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Effects of introducing a fee for “inpatient overggaon the rate of death and readmissions
across municipalities in Norway.
ABSTRACT
The Norwegian healthcare coordination reform (Sardhiagsreformen) was

implemented from January 1, 2012. In addition wvling municipalities with funding to
strengthen their health infrastructure, it requineghicipalities to pay hospitals a daily fee for
patients who, having been declared ready for drgehand in need of municipal health
services, were not received by the municipalitiesime. This study examines the effects of
the reform on the rate of death and readmissioagrang within 60 days of hospitalization.
We use aggregated municipal data for years 20Qd),2ZD12-2014 (N=1646) for Norwegian
patients (age 18+) hospitalized in the same year€ ©PD/asthma, heart failure, hip fracture,
and stroke. We stratify our analyses of the mualaijata by these patient groups. Our linear
regression models test for moderated (interacefierts whereby associations between the
reform and the rate of death and readmissionsiwamwhether or not patients were classified
as ready for discharge and in need of follow-ug ¢arthe municipality. The models adjust
for municipal sociodemographic and health charasttes. We found no statistically
significant moderated effects of the reform actbgspatient groups, except for patients with
stroke (b=.027, SE=.109<.05). Specifically, compared to the pre-reformiqe(2009-
2010), the post-reform period (2012-2014) was aaset with a higher rate of readmissions
at high predicted values of needing follow-up cadéhough our analyses of municipal data
suggest that patients with stroke are vulnerabtag¢aeform and its incentive scheme, there is
no strong evidence overall to suggest that the Mgran healthcare coordination reform is

functioning in a manner that exacerbates the risleath and readmissions.
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INTRODUCTION

Increasing efficiency and reducing costs whilstmteining good quality of care and
patient outcomes is a priority for many countriasluding Norway. The Norwegian
healthcare coordination reform (henceforth refowa} implemented from January 1, 2012
(Norwegian Ministry of Health and Care Services [N@IS], 2009). Among other features, it
included incentives in the form of fees for in-pati overstays. Our aim in this study is to test
whether the effect of the reform on the rate otlkleamd readmissions is contingent upon
whether patients were classified as ready for disghand in need of follow-up care in the
municipality.
Background

Hospital length of stay (LOS) have been comprelvehsdebated in several countries,
and financial incentives have been used as adaalduce LOS. In Sweden, the 1992 Adel
reform required municipalities to pay a fee foratipnt overstays in acute care hospitals
(Johansson, 1997). Denmark followed with a sinstdreme in 2007 (Sundhedsloven, 2007)
as did Helsinki, Finland from 2007 (Hakkinen et ahpublished results). A 2011 Swiss
policy also targeted LOS in psychiatric hospitaleve, after an initial lump sum payment,
hospitals were reimbursed at a progressively labedy rate (Warnke et al., 2014). In their
evaluation, Warnke and colleagues found that tbigy had no notable effect on LOS but
was associated with a slight reduction in 30-dagneissions.
Other measures have included that of England wistadijng in 2012, the government
stopped reimbursing hospitals for avoidable emeargee@admissions occurring within 30-

days post-discharge (Burgess and Hockenberry, 2@8tiljtionally, in Germany as of 2004,
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hospital admissions followed by readmissions fergame conditions within the same DRG
were counted as single episodes and reimbursed(Knséensen et al., 2015).

Although not consistent, research suggests tloat 8©S can lead to unfavorable
outcomes. Studies have reported a negative associatween LOS and both readmissions
(Carey, 2015; Martin et al., 2016) and mortalitp@gern and Arnsten, 2015; Schneider et al.,
2012). In a quasi-experimental study from the USignts treated by physicians with a
tendency of discharging patients after short LO®daa higher risk of 30-day mortality
compared to patients treated by physicians withofigosite inclination (Southern and
Arnsten, 2015). Evidence from England also suggastspremature discharge may have
contributed to the situation whereby a 1-day averagluction in LOS between 2001 and
2005 was accompanied by a 0.7 million increaselmissions over the same period, (Bryan,
2010).

Evidence from Norway found that elderly patientsctiarged from hospitals with
short average LOS faced a higher risk of unplar8teday readmissions compared to patients
discharged with longer average LOS (Heggestad, 2@)@rvatn (2010) also found that
elderly patients reported declines in average L@&iacreases in rates of unplanned
readmissions between 1999 and 2006; and longendi@®Sassociated with a lower risk of
unplanned 30 or 90 day readmissions. Finally, tegtdm a multi-country double-blinded
placebo-controlled trial indicated that longer L@8s associated with a lower risk of 30-day
readmissions among heart failure patients (Eapah,&2013).

The twin challenge of containing costs whilst gafrding patient outcomes is a
central concern that motivated the design and impteation of the healthcare reform in
Norway. The reform can be seen as part of a braadiemm movement towards improving
coordination and shifting tasks and responsibdifrem specialist to primary health care. A

motivation for the international reform movemenaiworry that health care systems are not



sustainable as currently organized. Reforms areagd to result both in improved care for
patients and overall reduced cost compared tostaadilternatives. Beales and Smith (2012)
reviewed the evidence on whether or not high qualitmary care reduces use of specialist
care with associated cost savings and improvedtyudllife for patients. Three broad forms
of primary care interventions were evaluated: retyior delaying the onset of disease,
reducing use of specialist care after identifyingimical condition, and reducing the intensity
of specialist care when the need for such caratissn. The authors concluded that there is
little persuasive evidence on the macro benefifgriofiary care spending and, with a few
exceptions, the micro evidence is small scale aodnclusive. Evaluations of larger scale
schemes with carefully chosen controls are theeafouch needed.
The Norwegian Context

The Norwegian coordination reform was implemented publically funded
healthcare system where multipurpose municipaléresresponsible for primary care (e.g.,
GP services), institutional and home nursing caind, rehabilitation services among other
duties like primary education (Ringard et al., 20T¥ particular interest in the reform was
the introduction of a financial penalty, paid by muipalities to hospitals, and aimed at
reducing inpatient overstays. In the context ofréferm, inpatient overstayers are patients
who are classified in the hospital registers aadyefor discharge and in need of follow-up
care in the municipality”. Municipalities that dmebt receive these patients in time originally
paid hospitals a fee of 4,000 Norwegian crownsdasgr, a figure that was increased to 4,505
crowns (approximately $557) per day in 2016. Inithold to the penalty for overstayers
described above, the reform included a) municipdirmancing of patients treated in the state
owned specialist health care services and b) tipéeimentation of a system of local acute
services aimed at reducing hospitals admissionsidal co-financing of patient treatment

was restricted to internal medicine services (&n@atients, day stays and outpatients). This



element of the reform was terminated after two yé&cause the effects were negligible
(Askildsen et al., 2016).

Specialist care including hospitals is owned amdiad by the central state. Since the
central state also affects municipal revenues tiit@icomprehensive grant system, transfer
of resources is possible. Given the expected isereathe demand for municipal health
services, the reform also transferred funds frospltals to municipalities to aid the latter in
strengthening their healthcare services. As a cuesee, municipalities faced a price shift
where using hospital services and not their ownpétients ready for discharge became more
expensive. The price shift had the expected effediospital LOS, which was reduced by
three to five days for patients hospitalized fqr fiacture, stroke, heart failure, and
COPD/asthma (Melberg and Hagen, 2016).

The reform represents a comprehensive policy packaglving several measures to
ensure successful implementation and commitmetiteoinvolved parties (NMHCS, 2009).
Two new laws that complement the reform have aésnkadopted: The Norwegian Public
Health Act or Folkehelseloven in 2012 and the AdWlanicipal Health and Care Services or
Helse- og omsorgstjenesteloven in 2011. These dagvaimed at reinforcing the
municipalities’ responsibility for public healthh& reform can be characterized as a natural
experiment conducive of a full scale assessmetiteoéffects of its fees for inpatient
overstays. In the face of an increasing aging @pmr and rising healthcare costs, designing
funding schemes and incentive structures that ptemihiciency in service delivery and good
patient outcomes is important, also for Norway.

The Current Study

The current study builds on the work of Melberg &tatjen (2016). Using Norwegian

register data for patients that has been aggregati@ municipality level, we specifically

examine the extent to which the effects of therrafon the rate of death and readmissions



vary by the classification of patients as readydischarge and in need of follow-up care in
the municipality. Our findings will add to the eeigdce base on the impact of financial
incentives on patient outcomes in tax based sysseits as Norway’s social democratic
welfare state; and specifically on the impact naficial measures used to reduce inpatient
overstays.
METHODS
Data and Sample

Nationwide data for Norwegian municipalities areided from individual-level data
from the Norwegian Patient Registry and the Noraed@tause of Death Registry. We begin
by first describing the individual-level data. Tsé&mple consists of patients age 18 and older
who were hospitalized between Januafafd October $12009-2014 for COPD/asthma
(ICD 10: J44, J45 and J46), heart failure (ICD IB0), hip fracture (ICD 10: S72), and stroke
(ICD 10: 163). As defined in this study, ardex admissiois a hospital admission for any of
the four conditions and is part of srdex hospital episodedefined as the first inpatient
treatment during the calendar year for the giverdadmn. Hospital episodes include
between-hospital transfers where no more than apdds elapsed from the point of
discharge until admission into the next hospital bE included in the study, a patient had to
have not been diagnosed with any of the conditadray point during the 365 days
preceding the index admission for the same comdifidie individual-level analytic samples
(hospital episodes) are as follows: COPD/asthmaB®, heart failure (29,041), hip fracture
(46,476) and stroke (44,756). These samples extatiecen 180 (.4%) and 2,034 (6.6%)
hospital episodes across the groups for which tisemessing data on study measures.

The municipality outcomes under investigation agarly rates of death and
readmissions. They are described further belowe@lace heterogeneity and thus get a

clearer understanding of the impact of the refomoor outcomes, we stratify our municipal



analyses by subgroups that correspond to the pagieaps from which the municipal data
are derived: group 1 (COPD/asthma), group 2 (Hedutre), group 3 (hip fracture), and

group 4 (stroke). These diseases were chosen leettaysare associated with a high
likelihood of readmissions (Desai and Stevensof22¥in et al., 2016). We lack data for
January and February 2015 and therefore cannatndetif patients admitted in November
or December 2014 experienced the outcomes in gue&ionsequently, we excluded patients
hospitalized during these months across our stedysyto avoid bias.

Hospitals and municipalities likely anticipated tieéorm such that their behavior may
have been influenced by it. We have erred on ithe af this possibility and expect that some
of the impact of the reform manifested early—in 2@tior to the implementation of the
reform in 2012. To reduce the attendant bias thatdcenario could introduce in our results,
we have excluded 2011 data from the analyses,igaws with municipality data for a
maximum of five study years: 2009, 2010, 2012-20%E municipalities are represented as
follows across the analysis subgroups: group 1 @2=8unicipalities), group 2 (N=409),
group 3 (N=428) and group 4 (N=427). Across thasegs, 85.6% of municipalities have
observations for all five years, 8.9% have obsématfor four years, and 5.5% have
observations for three years or less.

M easures

In this section, we first describe the individual| variables from which our

municipal measures are derived, after which wegmtethe latter. The dependent variables are
death(1=yes, 0=no0) or the first acuteadmission1=yes, 0=no) for any iliness, both

occurring within 60-days of the index admissioneTindependent variable is the
Coordinationreform (1=post-reform years 2012-2014, O=pre-reform y2aa9 and 2010)
which encompasses fees for inpatient overstayspobereform years represent the period

during which the fee for inpatient overstays wasffiect. The moderatoFollowupCarel



(1=yes, 0=no0), captures whether or not a patiestcshassified as ready for discharge and in
need of municipal health services (e.g., home ngrsehabilitation). We are particularly
interested in investigating whether the effectnaf teform on death and readmissions varies
by whether or not patients were classified as edn& post-discharge follow-up care. Our
exploratory analyses showed that the proportioobservations with the label
“FollowupCarel=yeswas significantly largerg<.000) in the post-reform period (0.29)
compared to the pre-reform period (0.16)—a diffeeethat remained statistically significant
net of yearly trends in this classification. Thisding was not surprising considering that the
reform incentivized hospitals to more diligentlpassify patients as in need of follow-up.

Due to the foregoing inconsistency, results baseduserved values for
FollowupCarelmay be biased. To mitigate this problem, we soaghsistency across our
study years (2009-2014) in the predicted probatdlitbeing classified as in need of follow-
up. Specifically, for each of the patient grouptepSl) we used year 2014 data to estimate the
probability of having theFollowupCarel=yeslabel net of gender, age, distance to local
hospital, comorbidities and length of hospital staghin 365 days preceding the index
admission, and month to control for any trendhafbllow-up classification. Hospitals in
Norway are organized under hospital trusts thatesdifferent districts (catchment areas). We
also included in the models fixed-effects for Noywsal9 districts to control for unmeasured
variation across the districts in factors suchhassupply of health services. We further
describe some of these variables below. Step 2das estimates from step 1, we generated
predicted values for the follow-up classificatiam &ll observations across our study years.
The variable that captures these predicted vakiesliowupCare2 We chose year 2014 data
as the basis for calculating predicted values mxate expected hospitals and municipalities
to have acclimated to some extent to the conditidrise reform; and we did not have access

to more recent data. Step 3) Then we created aratod variableFollowupCare3(1=yes,



0=no0), where we classified patients as in neealtd-up if they had a minimum predicted
value (from step 2) of 0.340 (COPD/asthma), 0.4®&(t failure), 0.573 (hip fracture) and
0.442 (stroke). With year 2014 data as the referaeme chose these cut-off points because
they allowed us to classify patients as in neefibdw-up such that the percentage of
observations characterized by this label in 2008320as approximately the same as in 2014.

The reform encouraged more diligent classificabbpatients as ready for discharge
and in need of follow-up care in the municipalitielewever, we cannot rule out the
possibility that it did not motivate other uninteadactions from healthcare providers (Jurges
and Koéberlein, 2015). For example, the reform mayehincentivized hospitals to pre-
maturely classify patients as ready for dischargkia need of follow-up care. This could
then have led to readmissions if the pre-maturelgidirged patients were exposed to limited
or unsuitable care in the municipality. In lighttbEse considerations, it is not sufficient to
only use post-reform/2014 data to address the sistancy between the pre- and post-reform
periods in the FollowupCarel=yesclassification. We have therefore also used 20@@
(pre-reform) to generate predicted probabilitiethef follow-up classification across our
study years. That is, we have repeated Steps Intth® previous section using 2009 data,
and specifically in Step 3, we classified patieagsn need of follow-up if they had a
minimum predicted value (from step 2) of 0.223 (@D#sthma), 0.262 (heart failure), 0.394
(hip fracture) and 0.301 (stroke).

To summarize, we now have five follow-up variakd¢she individual-level from
which we will derive municipal measures for exam@qbur research question:
FollowupCarel(1l=yes, 0=no; observed in the data; inconsistiassdication),
FollowupCare2_b%&ndFollowupCare2_b14predicted probabilities dfollowupCarel

based on 2009 and 2014 data, respectivEbljpwupCare3_b%ndFollowupCare3_b14



(1=yes, 0=no; follow-up classification based ondicted values fronfrollowupCare2_b9
andFollowupCare2_bhl4espectively).

At the individual-level, the sociodemographic amglth controls included to reduce
confounding of the focal relationship betweenti®rmand each of death and readmissions
areagein years at index admission (range: 18-1@épder(1=male, O=female}jistance to
the nearest hospitah kilometers (range: 2-522.7gngth of hospital stawithin 365 days
preceding the index admission(range: 0-252 days)camorbiditiesdiagnosed during
inpatient and outpatient treatment occurring witBéd days preceding the index admission.
Comorbidities are operationalized as a Charlson @bidity Index (Charlson et al., 1987)
based on 17 conditions: acute myocardial infar¢timmgestive heart failure, peripheral
vascular disease, cerebrovascular diseases, damn@@PD, rheumatic diseases, peptic ulcer
disease, mild liver disease, diabetes without carapbns, diabetes with chronic
complications, hemiplegia or paraplegia, renal@sse malignancy (except neoplasm on skin),
moderate/severe liver disease, metastatic soliotuamd HIV/AIDS. With a range of 0-17,
higher scores on the comorbidity index reflect podrealth.

In this study, we perform all our analyses on @atidne municipal level. Municipal
variables are derived from the individual-levelal&dr each municipality by the four
subgroups and the study years. The municipal vi@sahclude 1) the averagagein years,
number ofcomorbiditieslength of hospital stayn days during 365 days preceding the index
admissiondistancein kilometers to the nearest hospitabllowupCare2_b%nd
FollowupCare2_bl4and 2) the rate (per 1,000 population)dd#ath readmissionsmen
FollowupCarel FollowupCare3 _b%ndFollowupCare3_bl4For each municipality—by
groups 1-4 and year, the rates are calculateth@sotal number of cases (e.g., deaths,
patients in need of follow-up careivided bythe total population aged 18 years and older (for

each municipality per year), after which the resuthultiplied by1,000.
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Therate of deatrandreadmissiongre the dependent variables, teform (1=post-
reform 2012-2014, O=pre-reform 2009 and 2010)esitidependent variable, and the
FollowupCaremeasures are the moderators. All the other messerge as control variables.
Analysis Plan

Our analyses are performed using Stata/SE 15.0umicipal data derived from
patients aged 18 years and older. We call thastyses Aand they are stratified by groups
1-4. Descriptive statistics are presented in Tableor the rate of death and the rate of
readmissions, and for all groups, we first examitmedsociodemographic and health
correlates of the outcome measures (results aceided but not shown, available upon
request). Next, we assessed the main effects getben on variation in the rate of death and
readmissions across municipalities (results arerdes] but not shown, available upon
request). Thereafter, we examined the extent tcwtie effect of the reform on our
outcomes varied by the follow-up variables. We dbscthese moderated (interaction) effects,
however, we only show the significant interaction3able 2 for brevity. We also assessed
the interaction effects on municipal data derivenif the vulnerable subgroup of patients
aged 80 years and older who scored three or high#ére comorbidity index, and who also
had been hospitalized previously for five days oren\We will call thesanalyses BHere
too, we describe the findings but do not show #ixets for brevity.

All estimates in our regression models adjust liersociodemographic and health
characteristics of the municipalities. We used&sattreg command to fit linear regression
models to our panel data where the units/pamets€ municipalities and timé) @re our
study years. Our data are likely characterizeddoyabkcorrelation given that our panels are
observed repeatedly across time. Serial correlaonaffect the efficiency of the ordinary
least squares (OLS) estimates of the standardsgi®&s) in our models (Williams, 2015).

For example, in the case of positive serial coti@ha the estimated SEs will be smaller than
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the true SEs, leading to type | error where wectegdrue null hypothesis. We address serial
correlation by fitting our models with robust standl errors (StataCorp, 2017).

We performed an xtoverid test (Schaffer and Stilip#010) for each of our models to
determine if a random-effects model was more apjatgpthan a fixed-effects model. The
xtoverid test is similar to the Hausman test bdikerthe latter, it is appropriate for models
fitted with robust standard errors. We employedé&anargins, marginsplot and contrast
commands to explore and visualize significant axtéons. Shown below are two examples
of linear regression models that test our reseguestion.

Fixed-effects model [eq. 1]:

Death ratg = y(avg_agg) + y(rate_men) + by(avg_comorbidities) +
bs(avg_length of hospital stay+ bs(FollowupCare) + bs(reform) +
bz(FollowupCarg * reform) + G + U+

Random-effects model [eq. 2]:

Death ratg = a + by(avg_age) + by(rate_men) + bs(avg_comorbidities) +
bs(avg_length of hospital stay+ bs(avg_distance to hospitpt
bs(FollowupCare) + by(reform) + bg(FollowupCare * reform) + G + u;
In both equations, the subscripepresents municipalities ahdepresents the study years.
The coefficient bin eq.1 and §in eq.2 answers our research question as to whistheffect
of the reform on the rate of death varies by thleWwsup measures.;uis the error term. In the
fixed-effects model,;as the unobserved time-invariant/fixed effect fiaunicipalityi.
The average distance to the nearest hospital staatwithin municipality and is thus
excluded from eq. 1. In the random effects mod@, the intercept that captures the average
rate of death across the municipalitigss the municipality-specific random effect that
measures the difference between the average rdeatf in municipality i and the average

rate of death across all municipalities.
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RESULTS
Sample characteristics

Table 1 shows the average values, by subgroupdgat-the study measures in
analyses A. Group 1 has the lowest values for @geprbidities, and all the follow-up
measures except féollowupCare3_20090n the other hand, group 3 has the highest values
for age and for all the follow-up measures. Sinylathe values for comorbidities and length
of hospital stay are largest in group 2. The awerate of death is lowest in group 1 and
highest in group 4; and the rate of readmissiomggisest in group 2 and lowest in group 4.
The pattern across the groups does not indicateéhtbaverage rate of death or readmissions
is consistently higher in either the pre-refornthe post-reform period. Also for the other
measures, there are no large differences, ovesdileen the pre- and post-reform values
across the groups; and the differences that aszptrare not consistently observed in a given
period across the groups. Even so, length of stagnsistently larger in the pre-reform
versus the post-reform period for all groups; asthalar pattern is present for comorbidities
in all but group 1.

As evident in Table 1 across the groups, the aeevafyies foFFollowupCarelis
smaller before compared to after the reform. Asulised in the methods section, we
addressed this inconsistency by generating thablasFollowupCare2_200@nd
FollowupCare2_2014As seen in Table 1, we now have consistent ¢leasBons before and
after the reform in the follow-up measures.

<TABLE 1 HERE>

The rate of death and readmissions across the garepshown in Figures 1 and 2.
Consistent with expectations, the rates are lowesrsy patients age 18+ (analyses A)
compared to patients age 80+ (analyses B); andhtueges in the rates over time are less

dramatic in the former group. In both groups, therall death and readmissions rates
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increase from 2011 to 2012, and then decline frOaB2o 2014 especially for the elderly
group—ybut not among elderly heart failure patients.

<FIGURES 1 AND 2 HERE>
Associations between municipal characteristics and the rate of death and readmissions

The associations between the municipal sociodeapbir and health characteristics
and the rate of death was estimated using randfeateimodels for group 1 (intraclass
correlation coefficient=.28), group 2 (ICC=.15)dagroup 3 (ICC=.45); and using fixed
effects models for group 4 (ICC=.22). The ICCs cadi¢ that between 15% and 45% of the
variation in the rate of death could be explaingdlifferences across the municipalities.

The relationship between the municipal sociodermpigic and health characteristics
and the rate of readmissions was estimated usimdpra effects for group 1 (ICC=.29) and
group 4 (ICC=.03), and via fixed effects for graufilCC=.34) and group 3 (ICC=.24). The
ICCs show that between 3% and 34% of the variatidhe rate of death could be explained
by differences across the municipalities.

For all the groups, the rate of men was positive significantly associated with the
rate of death and readmissions. The average agsimdarly associated with death across
the groups, and also with readmissions for groupxtept for a positive and significant effect
of average comorbidities on death in group 3, tfemsure was not significantly linked to
death or readmissions across the groups. The avbragth of hospital stay had a positive
and significant effect on death but only in grodjpsd 2; and a similar effect on readmissions
only in group 3. The effect of average distancthéonearest hospital was only estimated in
the random effects models because this varialdenstant within municipalities. Across
those models, average distance was positive andisaqntly associated with the rate of death
but only in group 2; and it was not significantiyded to the rate of readmissions.

M oder ated effects of the coordination refor m on therate of death and readmissions
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We estimated random and fixed effects models tooisresearch question as to
whether the effect of the reform on the rate otll@aries by each of the follow-up measures
(FollowupCarel, FollowupCare2_h&ollowupCare2_bl4ollowupCare3_b9and
FollowupCare3_b1Y We fitted the models for municipal analyses A &) and found one
significant interaction in analyses B. It involv: reformandFollowupCarel(b=-0.427,
SE=0.156p<0.01, random effects, ICC=.68) for the rate ofiraesions in group 4 (stroke).
We believe that this finding is biased given theoimsistency in the follow-up classification
across the study years (see the methods sectiobeefbre, we will not pursue this result
further. In analyses A, we found two significanteiractions involving theeformand each of
FollowupCare2_2014ndFollowupCare3_2014or readmissions in group 4/stroke (Table 2
Models 3 and 5).

<TABLE 2>

The interaction shown in Table 2 Model 3 is demidteFigure 3 Part A. As shown in
the figure, during the pre-reform period, the @teeadmissions was .274, .259, and .245 at
low, average, and high valueskllowupCare2_2014espectively—where the average
value ofFollowupCare2_2014s 0 because this variable was centered at its noeavoid
multicollinearity in the interaction model. Low ahdjh levels ofollowupCare2_2014vere
respectively defined as one standard deviation (&w and above the mean. Specifically,
in the pre-reform period, there was no significdiffierence in the rate of readmissions at low
compared to average, low compared to high, or eta@e compared to high values of
FollowupCare2_2014In the post-reform period, the rate of readmissiwas .232, .259,
and .284 at low, average, and high valueBafowupCare2_2014There were significant
differences f<.05) in the rate of readmissions at low compaoeaivierage, low compared to
high, and at average compared to high valuéotdbwupCare2 2014However, the

Bonferroni adjusted p-values did not find stateltic significant £=.062) differences in any
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of the comparisons. Figure 3 Part A shows that,pared to the pre-reform period, the post-
reform period is associated with a higher rateeafimissions at high values of
FollowupCare2_2014and with lower rates of readmissions at low valofes
FollowupCare2_2014n group 3.
<FIGURE 3 HERE>

The interaction in Table 2 Model 5 is depicted igufe 3 Part B. As shown in the
figure, during the pre-reform period, the rateeddmissions was .261, .260, and .259 at low,
average, and high valueskdllowupCare3_2014espectively—where the average value of
FollowupCare3_2014s around O because this variable was centeresd atgan. Low and
high levels ofFollowupCare3_2014vere respectively defined as one SD below and above
the mean. In the pre-reform period, there was goifstant difference in the rate of
readmissions at low compared to average, low coeagar high, or at average compared to
high values ofollowupCare3_2014In the post-reform period, the rate of readmission
was .214, .259, and .304 at low, average, and\ages ofFollowupCare3_2014There was
a significant differencep&.001; including with Bonferroni correction for ntiple
comparisons) in the rate of readmissions at loBw®average, low versus high, and at
average versus high valueskafllowupCare3_2014The figure shows that, compared to the
pre-reform period, the post-reform period is asseci with a higher rate of readmissions at
high values ofollowupCare3_2014and with lower rates of readmissions at low valofes
FollowupCare3_2014
Main effects of thereform on therate of death and readmissions

In the absence of significant moderated effecth@freform on deaths and
readmissions, we report findings on the main effe¢the reform on deaths and readmissions

across the groups. Aside from the previously dbsdrinteraction effects, the reform was not
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significantly associated with the rate of deatlhe@dmissions across the groups in both
analyses A and B.
DISCUSSION

This study examined the effects of the Norwegiaaltheare coordination reform
(encompassing the fee for inpatient overstaysherrdte of death and readmissions using
municipal data derived from four patient groups@OGP D/asthma, 2=heart failure, 3=hip
fracture, and 4=stroke). Overall, our findings skdwhat the effect of the reform on the rate
of death and readmissions did not vary signifigahyl patients’ need for post-discharge
follow-up care as operationalized through five noypal measures. A possible explanation is
that municipalities in Norway used the extra researallocated to them (as part of the
reform) to build up their local healthcare servjoghich in turn may have safeguarded patient
outcomes. Consistent with this possibility, work®en and Hagen (2015) showed that
municipal services such as GP services, home lweadtlservices, and use of short term
nursing home stays were expanded in the same 3@82) that the reform was implemented.
Our models indicated that sizeable proportion$iefvariation in the rate of death and
readmissions could be explained by differencessaciite municipalities. One study of
Norwegian patients hospitalized for acute myocaidfarction (AMI) in 2009 (prior to the
reform) found, however, that municipal variatioraiikcause mortality among these patients
was fully accounted for by the patients’ charasters and not by the features of the
municipal health services (Ambugo and Hagen, 208%n so, the municipal context of care
may differ in important ways for patients with AMdmpared to some of the groups
considered in this study (e.g., patients with hngzfure who often require prolonged
rehabilitation post-discharge).

Our findings here and those of Melberg and Hag@a g suggest that hospitals are

discharging patients promptly, but perhaps not atenely—which would imply that the
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reform is functioning as intended. These findings counter to much of the existing research
described in the background section, and which ghatvshort LOS is associated with poor
outcomes like readmissions and mortality (Bjorv&0i.0; Heggestad, 2002; Southern and
Arnsten, 2015). The expansion and strengthenimgusficipal health services (Olsen and
Hagen, 2015) might explain this discrepancy. P&iaino are discharged from hospital on
time may also benefit considering that longer L@8 increase one’s risk of acquiring
infections in hospital (Leffler and Lamont, 201B)is also very likely that family members
stepped in with their support and supplemented onpali healthcare services, thereby
promoting the health and well-being of their low@mtes after discharge.

Our main significant finding suggests that patiemith stroke who are in need of
follow-up are more vulnerable to the reform. Thetp@form period was associated with a
higher rate of readmissions for this group compaoetie pre-reform period. The healthcare
reform targeted in-patient overstays. For patientis stroke, like other vulnerable groups, the
early period immediately following discharge fromsppital carries particularly high risk of
poor clinical outcomes (Desai and Stevenson, 204t#ntion has been given to transitions
of care as well as early post-discharge clinicdyiand monitoring (Desai and Stevenson,
2012). The question pertinent to our finding hereZhether Norwegian municipalities,
including GPs, are adequately prepared for thdaingés and extra care burden posed by the
transition from inpatient care to municipal follawp- care for heart failure patients?

Our findings are partly in line with other findingsthe literature. A British study by
Smith et. al. (2016) evaluated the associationsdmt LOS and hospital quality, as measured
by 28-day emergency readmissions. They found rezhgctn LOS over time whereas
changes in crude readmission rates varied by dsggmdonditional upon survival, the
probability of readmission was greater for strokéignts who originally had a shorter LOS,

and for hernia patients who had an overnight di#myvever, there was no relationship
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between LOS and readmission for patients with @gacement. Their findings added to the
research evidence which, although inconclusiveegaly suggests that reductions in LOS
are not associated with an increased probabilignoérgency readmission.

In the US, there has been a lot of interest inHbspital Readmissions Reduction
Program (HRRP), which was established under therdéible Care Act (ACA) in 2010.

HRRP imposed financial penalties on hospitals Wwigher-than-expected 30-day readmission
rates for patients with heart failure, AMI, and pn®nia beginning in 2012. After HRRP
went into effect, readmission rates among Medibareeficiaries declined for target
conditions nationwide (Wasfy et al., 2017; Zuckennedal., 2016). A recent study did
however indicate that the introduction of HRRP wigmificantly associated with an increase
in 30-day post-discharge mortality for patientshvheart failure and pneumonia, but not AMI.
Other studies also indicate that the associatiehsden LOS and readmission rates/mortality
are contingent upon diagnoses. Given this mixeddeape, financial incentives that target in-
patient overstays across the board, such as tiNtrefay, may not be especially helpful—
even though in the Norwegian context, the reforso allocated resources to municipalities
which may have buffered against unfavorable outsorRature research could concentrate on
identifying specific diagnoses that could benefini targeted incentive schemes, both in
terms of reduced LOS and good patient outcomesiré&uesearch should concentrate on
which diagnoses that are the most vulnerable.

Study strengths include analysis of nation-widesteg data yielding results that are
relevant to the Norwegian population of adults hasigped for COPD/asthma, heart failure,
hip fracture and stroke. We replicated our analysethe full sample (age 18+) on the
advanced elderly (age 80+), thereby contributingrtainderstanding of the impact of the
reform on this group who, faced with a heightenskl of death and readmissions given their

stage in the life course, may be especially vulolerto the reform. This study also has some
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limitations. The reform comprised other measuresdes the fee for inpatient overstays. Our
results capture overall associations between floemeand each of death and readmissions.
With appropriate data, future studies could hetfai® the effects of specific elements of the
reform on these outcomes. Our findings may be aorded by patient characteristics like
living alone or lack of companionship and adeqsatgport, which we do not control for in
our models. Additionally, due to a small samplesur estimates of the moderated effects
of the reform on death and readmissions amonglgl@&@PD/asthma patients should be
viewed with caution.

Conclusion Overall, we found little evidence to suggest tinat Norwegian healthcare
coordination reform is operating in a way that hésmgs the rate of death or readmissions
across the groups considered in this study. Evepat@nts with stroke appear vulnerable. It
may be appropriate to differentiate the (refornfé for inpatient overstays across diagnoses.
Future research should also address the cost®fiette reform. Analyses by Hakkinen and
colleagues (unpublished) covering hip fracturequds indicated that the observed shorter
hospital stays among these patients were morecthapensated for by longer stays in
municipal long-term-care institutions. Furthermdhes costs associated with the expansion of
municipal services (including health services) wpproximately comparable to the reduced
costs in hospitals due to shorter LOS. Althoughfoumnd little evidence of adverse outcomes
linked to the reform, a more comprehensive studgdvierse events—including mental iliness

and psychosocial health and well-being—is needed.
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Table 1. Sample characteristics: Municipa-level data for patients age 18+ hospitalized in2@D10, and 20:-2014in Norway.

Group 1 (COPD/Asthma) Group 2 Group 3 (Heart Failure) Group 3 (Stroke)
Pre-reform  Pos-reform  Pre-reformr Pos-reformr  Pre-reform  Pos-reforr  Pre-reform  Pos-reformr

Characterigtic Mean Mean Mean Mean Mean Mean Mean Mean
(D) (D) (D) (D) (D) (D) (D) (D)

Men (rate 0.77 0.81 0.92 0.9z 0.7¢ 0.7t 1.32 1.2¢
(0.66 (0.66 (0.69 (0.68 (0.66 (0.63 (0.89 (0.79

Age (avg. 68.6¢ 69.71 78.7¢ 78.81 80.2¢ 80.3¢ 75.0¢ 74.6¢
(7.87 (6.98 (6.04 (6.26 (5.99 (5.91 (5.82 (6.01

Comorbidity index (avg 0.2: 0.2Z 1.4¢ 1.5 0.6¢ 0.7¢ 0.6¢€ 0.71
(0.47 (0.48 (.01 (1.05 (0.63 (0.63 (0.57 (0.67

Length of stayavg. 6.0¢ 6.0¢ 9.1 8.17 4.64 4.0¢ 4.0C 3.8
(6.18 (6.72 (8.37 (7.22 (5.01 (4.87 (3.91 (4.29

Distance to hospital (km, av 65.5¢ 66.57 64.8% 65.0( 67.7¢ 67.2¢ 67.91 67.11
(65.49 (66.96 (62.96 (63.76 (67.83 (66.76 (67.54 (66.58

FollowupCarel (rat 0.0¢ 0.21 0.0¢ 0.2¢ 0.5C 0.8¢ 0.31 0.4¢
(0.16 (0.33 (0.19 (0.40 (0.59 (0.81 (0.43 (0.52

FollowupCare2_2009 (avt 0.0t 0.0t 0.0¢ 0.0¢ 0.22 0.22 0.1t 0.1t
(0.06 (0.06 (0.06 (0.06 (0.13 (0.13 (0.09 (0.08

FollowupCare2_2014 (av 0.1¢ 0.1¢ 0.2¢ 0.2¢ 0.4¢ 0.4¢ 0.31 0.3C
(0.11 (0.11 (0.16 (0.16 (0.22 (0.22 (0.15 (0.15

FollowupCare3_20( (rate’ 0.0¢ 0.0¢ 0.04 0.0¢4 0.3¢ 0.3¢ 0.2 0.1¢
(0.21 (0.22 0.17 (0.19 (0.64 (0.65 (0.42 (0.35

FollowupCare3_ 201 (rate’ 0.2¢ 0.27 0.37 0.3t 0.9¢ 0.9¢ 0.6(¢ 0.5¢
(0.43 (0.38 (0.52 (0.47 (12.13 (1.10 (0.72 (0.66

Death (rate 0.0¢ 0.1c¢ 0.2 0.2t 0.27 0.27 0.3¢ 0.3t
(0.22 (0.21 (0.33 (0.36 (0.35 (0.40 (0.43 (0.39

Readmissions (rat 0.31 0.3¢ 0.4C 0.4C 0.3t 0.3¢ 0.27 0.2¢
(0.38 (0.38 (0.45 (0.44 (0.41 (0.44 (0.35 (0.33

N 1071 108¢ 114z 1141 124z 124¢ 124¢ 124(




Table 2. Moderated effec—on rate of readmissio—of the Norwegian healthcare coordination reformoemgassing fees for inpatient overst

Municipality-level data for patients (age 18+) hitslized in 2009, 2010, and 2012-2014 for STROKEZN75).

Model 1

Model 2

Model &

Model ¢

Model &

I ndependent variables

b

SE

b

S

b

SE

b

S

b

S

Reform (/pr-reform
FollowupCare
FollowupCare2_20(
FollowupCare2_201
FollowupCare3_20(
FollowupCare3_201

Reform X FollowupCare
Reform X FollowupCare2_20i
Reform X FollowupCare2_20.
Reform X FollowupCare3_20i
Reform X FollowupCare3_20.
Constar

-0.01:
0.07¢

0.03¢

0.207

(0.016
(0.040

(0.050

(0.124

0.00z

-0.12¢

0.097

0.111

(0.016

(0.127

(0.174

(0.124

0.00¢

-0.09¢

0.27¢

0.15¢

(0.016

(0.091.

(0.109

(0.132

0.00¢

0.04:

0.04¢

0.157

(0.016

(0.030

(0.047

(0.125

0.00¢

-0.001

0.067"
0.187

(0.016

(0.018

(0.022
(0.131

Intraclass correlation coefficie
Mode

0.03(
re

0.02¢
re

0.03(
re

0.03(
re

0.02¢
re

"p<0.05" p<0.01,” p<0.00:




Figure 1.

Rate of death per 1000 population age 18+; and rate of death per 1000 population age 80+.
Figure 2.

Rate of readmissions per 1000 population age 18+; and rate of readmissions per 1000
population age 80+.

Figure 3.

(A) Rate of readmissions as a function of the Norwegian healthcare reform encompassing fees
for inpatient overstays and the average predicted probability of being classified asin need of
follow-up care.

(B) Rate of readmissions as a function of the Norwegian healthcare reform encompassing fees
for inpatient overstays and the rate of being classified asin need of follow-up care based on

predicted probabilities.
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Resear ch Highlights

* Reform aimed at fewer inpatient overstays and more post-discharge community care.

» Thereformisnot significantly associated with increased risk of adverse outcomes.

o Patients with stroke appear vulnerable to the reform.



