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ABSTRACT

Objective To evaluate the effects of competition and

a bundled payment model on the performance of hip
replacement surgery.

Design A quasi-experimental study where a difference-
in-differences analytical framework is applied to analyse
routinely collected patient-level data from multiple
registers.

Setting Hospitals providing hip replacement surgery in
Sweden.

Participants The study included patients who underwent
elective primary total hip replacement due to osteoarthritis from
2005 to 2012. The final study sample consisted of 85 275 hip
replacement surgeries, where the exposure group consisted of
14 570 surgeries (n=6380 prereform and n=8190 postreform)
and the control group consisted of 70 705 surgeries (n=32 799
prereform and n=37 906 postreform).

Intervention A reform involving patient choice, free entry
of new providers and a bundled payment model for hip
replacement surgery, which came into force in 2009 in
Region Stockholm, Sweden.

Outcome measures Performance is measured as length
of stay of the surgical admission, adverse event rate within
90 days following surgery and patient satisfaction 1 year
postsurgery.

Results The reform successfully improved the adverse
event rate (1.6 percentage reduction, p<0.05). Length

of stay decreased less in the more competitive market
than in the control group (0.7 days lower, p<0.01). These
effects were mainly driven by university and central
hospitals. No effects of the reform on patient satisfaction
were found (no significance).

Conclusions The study concludes that the incentives of
the reform focusing on avoidance of adverse events have
a predictable impact. Since the payment for providers

is fixed per case, the impact on resource use is limited.
Our findings contribute to the general knowledge about
the effects of financial incentives and market-oriented
reforms.

INTRODUCTION
To improve healthcare system perfor-
mance, many countries have introduced

.12 Goran Garellick,® Sverre Kittelsen,* Henrik Malchau,®®

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The study is based on linked patient-level data from
several national patient registers covering all ortho-
paedic departments in Sweden over 8 years.

= Patient-level data were analysed through a quasi-
experimental research design where a difference-
in-differences analytical framework was applied to
estimate the causal effects of a reform involving
competition and bundled payment.

= Although we are not aware of such policies during
the study period, the results may be biased if an
unrelated policy was initiated during or after the
reform and affected the performance differently in
the regions.

= Until 2008, when information on American Society
of Anesthesiologists grade (severity) became avail-
able, it was not possible to distinguish clearly be-
tween patients who were included in the reform and
those who were not.

= We were not able to disentangle whether the effects
were driven by increased competition or the intro-

duction of the bundled payment or a combination.

market-oriented  reforms focusing on
strengthening patient choice and promoting
competition between healthcare providers.'™
Economic incentives for providers are further
important to drive efficiency and improve
quality. As a result, healthcare systems have
increasingly reformed payment systems to
better meet specific health policy objectives.*

The evidence on the effects of market-
oriented reforms is inconsistent and varies
with patient group. For example, recent
studies considering the competition-induced
reforms in the English National Health
Service and their effects on planned care
found that competition increased efficiency
for hip and knee replacements’ and had no
or negative effects on quality for coronary
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artery bypass grafts and hip and knee replacements.®™
Similar discrepancies have also been found in the US
Medicare system.’

It is also important to note that reforms encouraging
competition have been introduced with different payment
systems and incentives. Effects of innovative payment
systems such as add-on payments, bundled payments
and population-based payments have been explored in a
report from the Organisation for Economic Co-operation
and Development (OECD).* It was found that several of
these payments achieved the intended policy objectives.
For example, bundled payments for bypass surgeries
and hip and knee replacements in the USA and Sweden
improved readmission, mortality and complication rates.
Cost savings were also observed for these conditions,
mainly achieved by a shorter length of stay (LOS) and
fewer readmissions.

With this study, we contribute to the knowledge about
the effects of these types of reforms. We consider a ‘patient
choice reform’ for hip and knee replacement surgery,
which came into force in 2009 in Region Stockholm,
Sweden. Prior to the reform, the system relied mainly on
planning mechanisms with limited choice for patients and
less competition between providers. Patient selection was
mainly based on catchment areas. The payment system
was a Diagnosis Related Group (DRG) payment for the
hospital resources with no economic consequences for
the posthospital period after discharge.

The reform consists of three central elements: free
choice of provider for patients, free entry of new
providers and bundled payment where the providers
receive a package price for the entire cycle of care. A non-
price competition with a fixed payment per patient was
introduced on the market through the reform, aiming to
increase the performance of the providers."” The paper
aims to assess the effects of this reform on the perfor-
mance of elective total hip replacement surgery. We
make use of indicators capturing aspects of resource use
(LOS of surgical admission) and quality (adverse events
(AE) within 90 days following the surgery and patient
satisfaction measured 1 year postsurgery) to measure
performance. We also examine whether the reform had
heterogeneous effects across different hospital types.

The effects of this choice reform have previously been
examined by Wohlin et al.'' Findings from their study show
that waiting times had disappeared and complications
rates, resource use as well as costs had declined signifi-
cantly. Patient-reported outcome measures, such as pain
and quality of life postsurgery, however, had remained
unchanged. Moreover, providers had made comprehen-
sive changes in the care process, such as reduced the LOS
and increased the number of operations per room, team
and day. However, as most of their analyses were based
on before-and-after comparisons of the outcomes (except
for the analysis of complication rates), the causal link was
not able to be captured. Our study adds to this existing
knowledge by using a nationwide data set covering a
longer study period and methods to estimate the causal

effects of the reform on all included performance indi-
cators. In addition, we examine the heterogeneity of the
effects by hospital type. In contrast to Wohlin et al,'' we
analyse the effects on hip replacement surgeries only.
Furthermore, in a previous study, using causal analysis,
we found no effects of the same reform on the quality
of hip replacement surgery as captured by postsurgery
patientreported outcome measures of health gain, pain
reduction and patient satisfaction,'* which is also in line
with the findings by Wohlin et al."'

Setting
The Swedish healthcare system is decentralised and
mainly financed through regional income taxes. The
responsibility for care delivery lies with the 21 regions.
Specialised somatic care is mainly provided by hospitals
owned and run by the regions, but also by privately owned
hospitals which are publicly financed and regulated.
There are roughly 75 orthopaedic providers performing
hip replacement surgery. These providers can be divided
into university (n=9), central (n=23) and local hospitals
(n=33) as well as private specialised centres (n~9). There
are more than 16 000 primary hip replacement surgeries
performed per year and most of these patients suffer
from osteoarthritis.'”” The surgery can be considered a
standard procedure; however, it does require experience
and technical expertise of the orthopaedic surgeon.
Most of the operations are performed at region-owned
hospitals; however, the number of operations at private
specialised centres is increasing as it is becoming more
common to move some of the elective surgery from acute
hospitals to specialised centres. In general, orthopaedic
providers are reimbursed through the DRG model, either
as activity-based funding or as the basis for a budget.

The patient choice reform in Region Stockholm

In Sweden, patient choice policies have in general been
limited to primary care, but Stockholm has in addition
introduced more than 30 choice models in specialised
care. In January 2009, Stockholm introduced patient
choice for elective total hip and knee replacement
surgery. The reform was targeted to improve quality and
efficiency through competition, reduce waiting times,
increase patient choice and access, as well as separate low-
risk and high-risk patients.'’

In addition to the freedom of choice of provider
for patients, the reform also involves free entry of new
providers who fulfil certain criteria. These criteria include,
inter alia, that the operating surgeon performs at least 50
operations per year and that the operating room meets
certain requirements for air quality and requirements for
reporting data on quality indicators. Accredited providers
are not limited in production volume."’ In 2009, there
were two university, two central and three local hospitals
as well as five private specialised centres in Stockholm.

Only patients with American Society of Anesthesiolo-
gists (ASA) grades 1-2 (ie, low-risk patients without other
comorbidity causing functional limitations) are given the
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opportunity to choose provider. High-risk patients are
mainly still operated at central and university hospitals on
a separate contract.'’

Stockholm used a DRG-based reimbursement scheme
prior to 2009; however, in connection to the introduc-
tion of choice of caregiver, bundled payment was imple-
mented as reimbursement scheme. Hence, the role for
the Stockholm region as a public single payer implies
non-price competition since clinics compete for patients,
with a fixed payment per patient. The bundled payment
involves a lump sum payment per patient to providers to
cover their cost for a defined care chain, including diag-
nostics, surgery, postoperative care and follow-up, as well
as implant costs. Neither primary care visits, including
assessment and referrals, nor postoperative rehabilitation
is included in the care chain. Through a complication
guarantee, providers are also financially responsible for
any AEs occurring within 2 years following the surgery.
Conditioning on some performance targets, a few
percentages of the bundled payment are retained and
providers are only remunerated if they are successful
in reaching those targets. The providers are monitored
by the region using data on the performance indicators
collected from the national quality registries and the local
patient administrative system.

MATERIALS AND METHODS

Data

We collected patient-level data from multiple national
registers, which were linked through personal identi-
fication numbers and thereafter pseudonymised. We
identified patients who underwent elective primary total
hip replacement due to osteoarthritis from 2005 to 2012
through the Swedish Hip Arthroplasty Register (SHAR).
SHAR is one of the oldest national quality registers and
have been collecting patientlevel data from all ortho-
paedic departments (including private departments)
performing hip replacements in Sweden since 1979. The
data collected in the register include information about,
for example, patient characteristics (such as age, sex and
diagnosis), the prosthesis (eg, type of implant) and reop-
erations, as well as different patientreported outcome
measures. The register started collecting patient-reported
variables from a few departments in the beginning of
2000s, and since 2010 all departments report on this.
Before the surgery, patients are asked to respond volun-
tarily to a questionnaire covering the EQ-5D index, which
measures health-related quality of life, a visual analogue
scale for health and pain estimation, and questions on,
among others, walking ability to determine musculoskel-
etal joint disease according to the Charnley classification,
smoking habits, and whether the patient participated
in osteoarthritis school. The patient receives another
questionnaire after 1, 6 and 10 years covering the same
patientreported outcome measure items, as well as a
supplementary question on satisfaction with the surgery
according to the visual analogue scale. For this study, we

retrieved information about the surgery, the patient and
patient satisfaction from SHAR. Administrative data on
patients’ hospital inpatient care episodes related to the
surgery as well as previous use of inpatient care within
1 year prior to surgery to determine the comorbidity
were collected from the patient register. Furthermore,
dates of deaths were collected from the Cause of Death
Register and information on patients’ education and civil
status was collected from the Swedish Longitudinal Inte-
grated Database for Health Insurance and Labour Market
Studies.

Patients under 18 years of age (n=16), patients who
underwent bilateral hip replacement (n=1268) or had
a prior hip replacement within 90 days of the surgery
(n=570), as well as patients who underwent surgery in a
different region from their registered residential region
(n=5936) were excluded from the study. Furthermore,
patients at a private specialised centre in Stockholm
which mainly performs surgery on privately insured
patients (n=467) were excluded as they are not affected
by the reform. In addition, patients with missing informa-
tion on any of the covariates (n=571) were also excluded.
The final study sample consisted of 85 275 hip replace-
ment surgeries.

Performance indicators

Performance was measured by three indicators to
capture aspects of resource use and quality. As a measure
describing resource use, we use LOS of the surgical
admission (OP_LOS), which was calculated as discharge
date — admission date + 1, and is based on data from the
patient register.

As measures of quality, we defined two binary indica-
tors. The first is based on medical outcomes and indi-
cates whether the patient suffered an AE within 90 days
following the surgery (AE_90D). The AEs include death,
further surgery of the hip and the following complications
if they resulted in hospitalisation: pneumonia, ulcers, and
cardiovascular, cerebrovascular and thromboembolic
complications. This indicator is based on data from SHAR,
the patient register and the Cause of Death Register. The
second quality indicator is based on patientreported
outcome and indicates whether the patient was satisfied
with the outcome of the surgery (SATISF). The indicator,
collected from SHAR, is measured 1 year postsurgery
where a value between 0 and 40 on a visual analogue scale
(ranging from 0 to 100) indicates a satisfied patient. The
definitions of both quality indicators follow those used by
SHAR." While patientreported outcomes, and the visual
analogue scale in particular, have some limitations due
to response spreading and visual or cognitive ability, the
use in a binary variable based on a cut-off should reduce
these concerns. The data on LOS and AEs were available
for the whole study period; however, the information on
patient satisfaction was only available since 2007. There
are other long-term measures available for measuring the
quality of elective hip replacement surgery such as health
gain, pain reduction and patient satisfaction 1 and 6 years
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after the surgery. We decided not to include such long-
term quality indicators in this study since an analysis in a
previous study by the researcher team showed no effects
following the reform for short-term and long-term indica-
tors.'” Furthermore, a major reason for choosing effects
for 90 days (AEs) and 1 year (patient satisfaction) is the
nature of the reimbursement principle for the reform.
The payment only considers events within 1 year, which
has been based on clinical experience.

Analytical approach

As the choice reform was implemented in Region Stock-
holm only, leaving the other 20 regions in Sweden unaf-
fected, we have a typical set-up for difference-in-difference
(DiD) analysis. DiD analysis is a quasi-experimental
research design and has become a commonly used
method in health settings to estimate causal effects of
healthcare policies."*™® The method compares changes
in an outcome before and after an intervention in the
exposed group versus a control group. Confounders that
vary across groups are assumed to be time-invariant and
confounders that vary over time are assumed to be group-
invariant. The parallel trend assumption states that the
groups have the same trends in outcomes before the
intervention, and in the absence of the intervention the
groups would have experienced the same development
in outcomes.

To estimate the causal effects of the choice reform on
the performance, we constructed repeated cross-sections
and performed the DiD analyses using regression model-
ling. Patients who underwent surgery at hospitals located
in Stockholm formed the exposure group and patients
at hospitals located in the other regions in Sweden
were combined into a control group. As ASA grade was
not available from all hospitals prior to 2008, we could
not distinguish between patients who were included in
the reform and those who were not until 2008. In the
main analysis, all patients (low-risk and high-risk) were
included. For each performance indicator, we estimated
the effects with and without covariates. Included covari-
ates were age group, sex, level of comorbidity as indicated
by Elixhauser Comorbidity Index, civil status and educa-
tional level.

To validate the parallel trend assumption, we plotted
the mean outcomes per group and year.'*'® We also
performed a simple statistical test of the assumption by
evaluating the significance of the interaction between
time and group in the preintervention period in linear
trend models."* 7 ¢

As we have two dichotomous performance indicators
(AE_90D and SATISF) and one indicator based on count
data (OP_LOS), we normally would apply non-linear
models to avoid the problematic features that come
with outcome variables with bounded support. However,
Lechner'® concludes that it is problematic to estimate
DiD models within the non-linear case as it often leads
to inconsistent estimates of the effect. Consequently,
as proposed by Lechner,'® and following Hikkinen et

al*® we used a linear specification in our DiD analyses.
Generalised estimating equations were used to solve the
linear regression models, while accounting for clustering
of patients within hospitals. We collapsed the data into
two periods, prereform (2005-2008) and postreform
(2009-2012), to avoid problems of serially correlated
outcomes.”!

To examine whether the reform had heterogeneous
effects across different hospital types with different patient
case-mixes, we also estimated the DiD models stratified by
hospital type. Three private specialised centres located
within larger acute hospitals with access to intensive care
were coded as local hospitals. All statistical analyses were
performed in the SAS V.9.4 software.”

Sensitivity analyses

First, we limited the analysis to low-risk profile patients
as these were the only ones covered by the reform. We
considered a subsample consisting of standard, low-risk
profile patients who were comprised by the reform (stan-
dard patient sample). The sample included patients with
ASA grade 1 or 2, age between 55 and 84 years and body
mass index (BMI) between 18.5 and 29.9, which is often
used as a reference population in SHAR’s annual reports
to allow for fair comparisons between orthopaedic
providers. As information on ASA grade was not avail-
able until 2008, we were not able to validate the parallel
trend assumption for the standard patient sample. For
this reason, we also created a subsample consisting of a
proxy of the standard patients (proxy sample). The proxy
sample, available from 2005, included patients aged
55-84 years and with no registered comorbidity.

Second, we defined another control group based on
patients from two of the other regions in Sweden: Halland
and Vistra Gotaland. These two regions were selected as
they had a similar hospital structure, including private
specialised centres, as Stockholm before the reform.

Patient and public involvement

Patients and the public were notinvolved in the design and
performance of the study. The study is based on routinely
collected patient-level data from multiple registers, and
as the results are presented at an aggregated level the
patients included in the registers should not be affected
by any type of discomfort or integrity infringement.

RESULTS

Trends and descriptive statistics

Descriptive statistics are presented in table 1, and annual
and group-specific means of the performance indica-
tors as well as the corresponding estimated counterfac-
tual (ie, what the Stockholm outcomes would have been
had they developed over time as the control group did)
are presented in figure 1A-C. The level of resource use
(OP_LOS) declined over time in both groups, overall and
by hospital type. Stockholm had a shorter LOS than the
other regions, both prereform and postreform, although
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w
Table 1 Descriptive statistics, prereform and postreform, by treatment group §
Region Stockholm Other regions -‘E

2005-2008 2009-2012 2005-2008 2009-2012 :_:

Performance indicators Mean/% n Mean/% n Mean/% n Mean/% n g'
Resource use, mean ;E).
OP_LOS 5.8 6380 5.1 8190 7.4 32799 6.1 37 906 3
Resource use by hospital type, mean ;
OP_LOS 5
University 6.7 859 6.7 918 8.8 2379 7.2 2483 E
Central 5.6 2272 5.1 1948 7.5 11853 6.0 14 130 g
Local 7.0 1644 5.7 2050 7.3 18249 6.1 20 537 %
Private specialised 4.4 1605 4.3 3274 4.9 318 4.7 756 E
Quality, % 5
AE_90D 6.3 6380 4.4 8190 4.2 32799 41 37 906 g
SATISF* 86.9 2581 86.6 7512 88.6 14235 89.1 34 686 2
Quality by hospital type ?,
AE_90D, % S
University 5.7 859 3.5 918 4.5 2379 4.0 2483 E
Central 8.5 2272 6.2 1948 4.3 11853 4.8 14130 5
Local 5.6 1644 5.2 2050 4.1 18249 3.7 20 537 §
Private specialised 4.4 1605 3.0 3274 3.5 318 2.6 756 - !;
SATISF*, % gg
University 88.7 238 83.6 834 86.5 1004 89.9 2138 % é,—’
Central 87.0 1108 87.4 1737 89.1 5203 89.2 12 888 §§
Local 84.8 650 84.0 1857 88.7 7853 89.2 18 947 E %
Private specialised 88.4 585 88.7 3084 83.4 175 90.3 713 % 3
Covariates (S;.%
Sex, % S
Female 63.1 4028 62.7 5137 56.9 18653 57.0 21594 g'
Male 36.9 2352 37.3 3053 43.1 14146 43.0 16 312 _%’
Age, % §
18-54 8.8 561 9.4 768 8.3 2735 8.8 3319 9
55-64 26.1 1663 23.0 1887 24.0 7884 22.8 8641 §
65-74 34.2 2181 38.2 3125 36.0 11804 38.2 14 496 2
75-84 26.0 1656 25.0 2051 27.6 9038 26.0 9851 s
85+ 5.0 319 4.4 359 4.1 1338 4.2 1599 B
Elixhauser Comorbidity Index, % §
0 66.2 4222 69.0 5649 62.4 20482 53.1 20120 E

1 20.0 1274 17.5 1432 22.7 7439 26.6 10 086 &

2 8.2 526 8.5 695 9.9 3246 13.0 4945 g
3+ 5.6 358 5.1 414 5.0 1632 7.3 2755 =2
BMIt, mean 26.7 1589 26.8 8045 27.4 7027 27.6 35 781 %
ASA gradet, % g
1 23.5 391 21.9 1790 25.0 1844 24.8 8997 o

2 58.3 971 56.7 4634 59.8 4416 60.5 21998 %

3 17.7 295 20.5 1671 14.9 1100 14.5 5252 ¢§

4 0.5 9 0.9 75 0.3 24 0.3 96 c§
Continued ;

=
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Table 1 Continued
Region Stockholm Other regions
2005-2008 2009-2012 2005-2008 2009-2012
Performance indicators Mean/% n Mean/% n Mean/% n Mean/% n
5 0.0 0 0.0 0 0.0 1 0.0 2
Civil status, %
Unmarried 11.2 712 12.6 1032 9.4 3081 10.7 4073
Married 50.9 3245 50.4 4128 57.4 18812 57.1 21 657
Divorced 20.8 1325 21.7 1774 14.9 4897 16.1 6087
Widowed 17.2 1098 15.3 1256 18.3 6009 16.1 6089
Education, %
Low 29.2 1862 241 1975 44.8 14708 37.7 14 274
Middle 40.9 2610 41.3 3382 37.5 12305 40.8 15484
High 29.9 1908 34.6 2833 17.6 5786 21.5 8148
Hospital type, %
University 13.5 859 11.2 918 7.3 2379 6.6 2483
Central 35.6 2272 23.8 1948 36.1 11853 37.3 14130
Local 25.8 1644 25.0 2050 55.6 18249 54.2 20 537
Private specialised 25.2 1605 40.0 3274 1.0 318 2.0 756

OP_LOS: length of surgical admission; AE_90D: indicator for whether the patient suffered an adverse event within 90 days following the
surgery; SATISF: indicator for whether the patient was satisfied with the outcome of the surgery.

*Indicates data available from 2007.
TIndicates data available from 2008.

ASA, American Society of Anesthesiologists; BMI, body mass index; LOS, length of stay.

the other regions seemed to approach Stockholm’s level
over time. With regard to the quality indicator based on
medical outcomes (AE_90D), the other regions had a
lower rate than Stockholm, overall and by hospital type,
at least before the reform. The overall AE rate decreased
marginally in the other regions, whereas Stockholm expe-
rienced a rather sharp decline (specifically at university
and central hospitals) after the reform and thus caught
up with the other regions. The share of satisfied patients
(SATISF) remained quite stable over time, both overall
and by hospital type. Stockholm had a slightly lower share
of satisfied patients compared with the other regions.

In the comparison of patient characteristics between
the two groups (table 1), we observe that patients in
Stockholm had a lower level of comorbidity, slightly
lower BMI and higher level of education. Stockholm also
had a higher share of female patients and patients with
ASA grade 3, and a lower share of married patients. The
patients had a similar age structure across the groups.
The differences and similarities in patient characteristics
remained over time.

The hospital structure differed quite a lot between the
groups (table 1). The share of patients in Stockholm who
underwent surgery at private specialised centres increased
from 25% prereform to 40% postreform. In contrast,
more than half of the patients in the other regions under-
went surgery at a local hospital, both prereform and

postreform. Moreover, the share of patients treated at
university hospitals was higher in Stockholm.

To shed light on the validity of the parallel trend
assumption, we visually inspect the graphs provided in
figure 1A-C. The group-specific lines seem to be approxi-
mately parallel for all three indicators, despite differences
in patient characteristics. However, since information on
patient satisfaction is only available from 2 years before
the reform, it is rather difficult to say something about
the trend. Thus, results regarding patient satisfaction
should be interpreted with caution. The statistical tests
of the assumption did not find any signs of differential
prereform trends.

DiD analyses

Results from the DiD analyses are summarised in table 2.
Relative to the control group, the reform increased
resource use in Stockholm. However, as table 1 and
figure 1A show, the level of resource use still decreased
slightly after the introduction of the reform. The adjusted
DiD estimate indicates that the decrease in OP_LOS was
0.7 days lower (baseline LOS of 5.8 days) in Stockholm
in comparison with the other regions. The effect was
statistically significant. The results furthermore show an
improvement in quality based on AEs within 90 days of the
surgery. The DiD estimates indicate a significant reduc-
tion in the AE rate by 1.6 percentage points (adjusted)
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Figure 1

(A-C) Performance indicators per group over time and the corresponding counterfactuals. The vertical reference line

indicates the introduction of the reform. Not corrected for covariates.

and 1.8 percentage points (unadjusted), compared with
the baseline rate of 6.3%. Hence, after the reform came
into force in 2009, the AE rate in Stockholm was approxi-
mately the same as in the other regions in Sweden. There
were no effects of the reform on patient satisfaction
(table 2).

Results from the DiD analyses stratified by hospital
type are summarised in figure 2A—C. In relation to the
control group, LOS of the surgical admission significantly
decreased by almost 1.5 days less at university hospi-
tals, compared with the baseline LOS of 6.7 days, as an

Table 2 Results from the difference-in-difference analyses

Unadjusted Adjusted
Performance DiD DiD
indicators estimate SE estimate SE

Resource use

OP_LOS 0.594** 0.271 0.669**  0.258
Quality

AE_90D -0.018"™* 0.006 -0.016** 0.007

SATISF_D —-0.008 0.016  -0.010 0.017

OP_LOS: length of surgical admission; AE_90D: indicator for
whether the patient suffered an adverse event within 90 days
following the surgery; SATISF: indicator for whether the patient was
satisfied with the outcome of the surgery.

*P<0.1, **P<0.05, **P<0.01.

DiD, difference-in-difference analysis.

effect of the reform (figure 2A). Similarly, LOS signifi-
cantly decreased by approximately 1 day less at central
hospitals, compared with the baseline LOS of 5.6 days.
We found no effect on LOS at local and private special-
ised centres. Moreover, there was a significant difference
in the effect between university and local and private
specialised centres. As figure 2B indicates, there was a
significant decrease in AE rates at university and central
hospitals in Stockholm after the reform. The effect was
larger at central hospitals (nearly 3 percentage points,
compared with the baseline value of 8.5%) than at univer-
sity hospitals (almost 2 percentage points, compared with
the baseline value of 5.7%). There were no statistically
significant differences in the effects between hospital
types. Figure 2C shows that the share of satisfied patients
decreased at private specialised centres after the reform;
however, the decrease was not statistically significant in
the adjusted model.

Sensitivity analyses

Descriptive statistics for the standard patient and proxy
sample are presented in online supplemental tables
1 and 2. Note that there are a few patients with ASA
grade 3 in the proxy sample, and similarly a few patients
with comorbidities in the standard patient sample. The
overlap of patients between the two samples is around
50%. Online supplemental figure 1 shows the annual
and group-specific means of the performance indicators.
Graphs and tests of linear time trends support the parallel
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trend assumption for the proxy sample. Columns 1 and 2
of online supplemental table 3 present the results from
the DiD analyses based on these samples. The results
of a lower decrease in LOS of the surgical admission,
decreased AE rates and no effect on patient satisfaction
remain. Online supplemental figure 2 summarises the
results from the DiD analyses stratified by hospital type,
per sample. Note, however, that in the standard patient
sample, there are only 34 patients treated at university
hospitals in Stockholm and 18 patients treated at private
specialised centres in the control group (online supple-
mental table 1). Due to the small sample sizes, the results
for these two strata and sample should be interpreted
with caution. As in the main analysis, although with some-
what different magnitudes, LOS decreased less quickly at
university and central hospitals in both samples (online
supplemental figure 2A). Again, there was no effect on
LOS at local hospitals and private specialised centres. In
the proxy sample, we also found a significant decrease in
the AE rate of over 3 percentage points at both university
and central hospitals (online supplemental figure 2B).
Although interpreted with caution, the share of satisfied
patients decreased with more than 30 percentage points
at private specialised centres in the standard patient
sample (online supplemental figure 2C). In the proxy
sample, we also see a significant decrease in patient satis-
faction at university hospitals.

Descriptive statistics as well as annual and group-specific
means of the performance indicators for the control

(A-C) Unadjusted and adjusted difference-in-difference estimates stratified by hospital type. The vertical bars

group consisting of patients from the regions Halland and
Vistra Gotaland are presented in online supplemental
table 4 and figure 3, respectively. The parallel trend
assumption is supported by the graphs and tests of linear
time trends. The results from the DiD analyses using this
control group are similar to those in the main analysis
(column 3 of online supplemental table 3). According
to the results from the DiD analyses stratified by hospital
type, LOS statistically significantly decreased by 2 days less
at university hospitals (online supplemental figure 4A),
compared with the control group. However, in contrast
to the main analysis, there was no statistically significant
effect on LOS at central hospitals, nor at local hospitals or
private specialised centres. Moreover, we found a similar
decrease in AE rates at university and central hospitals
as in the main analysis (online supplemental figure 4B).
Regarding patient satisfaction, the results were similar
to those from the main analysis. The share of satisfied
patients decreased at private specialised centres; however,
the effect was not statistically significant (online supple-
mental figure 4C).

DISCUSSION
Key findings
We found that the combined introduction of patient
choice, free entry of new providers and bundled payment
for hip replacements in Stockholm led to a significant
decrease in the AE rate, which led to Stockholm being
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on par with the rest of Sweden. However, we also found
that LOS decreased less quickly in the more competitive
market than in the control group. We found no effects of
the reform on patient satisfaction.

Our findings are to some extent in contrast to the find-
ings in the existing literature on the effects of competi-
tion for hip and knee replacements. In opposite to our
finding of improved quality in terms of a lower AE rate,
several studies have found a negative or no relationship
between competition and quality.” ® ¥ However, Feng
et al' found no association between competition and
patientreported health gains, nor did we in our previous
study on the effects of the same reform on postsurgery
patientreported outcome measures,'> which is similar
to our present finding regarding patient satisfaction.
As competition-inducing reforms are introduced with
different payment systems and incentives, differences in
the results may be explained by this. The report from
the OECD on the effects of bundled payments* refers to
a small number of studies that show similar results for
quality improvement as our study.

Moreover, our findings are in line with the previous
study by Wohlin et al,'' who also found that the choice
reform in Stockholm successfully reduced the AE rate.
Furthermore, they showed that LOS decreased over
time, which was also apparent in our study; however,
we showed that, as an effect of the reform, LOS did not
decrease as quickly. Qualitative studies have shown that
the reform led to a separation of low-risk and high-risk
patients where the acute hospitals increasingly treated
high-risk and complex patients and the private special-
ised centres took care of the low-risk patients."’ ** In our
analysis of the heterogeneity of the effects, we show that
the effect on LOS derives from the fact that LOS did not
decrease as much at university and central hospitals in
Stockholm as in the other regions, which is likely to be
an effect of the altered case-mix. This is also in line with
the findings by Cooper et al,” who studied the effects of
the entry of private surgical centres to compete against
English National Health Service hospitals and found that
competition improved efficiency, although the hospitals
were left to treat sicker patients. Furthermore, we found
that the decrease in the AE rate specifically derived from
improved rates at university and central hospitals.

Implications

The objectives of the reform were many. These included
improvements in quality and efficiency, reduced waiting
times, increased patient choice and access, as well as a
separation of low-risk and high-risk patients. We have
shown that the reform was successful in improving the AE
rate; however, LOS did not decrease as much postreform
and there was no change in patient satisfaction.

A limitation with most payment principles used in
non-price competitive healthcare markets is that only a
limited episode of care is covered and thus postoperative
activities, such as complications, are not included. With
the principle of bundled payments, providers receive a

package price for a defined care chain, including post-
operative care. Hence, the incentive to focus on quality
is most likely strengthening and providers might give
priority to avoid negative quality effects at the expense
of higher resource use. This could explain the lower
decrease in LOS in Stockholm.

The lower decrease in LOS may also be related to an
increase in case-mix between different hospitals—an
effect that has previously been shown to have negative
consequences for the working environment and training
for healthcare personnel.'! * The total effects of this
reform—intended and unintended consequences—
should be taken into consideration in the future planning
of healthcare reforms.

It is furthermore important to consider whether the
patients are making a choice and how. Theory suggests
that non-price competition and choice may stimulate
providers to improve quality. However, for this to be effec-
tive, patients should be sensitive to differences in quality
when making their choice of healthcare provider.**
Studies examining the relationship between hospital
choice and quality for elective hip replacements have
found that, in addition to distance, hospital quality does
affect the choice of hospital.***® Further studies exploring
how hospital demand is driven by quality in the setting of
Stockholm would be helpful to further understand the
impact of the reform.

Limitations

The first limitation of our study relates to the DiD analyt-
ical framework which accounts for time-invariant differ-
ences between Stockholm and the other regions. Should a
policy unrelated to the patient choice reform be initiated
during or after the choice reform and affect the groups
and their performance differently, the results may be
biased. We are however unaware of such policies during
our study period. Second, we are not able to disentangle
whether the effects are driven by increased competition
or the introduction of the bundled payment or a combi-
nation. Third, we could not clearly distinguish between
patients who were included in the reform and those who
were not until 2008, as we did not have information on
ASA grade. Nevertheless, by including all patients in
the analysis, we gained an understanding of the effects
on the patient group as a whole. Furthermore, the sensi-
tivity analyses using various patient samples (including
a sample only with patients comprised by the reform)
showed similar results as for the main analysis.

CONCLUSION

The combined introduction of patient choice, free
entry of new providers and a bundled payment model
for elective total hip and knee replacement surgery in
Stockholm aimed to improve quality and efficiency,
shorten waiting times, as well as increase patient choice
and access. Our evaluation of the reform on hip replace-
ments shows that the AE rate was successfully improved;
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however, LOS of the surgical admission decreased less
in the more competitive market than in the control
group. These effects were mainly driven by university
and central hospitals. No effects of the reform on patient
satisfaction were found. Our findings contribute to the
general knowledge about the effects of financial incen-
tives and market-oriented reforms. The total effects of
this reform—intended and unintended consequences—
should be taken into consideration in the future plan-
ning of healthcare reforms.
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Supplemental Table 1. Descriptivestatistics, pre- and post-reform, standard patient sample, by treatment group.

Region Stockholm Other regions
2008 2009-2012 2008 2009-2012
Performance indicators Mean/ % N Mean/ % N Mean / % N Mean / % N
Resource use
OP_LOS 5.2 923 4.8 4,504 6.8 3,872 5.8 19,710
Resource use by hospital type
OP_LOS
University 6.5 34 6.5 270 7.7 232 6.8 972
Central 52 322 4.9 890 6.5 1,328 5.6 7,176
Local 6.4 225 5.6 1,011 6.9 2,294 59 11,233
Private specialized 4.2 342 43 2,333 5.7 18 5.1 342
Quality
AE_90D 6.1% 923 3.6% 4,504 3.4% 3,872 3.2% 19,710
SATISF 86.4% 852 87.3% 4,223 89.4% 3,542 89.5% 18,465
Quality by hospital type
AE_90D
University 5.9% 34 1.9% 2,710 2.6% 232 2.6% 972
Central 7.5% 322 5.6% 890 3.2% 1,328 3.6% 7,176
Local 7.1% 225 4.1% 1,011 3.5% 2,294 3.0% 11,233
Private specialized 4.1% 342 2.9% 2,333 11.1% 18 1.8% 342
SATISF*
University 83.9% 31 85.9% 255 89.8% 212 87.9% 883
Central 85.3% 286 88.3% 817 89.8% 1,208 89.7% 6,693
Local 87.6% 210 84.1% 932 89.7% 2,106 89.5% 10,570
Private specialized 86.8% 325 88.4% 2,219 56.3% 16 91.2% 319
Covariates
Sex
Female 64.6% 596 64.1% 2,885 56.9% 2,205 57.5% 11,333
Male 35.4% 327 35.9% 1,619 43.1% 1,667 42.5% 8,377
Age
18-54 0.0% 0 0.0% 0 0.0% 0 0.0% 0
55-64 28.7% 265 27.9% 1,256 28.8% 1,117 26.7% 5,262
65-74 43.8% 404 45.7% 2,057 41.6% 1,609 44.1% 8,696
75-84 27.5% 254 26.4% 1,191 29.6% 1,146 29.2% 5,752
85+ 0.0% 0 0.0% 0 0.0% 0 0.0% 0
Elixhauser Comorbiditity Index
0 73.7% 680 78.6% 3,539 61.3% 2,372 58.6% 11,555
1 18.7% 173 15.5% 697 26.2% 1,015 27.5% 5,418
2 5.3% 49 4.8% 218 9.3% 359 10.3% 2,022
3+ 2.3% 21 1.1% 50 3.3% 126 3.6% 715
BMI 25.1 923 25.1 4,504 254 3,872 25.6 19,710
ASA-grade
1 29.5% 272 27.6% 1,243 30.0% 1,161 29.6% 5,833
2 70.5% 651 72.4% 3,261 70.0% 2,711 70.4% 13,877
3 0.0% 0 0.0% 0 0.0% 0 0.0% 0
4 0.0% 0 0.0% 0 0.0% 0 0.0% 0
5 0.0% 0 0.0% 0 0.0% 0 0.0% 0
Civil status
Unmarried 8.1% 75 10.3% 464 7.8% 301 8.7% 1,717
Married 53.7% 496 53.2% 2,395 60.2% 2,332 59.9% 11,802
Divorced 22.0% 203 22.8% 1,026 15.3% 592 16.2% 3,185
Widowed 16.1% 149 13.7% 619 16.7% 647 15.3% 3,006
Education
Low 27.3% 252 22.8% 1,028 41.4% 1,602 36.3% 7,164
Middle 40.2% 371 39.6% 1,784 37.4% 1,449 39.8% 7,843
High 32.5% 300 37.6% 1,692 21.2% 821 23.9% 4,703
Hospital type
University 3.7% 34 6.0% 270 6.0% 232 4.9% 972
Central 34.9% 322 19.8% 890 34.3% 1,328 36.4% 7,176
Local 24.4% 225 22.4% 1,011 59.2% 2,294 57.0% 11,233
Private specialized 37.1% 342 51.8% 2,333 0.5% 18 1.7% 329

Notes: This sample is only available from 2008. OP_LOS, length of surgical admission; AE_90D, indicator for whether the
patient suffered an adverse event within 90 days following the surgery; SATISF, indicator for whether the patient was satisfied
with the outcome of the surgery.
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Supplemental Table 2. Descriptive statistics, pre- and post-reform, proxy sample, by treatment group.

Region Stockholm Other regions
2005-2008 2009-2012 2005-2008 2009-2012
Performance indicators Mean / % N Mean / % N Mean / % N Mean / % N
Resource use
OP_LOS 5.4 3,618 4.7 4,859 7.1 17,695 5.6 17,050
Resource use by hospital type
OP_LOS
University 6.5 384 6.5 272 8.2 944 6.6 743
Central 5.2 1,202 4.8 1,055 7.1 5,645 54 6,549
Local 6.8 826 54 1,046 7.1 10,877 5.7 9,256
Private specialized 44 1,206 4.2 2,486 4.8 229 4.5 502
Quality
AE_90D 6.0% 3,618 3.7% 4,859 3.5% 17,695 3.1% 17,050
SATISF* 88.6% 1,434 87.6% 4,529 89.0% 7,095 89.6% 15,895
Quality by hospital type
AE_90D
University 5.5% 384 1.8% 272 2.9% 944 2.7% 743
Central 9.1% 1,202 5.8% 1,055 3.5% 5,645 3.6% 6,549
Local 5.1% 826 3.7% 1,046 3.6% 10,877 2.8% 9,256
Private specialized 3.7% 1,206 3.1% 2,486 3.1% 229 2.8% 502
SATISF*
University 90.3% 103 83.9% 254 86.6% 343 89.6% 651
Central 87.8% 582 88.5% 964 89.9% 2,426 89.7% 6,090
Local 88.2% 321 84.9% 959 88.9% 4,196 89.6% 8,673
Private specialized 89.5% 428 88.8% 2,352 84.6% 130 89.8% 481
Covariates
Sex
Female 65.5% 2,368 65.5% 3,181 57.9% 10,239 58.3% 9,944
Male 34.5% 1,250 34.5% 1,678 42.1% 7,456 41.7% 7,106
Age
18-54 0.0% 0 0.0% 0 0.0% 0 0.0% 0
55-64 34.0% 1,231 29.5% 1,435 31.2% 5,526 31.9% 5,434
65-74 39.6% 1,433 44.8% 2,179 41.1% 7,269 44.0% 7,496
75-84 26.4% 954 25.6% 1,245 27.7% 4,900 24.2% 4,120
85+ 0.0% 0 0.0% 0 0.0% 0 0.0% 0
Elixhauser Comorbiditity Index
0 100.0% 3,618 100.0% 4,859  100.0% 17,695 100.0% 17,050
1 0.0% 0 0.0% 0 0.0% 0 0.0% 0
2 0.0% 0 0.0% 0 0.0% 0 0.0% 0
3+ 0.0% 0 0.0% 0 0.0% 0 0.0% 0
BMI** 26.5 899 26.5 4,767 26.9 3,334 27.2 16,092
ASA-grade**
1 31.2% 292 27.4% 1,331 37.5% 1,292 37.7% 6,176
2 59.9% 561 61.8% 2,997 54.8% 1,888 54.9% 8,998
3 8.8% 82 10.5% 510 7.5% 259 7.3% 1,200
4 0.2% 2 0.2% 12 0.1% 5 0.1% 11
5 0.0% 0 0.0% 0 0.0% 0 0.0% 1
Civil status
Unmarried 9.2% 333 10.7% 520 7.7% 1,360 9.2% 1,569
Married 53.3% 1,928 52.9% 2,569 60.1% 10,634 60.2% 10,259
Divorced 22.1% 799 22.2% 1,080 15.2% 2,697 16.9% 2,885
Widowed 15.4% 558 14.2% 690 17.0% 3,004 13.7% 2,337
Education
Low 27.4% 990 22.5% 1,091 45.0% 7,965 36.2% 6,176
Middle 41.1% 1,487 40.3% 1,957 36.8% 6,511 40.6% 6,915
High 31.5% 1,141 37.3% 1,811 18.2% 3,219 23.2% 3,959
Hospital type
University 10.6% 384 5.6% 272 5.3% 944 4.4% 743
Central 33.2% 1,202 21.7% 1,055 31.9% 5,645 38.4% 6,549
Local 22.8% 826 21.5% 1,046 61.5% 10,877 54.3% 9,256
Private specialized 33.3% 1,206 51.2% 2,486 1.3% 229 2.9% 502

Notes: * indicates data is available from 2007, ** indicates data is available from 2008. OP_LOS, length of surgical admission;
AE_90D, indicator for whether the patient suffered an adverse event within 90 days following the surgery; SATISF, indicator
for whether the patient was satisfied with the outcome of the surgery.
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Supplemental Table 3. Results from the difference-in-difference analyses.

Full sample — Halland and

Standard patient sample Proxy sample Viistra Gotaland
Performance Unadjusted  Adjusted Unadjusted  Adjusted Unadjusted Adjusted
oo DiD DiD DiD DiD DiD DiD
indicators (Std. err.)  (Std. err.)  (Std. err.)  (Std. err.)  (Std. err.) (Std. err.)
Resource use
OP_LOS 0.557%** 0.606%** 0.840%*:* 0.800%** 0.782%* 0.820%**
(0.223) 0.211) 0.271) 0.274) (0.350) (0.332)
Quality
AE_90D -0.023%*%* -0.022%* -0.018%** -0.019%** -0.022%%* -0.0271%*%*
(0.009) (0.009) (0.009) (0.009) (0.006) (0.007)
SATISF_D 0.008 0.005 -0.015 -0.016 -0.003 -0.006
0.017) 0.017) (0.020) (0.020) (0.017) (0.018)

Notes: * p < 0.1, ¥* p < 0.05, *** p < 0.01. DiD, difference-in-difference analysis; Std. err., standard error; OP_LOS, length
of surgical admission; AE_90D, indicator for whether the patient suffered an adverse event within 90 days following the
surgery; SATISF, indicator for whether the patient was satisfied with the outcome of the surgery.
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Supplemental Table 4. Descriptive statistics, pre- and post-reform, by treatment group.

Region Stockholm Region Viistra Gétaland and Halland
20052008 2009-2012 2005-2008 2009-2012
Performance indicators Mean / % N  Mean/ % N Mean / % N Mean / % N
Resource use
OP_LOS 5.8 6,380 5.1 8,190 8.3 7,348 6.7 7,653
Resource use by hospital type
OP_LOS
University 6.7 859 6.7 918 10.0 894 79 949
Central 5.6 2,272 5.1 1,948 8.2 3,116 6.8 3,418
Local 7.0 1,644 5.7 2,050 8.2 3,020 6.8 2,654
Private specialized 44 1,605 43 3,274 49 318 4.7 632
Quality
AE_90D 6.3% 6,380 4.4% 8,190 3.4% 7,348 3.6% 7,653
SATISF* 86.9% 2,581 86.6% 7,512 86.6% 3,400 86.6% 7,000
Quality by hospital type
AE 90D
University 5.7% 859 3.5% 918 3.4% 894 2.8% 949
Central 8.5% 2,272 6.2% 1,948 3.5% 3,116 4.1% 3,418
Local 5.6% 1,644 5.2% 2,050 3.2% 3,020 3.4% 2,654
Private specialized 4.4% 1,605 3.0% 3,274 3.5% 318 2.7% 632
SATISF*
University 88.7% 238 83.6% 834 82.7% 410 82.8% 830
Central 87.0% 1,108 87.4% 1,737 87.0% 1,388 87.0% 3,077
Local 84.8% 650 84.0% 1,857 87.7% 1,427 86.7% 2,501
Private specialized 88.4% 585 88.7% 3,084 83.4% 175 89.9% 592
Covariates
Sex
Female 63.1% 4,028 62.7% 5,137 56.4% 4,142 57.8% 4,421
Male 36.9% 2,352 37.3% 3,053 43.6% 3,206 42.2% 3,232
Age
18-54 8.8% 561 9.4% 768 8.6% 635 9.3% 714
55-64 26.1% 1,663 23.0% 1,887 24.4% 1,794 22.4% 1,713
65-74 34.2% 2,181 38.2% 3,125 35.0% 2,571 36.2% 2,774
75-84 26.0% 1,656 25.0% 2,051 28.0% 2,054 27.0% 2,067
85+ 5.0% 319 4.4% 359 4.0% 294 5.0% 385
Elixhauser Comorbiditity Index
0 66.2% 4,222 69.0% 5,649 57.8% 4,247 56.4% 4,319
1 20.0% 1,274 17.5% 1,432 25.2% 1,850 25.2% 1,926
2 8.2% 526 8.5% 695 11.8% 864 12.1% 925
3+ 5.6% 358 5.1% 414 5.3% 387 6.3% 483
BMI** 26.7 1,589 26.8 8,045 27.1 1,558 27.4 7,025

ASA grade**

1 23.5% 391 21.9% 1,790 27.3% 440 28.0% 2,067

2 58.3% 971 56.7% 4,634 60.5% 976 59.8% 4,405

3 17.7% 295 20.5% 1,671 12.3% 198 11.9% 878

4 0.5% 9 0.9% 75 0.0% 0 0.3% 21

5 0.0% 0 0.0% 0 0.0% 0 0.0% 0
Civil status

Unmarried 11.2% 712 12.6% 1,032 9.1% 667 9.8% 748

Married 50.9% 3,245 50.4% 4,128 58.0% 4,263 58.2% 4,457

Divorced 20.8% 1,325 21.7% 1,774 14.9% 1,098 16.3% 1,246

Widowed 17.2% 1,098 15.3% 1,256 18.0% 1,320 15.7% 1,202
Education

Low 29.2% 1,862 24.1% 1,975 46.4% 3,409 39.4% 3,013

Middle 40.9% 2,610 41.3% 3,382 35.9% 2,636 39.2% 2,999

High 29.9% 1,908 34.6% 2,833 17.7% 1,303 21.4% 1,641
Hospital type

University 13.5% 859 11.2% 918 12.2% 894 12.4% 949

Central 35.6% 2,272 23.8% 1,948 42.4% 3,116 44.7% 3,418

Local 25.8% 1,644 25.0% 2,050 41.1% 3,020 34.7% 2,654

Private specialized 25.2% 1,605 40.0% 3,274 4.3% 318 8.3% 632

Notes: * indicates data is available from 2007, ** indicates data is available from 2008. OP_LOS, length of surgical admission;
AE_90D, indicator for whether the patient suffered an adverse event within 90 days following the surgery; SATISF, indicator
for whether the patient was satisfied with the outcome of the surgery.
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Supplemental Figure 1a-f. Performance indicators per group over time and corresponding counterfactuals, per
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Supplemental Figure 2a-c. Unadjusted and adjusted difference-in-difference estimates stratified by hospital type,
per sample. The vertical bars indicate 95 % confidence intervals.
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Supplemental Figure 3a-c. Performance indicators per group over time and corresponding counterfactuals. The
vertical reference line indicates the introduction of the reform. Not corrected for covariates.
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Supplemental Figure4a-c. Unadjusted and adjusted difference-in-difference estimates stratified by hospital type.
The vertical bars indicate 95 % confidenceintervals. Control group consists of patients from Halland and Vistra
Gotaland.
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