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1  Executive Summary

1.1 Background

The ongoing evolution of oupopulationdemographicdrivenin part by increasing life expectaneynd in part
declining fertility rateshas resulted in the proportion of older people in our population increasing. ¥higd is
commonacross mosteveloped countries

Developed countries have high prevalence rates of multimorbidity. Multimorbid patesne high rates of service
utilisation, complications, longer hospital stays and higher cost to the health system.

In order to develop an adequate policy framework for multimorbid patients, a robust methodology is required to
describe and compare multorbidity either between geographical regions or longitudinally over time. Part of this
methodology is the development of a chronic disease listing and associated ICD10 map that allows for
standardised data extraction and subsequent comparison.

1.2 Methodology

An initial literature scan was undertaken searching for multimorbidity studies which contained listings of chronic
conditions and ICD10 codes. Fourteen published journal articles were identified and included as an initial chronic
condition listing.

Data was extracted from the acute inpatient coded data for two years with a number of filters applied post
extraction. A novel mix of standard statistical methods and social network analysis is proposed as a means to
create and compare morbidity profiles. Oddsatids are calculated between shared conditions to ascertain the
strength of effect. These are subsequently translated into a network graph in order to visualise the network.
Linear regression using the odds ratios is utilised to determine the degree dfsiyn between morbidity
profiles.

1.3 Results

Linear regression indicated that there is no significant difference betweedbmanian region$orth and
South and Statewide morbidity profile$hus the Statewide profile was used for further analysisamtlusions.

1.4 Conclusions

The following conditions were identified as benefiting from increased collaboration:

Endocrine
— Cardiovascular 1—[:
Hearing & Vision

— Endocrine
Musculoskeletal «=—— Hearing & Vision

— Neurological

Mental Health and
Substance abuse

— Respiratory

These combinations of conditions represent those that provide the greatest burden for Tasmanians and have the
strongest associations with each other across stade.

Page3 of 39



2 Principles and Strategic Priorities

The DHHS will work in accordance with the visiontinciples and strategic priorities outlined in ttieDHH S
Corporate Plan 20168t@keep Tasmanians safe, healthy and well.

The TasmanimHealth SystenPurchasindramework figure belowoutlinesthe Purchaser Principles to support
the DHHS to guide healtlservice planning and delivery in Tasmania:

Figure 1. Tasmanian Health System Purchasing Framework

DHHS Vision " Todeliver services, policies, programs and legislation that improve the e
health, safety and wellbeing of Tasmanians.

DHHS Principles

Client and h Strategic Intelligent Decision- Leadership and
. Effective Governance ) -
Community Focus Collaboration making Culture
| DHHS Strategic Priorities J
Healthy and safe | | Well Governed | [ Integrated Services | | Evidence based | | Engaged
Tasmanians Systems Services Workforce
* Building a joined up human
* Strengthen preventative * Fulfil the system service support system » Monitoring public = Analysing and
health activities manager role * Deliver community care health in Tasmania planning workforce
* Reduce avoidable * Ensure cost reform * Building health needs
hospitalisations effectiveness of * Completing One State intelligence capacity = Creating an engaged
* Provide better access preventative health health system reforms and skilled
to palliative care for programs - Responding better to the worlforce
Tasmanians | | needs of complex clients
" Y ¥ ! N “ Y 9 Yy
Purchaser Principles J

*  Targets the Health needs of Tasmania

*  Access to quality care

*  Prioritisation of access is fair and affordable

*  New affordable and innovative models of care are supported
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3 Multimorbidity

A chronic condition is a condition that is present, usually for twelve months or more and requires ongoing
medical attention and/or limits activities of daily living (Warshaw 20@oodman et al. 2013)

The ongoing evolution of oupopulationdemographicdrivenin part by increasing life expectaneynd in part
declining fertility rateshas resulted in the proportion of older people in our population increasing. ¥aid is
common across mostdeveloped countriesAustralia and more specifically Tasmanigexperiencing the same
trend resulting n the population profile of Tasmanaanging considerably B950 (Figrel).

Tasmania

3 Age Structure in 2015
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Figure 1: The changing population profile for Tasmania from 1971 to 2050 (A

2050

ustralian Bureau of Statistics data)

Concomitant with this trend have been provements in the treatment regimens and management of individual

chronic conditions.

This demographievolution combined with advances in medical management has resultedigh prevalence of
people living with multiple chronic conditions (multimorlydi There is no agreed standard definition of
multimorbidity, but the most common definition is the presence of two or more chronic conditions (Marengoni

et al. 2009).

It should be noted at this pointhe difference between comorbidity and multimorbidity. Comorbidity refers to

t hose

condi-ddowrsd tvniatt br iodeodiseaseyan elan Alker, Buntinx & Knottnerus 1996)

For example, conditions that commonly occur with respiratory disease or conditiorsd thtcur with
cardiovascular disease. Multimorbidity on the other hand has no central reference digedberas(2009) put
forward this useful constructHigure2) to explain comorbidity, multimorbidity and patient complexity:
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Disease 1 (index) Disease ¢ Disease n

Comorbidity (of index disease)

Multimorbidity

Other health-related individual attributes

Maorbidity burden

Mon-health-related individual attributes

Patient's complexity

Comorbldity: presence of additional diseases In relation to an Index disease In one Individual.
Multimorbidity: presence of multiple diseases In one individual.
Morbidity burden: overall impact of the different diseases in an Individual taking Into account thelr seventy.

Patlent’s complexity: overall Impact of the different diseases In an Individual taking Into account thelr sever-
Ity and other health-related attributes.

Figure 2: Comorbidity and multimorbidity constructs (Valderas et al. 2009)

The number of life years speirt multimorbidityis increasindTetzlaff et al. 2017)This trend is occurring in many
countries across the world and introduces increasing complexity (as opposed to acuity) into the treambnt
managmentof patients.

Australian multimorbidity prevalence estimates in the primary care sector are reported bet@®&éiiBritt et al.
2008) and 32.6%(Harrison et al. 2016)Multimorbidity increases with age with prevalence rates exceeding 60%
for those over theage of sixty fivéEckardt et al. 2017)

Multimorbid patients have higher rates of health care utilisafMfang et al. 2017)are at greater rik for further
complications(Weir et al. 2015)and mortality(Le Corvoisier et al. 2015; Prior et al. 201&urthermore, the

cost of care required by multimorbid patients is also higfieavickas et al. 2016; Picco et al. 2016; Specogna et
al. 2017)Anec dot al ly, complexity introduces oOinefficiency
and has a multiplier effect on the care requirements of multimorbid patients. For example, in surgery, they take
longer to anaesthetise, longer to opeeabn with a higher risk of complications and take longer to recover.
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Similarfindings are evident ithe Tasmania acute admitted datdDHHSPPPMRA, 2015)as illustrated inthe
below Figire 3.

25%

R? = 0.9664
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@
#

o
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Figure 3: The relationship between the number of chronic conditions in the acute sector
and (a) individuals experiencing complications, (b) annual hospital expenditure and (c)
mortality (DHHS -PPP-MRA, 2015)
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There are significant health care burdens (Tabldat)those that are grossly multimorbid (those identified as
having six or more chronic conditions)This group of patients have more than twice as many hospital episodes as
other patients stay in hapital for longer, and are more likely to experience hospital acquired complications
(HACs).

Table 1: 2015 Multimorbid vs non -multimorbid acute episodes in Tasmanian Major Hospitals  (Internal DHHS analysis).
<6 6+
chronic conditions chronic conditions
Total Persons 50,608 3,904
Total Episodes 93,603 18,096
Total Episodedays 238,512 61,100
Episodes Averageength of Staydays) 2.5 3.4
Episodegper personper annum 1.8 4.6
Days permerson 4.7 15.7
HospitalAcquiredComplicationrate per Episode 2.60% 5.00%
Hospital Acquired Complicatiorate per Person 4.80% 23.20%

Thispresents a challenge for health care systems which are designed and funded for single cqhidititstn et

al. 2016) It is more difficult for patients to navigate the system and it is more difficult fiarctans to treat and
manage these patients. Across developed country health systems we are seeing a rise in health care roles th:
0coordinat edd awmidhleonmeed atf ®r 0 ,c andnatsa ocatls foc éformation sand
CommunicationsTechnolay (ICT)solutions with complex workflows capabilities.

These initiatives are symptomatic of the increasing complexity in our patient population and reflect that system
design, commissioning, policy and funding models have not kept pace with the erwavindity profile of the
community. Background inefficiencies that have crept in place the delivery of health care under chronic and
systemic stress.

The DHHS as System Manager is undertaking a body of work to address multimorbidity. The issue of
multimorbidity was identified in the Statement of Purchaser Intent 2017_18 (SoPl) with the intent of expanding on
this work for SoP18 19.

T a s mamgh aafes of lifestyleelated risk factors(refer to SoPI 201819 Supplementary Paper 1Chronic
Disease Risk Fact@sResearch and Discussion Pdmare contributed to Tasmania having higher rates of
mulkimorbidity (three or more selreported chronic conditions) than any other jsdiction.In 201415, 50.3% of
Tasmanians had three or more chronic conditiomgréasing from 41.8% in 2012 (DHHS 2016)

Since then, significant work has been undertaken to progress this work to identify strategic purchasing priorities
and directions for SoPI 18 _19. This includes a literagoanin order to provide astandardisd list of chronic
conditions and ICD10 codes thatan beused to identify chraic conditions within data setsThe work will
identify the chronicconditions that are shared the most among multimorbid patient§asmanigseeSection 4-
Methodology below)
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It is further envisaged that thenultimorbidity profiles for the Tasmaniarregionswill also be compiled and

compared.One of the benefit of comparing such profiles that it will guide policy, funding, governance and
purchasing decisionand if necessary, regional differencliswill assist in guiding which services to connect
Further consultation and engagement wihrviceproviders will help guide how these services can be connected.

To enablethis work, the DHHS has secudesome Commonwealth funding via the National Partnership
Agreement(NPA) dmproving Health Services in Tasmaniiitiative. This funding will be used to refine the
chronic conditions listing and code mapping as well as fund the development of a Complex Pedrepigdtk.
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4  Methodology

The data used in thisethodologyaper is acute data. Hence the output is an acute view of the systen
Further work will be undertaken to obtain primary care data in order to gain a more accurate view of glengpmplexit
the ful continuum of care viithhe health system.

4.1 Data Specification

The followingdataspecificationsvere appliedfor this study:

1 Inclusions
o0 Periodd 2015/16 and 2016/17 financial years
0 Acute admission
9 Exclusions
0 Age range under eighteen years old onduly 2015 (start of study period)
o Non Tasmanian postcode
o No chronic condition ICD10 code

4.2 Chronic Conditions List

In order to standardise data extraction and analysis, it is necessary to have a standardised listing of chroni
conditions. Many lists haveeen published in the literature. These are summarised in Appendix 1. In addition to a
standardised listing of chronic conditions, a map of associated ICD10 codes that clearly identifies chronic
conditions coded is required.

e\

CA
pORIES . o . .
Further work will be done rtot validatewith clinical experthe chronic condition kstd the ICD10

]

B

mapping.

4.3 Data extraction and exclusions

Applying the data specification$Ib 643 individual patientseingextractedfrom the original data extract, leaving
66 208 patients This constituted 57% of the initial data extradti@ure 4).
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115 643 pts

21 051 pts
under | 8yo

| 994 pts
Non Tas
postcodes

disease ICD 10

65 B42pts (57%)
included in analysis

Figure 4 Summary of exclusions from analysis.

4.4 Data Analysis

The analysis of the dataccurredin multiplestages

4.4.1 Stage 1 0 extraction and cleaning
Data extraction
Data for all hospitals was extracted using the followfietds

1 URN | Date of Birth | Postcode iultiple individual ICO codes
1 All acute episodes for the finantigears 2015/16 and 2016/17

First round data cleansing

1 Age
0 Exclude anyone under the agéi8 years old during the period of study.
o Chronic conditions in children requirirther work and clinical input.
1 Residence
0 Exclude all noiTasmanian postcod€BlOT 7xxx)
0 There were some postcodes that were 7xxx postcodes but not valid postcodes, these w
excludedas the patients residential addresses could not be verified
9 Diagnosis codes
o The maximum diagnosis codes for anyone person was 156. In order to rationalise the data set,
the frequency distribution of diagnosis codes was analgSigdre 5)
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120005L, -19:2 UsL 35.4
Mean 81
Median | 5.0
Mcgle 2.0 o
1000 n 3143 ok e
Cpu 456
cplL 45,7
Cpm 1.0
Cr
8000 ZTarget/AZ 0.0
Pp 1.0
Ppk 10
PpU 1.0
PpL 1.0
6000 Skewness 3.2
Stdev 9.1
Min
Max 156.0
Range 155.0
4000 ZBench 1367
% Defects  2.2%
PPM 224279
Exp PPM ST 0.0
Exp PPM LT 2564.6
2000 Sigma 35

0

150 90 30 30 90 150 210 27.0 330 390 450 510 57.0 63.0 69.0 750 810 B7.0 930 99.0 1050111.0117.01230129.0135.0141.0147.0153.0

Figure 5 Frequency analysis showing cut off of diagnostic code count.
The upper control limit was determined to be 36 codésgire 5). All diagnosis codes beyond 36 were removed
from the data.
4.4.2 Stage 2 d mapping and cleaning
Mapping of ICD10 to AIHW Groupers

This entails the mapping ofuatralian Institute oHealth andw elfare (AIHW)Burden of Disease categories from
the master mapping file to the ICD10 codes in the d&fate that extra spaces were evident in the extracted
data casing errors. This was overcome by utilising the TRIM function embedded in the lookup function:

=Vlookup(TRIM(ref.cell),range, return, FALSE))

e\
\!
\\\\\/"/@l\)

It should be noted that at the time of writing, wWegesome limitations in the mapping file. Extensive work
has been undertaken identifying ICD10 codes from the literature that pertain to chronic conditions. However, mc
needs to be undertakanan expextlinicapanelo refinghis initial worind ensure its accuracy

AIHW categories grouperg were chosenfor two reasons. Firstly, these align with the SoPI burden of chronic
diseaseoriorities and secondlyo group the diagnosis codes into more manageable numbenalysis purposes

In the future, itmaybe beneficial from a service plannipgrspectiveto utilise ServiceRelated Groups (SRGSs
these often mirror clinical governance structures within health systems

Mappinghe ICD10 codesandaepi sodeds fi nal Di a g firsh reeditocbe RmlvedThie d G
could be overcora by using an expert panel to assign/map chronic conditions to SRGs.

Mapping L ocal Government Areas and Tasmanian Regions to postcodes

Patient postcodes are mapped tmcal Government Areasd GAs) and Tasmania Health Service regi¢Nsrth
and South)

Second round data cleansing

Further postcode errors were identified as he LGA to postcode mappingprocess returns any errors in
Tasmanian postcodes. These patiemese excluded.
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4.4.3 Stage 3 d Generate columns for edge calculation

This is a key dat&ransformation stage. One column per AIHW grouper is created. The header is cross matched
by each patient to determine whether that grouper is present for that patient:

=MATCH(lookup grouperin array0)
For example=MATCH(AO$1,$E2:$AN2,0)
Note:

1 Fxed row (AO$1) and fixed columns ($E2:$AN2)
1 0 means find the first value that matches the lookup grouper
1 The function returns the position in the array of the lookup grouper

4.4.4 Stage 4 0 Further data cleansing and calculation of 2x2 table values for
Odds Ratio calcu lations

Third round data cleansing

1 The MATCH function produces numerous #NA results where an ICD10 code in the raw data is not
referenced in the mapping file i.e. that code is lstied as a chronic condition. Thesaere removed with
the FIND and REPLACHINnction

1 The output from the MATCH function returns a value that corresponds to the position of the lookup
grouper. In order to standardise the data, these values are replaced with simple 1,0 flags:

o =IF(cell>0,1,0)

1 At this point those patients who havweo chronic conditions codedan beidentified by summing all rows
(patients). Those patients who have a total of 0 have no chronic condition coded and are excluded from
the analysis.

Construction of 2x2 tables

The following logic is applied in the calcidat of the 2x2 table valuesThe creation of sets for each of the
relationshipsetween conditionsvithin each profile ocaued as follows:

e

People who share
Conditions A& B
(nEdge)

nX=
People
who have
condition
XNOTY

nY =
People
who have
condition
YNOTX

nEdge =
People
who share
condition
XANDY

Total
people with
Condition

Y

Total
people with
Condition

X

(TotX) (TotY)
Node Node N =
TotN = Total Population with all conditions \_ Peoplewhohave NEITHERX CRY )

For example

16 000 18 000

Cardiac
Heart Respiratory

Disease TotN = 200 000

169000 =

\_ 200000 -13000-3000-15000 )
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Data from each of the sets are used to populate a two by two table and caldDRtand p values (see Stage 5).

Condition X

Yes No

Yes | nEdge ny
Condition Y

No nX N

For example:

Cardiac Heart
Disease (CHD)

Yes No

Respiratory Yes | 3000 15 000

(Resp) No | 13000 | 169 000

Calculation of nEdge, nX, nY and N values

nEdge

This value is systematically calculatedi noted for each combination of condition using the method outlined
below. For thel5 AIHW groupers, this results in 10ddges (different combinations)
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3 2

Count of those that share
these conditions = nEdge

Node value

|
Filtered by those who have @
this condition

Cancer
and Blood
other Endocrin and  Gastrc
neoplas e metabolic testin
HomeA v |LGA 'v|Region |~ DxCouni~| diseds(.Y ) ms |+ disord{~ disorde v disord,
7270 Latrobe Northwest 0 0 0
7011 Derwent Valley South 16 1 0 0 0
7053 Hobart South 6 1 0 0 0
7018 Clarence South 8 1 0 0 0
7277 Meander Valley North 6 1 0 1 0
7173 Sorell South 7 1 1 1 0
7109 Derwent Valley South 4 1 0 0 0
7184 Tasman South 2 1 0 0 0
7109 Derwent Valley South 6 1 0 0 0

nX

nX = Node value (X)d nEdge.e. those with only contibn X and not condition Y
nY

nY = Node value (YP nEdgs.e. those with only condition Y and not condition X
N

N = Total sampled nEdged nX d nY i.e. those with neither condition X nor condition Y
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4.4.5 Stage 5 0 Calculation of Odds Ratios, 95% Confidence Intervals and Chi
Squared p values

In order to understand the size of the effect of shared conditions and whether that effect is significant or not, OR
and Chi Squared values are calculated. The data from StageaSexported to R StatisticalpackageThe code
used to perform the calculations is shown below.

R codeto compute edge Odds Ratios and Chi Squared p values

#Calculate Odds ratios for each edge
edges fOR=-round( (edgesinEdge”edgesiN) /(edgesinx“edgesiny),2)

#Calculate 95%CI interval for odds Ratio
#Calculate Log of the odds RrRatio
edgesilog.orR=-Tog(edgesSOR)

#Calculate the standard Error
edgesise<-Tog(sqgrt((1l/edgesinEdge)+(1/edgesinX)+ (1 edgesiny)+(1/edgesiN)))

#Calculate log confidence intervals
edgesCI.Lo. log=-edgesilog.OR-1.96"exp(edgesise)
edgesSCI.Hi.log=-edgesilog.OR+1. 96" exp(edgesise)

#Convert Tlog CIs
edgesiCI. Lo=-round(exp(edgesiCI.Lo.log),2)
edges SCI. Hi<-round(exp(edgesiCI.Hi.log),2)

#Calculate Chi squared p values for each edge
Tibrary (dplyr)
edges<-edges =%
rowwise() %=%
mutate(p_value = chisqg.test(matrix{c(nEdge, nx, nY, N), nrow = 2))%p.value)

#rRound edge p values to 4 decimal points
edgesip_value<-round(edgesip_value,4]

#Flag significant edges
edgesisignificance = if_else(edgesip_value<0.05,1,0)

#Recode significance as factor
edgesisignificance_f = recode_factor(edgesisignificance, "0"="Not Significant”, "1"="signficant™)

#Export Edges Table

Figure 6: R code for calculating OR, p values and flagging those Odds Ratios that are significant (p<0.05).
The full output table is available in Appendix 2.
The output from this analysis utilised in twopartsin Stages:

a. Regression analysis is undertaken to analyse how the regions in Tasmania differ from the State profile.
b. Utilisedto create a visualepresentation of the datan the form of a network graph

4.4.6 Stage 6a 0 Regression analysis

= Note that @dsRatio for these relationships will be symmeiftical when applied to the edges within a
social network are therefoirdirectiongbr nondirectionl

OddsRatiosare calculated for each of the relationships (E9lgégthin each profileThe R statistical package was
used to generate the linear models using the following code:

state. south=-_Tm{combinedsall_OorR—-combinedis_oOR)]
summary(State. South)

State. North=-{Im{combinedall_oR-combinediN_0OR) ]
summary (State. North)

south. North=-{Tm{combinedis_0oR—-combinediN_OR)
summary (South. North)

Figure 7: R code for calculating linear regression models.
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Linear regression modelling was undertaken comparing the OR in the following morbidity profiles in order to
ascertain how different the effects are between the regions, and the statewide pradies(¥):

1 Statewide vs Southern region
i Statewide vs Northern region
1 Southern region vs Northern region

4.4.7 Stage 6b 0 Network visualisaton

At this stagea variety of network graphss created utilising R (see Figure 8). Simplification of the network graph
is also undrtaken at this point to filter out less significant / relevant edges.

HF====

#pTot Network graph with selected parameters
Tibrary("igraph’

#Create function for network graph plot

plot.graph = function{edges.plot) {
net=-graph_from_data_frame(d=edges.plot[,c{1,2,5)], vertices=nodes, directed=F]
#5et colours
colours = c("No" = "yellow”, "ves" = "red")
vinet)fcolor=-colours|[vinet) $5oPI]

#5eT parameters

plot{net,
vertex.shape = "circle”,
vertex. size=nodesivalue, /1000,
vertex. frame.color = "white",
vertex. label.cex = 1.0,
vertex. label.family="G111 5ans",
edge. curved=0,
edge. width=edges inEdge, 1000,
edge. arrow. s1ze=0,
edge.color = "red",
Tayout = layout.star(net]

#5tipulate filtering requirements for network graph
s<-edges[edgesfOR=1.25

& edges iSoFI_Edges=="vesves"

& edgesisignificance_f=="signficant"”

#Flot the graph
plot.graph(s)

Figure 8: R code to create network graph
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5 Results

5.1 Descriptive statistics

The age distribution of the cohort is shown below:

Age distribution
OO0
Mean &0
Median| 62
Mode 75 Sk 036
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Age

Figure 9: Age distribution of the cohort included in the analysis.

The geographical distribution of persons, with chronic conditi@nittedto acute facilities across the state is
shown below:

Figure 10: Cohort numbers by LGA region of people admitted to acute facilities with chronic conditions over 2015/16 and
206/17 financial years.

Pagel8 of 39




























































