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Abstract
Objectives  To compare the quality of care—using 
unplanned acute hospital readmissions as a quality 
measure—among patients treated at private for-profit 
hospitals (PFPs), private non-profit hospitals (PNPs) and 
public hospitals (PUBs) in Norway.
Design  A retrospective comparative study using the 
Norwegian Patient Register. Readmissions were evaluated 
by logistic regressions both using adjustment for various 
patient-level and other covariates, and a two-stage model 
using distance as an instrumental variable.
Setting  The Norwegian healthcare system.
Population  All publicly financed patients having 
primary total hip (37 897 patients) or primary total knee 
arthroplasty (25 802 patients) at one of the three hospital 
types from 2009 to 2014.
Primary outcome measure  30-day unplanned acute 
hospital readmission rate.
Results  We found highest readmission rates among 
PUBs and lowest among PFPs, for both procedures. 
However, the patients were on average more than 2 years 
younger at PFPs. PFPs also treated the least severe 
patients, while PUBs treated the most severe. Using 
adjustment for various patient-level and other covariates, 
compared to PUBs, both PFPs and PNPs had lower odds 
of readmission following both procedures. However, using 
the instrumental variable method, the only significant 
difference found was a lower odds of readmission at 
PNPs among hip patients when compared with PUBs. 
No patients in our data set were readmitted to PFPs, 
those originally treated at PFPs were readmitted to either 
PNPs or PUBs, and PUBs received most of the readmitted 
patients across hospital types.
Conclusions  Quality differences between hospital 
types were small; however, PNPs had significantly lower 
readmission rates compared with PUBs among patients 
having total hip arthroplasty. PUBs received the larger 
part of the readmitted patients across hospital types and 
thus play an essential role in the care of more complex 
patients and for readmissions, regardless of any quality 
differences.

Introduction
In recent decades, countries with tax-based 
universal healthcare systems have experi-
enced increasing attention from private 
healthcare providers.1 This trend is a result 
of growing policy challenges centred around 
containing healthcare costs while retaining 
universal access to health services and further 
improving quality of care.2 However, knowl-
edge about the effects of the expansion of 
private hospitals in universal health systems 
is limited.2 3 In Norway’s tax-based universal 
healthcare system, services are largely 
provided through public hospitals (PUBs). 
However, private non-profit hospitals (PNPs) 
and private  for-profit hospitals (PFPs) have 
become important health service providers. 
The expanded use of private hospitals has 
raised several concerns—for example, 
regarding maintaining quality of care. The 
aim of the present study was therefore to 
compare the quality of care among PUBs, 
PNPs and PFPs measured by acute readmis-
sion rates. In addition, we analysed whether 
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patients were readmitted to the same type of hospital as 
where they had their initial procedure or at a different 
hospital type, hypothesising that PUBs would ultimately 
be responsible for complicated patients requiring read-
mission even when their primary surgeries took place at 
other types of hospitals.

All major PUBs and PNPs in Norway are funded by the 
Regional Health Authorities (RHAs) through a combi-
nation of risk-adjusted capitation and activity-based 
financing (ABF) based on DRGs.4 As in many other coun-
tries, PNPs were forerunners in healthcare delivery. In 
contrast, the first Norwegian PFP was established in 1985, 
and PFPs had only modest activity until early 2000. Three 
major changes in Norwegian secondary care services led 
to an expansion in the number of PFPs and PFP activity1: 
the introduction of ABF in 1997, the Hospital Reform of 
2002 and the Patients’ Rights Act (implemented in 2001 
and expanded in 2004). In this new system, a patient 
with a referral for secondary care services from a general 
practitioner had a right to choose any hospital owned by, 
or under contract with, the RHAs for the same copay.4 
The patient was also given the right to examination 
and, potentially, treatment within a specific time limit. 
If this time limit was exceeded, the responsible RHA was 
obligated to cover the costs and provide the services at 
another hospital in Norway or abroad.5 The newly formed 
state-owned RHAs were given the authority to organise 
procurement competitions among PFPs1; after winning a 
contract, the PFP was included in Norway’s ‘free hospital 
choice system’ (FHCS).6 PFPs also served patients whose 
care was financed out of pocket or by voluntary private 
health insurance (VPHI).7

We focus on two surgical procedures to assess quality 
of care: total hip arthroplasty (THA) and total knee 
arthroplasty (TKA) due to osteoarthritis. In addition to 
the projected growth of THA and TKA surgeries,8 these 
procedures were performed at all three hospital types 
and at high enough volumes such that complications 
leading to hospital readmissions—our primary outcome 
measure—may occur with sufficient frequency so  that 
differences between hospital types could be detected. 
The use of 30-day readmission rates at facility level is 
a widely used quality measure in Europe, including 
Norway,9 and in the USA; the Centers for Medicare and 
Medicaid Services  (CMS), for example, chose a 30-day 
readmission rate following THA or TKA as an initial 
measure of quality after reviewing several National 
Quality Forum metrics.10 Hospital readmissions have 
also been cited in The US Patient Protection and Afford-
able Care Act as an important quality measure for total 
joint arthroplasty.11–13 Since our aim was to compare 
hospital types in the Norwegian health system, where 
increased use of private hospitals—whose organisation 
and tasks performed differ considerably from what 
is found in PUBs—is frequently discussed as a policy 
option, we assessed average quality (based on these stan-
dard measures) and differences across hospital types. 
There are considerable costs associated with hospital 

readmissions,13 and understanding these patterns may 
help Norwegian decision makers improve the use of 
resources and health outcomes. Since the FHCS includes 
PUBs, PNPs and PFPs, quality of care among all three is 
crucial for policymakers and patients. However, empir-
ical literature comparing quality of care between the 
three in a universal health system is limited and incon-
clusive. Comparisons targeting countries with healthcare 
systems different from that of Norway also differ in their 
conclusions.14–17 All three hospital types were financed 
via a prospective payment system and thus had substan-
tial incentives to deliver high-quality care to attract 
patients. However, since quality measures were often 
used as criteria by the RHAs when new contracts with 
PFPs and PNPs were being evaluated and, since Norwe-
gian PFPs and PNPs in general are more specialised in 
their services compared to PUBs, it was hypothesised 
that there would be lower odds of readmission following 
surgery at PFPs or PNPs compared with PUBs.

Methods and statistics
Study population and data sources
The study cohort was identified using the Norwegian 
Patient Register (NPR), which contains data on all 
publicly financed patients treated at any Norwegian 
hospital. We included patients having primary hip or 
knee replacement due to osteoarthritis coded with the 
ICD-10 (International Classification of Diseases) and 
NCSP (NOMESCO Classification of Surgical Procedures) 
combinations included in the online  supplementary 
appendix table A1. The Norwegian Arthroplasty Register 
(NAR) uses the same NCSP codes in their annual report 
for both primary THA and primary TKAi. The NPR and 
NAR have previously been merged and found valid and 
reliable.18 19 Even though most PFPs report all their 
patients to the NPR, the register only fully captures 
the publicly financed patients; patients financed out of 
pocket or by VPHI are therefore not included in this 
study. We also excluded all patients financed under the 
time limit violation arrangement, as those patients could 
receive treatment at hospitals not included in the FHCS 
for that specific procedure.

Variable definitions
We treated readmission at any hospital within 30 days as 
a binary outcome. Only readmissions registered as acute 
were included, and patients readmitted with a classified 
cancer diagnosis registered as main cause of readmis-
sion were excluded. Independent variables included 
age group, gender, comorbidity using the Charlson 
Comorbidity Index (CCI) and the sum of inpatient days 
at any hospital within 365 days prior to the date of the 
surgical procedure (length of hospital stay in the previous 
year;  LOSPY). The CCI was calculated from recorded 
main diagnosis or secondary diagnoses20 at any hospital 
stay within 365 days prior to the date of the procedure, 

i http://nrlweb.ihelse.net/Rapporter/Rapport2015.pdf%20
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Figure 1  Analysed and excluded total hip arthroplasty patients. *Both new and pre-existing cancers.  VPHI, voluntary private 
health insurance.

and is previously found to be associated with a higher 
readmission rate following orthopaedic surgery, arthro-
plasties included.21

Analytical approach and statistical methods
In Norway, all citizens are given a personal identifica-
tion number which we used to  trace the patient at any 
hospital, both public and private. We performed all anal-
yses using the statistical software SAS V.9.4ii. Mean, SD 
and frequencies were used for descriptive purposes and 
logistic regressionsiii were used to compare PNPs to PUBs 
and PFPs to PUBs. We adjusted for case-mix differences 
when comparing quality differences by hospital type. The 
first approach we used was adjustment for various patient-
level and other covariates. The second approach was a 
two-stage method using instrumental variable (IV). We 
used distance to hospital as an IV22—that is, a variable asso-
ciated with a specific treatment pattern, but not otherwise 
related to the underlying patient characteristics and not 
directly affecting the variable of interest.22 23 Distance in 
kilometres to the nearest hospital type—whether PFP, PNP 
or PUB—was measured from the centre of the patient’s 
home municipality to the centre of the municipality 
in which the hospital was located. If the patient used a 
hospital in the patient’s home municipality, distances were 
set to 2 km, which reflects the average density and hence 

ii SAS Institute Inc, Cary, NC, USA
iii Applying the SAS PROC LOGISTIC

travel distance that patients in urban areas of Norway face. 
In the first stage, we used distance to hospital as an IV 
together with other relevant variables to model the odds 
of choosing a hospital of a particular type (online supple-
mentary appendix tables A2 and A3). In the second stage, 
we included predicted odds from the first stage as an 
independent variable for the hospital type, in addition to 
the above-mentioned risk adjusters. Logistic regressions 
were used in both stagesiv. All variables, including the 
four RHAs and year, were treated as fixed effects. The OR 
and a 95% CI were calculated, and we reported per cent 
concordant (%C) and Akaike information criterion as 
goodness-of-fit measures. Lastly, taking advantage of each 
patient’s unique identification number at any hospital, 
we performed a flow analysis to investigate to what extent 
readmitted patients were readmitted to the same type of 
hospital as where  they had the surgical procedure, or if 
they were readmitted to a different type of hospital.

Results
Patients and hospital characteristics
After applying our exclusion criteria, we had 37 897 THA 
patients and 25 802 TKA patients for analysis (figures 1 
and 2). Descriptive statistics about the patient sample 
included in the study and readmission rates among the 

iv Applying the SAS PROC LOGISTIC
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Figure 2  Analysed and excluded total knee arthroplasty patients. **Both new and pre-existing cancers.

three different hospital types for the THA and TKA 
patients are reported in table 1.

For both procedures, the 30-day readmission rate was 
lowest among PFPs and highest among PUBs. The share 
of men who had THA and TKA ranged from 31% to 
36% and 34.4% to 48%, respectively, and the share of men 
was highest at PFPs for both procedures. The mean age 
was lowest in PFPs and the mean age for patients treated 
by PUBs and PNPs was approximately 2 years higher. 
Patients who had surgery at PFPs had the shortest average 
length of stay in hospitals the previous year, the on average 
fewest number of comorbidities and the  lowest average 
CCI. Respectively, patients at PUBs had more than twice 
the average LOSPY, number of comorbidities and CCI. 
PUBs were the hospitals closest to patients on average 
regardless of where they had surgery (ranging from 18 
to 34 km among THA and 19 to 35 km among TKA), and 
PFPs were generally the furthest (ranging from 97 to 427 
km among THA and 147 to 457 km among TKA).

Regression analyses
Using the method of adjustment for various patient-
level and other covariates, we found that patients who 
had THA or TKA surgery at PNPs or PFPs had lower 
odds of unplanned acute readmissions compared to 
otherwise similar patients having surgery at PUBs. The 
effects are sizeable, with  approximately 50% lower odds 
of readmission (table 2). Using the two-stage IV method, 
PNPs still had lower odds of readmission among THA 

patients. Among TKA patients, the point estimate was 
0.89, suggesting somewhat lower odds of readmission 
among patients having surgery at PNPs than those 
having surgery at PUBs, but the difference was not 
significant. For patients having surgery at PFPs, the 
estimate for both procedures was no longer significant, 
indicating no detectable differences when compared 
with patients having surgery at PUBs. Results from the 
first stage of the IV method and their interpretation are 
shown in the online supplementary appendix.

With both the adjustment for various patient-level and 
other covariates method and the two-stage IV method, 
we found that men, and patients with a high comorbidity 
index (CCI) or longer LOSPY, had a significantly higher 
odds of readmission compared to the reference groups. 
We also found that younger THA patients (18–49 years, 
50–59 years and 60–69 years) had lower odds of read-
missions than the reference group (who ranged from 
70 to 79 years), while older THA patients (≥80 years) 
had higher odds of readmission. Among TKA patients, 
the age group of 60  to  69-year-olds had significantly 
lower odds of readmission than the reference group. 
Lastly, in the analysis comparing PNPs and PUBs, the 
oldest patients (≥80 years) had significantly higher odds 
of readmission.

Readmission flow
The clear majority of readmissions were  made to PUBs 
regardless of where patients received their initial surgery. 
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Table 3  Flow of patient readmissions from index hospital—THA and TKA

Index hospital Receiving hospital

THA PFP PNP PUB Total

 � PFP 0 3 (18.75%) 13 (81.25%) 16

 � PNP 0 157 (40.36%) 232 (59.64%) 389

 � PUB 0 20 (0.84%) 2357 (99.16%) 2377

TKA

 � PFP 0 1 (3.85%) 25 (96.15%) 26

 � PNP 0 134 (42.95%) 178 (57.05%) 312

 � PUB 0 13 (0.79%) 1640 (99.21%) 1653

Share of readmissions from index hospital within parentheses.
PFP, private for-profit hospital; PNP, private non-profit hospital; PUB, public hospital; THA, total hip arthroplasty; TKA, total knee arthroplasty.

No readmissions (per our criteria) were found at PFPs 
in the Norwegian Patients Registerv, across procedures 
(table 3). Among patients having surgery at PFPs, 81.25% 
of the THA readmissions and 96.15% of the TKA read-
missions were readmitted to a PUB. Among patients 
having surgery at PNPs, 59.64% of the THA readmissions 
and 57.05% of the TKA readmissions were readmitted to 
a PUB. Among readmitted patients having surgery at a 
PUB, 99.16% of the THA readmissions and 99.21% of the 
TKA readmissions were readmitted to a PUB.

Discussion
Principal findings
In terms of quality of care as measured by readmissions 
for THA and TKA, we found little significant difference 
between the various hospital types. While adjusting for 
various patient-level and other covariates, we found some 
significant quality differences. These were greatly atten-
uated using the IV approach, whose advantage is that it 
permits adjustment for both observed and unobserved 
confounders in observational data.22 24–26 Using this 
method, we compared patient groups that differ in the 
likelihood of receiving a treatment at different hospital 
types as opposed to comparing patients with respect to 
the actual treatment received (which may be biased). 
Thus, we adjusted for unobserved confounders that we 
could not adjust for by simply including patient-level and 
other covariates—for example, patient compliance, which 
may explain some observed quality differences between 
hospital types. The use of thromboprophylaxis, recom-
mended by the national Norwegian guidelines the first 
10 postoperative days following primary THA and TKAvi 
vii, is found to prevent venous thrombosis27 28 and better 
patient compliance has previously been found to result 

v PFPs are required to report all hospital admissions among publicly fi-
nanced patients.
vi https://sites.helsedirektoratet.no/sites/antibiotikabruk-i-sykehus/
profylakse-ved-kirurgi/ortopedisk-kirurgi/Sider/default.aspx.
vii Prevention of VTE in Orthopedic Surgery Patients: A Norwegian adap-
tation of the 9th ed. of the ACCP Antithrombotic Therapy and Preven-
tion of Thrombosis Evidence-based Clinical Practice Guidelines.

in lower readmission rates.29 The additional finding that 
PUBs received the major share of hospital readmissions 
while PFPs received none, indicates that regardless of any 
quality differences, PUBs play an essential role in the care 
of more complex patients and for readmissions.

Strengths and weaknesses
The primary strength of our study is access to the NPR, 
which contains information on all publicly financed 
patients who have received treatment at all public and 
private hospitals in Norway. The academic literature 
covering quality of care in PUBs, PNPs and PFPs in the 
Nordic countries using register data is almost non-exis-
tent. Compared to many studies on hospital readmission 
carried out on a limited group of patients, this large and 
thorough data set represents the Norwegian population 
in the most robust way. Additionally, the recent time 
range of our study, 2009–2014, provides indications of 
current clinical practice that will be relevant for policy 
and decision makers. Our results from comparing the 
hospital groups are obviously only valid for the two 
procedures analysed. However, despite not being gener-
alisable to all activities in the various hospital groups, 
the increasing importance and prevalence of these, now 
classic, procedures make them particularly interesting 
to understand in universal health systems such as the 
Norwegian. In many of the countries with comparable 
health systems, these two procedures represent a large 
share of the elective inpatient surgeries performed at 
private hospitals and are thus among the procedures 
offered at all hospital groups in these countries. A limita-
tion is that our study does not include patients at PFPs 
financed out of pocket or by VPHI, which caused the 
relatively small number of patients at PFPs to be even 
smaller. An implication of this limitation is that given the 
small number of observations in the PFP category, the 
study’s power to detect differences between PFPs and 
PUBs is lower than desired. Another limitation is that the 
register does not contain all clinical variables that one 
may want when differentiating patient subgroups, such 
as various anatomical variables and the American Society 
of Anesthesiologists score.
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Discussing important differences in the results
Studies on quality differences between private and 
public hospitals from England’s comparable taxed-based 
National Health System (NHS) report mixed results. 
Chard et al, for example, found that although private 
providers tended to provide hip or knee replacements 
to healthier patients, they had better outcomes when 
compared to public providers even after adjustment for 
preoperative differences; however, there were no signifi-
cant differences in quality of care among patients having 
surgery for hernias or varicose veins.30 Zaidi et al found 
no significant differences in 12-month reoperation rates 
between Independent Treatment Centres and NHS hospi-
tals among patients with primary ankle replacements.31 
Browne et al, however, reported better patient-reported 
outcomes for cataract surgeries and hip replacements in 
PFPs, but worse patient-reported outcomes for hernia 
repair.32 Furthermore, Sanjay et al found no significant 
differences in postoperative complications following 
inguinal hernia repair in private versus public hospitals.33

Many of the Norwegian PNPs fit into the definition of a 
specialty hospital, as defined by Schneider et al34 as hospi-
tals that treat patients with specific medical conditions 
or in need of specific medical or surgical procedures, 
a possible explanation  to why PNPs can provide higher 
quality of care than PUBs. Cram et al,35 using generalised 
estimating equation models on CMS data and accounting 
for hospital level clustering, compared the quality of total 
hip and knee replacement in specialty and general hospi-
tals in the USA, and found, after adjusting for patient 
characteristics using Elixhauser’s method and hospital 
volume, that specialty hospitals had significantly lower 
odds of adverse outcomes for both primary joint replace-
ment and revision joint replacement. We also speculate 
that many PNPs have a relatively high hospital volume, 
often divided between relatively few surgeons, resulting 
in a high surgeon volume. Katz et al studied the associ-
ation between hospital and surgeon volume and the 
outcomes of total hip replacement and found better 
outcomes among both high-volume hospitals and high-
volume surgeons36; in a later study the same pattern was 
found for total knee replacement.37 Lastly, some PNPs 
provide relatively limited medical training for doctors, 
resulting in more  experienced surgeons. Singh et al 
found significantly more errors among trainees, when 
compared to their non-trainee counterparts, due to lack 
of technical competence or knowledge, and the trainee 
errors appeared more complex than non-trainee errors.38 
Gawande et  al  reported that the most commonly cited 
system factors contributing to errors among the teaching 
hospitals studied were inexperience/lack of competence 
in a surgical task.39

Conclusions and policy implications
Among the publicly financed patients having THA or TKA 
surgery between 2009 and 2014 in Norway, quality differ-
ences between hospital types were small. Still, both using 
adjustment for various patient-level and other covariates 

and a two-stage model using distance as an IV—the most 
robust method—we found significantly lower odds of 
readmission when patients had THA at PNPs compared 
to PUBs. However, PUBs received the majority of the read-
missions for patients having had surgery across hospital 
types and no readmissions were registered at PFPs. PUBs 
thus play an essential role in the care of more complex 
patients and for readmissions, regardless of any quality 
differences. These findings indicate that Norway’s use of 
both PNPs and PFPs does not compromise quality of care 
among THA and TKA patients, but since there are consid-
erable costs associated with hospital readmissions, these 
patterns require further study to help decision makers in 
their resource allocation efforts.
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