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Consequences of Local Variations in Social Care on

the Performance of the Acute Health Care Sector

Summary: The paper uses two-years worth of data from 15@ligh local
authorities to quantify the extent to which localtions in social care resources are
associated with variations in performance in thet@sector, and particularly on the
rates of hospital delayed discharges and hospitergency readmissions. Results
indicate social care services play a significamé io explaining local variations in

acute sector performance.

Keywords: Performance; Social Care; Acute Hospital Care.
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INTRODUCTION

Significant policy attention has been placed inergctimes on the efficiency
implications for the acute health care sector afrslyes in social care resources,
particularly in relation to the so-called ‘bed-kecs’ (Victor et al., 2000, Mountain
and Pighills, 2003, Glasby and Lester, 2004). THpsedominantly older) patients,
although ready for discharge from hospital follogviracute treatment, find
themselves unable to cope unassisted in the contyndhus trapped in a hospital
awaiting the availability of a community care pag&aor a residential or nursing

home placement.

Out of such concerns, the U.K. Secretary of StateHealth announced on 30
September 1998 the establishment of a National Beyisry (NBI), whose aim was

to ‘review assumptions about growth in the voluniegeneral and acute hospital
services and their implications for health serviaed hospital bed numbers looking
10 to 20 years ahead’. The English Department @litHdelieved that the long-term
decline in hospital capacity had gone too far,hed hospitals were now ill prepared
for dealing with increasing waiting lists and thecurrent winter pressures on
emergency beds. At the same time, it was of theniopi that significant

inappropriate and avoidable use of hospital ressuveas going on. Similar concerns
have been widely raised internationally (Rosko, 120@etter, 2003, Epstein et al.,

2001, Falcone et al., 1991).

In their report (Department of Health, 2000b), Ml stressed how hospital services
should be considered within a wider context, incigdother parts of health and

2
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social care systems such as primary, communitghiétative and long-term care. In
particular, the report collected circumstantialdevice for England suggesting that
the need for hospital services and beds was infkeetrby the availability of these
other services, which ‘can help prevent the needénte interventions, can enable
safe discharge to community or home-based careama@ct as either substitutes for

or complements to hospital services’.

The NHS plan (Department of Health, 2000a) annodinee very significant

expansion of intermediate care services, pledgingP@0 million investment on

community-based health and social care servicea0B3/2004. Such funds were in
addition to the £200 million already allocated tedith Act schemes promoting
partnership working (Department of Health, 1999hrough these services, the
British government expected among other thingset@hble to achieve a significant
reduction in the average rate of delay dischargen fnospital for people aged 75 and

over (Department of Health, 2001b).

Delayed discharge or ‘excessive’ length of stagfisn regarded as an inefficiency in
health and social care systems. Caring for patienteed of general social support
but that no longer require acute treatment in Habp much more expensive than
doing so in the community, in residential careronursing care homes (whereas the
cost per day of a hospital bed is around £200 @dedind Curtis, 2000), the average
daily price of residential and nursing home placetsias around £40). Although
‘delayed discharges’ have been a more or less tncous feature in England since
the inception of the NHS, they received particid#tention around the time of the
NHS Plan in 2000. Statistics in 2000 suggested dhatind 12% of acute beds for

people aged 75 and over were occupied by patientsting to be discharged.

3
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Reducing the numbers of delayed discharges cowdckefibre lead to a significant
boost in capacity for the acute sector. Doing s@ warticularly important amid
widespread concerns about waiting lists and insieffit throughput (Department of

Health, 2000a).

Social care services (or rather, the lack of) veensas a key explanation at the time,
with the official statistics identifying delays ‘@sed’ by the social care system in a
number of ways. For example in 2000 the main rem$ioked to delays were a lack
of assessment for community care (22%), no SSD ifgnd14%), and the
unavailability of social care packages following spital discharge (36%)

(Department of Health, 2001a).

Within the context outlined above, the paper ingegés the relationship between
local variations in social care services and tliw@eindicators of acute health system
performance, the rates of hospital delayed dis@safgr patients over 75 years old,
of emergency readmissions following an acute egismad of hospital throughput
(finished consultant episodes). The analysis imanly concerned with estimating
the strength and significance of the relationshegpwieen provision of social care
services and health care performance. Howeverlsd presents estimates of the
structural relationships between rates of delayeschdrges, emergency
readmissions, average length of stays and hogpitalighputs, with the particular
aim to test whether improvements with respect ttaydel discharges are at the

expense of deteriorations in other dimensions dbp@ance.

The reminder of the paper is organised as follovsfirst section presents the

analytical framework underpinning the analysis.t®ectwo introduces the data and

4
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empirical methods used in the estimation of the el®drhe following two sections
present respectively the results of the estimatiansl a discussion of their

implications for policy.

ANALYTICAL FRAMEWORK

Conceptually, the utility and constraint functicios key stakeholders in the health
and social care system — including service usedstheir families — are resolved
together to produce, relevant to our analysist afseealised demands for health and

social care services.

The exact processes that lead to deployment ofitabspsources in the form of
acute beds and health workforce are complex andi-thiaiensional. An equivalent
situation applies in the social care system. Whaelevant to the current analysis is
the administrative, professional and financial saflan between the acute health
sector and the long-term or social care sectors Taature is common in many
countries, not just England (Johri et al., 2003t) a result, the processes that lead to
service demands in the health sector make litb@w@at, when reaching these service
decisions, of the preferences and resource contstrai the social care sector, and
vice versa. In simple analytical terms two maxirti@aproblems can be summarised
by:

@) x%(6%w,B%)=argmaxu $(x°,5°),G%(6°%,x%, w, BS))

and

@  x"(0"w,B")=argmaqut(x",6")G" (6", x" ,w,B"))
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where superscripts H and S denote health (secondadysocial care stakeholders
respectively. In each caskis the preference/utility function of decision ek G is

a set of constraints they face. The are vectors of services (e.g. hospital beds,enom
care services etc). Furthermodandicates need is service budgets andindicates
price levels of factors of production. These deteemts are consistent with hospital
and social care models developed in the litergi0teeira, 2004, Forder and Netten,
2000, Forder, 2000, Fernandez et al., 2007). Theicee decisions in (1) i.e.
x! (Jj,w,Bi,x'j) might take a range of functional forms dependingtee nature of

the decision-making processes in use. Nonethelessnight expect the usual signs.

Prices are expected to have a negative relationshipdemand:dx’/ow<0, and

budgets should be positively relateb’' /0B’ > 0.

The functions in (1) do not embed the preferenoelscanstraints of decision makers
in the other sector (either health or social car&y such, we would not
systematically expect demands in (1) to coincidehihose made in a joint or co-
operative decision making process, such {a&,x%}=argmaxu",us,G",G®).
Nonetheless, there istechnical inter-relationship between the health and socat ¢
systems (Johri et al., 2003a) and therefore we thyggstse that decisions in one sector
will affect outcomes in the other, regardless of whether these effactsexplicitly

accounted for or not.

Rates of delayed discharge will depend on the lefeprovision of social care
services,x, because, ceteris paribus, variations in careepettaffect the chances
that people requiring a discharge to a care homéoaheir own home with a

community care service package receive support piflgmin particular, rates of
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delay will depend on the interplay of demand fod aopply of social care packages.
Demand is generated where people in hospital nedx tdischarged with a social
care package (and also when people are referradtfre community). Suppose that
the number of people to be discharged in any gdegnt is n. On average, with no

delays, discharges are equal to available bedsliyided by mean length of (non-

delayed) stayn™):

(3) n=

With excess demand for hospital care, availablesbger day are equivalent to
capacity: i.e.b=x". This also means that any increase in beds/cgpadltallow
more activity and so a higher level of dischargethle short run, given hospital beds,
(non-delayed) average length of stay will refldet heed and characteristics of the
patient population. We might also assume that latiaical practice will have a

bearing on length of stay (which will be denotedivy parameted). Hence:
@ m"=m"(3,1)
Non-delayed length of stay is therefore exogenouke system.

Only a proportiong, of all discharges per day will be to social caseme people

will be discharged home without social care supgest example, with no delays:

s\\._ . Db
(5) 0'(5,/](X ))n—UW
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This proportion will depend on need and also lodatical judgements. These
judgements could be influenced by the availabibfy social care placements as

discussed further below.

The demand for discharges to social care will dispend on the numbers of people
already delayed in two ways. First, current demfandlischarges to social care will
be increased by the numbers of people who were aht# to be discharged
previously. Second, because these people haverredhai beds, this has limited the
numbers of people who could currently receive tneait. A simple dynamic model
illustrates these effects. For any given dayhe numbers of people delayed is

dependent on current new discharge demand andpsegiay’s numbers delayed:

b 1
Q = [T'Qt—l + ont] _UXS = |:Tlf2t—l e OW - OWth} _P-XS

1 b
= Kn— GWJQH + GW} —ux®

Where Q, is current numbers delayed arfd,_, is the previous day’s number

(6)

delayed. This simple formulatibmssumes that ‘available’ beds for new episodes are

reduced by the number of people delayed and ocogpyeds, as carried over from

. . b-Q._ . .
the previous day i.en, =——'=-. For exposition, other parameters and services are
m

! This function is an approximation for what couldebeery complicated dynamic process that would
depend on how beds were allocated, rates of crowdfoureatment episodes by people delayed in

beds, demand for hospital services and so on.
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assumed to be invariant through time. The ternmsqumre brackets are the demand
for discharges to social care. The parametd-Zn‘[O;l) reflects that some people

delayed in hospital will die during that periodt-ndicates the proportion of people
that do not die, and in practice will be close teirdice the time periodis just one

day. The parametan is the proportion of social care places that alable that

day to take people discharged from hospital. Iively, since only a fractiong <m,
of people newly completing treatment and beingldisged will need social care, but

all those delayed will need social care by defomfiany delay carried over will

, , . , 1 ,
increase demand for social care discharge on amngiay i.el> H_GW >0 in

(6).

The function in (6) is recursive and can be solgdbackwards substitution:

1Y 1Y(_b
Qt :(T[—GW) (Qt_T)+[T[—GWj [O-W_p.xsj
1Y b 1Y( b
(7) +(T[—O'WJ [oﬁ—uxsjt.ﬁ(n—omj (OW—UXSJ :
b 1

where at some point the number of peopled delayetihe t — T is zero. This
function can be expressed as a ratdyy dividing through by the numbers of beds

i.,e. 1=Q,/b. In general form, the rate of delay, as a couienp (7), is:

©® 1=1(5,x%bA)
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or using the specific form in (7),

(9) T=%[ ——uxsji(n o—jt

t=0

The differential with respect tb is —

o1 (ant

b b2 b b—Qt). Using (7) indicates that

% >0. As the capacity (and so realised activity) tatie the hospital increases so,

relative to unchanged social care supply, thisease in demand for discharge to

social care will push up the delay rate.

As noted above, if local clinical decisions abotew and where to discharge are not

at all influenced by the supply of social care pia¢i.eoc s =0) then it is clear that

dt/0x° <0 other things equal (i.e. given ‘demand’). An irase in social care,

means a greater number of available places. Howdvérere is an influence, as

modelled through the parameke('é, xs), such that:% >0, then:
X

= %{[cxs mL.N - ujtz;“(n— om—let = [0% - uxsjcxsg(t + 1)[11— om—lNﬂ

which has an indeterminate sign because the sigE gji—uj is unknown.
m

Nonetheless it would be clearly counter-intuitieeeixpect clinicians to reduce their

intended discharges to social care by more thaothege in social care availability.

10
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The function (4) was for average length of stayhautt any delay period. Adding the

average delay period givesaal average length of stay of:
(11) m=m(3,A,1)

Without-delay length of stayn", is a fixed variable in the above system, being a
function only of parameters. Howevan above is a function of delay rates and
therefore will be affected by choices about socsk capacity. Actual discharge per

day will be:

(12) n=n —Qt(xs)z[m_b“(" o ‘HXSJZ(“-G o ) J

t=0

Other things equal, a number of discharges fronpitelswill be unsuccessful and
will result in a re-admission, possibly an emergerezadmission. The number of re-
admissionse is assumed to be a function of numbers of pedleg given time
period) actually discharged, differentiating between people witd anthout social
care support. After accounting for levels of neeé. (of need of the hospital
population, ") or other relevant health characteristics, theelle support post-
discharge will also be important. People with hig\els of social care support, given
their needs/health status, will have the lowesinchaof re-admission. People with
low levels of services will have a higher chanchoSe discharged without support

will have the highest chance.

11
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In general form, the numbers of re-admissions fgivan period will be:

(13) e=¢n(b)Q,.0,8",x°)

that is, a function of numbers of people actualgcdarged (demand for discharges
less delayed people), the proportion of peoplehdisged with and without social
care support, the needs/health status of peopthatiged and the supply of social

care. Again, there is a range of possible spettifictional forms. A simple model is:

(14) e= (pl(xs, o™, m)o(xs, o" )(n -Q, (XS))+ (p2(6” ,mN )(1— G(XS, o" ))(n -Q, (XS))

where ¢¢ and ¢ are the proportions of discharges to social caré home
respectively that will result in a re-admission. Maver, ¢ is a function of the
intensity of social care received on average, whichgiven numbers of discharges
is a function of total social care supply. It is@la function of total length of stay,
assuming that on average people that remain initabdpnger are healthier at
discharge. For those discharged directly home,l¢imigth of stay effect also applies,

but in that case total length of stay is equaldn-delayed length of stay.

2 Re-admissions have a defining period. People whmrrét hospital after this period (e.g. 7 days, 28
days) are counted as new admissions and so currentl perexdmissions do not depend on people
discharged previously outside this period. Stridify\g numbers in (13) and similar equations will be
the sum over each day up to the relevant period.ddew this is summation notation is suppressed in

what follows for clarity.

12
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This number can be expressed asate of re-admission by dividing (13) or (14)

through by the number of actual discharges:
(15) e£=¢(m3,x%)

The net effect of social care services on re-adomswill be mixed. Other things
equal more social care reduces delays and so ireprastual discharges. In turn this
means a higher number of re-admissions. Howevasrawements in the average
level of social care per discharge and a gredtelitiood for people to be (actually)
discharged with a social care package rather tloasupport, following an increase

in social care capacity, will reduce re-admissiates. These later improvements

respectively are captured q%s and o ; >0. The effects of social care capacity on

@ are not clear cut, however. More social care sioni means better support post
discharge, but also, with less people delayeddact®n in average total length of
stay, and consequently a slightly higher risk ofdenission following discharge:
acp1 om
ax®

(pisz(pism om

. In theory, since any delay period is for nondch reasons,

the impact of this delay on a person’s health shbel small (i.eq., — 0). As such

we would expectplXS <0.

(16 =(¢-¢)-0.0+0-2),]+g.0h-0)-g0,

Given thatdQ,/ox® <0 as described above — e.g. see (7) — and thatsoynasion

cpls <0 and o s >0, the first and second terms in (16) are negalbiuethe last is

13
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positive. The overall effect will hinge greatly ®oow improvements in social care
capacity improves average levels of support. Otlsmwif people are delayed in
hospital they have no chance of counting as a meismion. By contrast when this
problem is cast in terms of re-admissiates per actual discharge, the later effect of

social care on improving actual discharges is regdoV¥he rates function is then,

(17) €= (pl(xs,é” ,m)o(xs,é” )+ cpz(é” ,m" )(1—0(XS, 5" ))

and without the effect of social care pushing upacdischarges, the net effect on

the rate of re-admission is negative.

(18) %:((pl—(p?)oxS +0¢. <0

Figure 1 summarises the theoretical system outlileove. Choices in Figure 1
about the respective levels of health and sociad sarvice levels are based on the
underlying preferences i, which in turn are reflected in the set of perfanoe
indicators discussed above i.e. delayed discha@es,r re-admission rates,

discharge/activity rates — or for shorthahdhere{n,t,€} 0 | — and resources’.

There are efficiency implications associated with inter-play of health and social
care on system outcomes. Reducing delayed disclspefically benefits people
delayed. However, it also has wider system effd@tgients awaiting treatment are
likely to quickly take up any spare capacity gaifiean improved patient transition.
As a result, average lengths of stays are likelyetcrease and hospital throughputs to

increase. However, improving delayed dischargesratay also be at the expense of

14
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deteriorations in other system outcomes, and irtiqoderr in terms of higher

readmission rates. Overall, the effect of sociaé cervices on the number of extra
patients treated by the acute sector will congtitilte net effect of increases in
throughput due to the reduction in hospital lengthstay (because of reductions in
delayed discharges), minus the detrimental efféshorter lengths of stay on rates

of emergency readmission.

Empirical specifications

The theoretical model above provides a set of stratequations for estimation, as
outlined in what follows. In general, since we di knowa priori the exact form of
these structural equations, each can be approxintatepolynomials in empirical

equations.

Social care provision is given by (1) and is a tiorc only of parameters in the
system i.e. population need/health status, inpigeprand social care budget. In

stochastic form:

S

(19) x°= XS(5,W, BS;BXS)+ u*

The structural equation for delayed discharge imteither (8) in general or (9) in

specific form. The stochastic counterpart for eation is:
20) T=1(5,x%,b,A;7)+ur

This might take a simple linear function form:

15

Editorial Office, Dept of Economics, Warwick University, Coventry CV4 7AL, UK



Submitted Manuscript Page 16 of 42

(21)  T=B;+B3+P X" +Pb+PA +U"

S T t
With reference to (9)2—; =B;= LDSZZ where = Z(T[—GLN] is a constant. Also,
t=0 m

% =B; = _;:)_Z (assumingo . = Qor as in (10) otherwise).

The empirical counterpart to (15) or (17) is:
(22) €= 3(6, m, x°; B£)+ ut
Again, this might be expressed as a linear appratian:

(23)  £=P;+Bi5+Bam+BoX° +uf

where% =@¢ is given by (18) above. Alseg—; =Bt =¢l.o+ ¢ (1-0) using (17).

The final structural equation to be estimated is:
(24) m= m(B,A,T;Bm)+ u™
the linear version of which is:

(25)  m=py+BrS+BYT+BIA+U"

16
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The estimated parameter of interest in this casp}is which is expected to be

positively signed (by definition: increased delayeédans higher average total length

of stay).

The main empirical hypotheses to be tested belew ar

ot .
H1: $=BZ<O

o€

H2: F:[3§<O
S

H3: aL:BVSﬁO
ow

We can also estimate partial reduced form equationsubstituting fox® using (1)
ie.

26) T=1%(5,B,W,b,A\;BF)+u™

@27) e=¢R(5,m B wBR)+u®

Also, using (12), actual discharges are:

28) n=n%(5,B,w,A,b;R™)+u

With the main hypothesis investigated being:

Ha: B <0,8% >0}

H5: {BSBR <OBFR > 0}

H6: {Bg" > 0;p}" <0}

Both reduced-form and structural equations areditbelow. The reduced form
models are for the three key variables in the amlydelayed discharge rates,
emergency readmission rates, and finished consw@fasodes. These attempt to map

17
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the relationship between aggregate resources, iopeis and the three dependent

variables.

The paper then explores in greater detail the effebealth and social care services
on delayed discharge and emergency readmissias eatd the interrelation between

them and average length of stays in hospital anshied consultant episodes.

DATA AND EMPIRICAL METHODS

Data sources

Given the focus of the paper, the analysis has bedertaken at the local authority
level. Two years of data for the 150 local authesiin England formed the basis of
the dataset: 1998/9 and 1999/00. These data wenplemented with data from the
99 health authorities in England. Where health dmchl authorities are not

coterminous health level data were allocated t@ll@uthority area on an elderly
population basis (in 26 cases). Table 1 providdaildeof the sources of the data.
Whenever possible and appropriate, indicators wenedardised by population over
65. Due to their widely recognised uncharacteriséture, City of London and Isles
of Scilly were dropped from the dataset. A furtfeur observations (corresponding
to Hertfordshire and Rutland) were excluded frore #mnalysis due to the poor

quality of the data.

Social care indicators

The analysis employed two indicators of residefmtiaking care activity, the number

of LA supported nursing home beds per individuard®s years old, and the number

18
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of residential places per individual over 65. Tleeel of home care activity was
measured as the number of hours of home care dedpoy the LA per individual
over 65 years old. In addition, the reduced forndei® used as the indicator of LA

social care budget the gross expenditure per iddaliover 65 years of age.

Insert table 1 here

Delayed discharge indicator

The indicator of delayed discharges was definethagproportion of people over 75
occupying acute hospital beds on a given survey i@y were professionally
classified as eligible for discharge conditional kateiving support services but
where these services were unavailable (this inolicas not available for over 65
year olds). The source of these data was NHS Peafuce reports (NHS Executive,

2000).

Emergency readmissions

The indicator of emergency readmission was defiasdthe age and gender
standardised rate of emergency readmissions tathbegjithin 28 days of discharge,
as a percentage of live discharges, for all tygdwepital discharges. The source of
the indicator was the PAF reports (Common InfororatCore). Contrarily to other
dependent variables in the analysis, the indicafoemergency readmissions was
only available as a proportion of all dischargesluding individuals less than 65

years old.

19
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Discharges — Finished consultant episodes

The total number of in-patient episodes finishedirduone year (irrespective of
diagnosis or treatment, but excluding mothers givinirth in hospital and babies
delivered in hospital) is a proxy of discharges.phactice, FCEs are higher than
discharges because some patients have new treatpesddes with different

consultants during a single hospital stay. Howetras, should in no way affect the
expected relationships with social care capacity ather factors. Source: Hospital
Episode Statistics data. For modelling purposes, itfdicator was standardised by

population over 65 years of age.

Average length of stays

Average length of stays were defined as the nurobdreds days (from Hospital
Episode Statistics data) in one year divided by ribmber of finished consultant

episodes.

Empirical methods

The paper addresses two main questions. Firsthad extent do variations in local

social care resources explain variations in twosuess of acute health care system
performance, hospital delay discharge rates ares rat emergency readmissions?
Second, what are the main interrelationships betwsaxial care services, delay
discharge rates, rates of emergency readmissioesage lengths of hospital stay
and overall hospital throughputs? As indicated abdke two sets of questions are
modelled empirically in terms of reduced form antluctural form models,

respectively.

20
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Since persons discharged from hospital are a kaycsoof demand for residential
and home care social services there is a posgibilitircularity or ‘endogeneity’ in

assessing how delayed discharge might be affegtetidnges in service levels. As a
result, instrumental variables regression techriquere employed to estimate the

relationships postulated in the structural model.

Using 3SLS allowed the model to take into accotetdtructure of the coefficients
of all equations as well as the likely correlatibatween the error terms of the
different equations in the system, and so to masenafficiency in the estimation of
the parameters in the model. In addition, 3SLS rsoakow maximum transparency
in the specification of the set of structural riglaships postulated, in that they
explicitly state jointly the complete set of egoas. However, as is noted in
(Wooldridge, 2002, p.199), for the estimates of S3Shodels to be unbiased it is

necessary thatE(z"(uk)=0, where z, and ux denote respectively the vector of

exogenous indicators and error terms in each oatemuk in the system being

estimated. That is, it is necessary for all equation the system to be properly
specified, as misspecification in one equation wopttopagate to the rest of the
system. Given the lack of easily implementable gjpation tests for 3SLS models,

the analysis was also carried out using 2SLS estgnaotentially less efficient but
more robust than those based on 3SLS methods. Westésthen used to verify the
validity of the instruments used for controllingetipotential endogeneity of social

care resources.

Since health care services are determined on aabenaic basis they were not
expected to be endogenous and tests supportedhythighesis. The reduced-form
model estimates relationships between delayed aiges and readmission rates and
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the instrumental variables only (i.e. no servioeels). It does not as a consequence
suffer from endogeneity problems. Fixed time eBesfre included in all models

estimated.

Include Table 2 here

Table 2 reports descriptive statistics of the eetlogs variables in the analysis. The
discharge rate indicator was somewhat skewed apibkertic (Skewness 1.86,
Kurtosis 8.64), but since this was not extreme aont materially improved by
logging anyway, a linear functional form was chosenthe reduced form model

estimation.

The sample sizes of the final regressions areaheesas those indicated in the above
table. For one variable — district nurse whole-tieggiivalents — 4 LAs had missing
data (7 cases in the pooled dataset) and theser@y@aeed using the sample mean or

imputed from values of neighbouring years.

Whereas the sets of relationships to be estima#sl derived from the theoretical
framework discussed above, it was not possiblghiferanalysis to specify strong a
priori hypotheses as to the precise nature of tinetional relationship between the
indicators in the models. Thus, second order effawtre tested for during the

modelling process, and included if they providdzke#er fit of the model.
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RESULTS

All the regression models reported below were S$iggmt overall. Individual
coefficients that are statistically significanttae 90%, 95% and 99% confidence
level are marked with one, two and three asterrglspectively. All regressions
satisfied diagnostics relating to specification. afkgt the possibility of
heteroscedasticity, robust standard errors wenenatsd. Tests for endogeneity,
where appropriate, were also undertaken and thege wall consistent with the

specifications estimated.

Insert Tables 3 to 5 here

Reduced form models

Delayed discharge rates

Table 3 reports the results of the reduced fornmesion of delay discharge rates.
Unsurprisingly given their close link with level$ @demand for hospital services and
therefore hospital discharges, higher standardissaftality rates (SMR) are
associated with higher rates of delay. Even thatugdmains positive over the range
observed of the indicator, the nature of the eftscribed in the model suggests the

net effect of marginal increases to fall with SMRdls.

Higher numbers of hospital beds are linked to higteday rates. Other things equal,
increases in the number of hospital beds should teancreases in the number of
hospital discharges. Demand for health care is exogs but assumed to be in
excess of hospital capacity/beds, as indicatedhley significant waiting lists for

hospital services (National Audit Office, 2001).effore any increase in beds will
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increase discharges until excess demand is redacagto — see also (12). Within a
given level of social and community health servides means more people likely to

be delayed.

The analysis corroborates the hypothesis held kByNhtional Beds Inquiry that
social care resources affect delayed dischargs vaty significantly. Hence, ‘richer’
social care departments appear to enjoy lower dewktelays. However, the levels
of social care services purchased are dependewmtaimther things, on the input
prices faced by the providers of the services. Assalt, increases in input prices (as
indicated by property prices and average gross lesgknings) are found to worsen
delay rates. Other things being equal, higher ingidges imply higher production
costs, thus higher production prices and ultimal@ier service demand. The length

of the chain of this argument testifies to therggth of this effect.

Holding constant hospital capacity, increases ertévenue of the health care sector
are also found to reduce significantly the obsemnatels of delay, with an elasticity of
1.45, about twice that of social care budgets. H@mewhen translated into
monetary terms (reduction in delayed dischargesraier extra pound of budget

spent), this effect was several times weaker thandf social care budgets.

Emergency readmission rates

The results in Table 4 for emergency readmissidm®ost mirror those found for
delayed discharge rates. Again, the level of heaithsocial care resources appear to
play a beneficial effect on emergency readmissiamg] prices of inputs (and in

particular house prices) appear associated witlsevperformance.
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In addition, two local need-related indicators, pheportion of individuals in the LA
receiving income support and the proportion of gheulation with a limiting long-

standing iliness, appear to increase significaidmission rates.

Finished consultant episodes

As in the previous two models, social care suporentified as having a positive
effect on hospital throughput (see Table 5). Sucfiinding is not surprising,

however, and is related to the impact of sociak csgrvices in reducing delayed
discharges and therefore on the impact of socia tguts on freeing-up beds for
further treatment (Fernandez and Forder 2002).dddthe period to which the data
relate was characterised by high levels of delalischarges, with about 12 per cent
of acute beds in England being occupied by patiénht®r discharge but lacking

appropriate support in the community.

Not surprisingly, hospital capacity appears to haveery significant effect in
explaining levels of hospital throughput. In adaliti indicators of need (gender and
standardised mortality rates) also explain vaneion the levels of acute care

activity, as do supply side factors (indicated lyse prices).

Structural model

The results of the structural model, summarisedables 6 and 7, corroborate the
findings from the reduced-form estimations. Durigfimation, they proved to be

robust to changes in specification (particularlgtinments).

25

Editorial Office, Dept of Economics, Warwick University, Coventry CV4 7AL, UK



Submitted Manuscript Page 26 of 42

Include Table 6 here

Three-stage-least squares model

All the signs and significances of the factors prag levels of social care services
conform with prior expectations (see Table 6). Tisissignificant because such

equations constitute the basis for the ‘instrunt@maof the otherwise endogenous

indicators of social care resources. Hence, saeid services are found to increase
with local levels of need, social care budgets @andecrease with local price levels,

and levels of other social care services. In aniditLAs belonging to the ‘coast and

country resorts’ and ‘ports and industry’ ONS cifisstions were found to provide

higher than average levels of residential and ngrebme beds respectively.

The provision institution-based social care (oftbasidential and nursing inputs) is
found to reduce very significantly delayed discleargates and emergency
readmission rates. The effect of home care inmuisdaker. Whereas the effect of
community care support is borderline significant the 10% level for the

readmissions rates model, increases in community Epport were not associated
with significant reductions in delayed dischargewever, exploratory analysis
suggested that when the indicator was replaced avitheasure of intensive home
care support (proportion of households receivingartban 10 hours per week of
home care support) the effect becomes borderlgmfeant. This variation was not

introduced in the final model for reasons of pamim (with respect to an already

intricate system of equations).
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In addition to social care support, district nugsservices are also found associated

with reductions in the two rates.

The results indicate a significant effect of soaare services on inpatient care
activity, through the impact on mean lengths ofy std delayed discharges and
readmission rates and increase finished consud@aodes. Although with relatively
low elasticities, these effects are of policy sigance, particularly given the fact
that the social care indicators in the analysisrred overall service levels, a majority

of which is not allocated to inpatient care cases.

The four indicators of inpatient care activity mded in the analysis show strong
correlations compatible with the theoretical sgeations of the analysis. Average
lengths of stay increase with delayed discharges affect readmission rates and the

number of finished consultant episodes.

Two-stage-least squares model

The results from the two-stage-least squares spaidn are highly compatible with
those of the 3SLS model. The nature of the intevadietween the acute health care
activity indicators follows the theoretical specition, with average lengths of stay
negatively correlated with emergency readmissit@staand delayed discharge rates
positively associated with average length of stayl thus negatively associated with

potential hospital throughputs.

Tests confirm the endogeneity of the social carputinindicators, and the
appropriateness of the specification of their imstents. As in the 3SLS results, the

home care effect on acute care performance apfebesless significant than that of
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the two indicators of institutional care inputs.iFfinding is likely to be linked first
to differences in the level of support providedtbg two types of care, and secondly
to the fact that institutional care services argdted on the most dependent cases,

and thus on those with the greatest risk of holégation.

Insert table 7 here

Table 8 reports the estimated elasticities of e dffects of the structural model. It
corroborates the greater impact of residential aowsing inputs on delayed
discharges, emergency readmissions and averagdh lehstay. In addition, it shows
that the effect of social care inputs is signifitarstronger on reducing delayed
discharge than on preventing emergency readmissiOmsrall, the elasticity of

finished consultant episodes to social care sesvieestimated to range from 0.03
for home care services to 0.10 and 0.13 for nursing residential care services.
These finings are compatible with the overall eétityt of finished consultant

episodes to social care budgets, estimated by e¢deced form model to be

approximately 0.05.

As shown above, the net impact of social care sesvbn the number of people
treated in hospitals (as opposed to the number aspital episodes) is the
combination of a positive effect on throughput efluctions in mean lengths of stay
(due to improvement in the rates of delayed disgps); and the negative effect of
increases in the rates of emergency readmissi@wiated with reductions in mean
lengths of stay. Overall, the results suggest thmér effect dominates significantly

the latter. As a result, in spite of some increasesemergency readmissions,
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hospitals in local authorities with higher levelssocial care services are estimated

to treat significantly greater number of patients.

Insert table 8 here

Table 8 indicates significant homogeneity in thege of elasticities estimated by the
2SLS and 3SLS models, with the exception of thesteity of emergency
readmission rates to changes in average lengthstayf in hospital, which is
estimated to be -0.71 and -0.35 in the 3SLS an 28b8els, respectively. Overall,
social care resources appear to have a strongat efifi delayed discharge rates that
on emergency readmissions. Also, the four indisatof acute health care
performance show a significantly greater elastititynstitutional types of care than

to community-based services.

DISCUSSION

The analysis provides substantial evidence aboetptocesses behind hospital
delayed discharges and emergency readmissionstréiborates the commonly held
(but largely unquantified) assumption that the geriance of the social and health
care systems are interdependent, and particulbdy the intensity of social care
provision affects significantly acute health carerformance. Between types of
services, the results suggest institutional modesae might be more effective at

improving rates of delayed discharges and emergeragymissions.

29

Editorial Office, Dept of Economics, Warwick University, Coventry CV4 7AL, UK



Submitted Manuscript Page 30 of 42

Policy implications

Health and social care in England are financialyministratively and professional
separate systems. A key set of policy questionsaonthe extent to which the
operation of these two distinct systems shouldebaligned, and if so, how. Whilst
the policy rhetoric has recognised that interacteféects exist, there is little
indication of the size of these effects (Wanle€¥)&. Moreover, the attention has
been focused on only specific parts of the ovesgdiem, such as delayed discharge,
rather than also gauging the broader impacts oakoare on length of stay, hospital
activity rates, re-admission rates and so forthiclP@hanges have been made, such
as the removal of legal barriers to allow pooledding between health and social
care; the beginnings of a move towards a singlesassent of need for both services;
the ability of health care organisations to levarges on social services authorities
for some types of delayed discharge. The 2000 N Blso set in train the
development of ‘intermediate’ care, services toilifate people’s movement

between acute hospital care and long-term social ca

Many of these measures are at present either embrpo small scale (Wanless,
2006), although the rhetoric of partnership or ratdve working is being
strengthened as demonstrated by the 2006 Whiter R@mpartment of Health,
2006). Overall, nonetheless, there is very littvgdence concerning the size of the
effects of social care on health sector operatioeh @erformance, nor much of an
indication of how far reaching changes in long-teservices will be into acute
phases of (health) care. This paper suggests thiaistream social care services can
impact on delayed discharge with an elasticity @b-or even more. It also shows

that 1% more social care places is associated aviiti% increase in total hospital
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activity rates. Furthermore, were social care sevio be more dedicated to tackling
patient discharge from hospital, the expectatioth& interactive effects would be

even greater.

The results of the approach taken in this papeeldevthe quantitative evidence in
this area. In particular, the results can be usgddtify dedicated (primary) research
as part of an overall economic evaluation of grepéetnership working. The results
outlined in this paper (and originally reportedtie Department of Health) were part
of the case for a £60m Government initiative asggsater joint working — the

Partnerships for Older People projects (POPPs)

The results also confirm the major impact that tnqmices (wages and house prices)
have on local authority levels of demand for sexsjcand therefore on the
performance of the acute health care system. Gihenextreme geographical
variability in prices in England, further attentioleds to be paid to understanding
the extent to which Local Cost Adjustment factersorporated into local allocation
formulae do or do not fully compensate for locatiagons in prices. Significant
guestions are also begged therefore about the pgeness of current performance
monitoring systems, which do not account for thgniicant effect that factors
outside the control of local policy makers suchirgmit prices or variations in need

will have of observed performance levels.

% See:
http://www.dh.gov.uk/PolicyAndGuidance/HealthAnd&dCare Topics/OlderPeoplesServices/Older

PeopleAtrticle/fs/len?CONTENT_ID=4099198&chk=50V7NB
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The estimations highlight the strong interdependendetween the different
indicators of acute system performance. They iaist the dangers of focusing
policy attention on a single measure of performaace the need to explore likely
unintended consequences. As hypothesised aboverhigtes of delay are found to
bring about increases in average lengths of stay ha&nce reductions in the number
of finished consultant episodes. Higher lengthsstalfy, however, were associated
with lower emergency readmission rates. The etbéahanges in average length of
stay on hospital throughputs depends thereforeherektent to which increases in
episodes that follow from reductions in averagegths of stays are offset by the
need tore-treat more patients as the risk of readmissions increables results

suggest, however, that the gains in hospital epsddllowing a given decrease in

mean lengths of stays are several times greatertiigaincreases in readmissions.
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Table 1. Data sources

Gross Expenditure; by service type and
cost type (provision cost, overheads etc..)

Category \Variable Source
Output e Local authority supported clients: Department of Health Community
residential care, nursing home care,  [Care Statistics, various Statistical
domiciliary care (contact hours and  [Bulletins
households); by providing sector
e Service provision: Places in residential
and nursing homes (all registered beds)
Hospital episodes (people over 75) Department of Health, Hospital
Episode Statistics
District Nurses Whole Time Equivalent  [DH Non-Medical Workforce Census
Expenditure |Local Authority Personal Social Services [Social Services Performance

Bulletins, Revenue Outturn (R03)
statistics, Department of Health and
DETR.

Input costs

Capital: Property prices

HM Land Registry.

Labour: Local wage rates
Weekly gross earnings
LA labour cost index for Area Cost

INew Earnings Survey

IDH Baseline estimates

Adjustment
LA Population profiles: Population statistics, Office of
characteristics [ by age group National Statistics
e migration
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Table 2. Descriptive statistics — endogenous variables
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Variable ObsMean Std. Dev. Min  Max Skew Kurt
Finished consultant episodes” 292 1.583 0.328 0.199 2.501 -0.40 4.57
Delayed discharge rate 292 0.130 0.073 0.007 0.551 1.86 8.64
Standardised emergency readmission rates 292 5.902 0.699 4243 7422 022 227
Average length of stay in hospital 292 4162 0.559 3218 5.885 094 345
LA supported hours of home care” 292 0.403 0.193 0.057 1466 1.71 7.4l
Supported nursing home beds 292 0.009 0.004 0.001 0.024 0.74 3.73
Residential home beds” 292 0.030 0.012 0.006 0.094 141 7.44

" rate per individual over 65.
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Table 3. Delayed discharges — reduced-form model

Functional -

Variable definition form Coeff Elasticities
Unit cost of factors of production
LA average house prices (all dwellings) Linear 2.97e-7"
Average gross weekly earnings Squared 5e-7""
Resource levels
LA total gross elderly expenditure per individual over 65 Linear -0.123™ -0.73
HA net total revenue per individual over 65 Linear -0.0003™" -1.45
Need indicators
Standardised mortality rates Linear 0.016

Squared -0.00008™""
Local authority ONS classification: coast and country 0.02
resorts
Local authority ONS classification: ports and industry 0.02"
Hospital capacity
Number of beds per individual over 65 Linear 3.69"
Time fixed effect
Year 1999/00 0.02"
Unspecified factors
Constant -0.64"

Model summary
Proportion of persons over 75 in acute beds delayed from

Dependent variable . . .
P discharge to social care on a given day

Number of obs 292 F prob <0.0001
R’ 0.2204
Diagnostics
Specification Linktest Linear (P-value) 0.84
Squared (P-value) 0.04
Ramsey RESET (P-value) 0.08

- Significant at 5% confidence level, i Significant at 10% confidence level; Model estimated with robust standard errors.
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Table 4. Emergency readmissions— reduced-form model
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Functional I
Variable definition form Coeff Elasticities
Unit cost of factors of production
LA average house prices Squared 3.7e-12"
Average gross weekly earnings Linear 0.0005
Resource levels
LA total gross elderly expenditure per individual over 65 Linear 20912 -0.12
HA net total revenue per individual over 65 Linear -0.002™" -0.17
Need indicators
Proportion receiving income support Linear 2.09"
Proportion of population with a limiting long-standing 11.87"
illness Squared
Hospital capacity
Number of beds per individual over 65 Squared 5.59
Time fixed effect
Year 1999/00 0.227
Unspecified factors
Constant 477"

Model summary

Dependent variable

Rate of emergency readmissions to hospital within 28 days
of discharge, as a percentage of live discharges, for all
types of hospital discharges.

Number of obs 292 Fprob  <0.0001
Adjusted R* 0.30
Diagnostics
Specification Linktest Linear (P-value) 0.80
Squared (P-value) 0.48
Ramsey RESET (P-value) 0.34
Heteroscedasticity Breuch-Pagan (P-value) 0.12

" Significant at 5% confidence level
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Table 5. Finished consultant episodes — reduced-form model

Functional I
Variable definition form Coeff Elasticities
Unit cost of factors of production
LA average house prices Squared “4e-12""
Average gross weekly earnings Linear
Resource levels
LA total gross elderly expenditure per pop over 65 Log 0.76" 0.05
HA net total revenue per individual over 65 Linear -0.0002
Need indicators
Standardised mortality rates Squared 0.000035""
Local authority ONS classification: coal fields Linear 0.05°
Proportion of male population Linear 3.02"
Hospital capacity
Number of beds per individual over 65 Linear 13237
Number of beds per individual over 65 Squared -1879.09""
Time fixed effect
Year 1999/00 -0.01
Unspecified factors
Constant 1757
Model summary
Dependent variable Finished consultant episodes per population aged 65 and over
Number of obs 292 F test (P-value) <0.01
Adjusted R 0.85
Diagnostics
Specification Linktest Linear (P-value) <0.01
Squared  (P-value) 0.41

Ramsey RESET (P-value) 0.06

Heteroscedasticity  Breuch-Pagan (P-value) 0.23

™ Significant at 1% confidence level; ~ Significant at 5% confidence level; ~ Significant at 10% confidence level.
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Emergency Average Delayed Supported
readmission length Discharge Residential nursing
rates of stay rates home beds home beds
Hospital performance indicators
Average length of stay in hospital -1.01™
Delayed discharge rates 6.23""
Formal services
Hospital beds per individual over 65 74.94™ 0.69"" ¢ 86.84"
HA net total revenue per capita -0.48" -0.0002""
District nurse WTE per individual over 65 228.75™" -9.80"
Gross SSD spending per individual over 65 0.02™" 0.02™"
Hours of home care per individual over 65 -0.80" -0.05 -0.01 -0.02""
Residential home beds per individual over 65 -13.73" 292" -0.08™"
Supported nursing home beds per individual over 65 71117 -7.08™" 207
Need indicators
Proportion of population with limiting long standing illness -51.79"™
Proportion of population with limiting long standing illness (squared) 68.70""
Proportion of population over 85 years old 12.43™" 021"
Proportion of residents living alone 551" 4,02
Proportion of population receiving income support 217"
Standardised mortality rates 0.002 0.0005™" 0.0001"""
Standardised mortality rates (squared) -le-5
Factor prices
Average gross weekly earnings -0.00002""®
Average house price (all dwellings) -5e-8""
Average house prices 3e-13""
LA characteristics
ONS classification: coast and country resorts 0.01"™
ONS classification: ports and industry 0.002"""
Other indicators
Year 2001 0.19™" 0.02 0.006 -0.002° -0.0007"
Constant 20.827" 3.247 0.26 -0.02 -0.002

Indicator entered under logarithmic form; ° Indicator entered under squared form; ~ p<.10; ~ p<.05;  p<.0l
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Table 7. Structural model - 2SLS specification

Emergency Average Delayed
readmission length of discharge
rates " stay © rates ¢

Hospital performance indicators
Average length of stay in hospital -0.49™
Delayed discharge rates 8.46""
Formal services
Hospital beds per individual over 65 94425
Hospital beds per individual over 65 (squared) 1756.1"" 27.27
HA net total revenue per individual over 65 -0.001° -0.0002""
District nurse WTE per individual over 65 -191.09" 227
Hours of home care per individual over 65 -0.15 -0.01
Residential home beds per individual over 65 -10.92" -2.03™
Supported nursing home beds per individual over
65 -17.39° -7.97"
Need indicators
Proportion of population with limiting long
standing illness -52.93"™
Proportion of population with limiting long
standing illness (squared) 71.74™
Proportion of population over 85 years old 12.25™
Proportion of residents living alone 3.38"
Proportion of population receiving income support 2117
Standardised mortality rates 4e-6
Standardised mortality rates (squared) 2e-6
Other indicators
Year 2001 0.17" 0.005 0.01
Constant 18.19™ -0.20 0.36
Diagnostics
Sargan statistic overidentification test (P-value) 0.08 0.69 0.10
Wu-Hausman F endogeneity test (P-value) <0.01 <0.01 <0.01
Pagan-Hall heteroskedasticity test (P-value) 0.04 0.44 0.17
Link test ¥ (P-value) 0.11 0.02 0.67
Link test §* (P-value) 0.03 0.16 0.40

*Indicator entered under squared form; ~ p<.10; ~ p<.05; " p<.01

® Instruments: area of local authority; rate of delayed discharges; coastal local authority; proportion receiving income support;
district nurse WTE per individual over 65; hours of home care per individual over 65; supported nursing home beds per
individual over 65; residential home beds per individual over 65; hospital beds per individual over 65; proportion of
population with limiting long standing illness; year 2001.

¢ Instruments: gross SSD spending per individual over 65; rate of intensive home care packages; average house price (all
dwellings); proportion of population over 85 years old; coastal local authority; ports and industry local authority; proportion
receiving income support; proportion of residents living alone; hours of home care per individual over 65; hospital beds per
individual over 65; proportion of population over 85 years old; proportion of residents living alone; year 2001.

4 Instruments: gross SSD spending per individual over 65; HA net total revenue per capita; average house price (all
dwellings); coastal local authority; ports and industry local authority; proportion of residents living alone; hours of home care
per individual over 65; district nurse WTE per individual over 65; hospital beds per individual over 65; standardised
mortality rates; year 2001.
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Table 8. Structural model elasticities

Finished Emergency Average Delayed
consultant readmission length discharge
episodes rates of stay rates

3sls OLS 3sls  2sls 3sls 2sls 3sls 2sls

Hospital performance indicators

Average length of stay in hospital -0.71 -0.35

Delayed discharge rates 0.19 0.26

Social care services

Hours of home care per population over 65 0.03 0.01 -0.05 -0.01-0.03-0.01-0.17-0.04
Residential home beds per population over 65 0.13 0.13 -0.07 -0.06-0.13-0.12-0.68-0.47

Supported nursing home beds per population over 65 0.10 0.15 -0.11 -0.03 -0.10-0.15-0.50-0.57
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