Modeling an outcome with many zeros: An applicatdmn integrated two-

part model in hospital service diversification

Abstract

Traditional methods used to address semi-continuatiable—a combination of many zeros
and highly skewed positive values—have been th&idan selection model or two-part
model. However, they are two separate models.isnpper we specified an integrated two-
part model to address the growth of hospital suleacare service diversification over time.
The integrated model more realistically accommaditie association between the likelihood
as well as the amount of subacute care servicedifieation, by examining both of them
simultaneously in the context of time-varying aimde-invariant covariates. It accommodated
the three well-known problems of the outcome vadeiabxcessive zeros, skewness, and
correlated observations. The results of this stodicated that competitive pressures,
demographics (percentage of population aged 65 yaat older in the market), and
organizational characteristics (Not-For-Profit g&thad effects on the likelihood as well as
on the amount of hospital subacute care serviagrsification. The effects of HMO
penetration on hospital diversification were nosalved.
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1. Introduction
Over the last several decades, there have been for@eg that influenced the operational
strategies of US hospitals, such as government-atadaost-containment, managed care
plans, and advances in medical technology (Mickol1$hortell et al. 1992). Service
diversification — provision nonacute care or subba@are — has been one of the strategies
attempted by hospitals to address environmentalggs(Swayne et al. 2005). Yet, the
strategic decision for hospitals to diversify isttbacute care services and the degree to
which they diversify are highly variable. For insta, within a given time frame, the
likelihood of adopting this strategy varies acrbespitals; and among those hospitals that
decide to diversify, there is likely to be intrandainter-hospital variability in terms of the
amount of diversification undertaken. The measurdgroédifferent aspects of diversification
— presence or absence, amount of diversificatiod,the changes over time—presents
complex analytical challenges when attempting ngre the trend of hospital
diversification overtime. In this paper, an integchtwo-part model (Olsen and Schafer 2001)
was developed to address these challenges. Theamppused in this study represents a
methodological advancement from traditional appineadn that it combined the traditional
two separate models into one concurrently estimatedel, and accommodated the three
well-known problems of the outcome variable: exia@szeros, skewness, and correlated
observations.

Traditional approaches to analyze variables witlegenon-normal distributions
include the two-part model (Duan et al. 1983; Magret al. 1981) and the Heckman

selection model (Heckman 1979). The two-pastmely U part and Y pamodel was




originally used to examine medical expendituresross-sectional studies. A logit (probit)
model was applied to model the probability of napnzexpenditure and a conditional linear
equation was used sequentially to model the logpedijpures given that there were non-zero
values (Duan et al. 1983; Manning et al. 1981).

With the Heckman selection model (Heckman 197 %|yesis is performed in two
stages. In the first stage, presence or absertbe olutcome variable is estimated in a probit
model and a selection bias parameter—Lambda—isileadr]. In the second stage, the
nonzero values of the outcome variable are estinai Generalized Linear Models
(GLM), with the same predictors as in the probitd®ip plus the Lambda parameter.
Attempts have been made to extend the Heckmartisglenodel to longitudinal studies. For
instance, Wheeler et al. applied Heckman modelaaedmmodated the inter-dependence of
observations in a longitudinal study by using Gafieed Estimating Equations (GEE) in the
second stag@Vheeler et al. 1999).

These traditional models are really two separatdetsdbecause the two components
are not directly integrated (Manning et al. 198#%)e two-part approach does not fully
address the relationship between the two partsaardconsequence may introduce bias into
the estimated coefficients (Olsen and Schafer 2001)

Olsen and Schafer extended the two-part modeldabwi¢h semi-continuous variables
in longitudinal settings (Olsen and Schafer 20G1ponciples of Structural Equation
Modeling (SEM) and latent growth modeling. The regwproach introduces random
coefficients into both logistic and linear equatioAnd these two components are linked by

allowing the parameters to correlate across thepooents. In an integrated model: The first



component deals with the “occurrence,” and the isgcleals with the “intensity” or
g { Deleted:

estimating hospital diversification behavior overi. We examined this strategic behavior of
hospitals in relation to unique environmental arghoizational factors. It is hypothesized
that health maintenance organization (HMO) penetratite and other determinant factors

would have an impact on hospital subacute servigasification.

2. Application

2.1 Data and sample

The sample used for this study was all non-govermingeneral acute care hospitals that
operated during the years 1992 through 1996. Nestgblished hospitals, and those that
merged, consolidated, or closed during that pasiece not included. The final sample for
this study included 2,506 hospitals.

This study focused on the time frame from 1992986lfor two reasons. First,
managed care, especially HMOs, grew steadily dutiagperiod (Kertesz 1996). Second,
the Balanced Budget Act (BBA) of 1997 required @enter for Medicare and Medicaid
Services (CMS) to implement prospective paymentsKdled nursing facilities. This
requirement posed a new challenge to hospital-bsiseacute care services, particularly
those in high Medicare or managed care marketsi(Rky 1999). Therefore, the time frame
for the present study covered a period after Medis@rospective Payment System (PPS) of
1983 and before the implementation of Balanced Buégt (BBA) of 1997, and provided a

special time span to exclusively examine the eff¢¢{MO penetration on hospital



diversification behavior, by keeping out the confding effect of BBA of 1997 on hospital
diversification. As such, the period of 1992-96 Idopotentially capture the growth trajectory
of hospital diversification into subacute care s in face of the rapid growth of managed

care.

2.2 M easurement of the outcome variable and covariates

The covariates in the model were identified witthia theoretical framework of both
institutional theory and strategic choice perspesti In brief, institutional theorists propose
that external constraints and pressures influerganizational decision. One institutional
factor is the managed care penetration (espeditdfith Maintenance Organization
penetration) (i.e., selective contracting). For instance,ihgwa subacute care unit can make
an acute hospital more attractive to a managedptarein that the hospital is viewed as
being able to ensure a continuum of care and batigity, and save cost by treating patients
in a less intensive care setting. In additiontifuonal theory suggests that organizations in
uncertain environments often pursue “taken-for-tgdness” and mimic others (DiMaggio
and Powell 1983; Suchman and Eyre 1992). Thusttay/to adopt an innovation, not
because of the innovation’s efficiency or retuing, because of a bandwagon pressure
caused by other organizations that have adoptddisnovation (Abrahamson and
Rosenkopf 1993). Given thispmpetitive pressures from other hospitals with subacute care
services would be another institutional factor opital diversification into such services.

On the other hand, the strategic perspective sigjtfes organizations can exercise

discretion in decision-making within the environrheanstrains (Arndt and Bigelow 1992;



Greenwood and Suddaby 2006) . In the case of stidbaate service diversification, acute
care hospitals decide to provide such servicesdardo enhance Medicare reimbursement.
And subacute care units would allow hospitals teenedfectively manage lengths of stay of
some Medicare patientsefiior citizensin the community) by providing an appropriate [ste
down” level of care (Kothmann 1995). Other covimsadentified according to the
theoretical framework include hospitadgership status, system affiliation, full- time

equivalent employees (FTES) per bed.

Table 1 lists the measures of variables. The outcaamiable in this study is the total
number of subacute care beds in a hospital. Frd@2 1®1 996, there was a change in
American Hospital Association (AHA) survey itemssafbacute care services. In order to
ensure that the measurement of subacute care eewias consistent, only the five common
items that were surveyed by AHA each year from 11@9P996 were selected. These items
were rehabilitation service, psychiatric care, htiéchemical dependency care, skilled
nursing care, and intermediate care. As hospitdalsmwore beds would likely have more
subacute beds, the dependent variable—number atatédcare beds— was normalized by
dividing it by the total number of hospital bedenhmultiplying the result by 100. This
percentage, therefore, reflects the degree of stibaare diversification of a hospital.

(Insert Tafh about here)

Independent variableBTEs per bed ratio is the total number of FTEs of a hospital
divided by the total number of beds in the corresiiag year and then multiplied by 100. A
higher FTEs per bed ratio would indicate more hunesources available to a hospital.

Owner ship (Not-for-profit [NFP] vs For-profit [FP]and system affiliation (system-affiliated



vs non-system-affiliated) types are two dummy \@es, and were treated as time-invariant.
The other three independent variablesrpetitive pressure, HMO penetration rate, and

senior citizen rate) were measured at the health service area (HSR).[€here are 802

health service areas (HSAS) in the continental éthtates (Makuc et al. 199HMO
penetration rate was the total HMO enrollment in a year at the H&el divided by the total
population in the corresponding year for the HJWe senior citizen rate was measured in

the similar manner: the total number of people é&ry of age and older each year in an HSA
was aggregated and then divided by the total ptéipalin the corresponding year in an HSA.
The competitive pressure was calculated by dividing the total number of hiadp that

reported any subacute care beds by the total nuafli@rspitals in an HSA in a year

(hospitals with missing values of subacute bedgwet counted).

2.3 Analytical approaches
Among the 2,506 hospitals in the study sample,t&Bpitals reported having no subacute
beds at any time during the 1992-1996 study peRoeliminary analyses of the outcome
variable-subacute care beds, showed that it exlilgktreme skewness, with a
preponderance of zeros and large positive valu@samenable to data normalization (see
Figure 1).

Given the characteristics of the outcome variakéa@ned in this study, an integrated
model was chosen for statistical analysis. Theautcvariable (hospital subacute care beds)
was modeled in two integrated components: a U{tiaetlikelihood of hospital having

subacute care beds) and a Y-part (the degree efdification, given that a hospital has



subacute beds). The U-part estimates the growjectoay of proportion of hospitals having
subacute care beds, while the Y-part estimategritweth trajectory of the amount of
subacute care beds. In the U-part, if a hospitdiriasubacute beds in a year, then the
outcome variable was coded as 0; if a hospitalehadnzero number of subacute care beds, it
was coded as 1; if the value was missing, thera# @oded as missing. In the Y-part, if a
hospital had a positive number of subacute bedsyar, then the actual number was
modeled; if a hospital had no subacute beds ondlideport subacute beds (missing), the
value was coded as missing (see Appendix 1 fodagaexample).

As distinguished from traditional models, the twowth trajectories are modeled

simultaneously within an integrated framework (Bagure 2). For each growth trajectory,
(insert Figure 2 abbate)

there is an intercept (level) parameter, indicativgaverages of diversification at a given
point, and a slope (rates of change) parametecridesy the growth trajectories of the
likelihood (proportion) of hospital diversificaticand the amount of diversification (subacute
beds). Specifically,iQ) represents the average likelihood (proportiofaspital
diversification in this study, andy() represents the average degree of diversification
(percentage of subacute care beds) in 1984 répresents the rate of change in the
likelihood of diversification, ands{) represents the rate of change in the degreespfitad
diversification in the study period. The curvedoars indicate that the growth factors are
correlated. The between-hospital variability in kel and the rate of change of
diversification are reflected by the random effexdsociated with each growth parameter. In
addition to estimating growth parameters’ meangauaes and correlation of growth

parameters are also examined. Detailed specifitédiothe two-part model are described in
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the following studies: B. Muthén( 2001B. Muthén and Asparouhov ( 2002), and Kim and

Muthén (2007).

Yik™ = Ak )ik

U= 1 if Y*>0
“lo if Y*=0 ormissing

wherek = 1,2, 3,4, 5, representing Year 1992, 1993, 1994, 1995, 1996.

i denotes the indiviual hospital.

6 covariates, namely HMO rate, Competitive pressures, System affiliation,

Owner ship type, Senior citizen rate, and FTEs per bed ratio were inluded in the model.
Auyk isal x6 matix of factor loadings for the dichotomous part (U part), for classk.

N(wjik denotes a 6 vector scoresand ¢k denotes vector of residuals, for the U part
classk. And g)k isasumed to have multivariate normal distribution N(O, #gxg(k) )-
The off-diagnol elements of ¥ are non-zero for the 6 covariates used in the model.

2.4 Analysis process

The statistical analysis was conducted using MBl@g (Muthén and Muthén 2004). First, an
unconditional model—with no covariates—was estimatedescribe the growth factor
parameters, especially whether these parametersufificent variability to warrant

modeling. Second, a conditional model—with covasatwas estimated to examine the
hypothesized effect of each covariate on the outceaniable. These covariates include
ownership and system affiliation types, competifivessures, HMO penetration rate, senior
citizen rate, and FTEs per bed ratio. Ownershipsatstem affiliation variables were treated
as time invariant covariates, and were assumeedue &ffects on the growth factor

parameters for both the occurrence of diversificapart (U-part) and the degree of
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diversification part (Y-part) of the model. Becawsehe small variability of these three
variables— competitive pressures, HMO penetratide, rand senior citizen rate as revealed
in descriptive statistics—and the extreme nonnaitynaf the outcome variable, it was
decided to use the mean values (averaged oveivtgdar period) in the model in place of
the actual values of these variables from each yBamsequently, the dependent variable was
centered at the middle of the study period (ite,ytear of 1994). The annual FTEs per bed
ratio increased substantially in the study period was therefore treated as a time-varying
covariate. The outcome variable in the degreedrdification part was regressed directly on
this variable over the five-year period as it wgpdthesized in this study that hospitals with
higher FTEs per bed ratio would provide a higheel®f subacute care services (see

Appendix 2 for input codes for the conditional mde

3. Reaults

3.1 Unconditional model results

At the first step, the functional form of growthsabacute care beds was modeled, excluding
all covariates. The variances of growth factor paters (see Table 2) indicated significant
variation in the intercepts for both componentthefmodel (variances = 92.91 and 337.18,
ps < .001, respectively). This statistically sigoéint variation suggests that individual
hospitals differed in the mean level of the likelild of having subacute care beds as well as
the percentage of subacute care beds (if they ipadubacute care beds) in1994. Results
show that the slope or rate parameters (varian@46-and 4.14ps < .001) also had

(Insert Table 2 about here)
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statistically significant variation around the mexrgrowth rates in the proportion of
hospitals having subacute care beds and perceotagbacute care beds. Significant
positive correlation (.38 < .01) was shown between the intercept growth fgzhoameters
for the U-part and Y-part, that is, hospitals wathigher likelihood of providing subacute
care had correspondingly more subacute care bel9ih The correlation (-.24,< .01)
between the intercept growth factor parameter @ftkpart and the slope growth factor
parameter of the U-part was negative. Other cdiogls among growth factor parameters,
both within and between the two parts, were noni@ant. However, these growth factor

parameters were required to be correlated to emsadel convergence.

3.2 Conditional model estimates

A conditional model with all time-varying and tinrevariant covariates was estimated.
Model results are presented in Table 3. In the kii-pize intercept growth factor parameter
(iu) mean was fixed at zero by default because theomé variable was categorical.
However, the slope growth factor paramese) (mean (1.87p < .05) was significant,
indicating that the proportion of hospitals havewpacute care beds increased by a factor of
6.5 standard deviations annually during the stughjogl. In the Y-part, the intercept growth
factor parameteriy) (20.38,p < .001) was significant; that is, the average propn of
subacute beds for hospitals was 20 percent in 288k the slope growth factory( annual
rate of change) (0.08,> .05) was not significant, which suggests thaté¢hwas no
significant increase in the degree of diversifisat{amount of subacute care beds) on

average during the period 1992-96.
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(Insert Table Dabhere)

Model results showed the#MO penetration rate did not have a statistically significant
impact on hospitals’ diversification into subacoése.Competitive pressures (.47,p < .001)
had a significant impact on the occurrence (U-pafrtjospitals’ diversification into
subacute care in 1994, suggesting that hospitdiated other hospitals in the same HSA in
the adoption of diversification stratedenior citizen rate (.34,p < .01) had a statistically
significant effect on the degree of diversificatidfipart) in 1994. Hospitals located in HSAs
that had a higher senior citizen rate providedghd percentage of subacute care beds (i.e., a
higher level of subacute care services in a hd$pfal percent increase in senior citizen rate
was associated with a .34 percent increase indheeptage of subacute beds in 1994 when
controlling for other variables.

The coefficient (3.54p < .01) associated with effect ofvnership types on the intercept
of occurrence of diversification (U-part) suggedbtst NFP hospitals were more likely to
diversify into subacute care in 1994; that is,ddds that a NFP hospital would have
subacute care beds were 34 times higher than thetbdt a FP hospital would do so.
However, the estimate (-1.49< .01) of the effect associated with NFP hospitaighe
annual growth rate shows a significant, negatifeceéfwhich implies that the growth rate of
providing subacute care services in NFP hospitals declining. In addition, the estimated
effect (4.68p < .001) of the ownership variable on the interegategree of diversification
(Y-part) suggests that NFP hospitals had a highesgntage of subacute beds than FP
hospitals did in 1994. Specifically, NFP hospitakre more likely to diversify into subacute

care services and that NFP hospitals had highel tdwsubacute care services in 1994, but

13



the annual rate at which NFP hospitals set up stibaare services declined during the study
period. Results also show that system-affiliatespiitals had a lower percentage of subacute
care beds than non-system hospitals.

The coefficients (-.02, -.02, and -.qix .001,p < .001, and < .01, respectively)
associated witlrTEs per bed ratio in 1992, 1993, and 1994, as well as the coeffidiedl,p
<.1) in 1995 and the coefficient (-.q1> .05) in 1996, suggests that, in general, thelrarm
of FTEs per bed ratio had a significant negatifeatfon the degree of diversification (Y-
part). When other covariates were controlled, artgnt increase in FTEs per bed ratio was
associated with about a 1 to 2 percent reductidhdrpercentage of subacute beds in a
hospital.

Model fit. As the unconditional and conditional netelare not nested, model fit was
judged on Akaike’s Information Criterion values (B3I (Akaike 1985). According to AIC
criterion, the model with lowest value of AIC isr=idered to fit the data best. The
conditional model had an AIC of 62,042.46, whichswganaller than that of 62,928.14 from
the unconditional mode (data not shown), indicativag the conditional model was a better

fit for the data.

4. Discussion

The results of this study show that hospital diMieetion into subacute care service was
influenced by competitive pressures. That is, hatpimitated what others were doing. This
result is consistent with Fennell’'s argument theggitals increase their range of services, not

because there is an actual need for a particutaiceeor facility within the patient population
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but because they will be considered as viable ibrthey can offer the same services other
hospitals in the area offer (Fennell 1980). Secanti surprisingly, the results show that
hospitals in markets with a higher senior citizatertended to diversify into subacute care
services to a greater extent than hospitals in etankith a lower senior citizen rate. As
Medicare payment accounts for a large part of aited%s revenue, it is rational that hospitals
strategically diversified their services to meatisecitizens’ needs in their service areas.
However, the non-significant effect of this serddizen rate on the rate of change of
subacute care service diversification might bétatted to the fact that senior citizen rate
almost remained constant statistically during tiies period when data were collected. As a
consequence, hospitals did not provide more suba@ut services during the period. Third,
the results show that NFP hospitals on averagdgedunore subacute care services than FP
hospitals did. This finding is consistent with rkswbserved by Wheeler and colleagues
(Wheeler et al. 1999), who found that NFP hospitase significantly more likely to offer
subacute care services than investor-owned hospitaing 1985-91. Of note however, the
results also showed that the growth rate in thegmton of NFP hospitals strategically
diversifying subacute care was negative. Two exilans could account for this
phenomenon. One possible explanation might bethieadibsolute number of NFP hospitals
providing subacute care service declined duringstbidy period. The other explanation is
that the proportion of NFP hospitals providing ttyise of subacute care services was greater
than 60 percent in the study period (data not shpogamsequently it provided little

incremental opportunity for them to diversify irdobacute care services.
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The results did not support the hypothesized aiatiip between HMO penetration and
the likelihood of hospital of subacute care serdiv@rsification. Previous research suggests
that the growth of managed care has been a driuicg for health service integration (Lin
and Wan 1999; Shortell 1988; Wang et al. 2001)pitals and physician partnerships in
management (Burns et al. 2000; Morrisey et al. 1999 a shift from acute to subacute
inpatient care (Robinson 1991). As noted abovs,ghidy was based specifically on a period
when managed care experienced considerable gréietiecz 1996). Given the fact that
hospitals viewed subacute care as an opportunityatdet to managed care and managed
care plans would like patients to be treated iesa tostly setting when possible, the
insignificant effect of HMO penetration rate on pital-based subacute services seems
paradoxical. This is possible that subacute cardcss were offered by other providers, such
as freestanding skilled nursing facilities and hdmaelth care facilities. It is speculated that
HMO presence promoted the growth of subacute seimiother providers in the market.

Our results did not show that system membershipasasciated with strategic
implementation of subacute care service diverdificastrategy. System affiliated hospitals
did not provide more subacute care services tharsgstem affiliated hospitals. In the
context of a system, member hospitals may not Havepportunity to make a localized
decision whether to implement the diversificatitnategy or not. A freestanding subacute
care hospital could be established for the entistesn, therefore, subacute care patients
could be transferred to a central location forttresnt.

The significant negative estimates of FTEs perraéid seem to run counter to the

argument that a higher FTEs per bed ratio wouldiptenore subacute care services.
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However, this finding may reflect an operationallity within a hospital: Acute care patients
require more intensive care (i.e., more service®mfnurses and doctors), and thus “consume”
more FTES; whereas subacute care patients regsseservices, and therefore they would
“consume” fewer FTEs. Consequently, a hospital thadle strategic choice to diversify
would require fewer FTEs per bed, while those Haat did not diversify into subacute care
would require more FTEs per bed.

This study applied an integrated two-part modd ithaapable of accommodating
complex characteristics of a longitudinally meaduratcome. However, a number of
limitations should be noted, which may limit thengealizability of findings from this study.
Although this study attempted to model environmieatal organizational forces that
influenced hospital subacute care service divegifin behavior, data such as state level
Certificate of Need (CON) regulation (McDowell 199Medicaid eligibility level (Kirkman-
Liff 1985), and swing beds conversion (Wheelerle1899), which could play a role in
hospital strategic decision-making, were not inellich the model given the wide range of
variability across states and further complexitiey could introduce in the model. The
hypothesized effect of HMO penetration on hosmiteérsification into subacute care
services was not observed in this study. As dismliabove, in addition to hospital-based
subacute care units, subacute care can be prowided form of hospital swing beds, long-
term care hospitals, rehabilitation hospitals, ftadstanding skilled nursing facilities. A
future study might look at the effect of managedkqeenetration on the growth of subacute
care provided in other setting, especially freeditam skilled nursing facilities given that their

lower level of cost that is attractive to managaremlans.
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5. Conclusion

The analytical approach applied in this study wasel in an integrated two-part model that
simultaneously estimated both discrete and contiswatcomes. In general, the integrated
two-part model could reflect the likelihood of onjgations’ adopting a strategy (e.g., to
provide a new service), the intensity (e.g., th@anh of the service) of the strategy pursued,
and variability across organizations over time.@ally, the first component of the
integrated two-part model addresses the “occurféiladihood) and the rate of change in
the likelihood over time. The second componenerfl the “intensity” (amount) and the rate
of change in the amount over time. The resulthigfstudy suggest that there was both inter-
and intra- hospital variability in the likelihood loospital subacute care service
diversification, the rate of change in the likelillp as well as the amount of diversification
and the rate of change in the amount during thiygperiod. The outcome of many strategic
decisions examined within health services couldtcetvably have this pattern (presence or
absence). Moreover this pattern is likely to rdfiatra-organization as well inter-
organization variability especially examined overd. Consequently, the model described
in this article can be utilized to examine an awhgrganizational decision making over
time. Within the integrated model, each compomséiould be conceptualized in terms of the
appropriate set of time-varying and time invariemtariates. The utility of this modeling

approaching is likely to be enhanced when atteriiaiven to relevant theoretical constructs.
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Table 1: Variables, measurements, and data sour ce

Variables

M easur ements

Data Sour ce

Percentage of
subacute beds
FTEs per bed ratio
Ownership
System affiliation

HMO penetration rate
Senior citizen rate

Competitive pressure

(Subacute beds/Total beds) x 100

(Total FTEs/Total beds) x 100
0=FP,1=NFP

0 = Non-hospital-system member
1 = Hospital system member

Total HMO enrollees/Total
population in an HSA

Total number of people of 68 an
older/Total population in an HSA

AHA Annual Survey

AbMkhnual Survey

AHA Annual Survey

AHA Annual Survey

Interstudy Survey
and ARF
ARF

Number of hospitals havingasute AHA Annual Survey
beds/Total number of hospitals in anand ARF
HAS

Table 2: Variancesand correlation of growth factors?

Growth Factors iu su iy sy
iu 92.9F**
su -.0007 2.46**
iy .38** -.24%* 337.18***
sy -.059 .19 .017 4.14%**

a. The variances are on the diagonal and the atioelcoefficients are off-diagonal.

** p< 01

**k ) <001
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Table 3: Parameter estimates of growth factorsand covariates

Diversification Annual Rate
Statusin 1994 of Change
Variable Estimate t Egimate t
U-part
Growth factor mean %0 1.868 2.09*
System affiliation 1.73 1.83 -.110 -0.54
Ownership 3.54 3.47** -1.485 -3.92**
HMO penetration rate .01 0.49 .002 .600
Competitive pressure A7 5.01*** -.001 -0.07
Y-part
Growth factor mean 20.38 7.97*** .075 0.13
System affiliation -.76 -0.89 -.010 .7
Ownership 4.68 4.37** -.310 -1.31
Senior citizen rate .34 2.58** .002 0.07
FTEs per bed ratio 1992 -.020 -4, 37
FTEs per bed ratio 1993 -.020 -4.02%**
FTEs per bed ratio 1994 -.010 -2.92**
FTEs per bed ratio 1995 -.010 -1.85
FTEs per bed ratio 1996 -.010 -1.38

#The mean of the intercept growth factor is fixedexo by default when the outcome
variable is categorical.
U-part = occurrence versus nonoccurrence of sifiestion.
Y-part = degree of diversification.
*p<.05. *p<.01. **p<.001.
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Figure 1: Histograms of hospital subacute beds, 1992-96
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Figure 2: Path Diagram of Two-Part M odela

HMO rate
Com petitive
pressure

System
Ownership

| FTE92 | [ FTE93 | [ FTE94 | [ FTE9s | [ FTE9s |

®Error terms are not shown in the figure.

iu and iy are the intercept growth factors.

su and sy are the slope growth factors.

U1-U5 are the outcome variables for the U-part.

Y1-Y5 are the outcome variables for the Y-part.

HMO rate is the mean of HMO penetration rates fi®92 to 1996.
Competitive pressure is the mean of competitivegqres from 1992 to
1996.

Senior rate is the mean of senior citizen rates ft@92 to 1996.
System is system affiliation type.

Ownership is the ownership type.

FTE is the FTEs per bed ratio from 1992 to 1996.

The double-arrowed lines indicate the growth factme correlated.
The single-arrowed lines indicate the directiomndifience.
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Appendix 1: A Coding Example of Subacute Bed Variable®

Raw data
I Sub92 Sub93 Sub94 Sub95 Sub96
6743570 0 0 10 17 17
6749530 0 0 0 0 0
6933735 0 0 15 15 .

Coding into U-part

I Sub92 Sub93 Sub94 Sub95 Sub96
6743570 0 0 1 1 1
6749530 0 0 0 0 0
6933735 0 0 1 1 -99

Coding into Y-part

I Sub92 Sub93 Sub94 Sub95 Sub96
6743570 -99 -99 10 17 17
6749530 -99 -99 -99 -99 -99
6933735 -99 -99 15 15 -99

21 is hospital ID. Sub92-Sub96 are the subacuts fredn 1992 to 1996, respectively.

“e"and “-99” represent missing values.
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Appendix 2

Mplus version 3.12
Input codes*:

variable:

Names are hsa hmo92-hmo96 senior92-senior96

system owner competition 92- competition 96us fteh92-fteh96
y1-y5 Avghmo Avgcompetition Avgsenior;

categorical = ul-u5;

usev = ul-u5 y1-y5;

missing = all(-99);

analysis: type = missing;
estimator = mir;
algorithm = integration;
coverage = .09;
Cholesky = on;

model:
iusu|ul@-2 u2@-1 u3@0 u4@1 uS@2;

iy sy |yl@-2 y2@-1 y3@0 y4@1 y5@2;

* hsa:health service areas
hmo92-hmo96: HMO penetration rates for 1992986
senior92-senior96: Senior citizen rates for2l&91996
system: system affiliation type
owner: ownership type
competition 92- competition 96: competitive ggeres for 1992 to 1996
fteh92-fteh96: FTEs per bed ratio for 1992 994
Avghmo: mean of HMO penetration rates for 1892996
Avgcompetition: mean of competitive pressum@sl®92 to 1996
Avgsenior: mean of senior citizen rates for2891996



