand tHeal
Information Service websitettp://www.nzhis.govt.nz/moh.nsf/pagesns/300
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complexity measures may affect the payment indiyrettirough the historical costs,
since a large part of the payment formula utilisdermation on the historical average

Costs.

As Table 4.1 shows, transfers between tertiary idewg occur most frequently.
Transfers between non-tertiary providers, and thfyeen non-tertiary to tertiary
providers, have very similar shatesA small proportion of transfers are from tertigoy
non-tertiary providers. Transfer from tertiary amah-tertiary providers typically occurs
when tertiary providers send the transferred ptdidrack to their original facilities.
Since | use transfer as the measure of complekityp not count the tertiary to non-
tertiary transfer as part of the transfer varialblelso include the annual volume of
services to measure the size of the providers. dertain extent, the volume of services
will measure efficiency as well. In order to encge providers to enhance the quality
of care, | also include in the model a measureuallity, the 30-day mortality rates of

the DHB.

Table 4.1 Direction of transfer

Direction Mean
Non-tertiary to tertiary 0.21
Tertiary to tertiary 0.53
Non-tertiary to non-tertiary 0.22
Tertiary to non-tertiary 0.04

32 Approximately 10 percent of the transferred cakesot have any records regarding the sendingtfadih this
case, | consider the cases to be transferred fromate hospitals, whose records do not show in atp.dSince
private hospitals in New Zealand mostly perfornttle procedures with relatively lower levels ohgalexity, |
treat them as non-tertiary.
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I examine how the actual usage by different paparagroups and relevant factors
are associated with the government funds distribtdeesach DHB, using the following

equation:

In (Fp) =

Bo + Biln (Transfery:) + Boln (LowCCL_residentsy;) +

Bsln (HighCCL_residentsy;) + L4ln (LowCCL_nonresidentsy;) +

Bsln (HighCCL_nonresidentsy;) + feln (Agey:) + B71n (Ethnicy,) +

Bsln (Gendery) + Boln (Depye) + Broln(Ruraly,) + f111n (Overseasy,) +
Bi2In(CWyy) + ByisTertiaryy, + BiaTeachy + Bisln (Volumey,) + 1gln(Netflowy,) +

Bi7In (Morty:) + BigYears + € Q)

whereh indexes DHBs and specifies yeard-y; specifies the government funding for
the region where DHB is located. | use the level of funding per casatae at hospital

hin yeart as the measure of government funding.

Transfef; indicates the proportion of transferred patientOBIB h. | divide the
patients into the DHBs’ residents and non-resideviten measuring the effects of
CCLs on funding, because the treatment of non-eessd receives additional
reimbursement through IDF paymebawCCL _residentgis the average CCL value of
the patients who are assigned to CCL 0, 1, or 2rasidle in DHBh's territory, while
HighCCL_residentg measures the average CCL value of the DHBs’ ratsdessigned
to CCL 3, or 4. | do not use the average value ©L£for each particular cadegcause
the number of patients assigned to CCLs 3, or ihush smaller than that of the lower
CCLs. LowCCL_nonresidentsand HighCCL_nonresidengs signify the average CCL
value of the patients assigned to the correspon@d@gs and who do not reside in DHB

h’s territory.
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Agey is the average age of patients treated at DHBthnig, is the proportion of
Maori and Pacific Peoples, aiigendey; is the proportion of female patienBBep; is
the deprivation index, which measures the sociogtion statusRural is the ruralness
indicator, andOverseag is the overseas adjuster measuring the share okea®
visitors in the regionTertiary, is a dummy variable, which equals 1 if DHBis
classified as tertiary and O otherwigeeach is a dummy variable, which equals 1 if
DHB h operates a teaching hospitdblume; signifies the discharge volume per capita,
and Netflow indicates the differences between the proportiopatients from another
district who receive treatment in DHB and DHB h's own patients who receive
treatment in another distrid¥lorty; is the 30-day mortality rate, ar@\W,; is the mean
cost-weight. The model also includes year fixeg&H. All the continuous variables are
in natural log form. | estimate this model by OL&hMWVhite (1980) heteroskedastic
errors. The payment function above is closely egldb the behavioural cost functions
discussed in Lave and Lave (1970), because caststfe basis for payment in public
hospitals. Lave and Lave (1970) use utilisationspital size and the product mix
measures in their cost function. | do not inclutie utilisation measures, such as
occupancy rates used in their study, because aiidis indicators are not a suitable
entry in my payment function. The health sectoMNiew Zealand has been working
towards reducing hospital bed utilisation in ordélercontrol costs and promote early
prevention at the primary care level (Davis, LayeY8cott, & Gauld, 2007; Malcolm,
2007). To be consistent with this objective, thgmant function should reward the
DHBs that reduce utilisation, but doing so may juleperverse incentives to hospitals,
such as the premature discharge of patients. Bableeports the descriptive statistics of

the variables.
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Table 4.2 Descriptive statistics (N=168)

Mean Standard  Minimum Maximum
Deviation
A. Entire dataset
Percentage of transferred patients 0.04 0.03 0.00 14 0
Average CCL 0-2 of DHBs' residents 0.78 0.06 0.60 .950
Average CCL 3-4 of DHBs' residents 3.13 0.02 3.05 173
Average CCL 0-2 of non-residents 0.75 0.09 0.57 81.0
Average CCL 3-4 of non-residents 3.17 0.09 3 3.35
Tertiary 0.33 0.47 0 1
Teaching 0.43 0.50 0 1
Funding per case 10,552.06 1,914.52 6,769.28 18,038.13
(NZ$, 2011 price)
Volume 45,033 35,546 5,886 138,460
Percentage of net flow -0.01 0.03 -0.06 0.10
Percentage of Maori/Pacifica patients 0.22 0.13 40.0 0.51
Percentage of female patients 0.56 0.02 0.49 0.59
Average age 44.75 3.64 35.53 51.82
Deprivation 21.21 10.42 5.85 49.40
Rural 4.75 3.04 0.02 11.21
Overseas 4.76 6.83 0.22 28.13
Average cost-weights 1.62 5.08 0.09 47.71
Mortality rates 0.03 0.01 0.02 0.05
Population 201,679 153,294 30,530 540,007
Tertiary DHBs
Percentage of transferred patients 0.07 0.03 0.02 14 0
Average CCL 0-2 of DHBs' residents 0.78 0.05 0.66 .900
Average CCL 3-4 of DHBs' residents 3.13 0.02 3.09 .163
Average CCL 0-2 of non-residents 0.73 0.07 0.57 00.9
Average CCL 3-4 of non-residents 3.18 0.06 3.07 53.3
Teaching 0.86 0.35 0.00 1.00
Funding per case 9,374.59 1,375.90 6,769.28 11,494.74
(NZ$, 2011 price)
Volume 78,651.14  36,094.75  27,605.00 138,460.00
Percentage of net flow 0.07 0.13 -0.10 0.34
Percentage of Maori/Pacifica patients 0.22 0.12 60.0 0.47
Percentage of female patients 0.56 0.01 0.54 0.59
Average age 42.09 3.74 35.53 49.93
Deprivation 19.76 7.30 10.40 36.60
Rural 3.27 3.32 0.02 11.21
Overseas 10.59 8.97 1.26 28.13
Average cost-weights 2.54 7.89 0.15 47.71
Mortality rates 0.03 0.01 0.02 0.04
Population 335,094 129,937 138,200 508,200
Non-tertiary DHBs

Percentage of transferred patients 0.03 0.02 0.00 .09 0
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Average CCL 0-2 of DHBs' residents 0.79 0.06 0.60 .950
Average CCL 3-4 of DHBs' residents 3.13 0.03 3.05 173
Average CCL 0-2 of non-residents 0.76 0.10 0.59 81.0
Average CCL 3-4 of non-residents 3.16 0.10 3 3.35
Teaching 0.21 0.41 0.00 1.00
Funding per case 11,140.80 1,878.13 7,661.65 18,038.13
(NZ$, 2011 price)

Volume 28,223.29  20,002.92  5,886.00 98,481.00
Percentage of net flow -0.11 0.09 -0.48 -0.01
Percentage of Maori/Pacifica patients 0.22 0.13 40.0 0.51
Percentage of female patients 0.55 0.02 0.49 0.59
Average age 46.08 2.76 39.63 51.82
Deprivation 21.93 11.64 5.85 49.40
Rural 5.49 2.60 0.49 10.19
Overseas 1.85 2.14 0.22 9.16
Average cost-weights 1.17 2.71 0.09 25.52
Mortality rates 0.03 0.01 0.02 0.05
Population 134,971 117,274 30,530 540,007

As the National Minimum Dataset does not providerimation on the deprivation

index, ruralness indicator and share of oversesitos, | derive these variables from
the Population-based Funding Formula 200@Ministry of Health, 2004). The

deprivation, rural and overseas adjusters have beeated once in 2007 since the
introduction of the funding formula. Using tiNew Zealand Deprivation Index 2006
(2007), | update the level of deprivation for eaadmission. The updated rural and
overseas adjusters are obtained from Penno e2Cdl2). From 2001 to April 2010, 21
DHBs operated. In May 2010, Otago and Southland ®iHi&rged to form Southern
DHB. | do not reflect this change in my analysisl ann the regression with 21 DHBs
throughout the research period, because the lamtdial year in my dataset is the only

year when only 20 DHBs were in operaffon

33 Moreover, | do not have information on the ruradaoverseas indicators for the new DHB. The
financial year ending on June 30, 2010 was thesitian period, so the funding was not only allocete
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The payment function described above is closelgtedl to the behavioural cost
functions discussed in Lave and Lave (1970), bexauosts form the basis for payment
in public hospitals. Lave and Lave (1970) use sdtion, hospital size and the product
mix measures in their cost function. I do not imguutilisation measures, such as
occupancy rates, as used by Lave and Lave (19&@6auise utilisation indicators are not
a suitable factor for inclusion in my payment fuoot The health sector in New
Zealand has been working towards reducing hosbpédl utilisation in order to control
costs and promote early prevention at the primarg tevel (Davis, Lay-Yee, Scott, &
Gauld, 2007; Malcolm, 2007). To be consistent wiitlis objective, the payment
function should reward DHBs that reduce utilisatibat doing so may provide perverse

incentives to hospitals, such as the prematurdndige of patients.

A similar argument can be made about directly iditig other types of efficiency
measures. In addition, because efficient hospiafsprovide services at cheaper costs,
extra payment as a reward for efficiency will résual a financial surplus, which is
neither desirable, nor consistent with the object¥ cutting costs in the public health
sector. On the other hand, if payment is reducecetiect the lower costs, efficient
providers will be unfairly penalised. In my moddischarge volume, which measures
the size of the providers, will also provide someentives for efficiency. | include the

volume measures with the quality indicator moryaliates to minimise the adverse

Otago and Southland DHBs, but was also set asidgdothern DHB. To maintain 21 DHBs, | divide the
funding given to the newly formed DHB into two anmbsibased on the funding given to its predecessors
in the previous year.
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effects on patients that may arise if the provideduce care quality in an attempt to

increase the volume of services.

| examine the coefficients of the models to chdwk telation between the actual
usage by patients and the levels of funding. Thse Imaodel estimates Equation (1) with
OLS. As there may be endogeneity between funding wansfer, | also use an
instrumental variable approach. Endogeneity maseafiproviders who receive higher
funding per case attract more transferred patiémsntrol for potential endogeneity by
using the lag of the percentage of transferrecepttias an instrument. The proportion
of transferred patients at a DHB in the previouaryeill not affect the funding level in
the current year, especially since transfer is adactor considered in the funding
formula. Moreover, as | include various controlightes that may be correlated with
transfer status, such as patient and facility dtaretics, economic conditions and
diagnose¥, | believe that the error term is not likely toclnde factors that may be

correlated with the lag of transfer.

4.4 Regression results

In this section, | examine the coefficients of Bipma (1) to check the relationship
between the level of funding and the charactessticthe population that actually used
the hospital services. The explanatory variableBdnation (1) include factors that are

directly reimbursed under the current system, al agethose that are not part of the

3| control for the diagnoses of patients by inchgithe average cost-weights by provider. As cosghis vary by
DRGs, they proxy for the differences in the typediafjnoses the providers treat.
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current funding formula. Although some of the fastare included in both my model
and the current formula, they will not have an it relation with the level of
funding. This is because the model in this studsuitles those factors based on the
actual usage, whereas the current formula incltldes based on the population. For
instance, under the current formula the level aiding depends on the population of
Maori and Pacific peoples, while in my model | uné the proportion of Maori and
Pacific peoples in health care facilities who allyjugceive treatment.

Table 4.3 presents the estimation results. Colusimolvs the estimation results from
the most complete specification. Columns 2 to ®refhe models excluding some of
the variables that indicate the providers’ skilvdks, in order to check whether
multicollinearity among them alters the resultslU@mns 6 to 9 present the results from
the IV estimation. All the models include year duiesy which show that the level of

funding per case increases over the research period

The results show that treating a higher proportidnMaori and Pacific Island
patients is associated with a lower level of fuggdim somewhat surprising result
considering that these patients belong to the higjhethnic groups receiving additional
funding. The finding suggests that in those diddrithat treat a higher proportion of
Maori and Pacific Islanders, the proportion of Maori and Pacific Islanders among
patients is higher than the proportion of theseietigroups in the population of the
district. Another reason for this funding anomalgynbe that the unmet needs adjuster,
which pays an additional NZ$50 per Maori/Pacifiatgler residing in a district, does
not capture the non-linearity in treatment costs tfiese groups. Treating a higher
number of patients in the high-risk ethnic groujos, example, may cost much more

than treating a lower number. Similarly, | obsetlre negative coefficients of overseas
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visitors, although the overseas adjustor compesgateviders for the treatment of the
visitors. This suggests that the areas with a Ipigitentage of visitors also provide a
large volume of services. If this is the case,dherseas adjuster will increase the level

of funding, but may not increase the per case fundi

There are also negative correlations between teeage age of patients and the level
of funding. The negative coefficients of age sugigleat older people use health care
services more frequently, which seems intuitiveud,ithe level of funding per case for
those districts with an older population will bevier, as the actual usage by this group
exceeds the population in the group residing in districts. Interestingly, the mean
mortality rate shows positive and significant camdints, implying that the mortality
rate may be a significant factor predicting therage costs of hospital services, because

the current funding is computed based on the aeeragts.
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Table 4.3 Effects of case complexity on funding per case

1) (2) (3) “4) 5) (6) (7) (8) (9)
Transfer -0.0133 -0.0210 -0.00490 -0.0197 -0.0207 -0.0280+ -0.0116 -0.0283+
(-0.99) (-1.58) (-0.36) (-1.33) (-1.40) (-1.94) -0.(76) (-1.74)
CCL 0-2 -0.110 -0.0632 -0.0221 -0.130 -0.0995 -0.0538 003
(residents)
(-1.05) (-0.58) (-0.212) (-1.27) (-0.99) (-0.52) -0.09)
CCL 3-4 0.528 0.226 0.462 0.441 0.576 0.282 0.505
(residents)
(0.44) (0.19) (0.38) (0.37) (0.51) (0.25) (0.44)
CCL 0-2 -0.00417 0.0146 -0.0380 -0.00739 -0.00239 0.0158 0.0374
(non-
residents)
(-0.08) (0.26) (-0.72) (-0.15) (-0.05) (0.31) .#6)
CCL 3-4 1.135** 1.114** 1.019** 1.148** 1.128** 1.107** 1009**
(non-
residents)
(3.49) (3.38) (3.07) (3.57) (3.75) (3.61) (3.27)
Tertiary -0.0832** -0.0526* -0.0607* -0.0877** QB0 7** -0.0493* -0.0585*
(-3.05) (-2.07) (-2.31) (-3.33) (-3.13) (-2.02) (-2.35)
Teaching 0.0801** 0.0495* 0.0415* 0.0751** 0.0829*  0.0532** 0.0456*
(4.18) (2.52) (2.18) (3.81) (4.75) (2.90) (2.53)
Volume -0.493** -0.455** -0.432** -0.479** -0.485** -0.497** -0.460** -0.434** -0.485**
(-5.36) (-5.40) (-5.15) (-5.28) (-5.10) (-5.95) 5.09) (-5.66) (-5.80)
Net flow -0.0540 -0.0699+ -0.0604 -0.0589 -0.0551 0.0535 -0.0689+ -0.0601+ -0.0583
(-1.42) (-1.68) (-1.56) (-1.51) (-1.44) (-1.54) 1.80) (-1.68) (-1.62)
Age -0.143 -0.0779 0.0474 -0.198 -0.0849 -0.175 11-D. 0.0233 -0.238
(-0.78) (-0.37) (0.25) (-1.06) (-0.47) (-1.02) .60) (0.13) (-1.32)
Gender 0.164 -0.0209 0.204 -0.0492 0.225 0.131 487.0 0.173 -0.0908
(0.66) (-0.08) (0.82) (-0.16) (0.90) (0.56) (-0.21 (0.74) (-0.32)
Ethnicity -0.135** -0.0934** -0.107** -0.133** -0.31* -0.137** -0.0969** -0.108** -0.135**
(-3.90) (-3.16) (-3.13) (-3.43) (-3.75) (-4.33) 3.68) (-3.42) (-3.73)
Deprivation 0.123** 0.0866* 0.106** 0.118* 0.126** 0.121** 0.0859** 0.104** 0.116**

127



(3.12) (2.60) (2.80) (2.73) (3.29) (3.29) (2.77) 2.90) (2.83)
Rural -0.00829 -0.00440 -0.00591 -0.00205 -0.00862+-0.00811+ -0.00434 -0.00566 -0.00176
(-1.65) (-0.98) (-1.16) (-0.40) (-1.72) (-1.74) 1.06) (-1.20) (-0.37)
Overseas -0.0380** -0.0391** -0.0182* -0.0243** eaQ7** -0.0365** -0.0375** -0.0162* -0.0227*
(-3.85) (-3.98) (-2.22) (-2.89) (-4.35) (-3.98) 4,06) (-2.11) (-2.83)
Cost-weights 0.00535 0.00901 0.00667 0.00586 03050 0.00553 0.00908 0.00688 0.00613
(0.78) (1.29) (0.94) (0.87) (0.73) (0.88) (1.412) 1.06) (0.97)
Mortality 0.191* 0.265** 0.210% 0.187* 0.174* 0.20* 0.272** 0.219** 0.197*
(2.51) (3.99) (2.60) (2.45) (2.44) (2.75) (4.32) 2.83) (2.64)
Year fixed Yes Yes Yes Yes Yes Yes Yes Yes Yes
effects
Constant 7.132* 7.598** 6.943* 9.147* 7.027** 190** 7.642*%* 6.992** 9.273*
(4.56) (4.96) (4.31) (9.40) (4.62) (4.92) (5.33) 4.66) (9.95)
Adj. R? 0.786 0.774 0.774 0.755 0.786
Estimation OLS OLS OoLS OLS OLS v v v v
method
N 168 168 168 168 168 168 168 168 168

NOTE. — The table reports the relation betweenaitteal usage of health care services and the tdvfiehding per case. “Transfer” signifies the pettegie of transferred
patients at a DHB. “CCL 0-2 (resideritshdicates the average CCL value of the DHB’s owtiepds assigned to CCLs 0, 1, or 2, while “CCL dsidents) indicates the
average CCL value of the DHB'’s residents assignedGLs 3, or 4. “CCL 0-2 (non-residents)” and “CG44 (non-residents)” are the average CCL valuab@patients from
another district assigned to the corresponding C@iLshe IV models, | use the lagged values ofrigfar” as instruments. Table 4.5 presents the dilesge regressions. The
description of the other explanatory variablesrsvgled in the main text.statistics are in parentheses. Robust standaytseare used.

* Significant at the 10 percent level.

" Significant at the 5 percent level.

™ Significant at the 1 percent level.
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Table 4.3 shows that treating a higher proportibtramsferred patients is associated
with a lower level of funding. In the base modeégented in column 1, a 1 percent
increase in the percentage of transferred patisntssociated with a 0.013 percent
lower level of funding per case. The effects oms&fer, however, are statistically
insignificant in most specifications. At the lowlewel of complexity (CCLs 0 to 2),
there are negative correlations between fundingcpse and the average value of CCL
for both residents and non-residents. In the basdeima 1 percent increase in the
average CCL value for the resident patients witldeniconditions is associated with a
0.1 percent lower level of funding, while the axggaCCL for the non-resident patients
in the same categories has even smaller coeffgiditte negative signs for the CCL
assigned to the resident patients with milder domak indicate that there are negative
correlations between the average CCL of the patiand the factors included in the
funding formula. The coefficients are, howeveristeally insignificant. The finding
still suggests that the characteristics of popaoitathay not reflect the complexity of the

cases treated in health care facilities.

On the other hand, at the higher levels of compje$CCLs 3 and 4) there are
positive correlations between the level of fundargl the average value of CCLs. The
coefficients are only statistically significant fure patients from another district. A 1
percent increase in the average CCL for non-resigatients is associated with an
approximately 1 percent higher level of funding pase for the high complexity cases,
whereas the coefficients for the average CCL assigo resident patients are much
smaller and statistically insignificant. Taken tthggr with the finding above that the
coefficients for the average CCL assigned to regigatients in low complexity levels

are negative but insignificant, the results maygssg that the case complexity of the
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resident patients treated in health care faciliiesnot reflected in the level of
government funding.

The net flow variable shows a negative sign, agebtqal. Providers treating a higher
proportion of non-residents receive less fundigrfthe government than their share of
the population, because other DHBs where the patiactually reside reimburse the
care providers for the treatment. Table 3.1 inghevious chapter shows that tertiary
DHBs, who tend to receive more patients from offiistricts, receive relatively lower
levels of funding for their population size undee turrent funding system. In addition,
tertiary DHBs also receive lower levels of fundipgr case. The negative sign of the
tertiary dummy is also as expected, because tharteadjuster is paid as a part of the
IDF pricing, which is reflected in the net flow vaivle. As providers receive additional
payment for tertiary services from the other DHB® level of government funding is
lower for tertiary DHBs. Funding per case for t@nyi DHBs is 8 percent lower than that
for non-tertiary DHBs. In contrast, the level ohtling for teaching DHBs is 8.3 percent

higher than that for non-teaching DHBs.

Columns 2 to 5 in Table 4.3 present models exclydertiary, teaching, CCL
indicators, and transfer, respectively, to checketiver the effects of the variables
indicating case complexity and skill levels chanige to multicollinearity. Most of the
above variables show high correlations with onetlzam as shown in Table 4.4. The
coefficients of transfer change a little bit whenexclude the other indicators of
complexity, especially in Models 2 and 3. None lo¢ thanges are, however, large
enough to alter the significance and direction loé tcoefficients. Similarly, the
coefficients of CCLs do not change much when | edel the other complexity

indicators. The largest change is in the averagk @ue for the non-resident patients
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assigned to lower CCLs. Its coefficients changedie, but they are still statistically
insignificant. The sizes of the coefficients oty and teaching dummies are sensitive

to the exclusion of each other, reflecting the higlrelation between them (0.61).

Columns 6 to 9 in Table 4.3 present the resultsftioe IV models. The instrument;
the lagged values of the transfer variable; isiBgant at the 1 percent level in all the
first stage regressions, as shown in Table 4.5ndJgie IV approach slightly increases
the negative signs of transfer. In Models 7 and/i®re | exclude the tertiary dummy
and CCL variables, respectively, a 1 percent irsgda the proportion of transferred
patients is associated with lower funding per case about 0.03 percent. The

coefficients in these models become marginallyiSant.

To summarise, the results show that the charattsri®f population may not
accurately predict the actual usage by some papalagroups. Increases in the
proportion of Maori and Pacific Island patientsdan the average age of patients, are
associated with lower levels of per case fundinghoagh these population
characteristics receive higher weights in the fagdtomputation method. Therefore,
the actual usage of health services by these puopul@groups may exceed their
population share. | also find that the case contylexX the resident patients does not
have a statistically significant relation with tlevel of funding. This finding suggests
that the characteristics of population used to agmphe government funding may not

reflect the complexity levels assigned to the pasievho actually receive treatment.
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Table 4.4 Correlations among key variables

Funding Transfer Tertiary Teaching Net flow CCL0-2 CCL 34 CCL 0-2 CCL 3-4
per case (residents) (residents) (non- (non-
residents) residents)
Funding per case 1
Transfer -0.31 1
Tertiary -0.44 0.64 1
Teaching -0.42 0.56 0.61 1
Net flow -0.69 0.63 0.64 0.44 1
CCL 0-2 (residents) -0.16 0.11 -0.11 0.17 -0.19 1
CCL 3-4 (residents) -0.11 -0.08 0.09 0.08 0.14 0.08 1
CCL 0-2 -0.06 -0.12 -0.17 -0.11 -0.13 0.40 0.08 1
(non-residents)
CCL 34 0.06 0.02 0.08 -0.09 0.07 -0.19 0.51 0.12 1

(non-residents)

NOTE. — Transfer indicates the percentage of teansfi patients in a DHB. Tertiary and teachingdanmmy variables. Net flow is the difference betw#®m proportion of patients from
another district who receive treatment in a QdBd the DHB'’s own patients who receive treatmergriather district. “CCL 0-2 (residentshdicates the average CCL value of the DHB'’s
own patients assigned to CCLs 0, 1, or 2, while !G34 (residents)indicates the average CCL value of the DHB’s rasisl@assigned to CCLs 3, or 4. “CCL 0-2 (non-rediglgrand “CCL
3-4 (non-residents)” are the average CCL valugh@patients from another district assigned tactireesponding CCLs.
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Table 4.5 First stage regressions

1) (2) 3) (4)
Percentage of Percentage of Percentage of Percentage of
transfer transfer transfer transfer
Lagged transfer 0.839** 0.844** 0.845** 0.844**
(18.19) (18.82) (19.25) (18.70)
CCL 0-2 (residents) 0.254 0.214 0.325
(0.87) (0.75) (1.08)
CCL 3-4 (residents) 2912 3.202 2.877
(0.91) (1.00) (0.90)
CCL 0-2 (non-residents) -0.0508 -0.0679 -0.0778
(-0.31) (-0.42) (-0.47)
CCL 3-4 (non-residents) -0.188 -0.171 -0.280
(-0.24) (-0.22) (-0.37)
Tertiary 0.0738 0.0982 0.0727
(2.07) (1.33) (1.11)
Teaching 0.0626 0.0904 0.0717
(1.00) (1.31) (1.21)
Volume -0.0303 -0.0646 0.0178 -0.0218
(-0.22) (-0.47) (0.15) (-0.17)
Netflow 0.00999 0.0243 0.00503 0.00818
(0.38) (1.22) (0.18) (0.32)
Age -1.069* -1.135* -0.925* -1.043*
(-2.10) (-2.14) (-2.05) (-2.09)
Gender -0.773 -0.613 -0.746 -0.783
(-1.05) (-0.93) (-1.02) (-1.04)
Ethnicity 0.0656 0.0293 0.0881 0.0956
(0.89) (0.49) (1.21) (1.31)
Deprivation -0.116 -0.0845 -0.130 -0.119
(-1.44) (-1.32) (-1.62) (-1.46)
Rural 0.00580 0.00237 0.00770 0.00888
(0.39) (0.16) (0.53) (0.57)
Overseas 0.0522 0.0536 0.0680* 0.0535
(1.43) (1.49) (2.09) (1.46)
Cost-weights -0.00720 -0.0105 -0.00622 -0.00433
(-0.41) (-0.64) (-0.36) (-0.25)
Mortality 0.474** 0.411* 0.492** 0.498**
(2.66) (2.56) (2.72) (2.91)
Constant 1.878 1.475 1.740 4.999*
(0.57) (0.46) (0.53) (2.60)
Year fixed effects Yes Yes Yes Yes
F-statistics on excluded 324.15 346.97 363.78 322.08

instrument

NOTE. — The table presents the first stage regyassior Models 6 to 9 in Table 4.3. “Lagged tramsfs the
instrument and signifies the lagged values of thagfer variable. The description of the otheralalgs is provided
in the main textt statistics are in parentheses.

* Significant at the 10 percent level.

" Significant at the 5 percent level.

™ Significant at the 1 percent level.
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In addition, the level of funding per case is lovwer providers treating a higher
proportion of transferred patients. The size of dieerease in funding associated with
transferred patients is not statistically signifitaThe negative sign of the transfer
variable reflects the lower level of funding pepptation received by providers treating
a higher number of non-residents. These providarsive lower levels of funding from
the government because the other DHB, where thenpat residence is located,

reimburses the care providers for the serviceveied.

4.5 Conclusion

This study examines the capitation funding systanNew Zealand, which allocates
funds across districts based on the characteristiggpulation, rather than the actual
treatment provided. | test the relation betweendimeent funding level and the actual
usage by population to study how differences betwde actual usage and the
characteristics of population affect the paymentadldition to examining the use of
health care services by different population grouasn also interested in the levels of
funding for providers treating a higher proportimincomplex cases, because the current
funding system does not fully incorporate the legElcomplexity in its method of

computation.

| find that the characteristics of the populatioaymmot accurately predict the actual
usage by some population groups. Increases in ithygopgion of Maori and Pacific
Island patients, and in the average age of pafi@nésassociated with lower levels of
per case funding, despite these population chaistits receiving higher weights under

the current payment system. This finding suggéetsthe usage of health care services
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by these population groups may exceed their populaghare. | also find that an
increase in the average CCL for patients who recgsatment in their own DHBs does
not have a statistically significant relation teethkevel of funding. This result may
suggest that the population characteristics daoctrately reflect the complexity of the

treated cases.

Overall, this essay shows that the differences éetwthe actual usage and the
population size may be a source of inaccurate fupdilocation under the capitation
funding system. Despite this, | cannot make a amich on the adequacy of funding
allocation. To study the adequacy of payment, wedn& understand how the
complexity of cases and other relevant factorscaffiee actual costs. | plan to obtain

cost data across providers to examine this issaduture study.
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Appendix

Al. An example of the funding share calculation®

Step 1: Multiply the expected cost for each dempigiagroup by the population of the

particular group in each DHB.

e.g. If the average cost of treatment for a Maemdle whose age is between 40 and 44
and who is living in an area that belongs to the D&p Index quintile 5 is NZ$2,000,
and the number of people in this population grosi80, the estimated cost for this

group will be NZ$60,000.

Step 2: Add all the demographic group costs togethe

Step 3: Add the unmet need adjuster. Maori andfiedslanders receive NZ$50 per
head as an unmet need adjuster. In addition, pomousain NZ Dep Index quintile 4, or
5, receive NZ3$50 per head. Thus, for a Maori livingan area in the deprivation

quintile 4 the DHB will receive NZ$100.

Step 4: Add each DHB'’s share of overseas and adgjakters.

Step 5: Calculate each DHB’s costs as a percewiatle total DHB costs. Multiply the

percentage by the available budget to obtain the t&f funding.

35 Modified from McHugh (2008) and Penno et al.(2012)
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Chapter 5 Conclusions

In the first essay of this dissertation, | showttbamplex cases, as measured by the
transfer status, and comorbidity and complicatiomdidators, negatively affect
performance measures in New Zealand hospitalsgumsore than 10 million discharges
from public hospitals during the period from 19992011. This study is the first to
address the issue of potential endogeneity betwetransfer status and performance
measures. The positive relation between the twbwaa observed in the past studies
may have been due to the simultaneity bias, becdugsbealth care facilities may be
more prone to transfer those patients who areyliteehave longer hospital stays and/or

higher probabilities of mortality and readmission.

In most specifications, transferred patients hal@nger hospital stay. The increase
in LOS ranges from 7 to 22 days across differentl@ls Transferred patients are more
likely to die within 30 days of discharge in alletispecifications than non-transferred
patients. Overall, there is an increase of abopérgentage points in the likelihood of
mortality for transferred patients. Transferredigras also have a higher probability of
30-day readmission in most specifications. The @ase in the probability of
readmission for transferred patients ranges fraht®3 percentage points. | do not find

that endogeneity is present in the models.

Furthermore, | show that higher CCLs have negag¥ects on performance
measures. The highest CCL, which signifies the nooshplex cases, increases the
length of hospital stay by 6 to 15 days, a proligbdf 30-day mortality by 4 to 5
percentage points, and a probability of 30-day maasion by 17 to 20 percentage

points. Therefore, the negative effects of tramsfepatients on the receiving hospitals
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suggest that organisations given more difficulksague to their high level of expertise
may be at a disadvantage if performance reviewersat take account of the task

difficulty.

In the second essay, | study the effects of a Imesgistem reform in New Zealand,
which took place in 2003. The reintroduction of itajion due to the system reform
decreased the movement of patients between dsstricbw-skilled health care
providers, in particular, are less likely to trarspatients to another district since the
reform. The finding suggests that capitation presidhealth care providers with
incentives to keep patients within their districthe probability of IDFs, a more general
measure of inter-district patient movement, alsereesed considerably since the
reform took place. Tertiary DHBs, who receive maveat of district patients,
experienced a larger decline in the probabilityemfeiving IDFs. As the funding growth
was much higher for non-tertiary DHBs under caotatthe results imply that the
higher funding these DHBs received is not redisteld across the districts as much as

some believe.

| also find that more severely ill patients areslékely to be moved between districts
since the policy reform; however, diagnoses witihkr probabilities of fatality are still
more likely to be transferred, suggesting that testiary providers selectively treat
more severe, but less fatal, cases. Health outcee®s to have deteriorated since the
reform, as patients stay in hospital for a shquesrod of time, but are more likely to be
readmitted to hospital. Therefore, the reform se&misave reduced necessary patient

movement between districts.
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In future studies, it will be helpful to examinéhet indicators of health outcomes to
check whether my conclusion that the health outsoim@ve deteriorated since the
reform holds. In addition, my study does not prevalclear indication of whether the
prices for IDFs are lower than their fair value.eTthecrease in IDFs may suggest that
the prices are high; however, the opposite cahltsilrue if providers simply found it
more attractive to retain the funding given to threigion. Another issue that warrants
further study is the net effects of the systemmafon highly skilled providers. On the
one hand, the redistribution of funds did not takece in a large scale under the new
capitation system, so the reduced level of funds lilghly skilled providers receive has
not been compensated for. On the other hand, howthey receive fewer patients, so

their workload has been reduced. | leave this igsukiture research.

The third essay examines the relation between theert funding level and the
actual usage by population to study how differermetsveen the actual usage and the
characteristics of population affect the level ohding. In addition to examining the
usage of health care services by different pomratiroups, | check the levels of
funding for providers treating a higher proportimincomplex cases, because the current
funding system does not fully incorporate the leoklcomplexity in its computation

method.

The finding of this essay suggests that the usddealth care services by certain
population groups may exceed their population shi@eases in the proportion of
Maori and Pacific Island patients, and in the agerage of patients, are associated with
lower levels of per case funding, despite theseuladion characteristics receiving
higher weights under the current payment systealsd find that an increase in the

average CCL for patients who receive treatmentheirtown DHBs does not have a

139



statistically significant relation to the level fuinding. This result may suggest that the

population characteristics do not accurately reéfllee complexity of the treated cases.

This essay shows that the differences between dhmlausage and the population
size may be a source of imperfect funding allocatiader the current funding system,
which computes the level of funding based on theatteristics of population. | cannot
make a conclusion on the adequacy of funding dilmea however. To study the
adequacy of the payments, we need to understandtiewomplexity of cases and
other relevant factors affect the actual costdah po obtain cost data across providers

to examine this issue in a future study.
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