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PREFACE

The Nationd Evaluation of the Cost-Effectiveness of Home Care is an integrated program of
research with 15 studies being conducted across Canada. There is an overdl strategy for the program of
researchto make it as useful to administrators and decison makers as possible. The program of research
is designed to determine whether or not home care is a cost-€effective dternaive to inditutiond care, that
is, care in long term care facilities and acute care hospitals. However, the program of research is dso
designed to provide an educeationd function to inform decision makersand the public about home care, and
to provide advice about issues related to implementing new and cogt-effective home careinitiatives. Thus,
the overal drategy has the following components:

. Conduct studies to determine whether or not home care is a cost-effective dternative to
inditutiond care, and if 0, under what conditionsit is cos-effective.

. Conduct studies to inform decison makers about the nature and scope of home care
services across Canada. These studies provide abasdine of information about home care
clients, cogts, and utilization. This basdine is important because there is currently no
nationa database on home care in Canada.

. Conduct studies to explore opportunities for potentia savings in the hospital sector by
subgtituting home care services. At present there are relatively few areas noted in the
literature where home care has been shown to be a cost-effective dternative to hospital
care.

. Conduct studiesto provide decision makerswith information about some of theissuesthey
may faceif they try to implement new initiatives to enhance the cogt-effectiveness of the
hedlth care system.

This study, Substudy 2, Care Trajectories: The Natural History of Clients Moving Through
the Continuing Care System, hasthree mgor sections. Thefirgt section setsthe context of the sudy. The
second section describes the most common patterns of movement through the British Columbiacontinuing
care system for the 1987/88 to 1996/97 fiscal years, for acohort of clients admitted in the 1987/88 fisca
year. The third section compares 15 different Satistical models to predict how people move through the
system of care. It was found that Markovian moddling provided a high degree of predictability of future
resource utilization.

Neena Chappd|, PhD Marcus Hollander, PhD
Co-Director Co-Director
Nationd Evauation of the Nationd Evduation of the

Cog-Effectiveness of Home Care Cog-Effectiveness of Home Care
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EXECUTIVE SUMMARY

Thisstudy hasthree sections. The first section sets the context for the study. The second section
describesthe most common patterns of movement through the British Columbiacontinuing care sysem for
the 1987/88 to 1996/97 fiscal years, for a cohort of clients admitted in the 1987/88 fiscd year. Thethird
section compares 15 different statistical modelsto predict how people move through the system of care.
The data used in this study were obtained from the University of British Columbia which maintains a
longituding database of BC datafor hospitals, physicians, drugs, continuing care, mental hedlth, and some
agpects of vitd gatidics.

It was initidly expected that there would be four to Sx common trgectories or patterns of
movement which would account for a Sgnificant portion of dl patterns. It was aso assumed that people
would progress through the systemof carein acertain logica manner, entering at alow levd of careinthe
community, moving up one or two care levels, then moving to afacility where they would move up through
one or two care levels and then pass away.

Thefindings from this sudy indicate thet, unlike our initia expectations, there was awide variety
of caretrgectories, nonewith alarge percentage of the clients. Within the ten years of dataavailableto us,
the most common pattern was for clients to enter the system at a given level and type of care and die
without any changesin theleve and type of care. Theimplications of these two results must be considered
by clinicians, planners and policy makers.

For those who entered care in the community at level one, none of the top ten patterns of care
included amoveto afacility. However, a higher sarting levels of care, there was agenerd trend toward
an increasing proportion of clients having patterns which involved movesto afacility. Inthevast mgority
of cases, thosewho entered carein afacility remained in facility care until they passed away or until theend
of the ten years of data available to us.

Some 15 Markovian and non-Markovian forecasting methods were tested on nine years of actual
data on the states of hedlth of 6384 clients of the BC Continuing Care System. Markovian methods were
shown to bemorerobust both intimes of rapid and modest change. Theforecasting errorsfrom Markovian
methods were smdl and were in generd smdler than the errors for the non-Markovian methods (moving
average, exponentia smoothing, linear regresson) againgt which they were compared. Further testing
should be undertaken to determine how well Markovian methods work on longer range forecasts and on
smaller populations.
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SECTION A: SETTING THE CONTEXT
1 INTRODUCTION

In British Columbia, continuing careisacomprehensive system of carefor the elderly and persons
with disabilities. It includes assessment and case management, short and long term home care and home
support, and long term care facilitiesand chronic carefacilities. There hasbeen very little research on how
clients move through this system of care.

This report documents the pattern of client movement within the care systlem. Thismovement can
aso be referred to as the “trgectory” of client care. Knowing how people move through the system is
important for anumber of reasons. If care patterns are predictable, clinicians can prepare in advance for
changesin caredatus. Themovement of clientswithin the system of careisaso important for planning and
for resource alocation. Mot planning and resource alocation modelslook at the characteristics of clients
and factors externd to the system of care in order to predict future utilization patterns. However, it could
be that thewaysinwhich clientswho aredready in the systerm move between servicesmay aso contribute
to resource pressures. For example, if clients come into home care they may progressto fecility care at a
steady pace year by year, o, it could be that most clients moveinto facility carein their fourth or fifth year
of care. If thelatter were the case, then there would be Sgnificant pressure on beds at certain pointsintime
crested from within the system of care.

The report has three sections. The firgt sets the context, while the second looks at the pattern of
movement of clients within the syslem. The third section looks &t various approaches to moddling the
movement of dients, including Markovian modelling, to determine which gpproach is most predictive of
actua outcomes.



2. METHODS

The data used for the andysesin this sudy were obtained from the University of British Columbia
(UBC)whichmaintainsalinkablelongitudinad databasewith datafor hospitals, physicians, drugs, continuing
care, menta hedth and some aspects of vitd datistics UBC's Centre for Hedlth Services and Policy
Research (CHSPR) has done extensive work to link data by developing probabilistic linkages. Tests
indicate a very high degree of accurate matches. More recently, after the advent of the unique hedlth
number in British Columbig, linkages have been made using this unique hedth number (Chamberlayne,
Green, Barer and Hertzman, 1998).

Oncethedatawere obtained, an extensive process of cleaning thedatawasundertaken. Each data
set was andyzed for potentid datarrelated problems by ingpecting the ranges of each variable to be used
inthe andyss.

The document used to authorize access to dl community and resdentid long term care services
in British Columbia during the 1980s and 1990s was the "Care Advice' form. A care advice form is
completed to order servicesfor new clients. After theinitia service order, acareadviceformisfilled out
for any change from approved service such as a change of service, a change in care leve, discharge or
death.

Whileit gppeared that the databasefor direct care services (nursing, PT/OT) wasgenerdly reliable,
it had the most anomdies. Direct care services are not ordered through the same care advice form aslong
term care community services suchas homemakers and adult day care. Dataon visitsare recorded every
6 months for active clients, and at discharge, on a separate direct care database.

Table 2-1 presentsinformation on how the data were cleaned to arrive at the total sample number
of 6384 for thisstudy. These 6,384 clientswere assessed inthe 1987/88 fisca year and started care within
aone year period after their assessment. They condtitute the cohort which is andyzed in this study. We
were able to track the movement of these clients for a 10 year period to the end of fisca 1996/97.
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Table 2-1. Selection of the Samplefor the Study from all New Assessmentsin the
1987/88 Fiscal Year

Tota client records received in fisca 1987/88 15259
MINUS

Duplicate Records 264
No Assessment* 109
Lessthan 65 Years of Age 2179
Clientswith No Care a All 1567
Indligible or Declined Care 507
Started too Early? 45
Clientswith no carein the first year after assessment 1316
Long Hospitd Stays® 84
Clients with Short Stays* 1237
Outliers® 134
Not enough care® 1433
Totd Sample 6384

YIn this study ayear is defined as being 364 days to ensure a standard number of days for each half year period (182
days) and each quarter (91 days). These exclusions are most likely clients who were admitted on the last day or two
of the year (1988 was aleap year).

2Some clients started before the completion of their formal, first assessment. Clientswho started care more than 60
days prior to their first assessment were excluded from the study.

3Clients with a continuous hospital stay of over 182 days were excluded from the study
“Clientswith 91 days or less of carein the year after their first care were excluded from the study.

QOutliers are clients who had values which were more than five standard deviations from the mean for the average
cost of MSP services, cost of prescription drugs, number of daysin hospital, direct care visits, homemaker hours and
direct care daysfor the two year period after the beginning of care. Thefive standard deviations criterion was used
because the distributions for costs and utilization were quite skewed with most clients having relatively low levels of
service and decreasingly small numbers having increasing amounts of service.

®Only clientswho werein care 75 percent of the timein the first year were included in the study. Thus, this
represents people who had at least three months of care (see footnote 4) but less than 9 months of care.



3. LITERATURE REVIEW

A comprehensive literature review was conducted of predictive moddling in the continuing care
sector. Two articles were found which rdate to British Columbia (Lane, Uyeno, Kliewer & Gutman,
1985; Lane, Uyeno, Stark, Gutman & McCashin, 1987). A third article by Gillen, Spore, Mor and
Freiberger (1996) looked at trangtions within nurang homes in 48 National Hedlth Corporation (NHC)
nursing homes between 1983 and 1987.

The study by Lane et d. (1985) was based on a population of 1,653 clients admitted in 1978 to
the British Columbiacontinuing care system who werefollowed for afiveyear period. They looked at three
different models of predicting the pattern of client movement within the syssem of care. They found that the
first-order Markov chain modd with gationary trangtion probabilities yielded superior forecaststo state-
by-state moving average growth, and state-by-state regression analyses.

The 1987 Laneet d. article studied 9,483 clientsin the British ColumbiaL ong Term Care Program
over the period 1978 to 1983. They found, as did the 1985 study, that the Markov model resulted in quite
accurate forecasts of how clients move from date to state (level of care in the community and facilities)
from the time of admission to death. Two end states, discharge and death, were aso included in the
andyss. Theauthorsfound that therewas someindability in Satetrangtionsinthefirst year after admisson
to care. This“settling down” phenomenoniswell knownto care providers, administrators, and researchers.
Once the firgt year of trangtion was diminated, trangtion probabilities were fairly consstent and fairly
predictive of actud utilization. The authors andysed various sub-sets of the data and found that the most
highly predictive results occurred when dlients were separated into male and femae groups.

Thereis quite adifferent pattern in the use of long term care facilitiesin Canada than in the United
States. In Canada, most people who are eventudly admitted to along term care or chronic care facility
tend to Say in resdentid care. In contragt, in the United States, a significant proportion of clients use
facilities on ashort term basis. These differences are believed to be theresult of different systemsof care.

Gillen et a. (1996) used a continuous-time Markov chain anayssto look at trangtion patternsin
long term care facilities for some 9,541 long-gay dlients. They used an Activities of Daily Living (ADL)
scde as their method to classfy clientsinto care levels. Their modd had five leve of care states and four
other states: death, hospitaization, return home, and other discharge. Clients were sudied for months one
to three and for the four quarters of their first year in care. The authors found that the number of functiona
trangtions was grestest in thefirgt thirty days. They aso found that functiona stability increased over time.
For example, the probability for clients at the lowest level of care remaining in that state was 89 percent
in the first 30 day period and 97 percent in the third thirty day period, if they started the period at that
functiond date.

It was aso0 found that during the second quarter 27 percent of the origina long stay sample (in care
for at least 100 days) exited from facilitiesand 44.5 percent were hospitaized, 37.7 percent returned home,
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and 16.4 percent died. During the third quarter 21 percent of the remaining clients exited the system and
in the fourth quarter 13 percent were discharged. The authorsaso tested the significance of covariateson
the trangtion intengities for each quarter. They found the following variables to be sgnificantly rdated to
trangtion intengties age, maritd status, primary source of payment, any cancer diagnoss, diagnoss of
paraysis, presence for a psychiatric disorder other than dementia, and orientation status.

Apart from the above articles related to continuing care, there are relatively few examples of the
use of Markovian analysis for forecasting in health management. From the standpoint of the vital function
of forecasting, this is somewhat surprising because of the number of years this method has been well
understood and because the heart of basic Markovian andysis is the quantification of the rate of change
from one date to another, an essentiad element of forecasting. Grover, Coupd, Zowall, Rgan,
Trachtenberg, Elhildi, Chetner and Goldenberg (2000) applied a Markovian State trandtion mode to
roughly forecast the hedlth care requirements associated with prostrate cancer. Boult, Kane, Louis and
Ibrahim (1991) did pilot Markovian studies to forecast the number of future disabled ederly. Kinosan,
Stdlard, Lee, Woodbury, Zbrozek, and Glick (2000) predicted carerequirementsand survival probabilities
for people with Alzheimer’s disease. Caro and Huybrechts (1999) crested a rough modd for the
economics of strokes. This modd had severd Markovian submodels.
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SECTION B: PATTERNS OF SERVICE UTILIZATION

4. FINDINGS

It was initidly assumed that there would be four to Sx common trgectories or patterns of
movement which would account for asignificant proportion of al patterns. It was aso assumed that people
would progress through the system of care in a certain logica manner. That is, it was assumed that they
would enter the system at alow care leve in the community, move one or two care levels up and perhaps
receive additiona services, move to afacility, move up one or two care levels and then pass away. The
data reveded that neither of these assumptions could be supported empiricdly. In fact, the pattern of
progressionfromlow level homecareto highleve facility careonly occurred inaredatively smal proportion
of cases.

It was found that clients had a very wide variety of care trgectories and that the most common
pattern within the ten years of data available to uswasto enter the system at agiven level and type of care
and die. Both of the above findings represent significant new information about the natura history of client
movement within the continuing care syssem. Thefull implications of thesefindingsarenot cleer at thispoint.
However, they will need to be consdered by clinicians, planners and policy makers for their potentia
implications.

We had origindly hoped to cost out common care trgjectories. To our knowledge no one has yet
costed out full episodes of care in the home care system. However, given the lack of common care
trgjectories, costing was not undertaken.

Overdl, it was found thet, over the 10-year period from 1987/88 to 1996/97, about two thirds of
the clients died and one third were till dive. Figure 4-1 presents a schematic overview of the number of
deaths which occurred over the ten year period of the study.

Given the complexity of the care patterns we present our datain three layers. Table 4-1 presents
patterns based on four states: home/community, facility, dead and no care. As noted above, any change
to careis recorded on the Care Advice form. We found that there were gaps in care between the end of
one care advice and the beginning of another care advice. These gaps could occur for severd reasons such
as along hospita stay, an extended trip with family, or a temporary move to another province. The
designdtion "no care" represents the state in which the client is not receiving continuing care services.



Figure4-1: Number of Deathsper Year
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Table4-1: Service Utilization Patterns by Type of Carefor Home/Community Care and Residential Care
Per cent Distribution of Length of Stay*
Per cent of Mean Length
Pattern? Total of Stay
Patter ns? (Days)? 0-6 months 7-12 months 1-2years 2-3years 3-5years 5-10years
L g?gm“”'ty/ 247 1083 11.9 15.19 1911 1266 2013 2095
2. Community 874 2184 1449 19.42 11.11 17.49 1565
Facility/Died 875 2242 11.40 17.68 1382 21.93 1275
Total 162 1749 203 425 0.66 1217 24.93 46.9
3. Community/ 95 3650 0 0 0 0 0 100
Still Active
4. Facility/Died 9.3 1280 773 1277 11.60 1462 2588 27.39
5. Community/ 71 1744 0 7.24 17.32 043 1886 4715
No Care
6. Community 1924 6.75 583 7.06 6.75 13.19 6043
Facility/Siill 1726 184 3.99 1472 1472 2515 3957
Active
Total 5.1 3650 0 0 0 0 0 100

1 Where clients were only in one state and either continued in care, died, or received no subsequent care, the statisticsin thistable are organized in
one row which represents information about the initial state of the client. Where clients were in more than one state, the sequence of statesis
represented vertically and the row entitled ‘ Total’ represents information on the total stay of the client in care.

2 Figuresin column two represent the percent of total patterns for Home/Community Care and Residential Care clients.

3 Where more than one state exists, the number for the ‘ Total’ row, represents the vertical addition of the time spent in each state.

4 Where more than one state exists, the row total represents the distribution of time for the overall length of stay.




Table 4-1 (continued)

Per cent Distribution of Length of Stay
Per cent of
Mean Length
Pattern Total
patterns | Of & (Days) | 0-6 months 7-12 months 1-2 years 2-3years 3-5years 5-10years
7. Community 1079 0 847 3175 19.58 24.34 15.87
No Care/Died 680 32.28 16.40 15.34 1111 17.99 6.88
Total 30 1759 0 0.53 11.64 14.29 26.98 46.56
8. Community 962 0 9.04 36.72 20.90 22.03 11.30
No Care 34 46.33 29.38 11.86 5.65 5.08 1.69
Facility/Died 837 16.95 12.99 20.34 18.64 22.60 847
Total 2.8 2153 0 0 2.26 7.34 23.73 66.67
9. Community 1435 0 947 21.89 13.02 21.30 34.32
No Care 833 20.12 19.563 20.12 11.24 14.20 14.79
Community/ 1382 178 651 2367 1302 2130 3373
Still Active
Total 2.6 3650 0 0 0 0 0 100
10. Community 809 18.92 14.19 25.00 14.19 16.89 10.81
Facility 50 93.92 1.35 3.38 0.68 0.68 0
Community 24 66.22 1351 12.16 541 203 0.68
Facility/Died 721 25.68 1351 20.27 14.19 18.92 743
Total 23 1804 0 3.38 9.46 9.46 3041 47.30
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It should be noted that in the analysisthat follows, states represent actuad continuoustimeinagiven
date. For example, if someoneisin acommunity state for three years, they actudly received care for the
three year period. A different gpproach is used in the analysis of Markovian modelling. In that gpproach
states are recorded at one fixed point in time such as at the end of each fiscdl year. Thus, someone who
is in the community state for three years in the Markovian gpproach may have been in care in the
community for three years. However, it is dso technicaly possible for them to have moved to one of the
other states and moved back to the original state within a given one year period. Thisis because one only
records the state of a person at the end of each one year period.

As noted above, Table 4-1 presents the first layer of anaysis, data on the 10 most common
patterns of care using four states. The most common pattern (24.7 percent) was to be admitted to
home/community care and to die. Ascan be seen, the average length of stay for personsin this pattern was
1,083 daysor about three years. Almost one hdf of the peoplein thiscohort died in thefirst two years. The
second most common pattern was to enter home/community care, move to facility care and die. The
average length of stay in the home/community phase and the residentid phase were 874 and 875 days,
respectively, for atotal of 1,749 days in care (lmost five years). The third most common pattern (9.5
percent) was to enter home/community care and to remainin carefor thefull 10 years of the study (3,650

days).

Table 4-2 presents the second layer of andysis, that is, dataon the movement of clientsacrossthe
five levels of care used in British Columbia(Persona Care (PC), Intermediate Care 1 (IC1), Intermediate
Care 2 (IC2), Intermediate Care 3 (IC3) and Extended Care (EC)). It presents data on the 10 most
common patterns of movement across care levels regardless of the type of care (home/community or
resdentid). Ascan be seen, each of the patternsaccounted for afairly small proportion of caretrgectories.
The top three patterns were for clients at levels 1, 2 and 5 to enter care and die.

Thefind set of tablesprovide dataon thethird layer of andysis, that is, on both the type and level
of carefor theten most common patterns. Initidly, Adult Day Care servicesand Direct Care (professond
home care nursing, PT and OT) were included as separate states. However, there are relatively few adult
day care clients and there were raively few clientswho only received professona home based services
over thelong term. Thus, Adult Day Care and Direct Care clients have been merged into the community
date, by levd of care.

Table 4-3 provides data on the 10 most common care patterns by type and level of care. Ascan
be seen from Table 4-3, even the most common patterns accounted for a very smal proportion of all
possible patterns. Thisclearly documentsthefact, noted earlier, that therewasno smal number of common
patterns of care.



Table4-2: Service Utilization Patternsby Level of Care

Percentof | Mean Length Per cent Distribution of Length of Stay*
Pattern® Total of Stay
Patterns? (Days)® 0-6 months 7-12 months 1-2years 2-3years 3-5years 5-10 years
1. Level 1/ Died 6.9 934 1048 1595 2118 1595 20.73 15.72
2. Leve 2/ Died 50 730 1957 2391 2143 10.87 1522 9.01
3. Level 5/ Died 47 1003 14.72 17.06 14.72 1271 23.08 17.73
4 Level Y 46 1716 0 6.06 18.18 875 2155 4545
No Care
5 Levd 1 983 1494 12.03 21.99 1245 2241 16.18
Level 2/ Died 516 32.78 16.18 282 18.26 747 249
Total 38 1499 332 6.22 16.60 954 29.05 35.27
6. Leve 1/
Still Active 32 3650 0 0 0 0 0 100
7. Levd 1 2221 0.65 1% 7.10 5.81 1355 70.97
Level 2/l 1429 065 516 1935 2129 2452 2003
Active
Total 24 3650 0 0 0 0 0 100

1 Where clients were only in one state and either continued in care, died, or received no subsequent care, the statisticsin thistable are organized in
one row which represents information about the initial state of the client. Where clients were in more than one state, the sequence of statesis
represented vertically and the row entitled ‘ Total’ represents information on the total stay of the client in care.

2 Figuresin column two represent the percent of total patternsfor clients overall.
3 Where more than one state exists, the number for the ‘ Total’ row, represents the vertical addition of the time spent in each state.

4 Where more than one state exists, the row total represents the distribution of time for the overall length of stay.



Table4-2 (continued)

oattern Pefrco;er;lt of Mean Length Per cent Distribution of Length of Stay
Patterns of Stay (Days) 0-6 months 7-12 months 1-2 years 2-3years 3-5years 5-10years
8. Level 3/ Died 24 646 17.53 2127 20.78 16.23 12.99 519
9. Leve 2 776 2318 1457 21.85 11.92 16.56 11.92
Level 3/ Died 458 40.40 21.19 17.88 861 861 331
Total 24 1235 5.96 11.26 1854 17.22 19.21 27.81
10. Leved 1 1021 511 1314 23.36 18.98 24.82 14.60
Leve 2 566 23.36 14.60 3139 1752 10.95 219
Level 3/ Died 34 3942 2409 21.90 7.30 438 292
Total 21 1981 0 0 7.30 10.95 2847 53.28




Table4-3:

Service Utilization Patternsby Type and Leve of Care- Overall

Overall
Per cent Mean Length Per cent Distribution of Length of Stay*
Pattern® of Total of Stay
Patter ns? (Days)® 0-6 months 7-12 months 1-2years 2-3years 3-5years 5-10 years
1. Community
o 1 Died 6.6 o84 1040 16,08 21.28 1584 2057 1584
2. Community
Level 1/ 46 1724 0 6.14 1809 853 21.16 46,08
No Care
3. Community
o Dre 37 650 21.76 24,69 2301 062 1464 6.28
4. Community
Level 1/Stll 32 3650 0 0 0 0 0 100
Active
5 [F)?‘;g'ty Level & 32 1123 076 17.07 1122 1366 2730 2098
6. Community 1032 1330 1117 21.28 1277 24.47 17.02
Leve 1
Community 484 36.70 1436 234 1809 6.91 1.60
Level 2/ Died ' ' ' ' ' '
Total 29 1516 426 585 15.96 851 2872 36.70

1 Where clients were only in one state and either continued in care, died, or received no subsequent care, the statisticsin thistable are organized in
onerow which represents information about theinitial state of the client. Where clients were in more than one state, the sequence of statesis
represented vertically and the row entitled ‘ Total’ represents information on the total stay of the client in care.

2 Figuresin column two represent the percent of total patternsfor clients overall.

3 Where more than one state exists, the number for the ‘ Total’ row, represents the vertical addition of the time spent in each state.

4 Where more than one state exists, the row total represents the distribution of time for the overall length of stay.




Table 4-3 (continued)

Per cent Distribution of Length of Stay
Per cent
Pattern of Total Mean Length
patterns | O St@ (D&ys) | 0-6months 7-12 months 1-2 years 2-3years 3-5years 5-10 years
7. Community
2300 0.72 217 4.35 5.80 13.04 7391
Leve 1
Community
Level 2/Still 1350 0.72 5.80 21.01 2246 2391 26.09
Active
Total 22 3650 0 0 0 0 0 100
8. Community 1085 0 6.74 4045 1461 247 1573
Levd 1
No Care/ Died 841 19.10 17.98 12.36 16.85 2534 787
Total 14 1896 0 0 6.74 8.99 30.34 53.93
9. Community
Level 3 Died 13 446 2791 29.07 24.42 11.63 581 116
10. Community 700 2639 13.89 2.2 1389 1389 972
Leve 2
Community
Level 3/ Died 335 54.17 1944 9.72 833 833 0
Total 11 1044 1111 13.89 1944 19.44 15.28 20.83
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Table 4-4 presents the most common pattern for each of the 10 possible states (facility and
community by the five levels of care) in this more detalled andyss. As can be seen, for each of the 10
darting dates (e.g., community level 1, community level 2, facility level 3, etc.) the most common paitern
was to enter that state and die. Thisis a driking finding and further research into why these results were
obtained is clearly required. Part of the reason may be that clients enter into care due to some form of
hedth crigs. As people admitted to continuing care are generdly frail and ederly, the outcome of ahedlth
criss may well be death. It would be important to find out what other factors may have contributed to these
deaths. If there are delaysin getting people into care, perhaps enhanced preventive initiativeswould assist
people in recaiving care earlier and avoiding deeth.

Table 4-4. Most Common Pattern by Typeand Leve of Care
Leve % Community/Died % Facility/Died
1 205 N/A
2 293 355
3 36.8 323
4 408 53.2
5 54.0 923

Detailed tableson patternsrel ated to thetypeand level of careare presented in Appendix A. Table
1in Appendix A provides data on patterns of care for people who started their care in the community, by
levd of care. For level one, none of the top 10 patterns of care include a move to facility. However, a
higher starting levelsof care, thereisagenera trend toward an increasing proportion of clientswith patterns
which involve movesto fedilities.

Table 2in Appendix A provides data on patterns of care for people who are initialy admitted to
facility care. While there were afew care patternswhich involved people moving between facility careand
community care, there were no top 10 patterns, at any leved of care, for people going from facility careto
community care. In the vast mgjority of cases, people who entered facility care remained in facility care.

Given that a Sgnificant proportion of people who started care in the 1987/88 and 1988/89 fiscal
yearsdied, we conducted asecond set of anayses on people who did not die. Table 4-5 presentsdataon
the 10 most common patterns, and the percentage of cases these patterns accounted for, for three levels
of andyss. community/facility, level of care, and type and level of care. While the analyss comparing
community and facility does indicate some degree of movement from community based servicesto facility
care, the more detailed andysis of type and level of care indicates that most of the common care
trgjectories are for patterns within the community sector. This may be attributed to the relatively high
percentage of clients who were admitted into care who were home care clients a level one. The data on
levels of care, in Table4-5, indicatesthat over a10 year period relatively few clientsmoved more than one
level of care. Findly, thereareardatively high proportion of clientsin the no care group. Further research
is required to determine what actualy happened to these clients.



Table 4-5:

Patterns of Carefor Clients Who Did Not Die

Pattern Patternsby Community/ Per cent of Pattern by Leve of Care | Percent of Patternsby Typeand Level of Per cent of
Number Facility Patterns Pattern Care Pattern
1 Community/Still Active 28.7 Level 1/No Care 141 Community Level 1/No Care 139
2 Community/No Care 216 Level 1/still Active 938 Community Level U/Still Active 938
3 Community 154 Leve 1 73 Community Level 1 6.5
Facility/Still Active Level 2/Still Active Community Level 2/Still Active
4 Community 80 Leve 1 57 Community Level 1 28
No Care Level 2 Community Level 2
Community/Still Active Level 3/Still Active Community Level 3/Still Active
5 Community 46 Level 2/No Care 25 Community Level 1 21
No Care No Care
Community/No Care Community Level 1/No Care
6 Community 30 Leve 1 20 Community Level 1 18
No Care No Care No Care
Facility/Still Active Level 1/No Care Community Level 1/Still Active




Table 4-5 (continued)

Pattern Patterns by Community/ Per cent of Pattern by Level of Care | Percent of Patternsby Typeand Leve of Per cent of
Number Facility Pattern Pattern Care Pattern
7 Facility/Still Active 27 Leve 2 20 Community Level 1 17
Level 3/Still Active Community Level 2
Community Level 3
Facility Level 3/Still Active
8 Community 23 Level 1 18 Community Level 1 16
No Care Level 3/Still Active Community Level 2/No Care
Community
Facility/Still Active
9 Community 23 Level 2/Still Active 18 Community Level 1 10
Facility/No Care No Care
Community Level 2/Still Active
10 Community 15 Leve 1 18 Community Level 1 10
Facility No Care Community Level 3/Still Active
Community Level 1/still Active

Fecility/Still Active
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SECTION C: PREDICTING SERVICE UTILIZATION PATTERNS

S. A BRIEF EXPLANATION OF MARKOVIAN MODELLING

Markovian moddling begins with a predetermined list of possible satesinto which dl clients are
classfied. From higtoricd data, the probability that a client in tate A moves to Sate B within one time
period iscomputed. The set of al the probabilities of sate-to-state movesiscalled thetranstion probability
matrix. If one has computed these probabilities from the beginning (time zero) to the end of thefirs year,
one can do asimple forecast of the number of clientsin each Sate at the end of year 2 by smply gpplying
this trangtion probability matrix to the number of people by state at the end of year 1.

For example, assumethat at the end of year 1 there were Sixty people who were WELL and forty
people who were SICK of a non-fatd illness. By examining their states of hedth at the beginning (time
zero) we find that over the course of thefirst year 80% of those who were WELL at the beginning stayed
WELL while 20% became SICK. Of thosewho were SICK at the beginning, 60% becamewell and 40%
gsayed SICK. These probabilities can be arranged into the following trangition probability matrix:

Table5-1: Example of a Trangtion Probability Matrix

TO
WELL SICK
FROM WELL 0.80 0.20
SICK 0.60 0.40

To compute the number of people WELL or SICK at the end of year 2, we apply these
probabilities to the number of people in each state a the end of year 1. So, of the 60 people who were
WELL at the end of year 1, 80%, or 48 people, remain WELL and 20%, or 12 people become SICK.
Of the 40 people who were SICK at the end of year 1, 60%, or 24 people, become WELL and 40%, or
16 people, stay SICK.

Thus, as noted in Table 5-2, a the end of year 2 there would be 72 WEL L people and 28 SICK
people. If one believes that the probability of people changing states remains constant over time, one can
compute the number of people by state for years 34, etc. as noted above, each time building on the
number of WELL and SICK people at the end of the previous period, but each time using the same
probability matrix.
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Table5-2: Example of a Forecast by Markovian Analysis

WELL SICK
End of Year 1 60 40
End of Year 2 72 28
End of Year 3 74.4 25.6
End of Year 4 74.88 25.12

Inthis particular example in which nobody dies, a steady-state baance in the number of peoplein
each of thetwo satesisbecoming evident by the end of year 3. The estimates made of the number in each
state depends on the number of probability estimates. The morethe number of states, the morethe number
of probahilities to be estimated. This is a ample example of an gpplication of Markovian anadyss as a
forecasting tool. Whether one would choose to use this method or not would depend on the accuracy of

forecasts made with it.
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6. CLASSIFICATION OF CLIENTSIN THE BC CONTINUING CARE SYSTEM

In British Columbia, Canada, many long term care services are available through the government's
Continuing Care System. Clientsmay be provided serviceseither at homeor inafacility. Thesix basic sate
codesin this study are noted in Table 6-1.

Table6-1: Description of States

Code Description

A Adult Day Care

D Home Nursing Care
ASSD NC Assessed No Care
Expired Dead

H Home/homemaker
F Facility

Both H and F were further divided into five levels requiring increasing care: leve 1 for persond
care, levels 2-4 for intermediate care, and level 5 for extended care. These five levels were assessed
amilaly for both home and facility care; so F2 would be “facility level 2° and H2 would be “home, or
community, level 2.” This caused the total number of Satesto riseto 14. Table 6-2 presents an overview
of the actual number of clientsby state and year. The same data are presented schematicaly in Figure 6-1.

The first few years were years of rgpid change while the last few years were times of modest
change. This provides amore balanced test of the robustness of various forecasting methods.



Table 6-2:

Actual Number of Clientsby Stateand Year

Year
State (05 1 2 3 4 5 6 7 8 9 Average
A 241 119 68 37 28 18 18 19 19 11 57.8
D 0 2 7 13 14 11 9 10 8 7 8.1
H1 3198 2676 2099 1740 1404 1135 941 731 449 337 1471
H2 1390 1128 880 758 658 617 511 438 367 306 705.3
H3 521 361 288 256 225 193 188 178 190 191 259.1
H4 139 106 69 70 72 53 57 51 38 A 68.9
H5 139 59 57 47 33 A4 25 24 24 19 46.1
Assd NC 0 219 547 614 650 629 584 570 681 651 514.5
Expired 0 638 1172 1688 2172 2687 3130 3539 3880 4185 2309.1
F1 75 95 82 52 35 27 12 4 2 1 38.5
F2 177 238 253 255 203 154 134 92 70 44 162
F3 156 239 247 225 228 213 226 215 202 188 213.9
F4 99 213 265 235 250 226 190 190 148 143 195.9
F5 249 291 350 3A 412 387 359 323 306 267 333.8
Total 6384 6384 6384 6384 6384 6384 6384 6384 6384 6384 6384

IDigribution at admission to care




Figure6-1:  Actual Number of Clientsby Stateand Year
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7. COMPARISON OF PREDICTIVE METHODS

A number of common forecasting techni queswere chosenfor comparisonwith Markoviananayss.
The criterion used to compare the results was the weighted absolute percentage error. To illudtrate this
criterion, assume you had atwo-state system at the end of year 2 with 40 peoplein state A and 60 in state
B. Your forecast for the end of year 3 was 45 in state A and 55 in state B, but the actua numbers from
your historical datawere 47 and 53, leading to errors of -4.4% and +3.64% respectively. If it isthe size
of theerror whichisimportant, but not the direction of the error, it isappropriate to do the eva uation based
on the absolute value of the errors, 4.4% and 3.64%. When these are weighted by the number of people
in each gate initidly and then divided by the total number of people ( (4.4* 40+3.64* 60)/100), the result
is the weighted absolute percentage error or, in this case, 3.96%.

The methods were evauated on their forecast accuracy over thefirst Sx years.

The fifteen methods are briefly described below. The firgt nine non-Markovian methods only use
the information on the number of clients in each state each year from Table 6-2. In generd, these are
popular smple forecasting methods.

1. "Same aslagt year." Each year, theforecast assumesthat the number in each state will beidentical
to the number the previous year for that Sate.

2. "Two-year moving average." Starting in year 2, the forecast is the average of the previous two
actud vaues. So, if a the beginning there were 1390 in state H2 and at the end of year 1 there
were 1128, the forecast for the end of year 2 would be (1390+1128)/2 = 1259.

3. "Three-year moving average." Starting in year 3, the forecast is the average of the previousthree
actual vaues, So, if at the beginning, there 1390 in state H2, at the end of year 1 therewere 1128,
and at the end of year 2 there were 880, the forecast for the end of year 3 would be
(1390+1128+880)/3 = 1132.7

4, "Same percentage change aslast year." Startinginyear 2, if the percentage gain was 11% between
the beginning and the end of year 1, one would forecast an 11% gain to the end of year 2.

5. "Three-year trend." Starting in year 3, alinear regresson was performed over the actud vaues
in the previous three years. For year 3 thiswould be &t the beginning, at the end of year 1 and a
the end of year 2.

6. "Four-year trend." Starting in year 4, alinear regresson was performed over the actua vauesin

the previous four years. For year 4, thiswould be at the beginning, and at the ends of years 1-3.

7. "Two-year exponentid smoothing, a=0.3." In exponentid smoothing a new forecast depends on
the previous forecast plus some adjustment for the error made in the previous forecast. The
adjustment factor is a which has avaue between 0.0 and 1.0. The forecaster tries various values



8.

0.

=24 -

of ain order to find a best fit. For two-year exponentia smoothing , the new forecast equds the
previous forecast plus a x (the actud vaue last period - previous forecast). Thus if the previous
forecast was low, thisraises or smooths the value of the new forecadt. In this case, the smoothing
factor, a,1s0.3. So, if the actud value last period was 12 and the previous forecast was 10, the
new forecast would be 10 + 0.3*(12-10) = 10.6.

"Two-year exponentid smoothing, a=0.6."
"Two-year exponentid smoothing, a=0.8."

The next six forecasting methods are Markovian methods, based on the transition probability

matrices. Since we have nine years of actud data on 6384 individud clients, we were able to get actud
trangition probability matrices for each pair of adjacent years. Because there are so many states, 14 inadl,
the actud trangtion probability matrices are cumbersome. An example of the actud trangition probability
matrix from the beginning to the end of year 1 isprovided in Appendix B. In this matrix, the probability of
adlientin H1 gaying in H1is 0.763.

10.

11.

12.

13.

14.

15.

"Same aslagt trangtion." Since the actua probability of adient in H1 staying in H1 the firs year
is0.763, that same vaue is used as the forecast for the next year.

"Two-year moving average.” Sarting in year 3, sncetheactud probability of aclientin H1 staying
in H1 the firg year is0.763 and the actual probability in year twois0.765, theforecast probability
for year 3 would be 0.764.

"Three-year moving average." Starting in year 4, since the actua probability of a client in H1
gaying in H1 thefirs year is 0.763, and the probabilities in years 2 and 3 are 0.765 and 0.793
respectively, the forecast probability for year 4 would be 773.7.

"Same percentage change in probability.” If the probability of adlient in H1, sayingin H1 in the
firg trangtion probability matrix went up 20%in the second trangition probability matrix, onewould
forecast the next probability to be 20% larger.

"Three-year regresson.” Starting in year 3, a linear regresson would be performed for each
trangtion probability through the last three actud data points. Initidly, this would be a the
beginning, the end of year 1, and the end of year 2. Since this would occasionaly creste negative
vaues, the negative vaues were st to zero and the remaining vaues normdized to sumto 1.0 so
there would be no shrinkage in the number of clients (recdling that expired patients comprise a
dtate) over time.

"Four-year regression.” Starting year 4, alinear regresson would be performed for each trandtion
probability through the last 4 actud data points. Initidly, thiswould be a the beginning and &t the
end of thefira 3 years. Since thiswould occasondly creete negative vaues, the negative values
would be handled as with the previous method.
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The results of the gpplication of these methods to historical data for the first six years are shown
in Table 7-1. The results for some of the best methods, based on average errorsin thefirst Sx years, are
shown in Figure 7-1.



Table 7-1. Prediction M ethod by Weighted Average Absolute Percent Error

Year
Prediction Method 0 1 2 3 4 5 6 AverageError
1. Sameaslast year NOCHG n.a 2% 2% 20% 18% 16% 15% 21.2%
2. 2-year moving avg MOV2 n.a n.a 46% 35% 28% 25% 23% 31.4%
3. 3-year moving avg Mov 3 n.a n.a n.a 58% 45% 36% 3% 43.3%
4. Same % changeaslast yr SAME% n.a n.a 32% 21% 6% 5% 6% 14.0%
5. 3-year regression REG 3 n.a n.a n.a 18% 13% 10% P 12.5%
6. 4-year regression REG 4 n.a n.a n.a n.a 22% 17% 11% 16.7%
7. 2-yr exp smooth. Alpha=0.3 ESO.3 n.a n.a 53% 60% 61% 58% 53% 57.0%
8. 2-yr exp smooth. Alpha=0.6 ES0.6 n.a n.a 42% 3% 3% 2% 26% 33.6%
9. 2-yr exp smooth, Alpha=0.8 ESO.8 n.a n.a 35% 2% 24% 21% 19% 25.2%
10. sameaslast transition MNOCHG n.a n.a 7.0% 54% 35% 4.0% 3.6% 4.7%
11. 2-yr moving avg MMOV2 n.a n.a n.a 57% 3.6% 4.2% 31% 4.1%
12. 3-yr moving avg MMOV3 n.a n.a n.a n.a 24% 2.8% 21% 2.4%
13. Same %changein prob. MSAMEY% n.a n.a n.a 8.0% 6.6% 6.0% 6.5% 6.8%
14. 3-yr regression MREG 3 n.a n.a n.a n.a 6.3% 3.6% 55% 5.1%
15. 4-yr regression MREG 4 n.a n.a n.a n.a n.a 5.0% 4.3% 4.7%




Figure 7-1:

Better Forecasting Methods
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The best four methods were al from the set of Markovian methods. Indeed, dl six of the
Markovian methods were better over the first Six years than any of the non-Markovian methods. Within
the set of Markovian methods, the three-year moving average method (#12) was best, followed by the
two-year moving average (#11), the four year regression, (#15), and "same as lagt trangtion” (#10). All
sx Markovian methods had |essthan 7% average errorswith thethree-year moving average method having
only a2.4% average error.

Figure 7-1 showsthe first Sx years of errors for the best four Markovian methods and the three
best non-Markovian methods. The errorsfor al three of the non-Markovian methods decreased quickly
after the firgt few yearsin which they were gpplied. Table 7-2 shows us the average error over years 7-9
for each of the 15 methods. These were years with modest changes in numbersin each Sate.

The top four methods are the same as they were for the first Sx years. Except for a switching of
the 3rd and 4th best methods, their ranking is the same.

Table7-2.  AverageErrorsin Years7-9

Year: 7 8 9 AverageError
1. Sameaslast year NOCHG 14% 1% 11% 14.0%
2. 2-year moving avg MQOV2 23% 28% 21% 24.0%
3. 3-year moving avg Mov 3 A% 11% 35% 36.7%
4. Same % changeaslast yr SAME% 4% 8% % 6.3%
5. 3-year regression REG 3 4% % % 7.3%
6. 4-year regression REG 4 ™% 8% 8% 7.7%
7. 2-yr exp smooth. Alpha=0.3 ES0.3 55% 63% 56% 58.0%
8. 2-yr exp smooth. Alpha=0.6 ESO.6 26% 31% 24% 27.0%
9. 2-yr exp smooth, alpha=0.8 ESO.8 19% 23% 16% 19.3%
10. sameaslast transition MNOCHG 34% 7.3% 3.6% 4.8%
11. 2-yr moving avg MMOV2 32% 1.7% 1.9% 4.2%
12. 3-yr moving avg MMOV3 2.2% 5.1% 1.2% 2.8%
13. Same %changein prob. MSAME% 6.1% 7.1% 8.8% 7.3%
14. 3-yr regression MREG 3 3.8% 7.1% 55% 5.5%
15. 4-yr regression MREG 4 2.9% 7.3% 4.4% 4.9%
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8. CONCLUSIONS

In the research in Section B, it was initidly expected that there would be four to Sx common
trgectories or patterns of movement which would account for a sgnificant portion of dl patterns. It was
aso assumed that people would progress through the system of carein a certain logical manner, entering
a alow levd of carein the community, moving up one or two care leves, then moving to afacility where
they would move up through one or two care levels and then pass away.

Thiswas most definitely not the case. Therewasavery wide variety of caretrgectories, nonewith
alarge percentage of the clients. Within theten years of dataavailableto us, the most common pattern was
to enter the system a a given level and type of care and die without any changesin the level and type of
care. The implications of these two results must be consdered by clinicians, planners and policy makers.

For those who entered care in the community at level one, none of the top ten patterns of care
included amoveto afacility. However, a higher starting levels of care, there was more of atrend toward
clients having patterns which involved movesto afacility. Inthevast mgority of cases, those who entered
care in afacility remained in facility care until they passed away or until the end of the ten years of data
avallableto us.

In the research in Section C, the small errors produced by the Markovian methods suggest that
serious condderation should be given to implementation of these methods for practica decison making.

The higher ranking of the Markovian methods in contrast to the non-Markovian methods both in
timesof rapid change and intimes of modest change showsthe robustness of Markovian methods. Further
testing would be useful to determine whether the superiority of the Markovian methods extended to
forecasts two or more years ahead and whether it extends to more sophisticated Markovian techniques.

Markovianmethods of andysishave sometimes been criticized because they requirelargeamounts
of data. The BC Continuing Care System is of sufficient szethat thiswas not anissuein thisstudy. Further
testing should be done to establish whether effective forecasts can be made for smdler jurisdictions such
as some of the Hedlth Regions within British Columbia

Intermsof policy, further research isrequired to determine what factorsled to the high proportion
of deaths noted in thisstudy. Thisiscritical in order to determineif early intervention and admission to care
may have saved lives. In terms of planning, this study indicates that Markovian modelling may be a
preferred method of projecting future resource utilization in long term care and home care programs.
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Appendix A:

Detailed Tables on Patterns of Utilization
for Typesand Levelsof Care



Table 1 Service Utilization Patternsby Type and Leve of Care- Home/Community

Per cent Distribution of Length of Stay*
Per cent of Mean
Pattern? Total Length of
Patterns? | Stay (Days)’ 0-6 months 7-12 months 1-2 years 2-3years 3-5years 5-10years
1. Community 205 984 1040 16,08 21.28 1584 2057 1584
Level 1/ Died ’ ) ’ ’ ) ’ ’
2. Community
Leve 1/ 14.2 1724 0 6.14 18.09 853 21.16 46.08
No Care
3. Community
Leved 1/still 100 3650 0 0 0 0 0 100
Active
4. Community 1082 13.30 11.17 21.28 12.77 24.47 17.02
Level 1
Community
Leve 2/ 484 36.70 14.36 234 18.09 6.91 160
Died
Total 9.1 1516 4.26 585 15.96 851 28.72 36.70

1 Where clients were only in one state and either continued in care, died, or received no subsequent care, the statisticsin thistable are organized in
onerow which representsinformation about the initial state of the client. Where clients were in more than one state, the sequence of statesis
represented vertically and the row entitled ‘ Total’ representsinformation on the total stay of theclient in care.

2 Figuresin column two represent the percent of total patterns for Home/Community clients.

3 Where more than one state exists, the number for the ‘ Total’ row, represents the vertical addition of the time spent in each state.

4 Where more than one state exists, the row total represents the distribution of time for the overall length of stay.



Table 1 (continued)

Community Level 1 (cont.)
Per cent Distribution of Length of Stay
Per cent of Mean
Pattern Total Length of
Patterns Stay (Days) 0-6 months 7-12 months 1-2 years 2-3years 3-5years 5-10years
5. Community 2300 072 217 435 580 1304 7301
Leve 1
Community
Leve 2/Still 1350 0.72 5.80 21.01 22.46 2391 26.09
Active
Total 6.7 3650 0 0 0 0 0 100
6. Community 1055 0 6.74 4045 1461 247 1573
Leve 1
No Care/ Died 841 19.10 17.98 12.36 16.85 25.84 7.87
Total 4.3 1896 0 0 6.74 8.9 30.34 53.93
7. Community 1056 882 1471 19.12 1324 26,47 17,65
Level 1
Community
Level 3/ Died 279 60.29 10.29 19.12 7.35 294 0
Total 33 1335 441 5.88 2353 13.24 25.00 27.94
8. Community
1022 597 11.94 28.36 11.94 26.87 14.93
Levd 1
Community 563 2836 1343 2537 16.42 1343 299
Leve 2
Community
Level 3 Died 299 53.73 16.42 19.40 5.97 1.49 2.9
Total 32 1889 0 0 1194 11.94 29.85 46.27




Table 1 (continued)

Community Level 1 (cont.)

Per cent Distribution of Length of Stay
Per cent of Mean
Pattern Total Length of
Patterns Stay (Days) 0-6 months 7-12 months 1-2 years 2-3years 3-5years 5-10years
9. Community 1838 169 339 1186 6.78 2542 50.85
Leve 1
Community 1053 847 1695 1695 1356 2542 1864
Leve 2
Community
Leve 3/Still 759 3.39 11.86 44,07 20.34 18.64 1.69
Active
Total 29 3650 0 0 0 0 0 100
10. Community 1084 0 9.09 3864 1364 273 1594
Leve 1
No Care 680 22.73 18.18 22.73 13.64 18.18 455
Community
Level 1/ 737 2.73 9.09 29.55 455 29.55 455
No Care
Total 21 2501 0 0 2.27 0 9.09 88.64




Table 1 (continued)

Community Leve 2
Per cent Distribution of Length of Stay
Per cent Mean Lenath
Pattern of Total f Stay (D a
patterns | O & (Days) | 0-6 months 7-12 months 1-2years 2-3years 3-5years 5-10years
1. Community
Level 2/ Died 29.3 650 21.76 24.69 23.01 9.62 14.64 6.28
2. Community
Leve 2/Still 709 26.39 13.89 222 13.89 13.89 9.72
Active
Community
Level 3 Died 335 5417 19.44 9.72 8.33 833 0
Total 88 1044 1111 13.89 1944 19.44 15.28 20.83
3. Community
Level 2/ 58 1390 0 17.02 2340 851 17.02 34.04
No Care
4. Community 498 36.11 1389 BB 556 833 278
Leve 2
E?Z'(;'ty Level 2f 611 3056 13.89 16,67 22 1389 278
Total 44 1109 8.33 16.67 13.89 19.44 22.22 1944
5. Community
Level 2/Still 37 3650 0 0 0 0 0 100
Active
6. Community 834 0 1379 3448 27.59 20,69 345
Leve 2
No Care/ Died 683 41.38 10.34 17.24 6.90 13.79 10.34
Total 36 1517 0 0 27.59 20.69 17.24 3448




Table 1 (continued)

Community Leve 2 (cont.)

Per cent

Per cent Distribution of Length of Stay

Mean Length
Pattern of Total
patterns | O & (Days) | 0-6 months 7-12 months 1-2years 2-3years 3-5years 5-10years
7. Community 501 2000 12,00 4400 4,00 16,00 400
Leve 2
Community
e 1 Dred 746 16,00 20,00 36.00 0 16,00 12.00
Total 31 1337 400 8.00 16,00 12,00 28.00 32,00
8. Community 501 17.39 17.39 3913 26.00 0 0
Leve 2
Community
oo 5 Died 296 60.87 17.39 1304 0 435 435
Total 28 797 870 26,09 17.39 2174 17.39 870
9. Community 597 30.00 25,00 10,00 20,00 10,00 5,00
Leve 2
Community
Covet 4/ Dind 155 75.00 10.00 15.00 0 0 0
Total 25 752 15,00 20,00 3000 15.00 5.00 15,00
10. Community 575 15,00 25,00 30,00 15.00 10,00 5.00
Leve 2
Facility Level 2 746 30.00 5.00 20,00 15.00 20,00 10,00
g?g:ny Level 3/ 382 40,00 30,00 15.00 5.00 10,00 0
Total 25 1703 0 0 10.00 15.00 3500 4000




Table 1 (continued)

Community Leve 3
Per cent Distribution of Length of Stay
Per cent Mean Lenath
Pattern of Total f Stay (D g
patterns | O 5@ (D&ys) | 0-6 months 7-12 months 1-2years 2-3years 3-5years 5-10years
1. Community
L Dred 368 446 27.01 29,07 2442 11.63 581 116
2. Community 431 39.29 17.86 17.86 17.86 7.14 0
Leve 3
g?‘;g'ty Level 3/ 680 25,00 2143 14.29 2143 714 1071
Total 120 1111 357 1071 17.29 2857 2857 1429
3. Community 215 64.00 20,00 800 400 400 0
Leve 3
Facility Level 3 330 4800 24,00 12.00 8.00 8.00 0
Facility Level 4 617 20,00 20,00 28,00 16,00 16,00 0
T;i';ty Level 5/ 766 12,00 16,00 16,00 32,00 24,00 0
Total 107 1928 0 0 8.00 0 40,00 52,00
4. Community 467 3750 1250 31.25 6.25 1250 0
Level 3
Community
Lo 9 Died 686 1875 1875 1875 25,00 1875 0
Total 6.8 1153 0 6.25 25,00 31.25 1875 1875




Table 1 (continued)

Community Leve 3 (cont.)
Per cent Distribution of Length of Stay
Per cent
Mean Length
Pattern of Total f Stay (D
patterns | O 5@ (D&ys) | 0-6 months 7-12 months 1-2years 2-3years 3-5years 5-10years

5. Community 513 BB 20,00 1333 26,67 0 6.67

Leve 3

Community

o 4/ Dred 284 66.67 1333 6.67 6.67 6.67 0

Total 64 757 26,67 1333 20,00 2000 1333 6.67
6. Community 205 5333 20,00 20.00 0 6.67 0

Leve 3

Facility Level 3 645 2000 20,00 6.67 N3 2000 0

E?Ce'(;'ty Level 4/ 453 BB 20,00 20,00 2000 6.67 0

Total 64 1393 0 0 20,00 2000 N3 26,67
7. Community 359 5385 1538 1538 7.69 7.69 0

Leve 3

Community

e 142 69.23 23,08 7.69 0 0 0

Total 56 501 1538 46.15 7.69 1538 1538 0
8. Community 194 69.23 15.38 7.69 7.69 0 0

Leve 3

Facility Level 3 421 46.15 1538 23,08 7.69 0 7.69

Facility Level 5/ 531 61.54 7.69 7.69 0 1538 7.69

Died

Total 56 1146 7.69 1538 7.69 30.77 1538 2308




Table 1 (continued)

Community Leve 3 (cont.)
Per cent Distribution of Length of Stay
Per cent
Mean Length
Pattern of Total f Stay (D
patterns | O 5@ (D&ys) | 0-6 months 7-12 months 1-2years 2-3years 3-5years 5-10years
9. Commuinity 611 769 3846 3077 769 769 769
Level 3
g?gglty Level & 877 38.46 7.69 15.38 0 15.38 23.08
Total 5.6 1488 0 15.38 15.38 15.38 7.69 46.15
10. Community 407 10.00 60.00 20.00 0 1000 0
Leve 3
Community 159 70,00 20,00 10.00 0 0 0
Leve 4
Facility Level 4 498 30.00 20.00 30.00 0 20.00 0
g?‘;g'ty Level 5/ 705 30,00 20.00 20.00 1000 1000 1000
Total 43 1769 0 0 0 30.00 10.00 60.00




Table 1 (continued)

Community Levd 4

Per cent Distribution of Length of Stay

Per cent
Pattern of Total Mean L ength
patterns | O & (Days) | 0-6 months 7-12 months 1-2years 2-3years 3-5years 5-10years
1. Community
Level 4/ Died 40.8 347 35.00 35.00 25.00 0 5.00 0
2. Community 224 60.00 20,00 1333 0 6.67 0
Leve 4
Facility Level 4 608 40.00 6.67 20.00 20.00 6.67 6.67
Facility Level &/ 90 40,00 0 1333 0 20,00 26,67
Died
Total 30.6 1792 6.67 0 6.67 6.67 40.00 40.00
3. Community 408 4286 7.14 2857 2143 0 0
Leve 4
Community
Level 5/ Died 145 7143 14.29 14.29 0 0 0
Total 28.6 553 3K5.71 14.29 14.29 14.29 2143 0




Table 1 (continued)

Community Leve 5
Per cent Distribution of Length of Stay
Per cent Mean Lenath
Pattern of Total f Stay (D a
patterns | O & (Days) | 0-6 months 7-12 months 1-2years 2-3years 3-5years 5-10years
1. Community
Level 5/ Died 54.0 361 4255 27.66 17.02 6.38 6.38 0
2. Community 300 4250 30.00 17,50 250 750 0
Level 5
E?Z'(;'ty Level &/ 866 2500 750 20,00 1250 2250 1250
Total 46.0 1166 750 5.00 2750 15.00 2250 2250




Table 2: Service Utilization Patternsby Typeand Level of Care - Facilities

Facility Level 2
Per cent Distribution of Length of Stay*
Per cent Mean
Pattern? of Total Length of
Patterns? | Stay (Daysy 0-6 months 7-12 months 1-2 years 2-3years 3-5years 5-10years
L E?;“ty Level 2/ 355 933 15.38 2821 12.82 10.26 15.38 17.95
2. Facility Level 2 638 17.65 17.65 2353 17.65 2353 0
Facility Level 3 584 2041 11.76 2041 17.65 0 11.76
E?‘;g'ty Level 4/ 548 2353 2353 2941 1176 588 588
Total 155 1770 0 5.88 5.88 2353 2353 41.18
3. Facility Level 2 740 13.33 20.00 26.67 6.67 26.67 6.67
E?:'(;'ty Level 4/ 666 2667 6.67 1333 3333 2000 0
Total 136 1406 6.67 0 20.00 0 3333 40.00

1 Where clients were only in one state and either continued in care, died, or received no subsequent care, the statisticsin thistable are organized in
onerow w hich representsinformation about the initial state of the client. Where clients were in more than one state, the sequence of statesis
represented vertically and the row entitled ‘ Total’ represents information on the total stay of the client in care.

2 Figuresin column two represent the percent of total patterns for Facility clients.
3 Where more than one state exists, the number for the ‘ Total’ row, represents the vertical addition of the time spent in each state.

4 Where more than one state exists, the row total represents the distribution of time for the overall length of stay.



Table 2 (continued)

Facility Level 2 (cont.)

Per cent

Per cent Distribution of Length of Stay

Mean Length
Pattern of Total
patterns | O & (Days) | 0-6 months 7-12 months 1-2years 2-3years 3-5years 5-10years
4 E?Zg'ty Level 2/ 630 3571 1429 1429 1429 1429 7.14
E?g'(;'ty Level 3/ o2 714 28,57 28,57 0 14.29 2143
Total 127 1552 0 7.14 2143 0 2143 50.00
5. Facility Level 2 259 50.00 2143 2143 7.14 0 0
Facility Level 4 793 1429 7.14 3B71 7.14 3571 0
Facility Level 5 610 3571 2143 14.29 0 2857 0
Died
Total 127 1662 0 0 7.14 7.14 3571 50.00
6. Facility Level 2 408 36.36 18.18 2727 0.09 0.09 0
Facility Level 3 466 36.36 9.09 27.27 27.27 0 0
Facility Level 4 464 1818 36.36 1818 27.27 0 0
Facility Level 5/ 465 1818 36.36 2727 0 1818 0
Died
Total 100 1803 0 0 0 0.09 54,55 36.36




Table 2 (continued)

Facility Level 3
Per cent Distribution of Length of Stay
Per cent Mean Lenath
Pattern of Total f St Dgt
patterns | O & (Days) | 0-6 months 7-12 months 1-2years 2-3years 3-5years 5-10years
L E?Zg'ty Level 3/ 23 753 6.25 31.25 1875 2188 1250 033
2. Facility Level 3 370 3571 2143 25,00 17.86 0 0
Facility Level 4 639 2143 17.86 2500 2143 1071 357
E?g'(;'ty Level 5/ 762 2857 14.29 1071 14.29 21.43 1071
Total 283 177 357 0 1071 17.86 1429 5357
3. Facility Level 3 495 19.05 3810 1429 19.05 052 0
E?‘;g'w Level 4/ 480 38.10 19.05 1429 1429 1429 0
Total 212 975 0 476 2857 2857 2857 952
4. Fadility Level 3 o4 27.78 11.11 1667 556 22 16,67
Facility Level 5/ 632 27.78 556 22 38.89 0 556
Died
Total 182 1556 556 11.11 11.11 1.1 22 38.89




Table 2 (continued)

Facility Level 4
Per cent Distribution of Length of Stay
Per cent Mean Lenath
Pattern of Total f Stay (D a
patterns | O 5@ (D&ys) | 0-6 months 7-12 months 1-2years 2-3years 3-5years 5-10years
L [F)?:g'ty Level 4/ 532 792 24.24 18.18 1515 1818 1212 1212
2. Facility Level 4 850 27.59 6.90 17.24 24.14 13.79 10.34
g?‘;g'ty Level S 827 17.24 1034 17.24 1379 37.93 345
Total 46.8 1677 0 10.34 345 13.79 31.03 41.38
Facility Level 5
Per cent Distribution of Length of Stay
Per cent Mean Lenath
Pattern of Total f Stay (D a
patterns | O &Y (Days) | 0-6 months 7-12 months 1-2years 2-3years 3-5years 5-10years
L E?Zg'ty Level &/ 923 1123 976 17.07 11.22 1366 2732 2098
2. Facility Level 5/
Still Active 1.7 3650 0 0 0 0 0 100




Appendix B:

The Actual Transition Probability Matrix
from the Beginningtothe End of Year 1



The Actual Trandtion Probability Matrix from the Beginning to the End of Year 1

A D H1 H2 H3 H4 H5 NC Exp. F1 F2 F3 F4 F5 Total
A 0427 0.004 0.025 0.066 0.025 0.025 0.004 0.046 0.1 0.017 0.041 0.083 0.091 0.046 1.000
D 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000] 0.000 0.000 0.000 1.000
H1l 0.001 0.000 0.812 0.056 0.012 0.003 0.001 0.041 0.048 0.009 0.009 0.003 0.002 0.002 1.000
H2 0.003 0.000 0.045 0.631 0.050 0.009 0.005 0.032 0.123 0.004 0.040| 0028 0.019 0.012 1.000
H3 0.008 0.000 0.013 0.075 0430 0.050 0.008 0.033 0.175 0.004 0.023 0.106 0.046 0.031 1.000
H4 0.000 0.000 0.000 0.043 0.094 0.345 0.029 0.029 0.245 0.000 0.007 0.014 0.122 0.072 1.000
H5 0.014 0.000 0.014 0.058 0.043 0.022 0.281 0.022 0.288 0.000 0.007 0.022 0.000 0.230 1.000
Assd NC | 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.000] 0.000 0.000 0.000 1.000
Expired 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000 0.000] 0.000 0.000 0.000 1.000
F1 0.000 0.000 0.000 0.027 0.000 0.000 0.000 0.013 0.080 0.720 0.133 0.013 0.013 0.000 1.000
F2 0.000 0.000 0.000 0.006 0.000 0.000 0.000 0.028 0.130 0.006 0.559 0.119 0.113 0.040 1.000
F3 0.006 0.000 0.000 0.000 0.013 0.000 0.000 0.006 0.122 0.000 0.109 0.481 0.212 0.051 1.000
F4 0.010 0.000 0.000 0.000 0.010 0.000 0.000 0.020 0.192 0.000 0.030] 0081 0.586 0.071 1.000
F5 0.000 0.000 0.000 0.000 0.000 0.004 0.004 0.004 0.233 0.000 0.004| 0016 0.016 0.719 1.000




