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Abstract

Background

Primary health care (PHC) is widely regarded as essdntigoreventing and treating ill
health. However, the evidence on whether improved PHC reduces heapdaak has been

mixed. This study examines the relationship between PHC and haspidient care in
population with high health need, high rates of hospitalisation andvedagpoor PHC
access.

Methods

The cross-sectional study used linked individual level PHC visithasgitalisation data fq
52 739 Indigenous residents from 54 remote communities in the Northerntorjeof
Australia between 1 July 2007 and 30 June 2011. The association b&tWEewisits andg
hospitalisations was modelled using simple and spline quadratic siegrefor key
demographics and disease groups including potentially avoidable hospitalisations.

Results
At the aggregate level, the average annual number of PHC visifes®n had a U-shap

association with hospitalisations. For all conditions combined, there ava inverss
association between PHC visits and hospitalisations for people with less thalnicurisits
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per year, but a positive association for those visiting the cfouc times or more. Fd
patients with diabetes, ischaemic heart disease or renal aisb@&s minimum level @
hospitalisation was found when there was 20-30 PHC visits a yeafpranhildren with
otitis media and dental conditions, 5-8 visits a year.
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Conclusions

The results of this study demonstrate a U-shape relationshipedretRHC visits and
hospitalisations. Under the conditions of remote Indigenous Australiaa® may be an
optimal level of PHC at which hospitalisations are at a minimlime. authors propose that
the effectiveness of a health system may hinge on a refil@ackarather than a straight-line
relationship between primary health care and tertiary care.
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Background

Primary health care (PHC) is widely regarded as an eakentnmunity service with a role
to prevent and treat ill health or, once a condition is establishedaitdain optimal health.
PHC is also the major entry point to the total health sysignWhile a common perception
is that improved access to PHC can reduce hospitalisations, thenesihas been mixed.
Some studies suggest an inverse association between PHC and basipita[2-4], with
increased number of PHC visits linked to savings in hospitals and inmpeovg in health
outcomes [5,6]. By contrast, other studies have reported a positiveatiesgevith improved
PHC access leading to increased hospital referrals [7,8]. rA troup of studies have
reported no association between the two types of care [9,10]. ®dbpitdifference in
outcome between the three groups of studies, what they have in comitian tisey all
explicitly or implicitly have assumed a straight-line redaship between PHC and hospital
care when the actual relation may be curvilinear or nonlineagelscale empirical studies
are lacking in this area.

In Australia, PHC is funded through the Medicare Benefits Schedule (MBS) aipadicy of
universal access. However in the Indigenous population of the Nortleeritofly (NT), a
population with high health need [11], MBS per capita payments azdéhas 50% of their
non-indigenous peers [12]. This reduced PHC access coincides withitalsztion rate 7.7
times that of other Australians [13], which raises the possibiiay the lower access to PHC
services may be, in part, responsible for higher hospitalisaties. rRRoor health outcomes for
Indigenous Australians is of national concern, highlighted by thentemgreement by the
Council of Australian Governments to close the Indigenous gap in leeattbmes [14]. At
the same time there are efforts in Australia to curb estglgovernment health expenditure
by reducing hospitalisations [13]. Improved PHC is considered to bekediteto both
challenges. Access to PHC may be measured in relation tavHibility, utilisation or
outcomes of services [15]. This study explores the relationshippbet®HC utilisation and
hospitalisations in a population with high health need, high hospitatisedtes and poor
PHC access.



The NT is a federal territory of Australia, occupying muclihgf centre and top end of the
continent. According to the Australian Statistical Geograplaydrd, 99.8% of the NT is
classified as either a Remote or Very Remote (herezdtied remote) area [16]. The remote
area of the NT, equivalent in size to five United Kingdoms, hasoappately 40 medical
practitioners providing PHC for about 51 000 Indigenous residents [17], 808 tdtal NT
Indigenous population (about 64 000 in 2006). The majority of PHC providers ineremot
areas are nurses (approximately 400) and Aboriginal health wq(@0) [18], employed by
either the NT Department of Health (DOH) or Australian Goveminfunded Aboriginal
health services. Few PHC services are provided by alliedhhpaitfessionals. Hospital
services are provided by a network of five public hospitals (Aipengs Hospital, Gove
District Hospital, Katherine Hospital, Royal Darwin Hospiald Tennant Creek Hospital).
The median distance from a remote Indigenous community to the hbasgstal is 275
kilometres (kms), ranging from 87 to 700 kms.

The aim of this study was to examine the association betweemthigers of PHC visits and
public hospital admissions among Indigenous residents of remote conasumtie analysis
included a breakdown by key demographics and common conditions such asvathult
hypertension, diabetes, ischaemic heart disease (IHD), kidnewsedsseand chronic
obstructive pulmonary disease (COPD), and children with gastroentemgspiratory

infection, malnutrition, otitis media, dental caries and rheumatit dessease (RHD). To the
best of our knowledge, no previous studies have investigated the PH@hasgociation in

a remote Indigenous setting.

Methods

The relationship between numbers of PHC visits and hospitalisaticnassassed by using
individual-level cross-sectional data. Participants were includeduiing the study period,
they had either a clinic visit or public hospital admission witesadential address of one of
54 NT remote Indigenous communities or associated outstations. Istutis a PHC visit
was defined as a face-to-face encounter between a patient wsidigsh nurse, Aboriginal
health worker or other PHC provider. The PHC services are routmeelyrded in the
centralised Primary Care Information System (PCIS). Hosgatadn data were gathered
from all five NT public hospitals in the centralised hospital infation system (Caresys).
The study period was four years, from 1 July 2007 to 30 June 2011. Tlyecatui¢d out
deterministic linkage of individual-level clinic and hospital datangidiospital Registration
Number (HRN). Shared by PCIS and Caresys, the HRN is a umgtient identifier
developed and used in the NT for more than 20 years and has been deetbtestrathighly
reliable with accuracy rates for Indigenous status 98%, sex 99%,0fdarth 91% and
locality 88% [19]. The HRN has also been used for eHealth recwd$at health care
providers, including non-DOH providers, can retrieve clinical infornmata shared clients
[20].

Disease groups were defined using the International Classificat Primary Care (ICPC)
[21] and the Australian Refined Diagnosis Related Groups (AR-DR&) Table 1) [22].
Clinic records with an invalid ICPC code or ICPC component code Gfr@efo hospital or
specialist) were excluded. Age was derived using date of birtliabedof first contact. The
International Classification of Diseases and Related Healtbléms, 18 Revision,

Australian Modification was used to identify potentially avoidable habgations (PAH),

applied to principal and secondary diagnoses and procedure codes [23]. &#d-called



ambulatory care sensitive conditions, are believed to be responsitendty PHC
interventions [23].



Table 1List of disease groups and definitions

Disease group Primary care ICPC codes Hospital AR-DRG codes
Diabetes F83, T87, T88, T89, T90 F11A, F11B, F13Z, KO1Z, K6®&60B
Ischaemic heart disease K74, K75, K76, K89 FO8A, F08B, F14A, F14B, F14C2Z]1 FO1A, FO1B, F02Z, F66A, F66B, F74Z, F72A, FTHEB5A,
FO5B, FO6A, F06B, F17Z, F18Z
COPD R91, R95 E65A, E65B, E69A, E69B, E69C
Renal disease u8s, U9o, U9s L65A, L65B, L67A, L67B, L67C, A09A,08B, LO2A, L02B, L60A, L60B, L60C, L61Z
Hypertension F83, K85, K86, K87 F67A, F67B
Rheumatic heart disease K71, K83, L88 F69A, F69B, 166A, 166B, F75A, F75B7%C, FO03Z, FO4A, FO4B
Respiratory infection (age < 15 years) R05, R71, R74, R78, R79, EG62A, E62B, E62C, E69A, E69B, E69C, E70A, E70B
R81, R83
Gastroenteritis (age < 15 years) D11, D70, D73, D94 G67A, G67B, G68A, G68B
Malnutrition (age < 15 years) T10, T91, B80, B82 K61Z, Q61A, Q61B, Q61C
Otitis media (age < 15 years) H70, H71, H72, H73, H74 D63A, D63B
Dental caries (age < 15 years) D19, D82 D40z, D67Z

Notes: AR-DRG = Australian Refined Diagnosis Related Grou3PIZ = chronic obstructive pulmonary disease; ICPC = International
Classification of Primary Care.



The average numbers of PHC visits and hospitalisations per persgegrefperson-year)
and average length of hospital stay were analysed by age@,gsex and selected disease
groups to summarise the relationship between PHC and hospital dambbke diagram was
applied to depict three-dimensional information [24] with bubble areaesepting
population size. The PHC-hospital relationship was further explorédsivhple and spline
guadratic regressions [25]. The spline quadratic model glues twoestldratic models
together through a free knot at the vertex. The spline quadratid fitdtie data better than
the simple quadratic model, because of the additional parametexuirdgd. The goodness-
of-fit of the models were assessed using Pearson’s chi-stpsar26]. The modelling was
performed in Stata/IC 12.0 software and MS Excel. To improve goodndissarfd
robustness, the modelling truncated individuals with clinic visitatgrethan 200 times over
the four-year study period (1.43% of total patients). Sensitivityysisawas undertaken to
test the alternative assumptions, such as free or fixed knopliok squadratic models,
different age groupings and truncating criteria of PHC visitep® quadratic models were
used for comparing the demographic and disease-specific relationships.

This study was approved by the Human Research Ethics Comofittee DOH and Menzies
School of Health Research (Reference number: HREC-2012-01723).

Results

There were 1 296 977 PHC visits and 216 819 public hospital admissions inoiuthed
study. There was a total of 52 739 patients in the linked data (488 5286 female), who
were recorded as residing in the catchment areas of the 54dd¢$. This indicates that
the majority (82%) of the NT Indigenous population had a remote areasadaind used a
DOH service, at least once, during the study period. Of thé riataber of patients, 35%
were between 0 and 14 years of age, 42% 15-39, 18% 40-59 and 5% aged 60 ymams and
Through the HRN linkage, 35% of patients, 69% of clinic visits and 56% oftabsaiions
were linked between the clinic and hospital data. The average numBeiCoVisits was 6.1
per person-year, and the average number of hospitalisations waer hérgon-year. At the
aggregate level, 5.1% of patients were recorded as having diaB&t# hypertension, 3.3%
renal disease, and 3.0% as having IHD or COPD. Among children adddy@ars, 38.3%
experienced a respiratory infection, 29.5% otitis media, 18.0% gasritientl2.6% dental
caries, 7.8% malnutrition and 1.7% had RHD. Table 2 provides the averagalisadmns
per person-year and average length of hospital stay (in daysglaverage PHC visits with
95% confidence intervals. Over one-third (37%) of patients visitetH@ clinic less than
once a year, on average, during the four years. The average nunhospoélisations was
1.41 per person-year for people with less than one PHC visit persygaificantly higher
than those with more PHC visits (P < 0.05). The average hospitaisalecreased with
increasing PHC visits to a minimum of 0.45 admissions per personayem the patients
visited a clinic 5 times a year. Hospitalisations then incceasth increasing PHC visits for
those having more than 5 visits a year. For those who visiteditiesc?2 times a year and
more, the hospitalisation rate was 1.17 per Person-year. Hestital rates appeared to be
associated with PHC visits in a nonlinear fashion, and the relaipbgtween PHC visits
and hospitalisations appeared a U-shape (Figure 1). This Ueslagseciation was also
evident for hospital bed-day utilisation (Table 2). Patients waito £ZHC visits stayed in
hospital 2.52 days on average, whereas those with four PHC visied staO5 days on
average and those with 12 PHC visits and more stayed an avera@® ofags. The spline
guadratic regression model (see the dashed line in Figure 1)tewditteat there was an
inverse association between PHC visits and hospitalisations dptepwiith less than four



clinic visits per year, but a positive association for thoseimsihe clinics more than four
times a year. Figure 2 demonstrates that the distribution of $keciation became
increasingly heterogeneous, and the variability of hospitalisaates tended to increase with
PHC visits, when the number of PHC visits was more than 15 tamg=ar. Figure 2 also
indicates that the spline quadratic regression model (dashed bacvemore flexibility and
capacity to model complicated data than the simple quadratic model (solid curve).

Table 2 Average hospitalisations per person-year and average length of hospital stay by
frequency of clinic visits, Northern Territory, 2007-2011

Annual Number of Annual hospitalisations  Average length of stay (days
visits patients (%) (95% CI) (95% CI)

0 19690 (37%) 1.41 (1.28-1.54) 2.52 (2.51-2.53)
1 6600 (13%) 0.96 (0.75-1.16) 2.36 (2.33-2.39)
2 3393 (6%) 0.72 (0.49-0.94) 2.03 (2.00-2.06)
3 2609 (5%) 0.73 (0.48-0.98) 2.13 (2.09-2.17)
4 2245 (4%) 0.58 (0.35-0.81) 1.95 (1.91-1.99)
5 1892 (4%) 0.45 (0.30-0.61) 2.17 (2.12-2.22)
6 1609 (3%) 0.53 (0.32-0.73) 2.70 (2.62-2.78)
7 1449 (3%) 0.64 (0.40-0.89) 2.13 (2.08-2.19)
8 1318 (2%) 0.67 (0.38-0.97) 2.22 (2.16-2.28)
9 1084 (2%) 0.51 (0.41-0.61) 2.04 (1.98-2.10)
10 939 (2%) 0.64 (0.44-0.83) 3.37 (3.27-3.48)
11 842 (2%) 0.83(0.48-1.19) 2.85 (2.77-2.94)
12+ 9069 (17%) 1.17 (1.03-1.31) 3.29 (3.28-3.30)
Total 52739 (100%) 1.06 (0.99-1.12) 2.70 (2.69-2.71)

Note: Cl = confidence interval.

Figure 1 Average hospitalisations per person-year by average annual clinic visits for
remote Indigenous patients, with a spline quadratic model, Northerd erritory,
Australia, 2007—-2011Note: The size of bubbles denotes the number of patients.

Figure 2 Average hospitalisations per person-year by average annual clinic visits for
remote Indigenous patients with 95% confidence intervals, comparingmo quadratic
models, Northern Territory, Australia, 2007—2011.

Table 3 provides the quadratic vertex estimates of PHC visitsspanding to the minimum
level of hospitalisations, estimated by simple and spline quadegfiessions. As the results
in Table 3 demonstrate, the PHC levels associated with the lbagsitalisation rate for the
overall population were detected to be 4 and 15 visits per persorydae spline and
simple quadratic models respectively. PAH levels were minanisken providing 2-17
clinic visits per person-year. Of the adults with the chronicadisg, hospitalisations were
minimised for those who were provided with 20—30 PHC visits. The gooodidisstatistic
shows that the spline model fit the data better than the sopplératic model, and the model
fit the data by key demographics and child health conditions bistder adult chronic
conditions (P < 0.01), indicating the U-shape association is more apparthe general
population and child health conditions when the sample size is greater.



Table 3Estimates of the average number of annual clinic visits associated with
minimum hospitalisations for demographic and disease groups, using two quaatic
models, Northern Territory, 2007-2011

Group Optimal clinic visits Goodness-of-fit §?)
Spline model Quadratic model Spline model Quadratic model
Total 4 15 1284.3* 4381.5*
Female 5 16 1322.4* 2360.0*
Age 40+ years 9 24 2117.3* 2542 .2*
PAH 2 17 1477.2* 3127.3*
Adult chronic diseases
Diabetes 23 28 292977 4599.1
IHD 27 28 3169.3 4066.8
COPD 22 20 2998.0 3586.3
Renal disease 30 29 2848.8 7696.8
Hypertension 20 25 29134 5292.8
Child health conditions (age < 15)
Respiratory infection 3 12 44 .4* 532.1*
Rheumatic heart disease 6 20 30.6* 35.9*
Gastroenteritis 4 17 46.0* 162.9*
Malnutrition 2 11 49.8* 114.3*
Dental 5 8 28.3* 112.0*
Otitis media 5 8 91.6* 336.9*

Notes:” P < 0.01; * P > 0.95; COPD = chronic obstructive pulmonary diseasd;
potentially avoidable hospitalisation [23f;= chi-square.

Figure 3 uses simple quadratic regression lines to compamapiaets of key demographics,
chronic diseases and child health conditions on the PHC-hospitabmstap. Inspecting
panel a in Figure 3, we see that PAH (short green dashegadedrfrom 0.7 to 0.2
hospitalisations per person-year when PHC visits increased framl® visits annually. In
other words, at least two-thirds of PAHs may potentially be adoieproviding adequate
levels of PHC. By comparing with the total hospitalisations (solack curve), this
difference was equivalent to a reduction of PAHs from 59% to 28%hef total
hospitalisations. In contrast, the curve for non-PAH was rathie(pilak dashes in panel a),
and generally increased with PHC visits. Panel a in Figured3caimpares the PHC-hospital
relations by key demographics. The PHC visits associatel thié minimum level
hospitalisation was slightly greater in females (5-16 visitgpeson-year) and much greater
in people aged 40 years and over (9—-24) (Table 3 and panel a, Figuraed)tsReath renal
disease, diabetes, hypertension and IHD showed a clearer efffeturve than COPD
(panel b, Figure 3). The U-curve effects were more pronounced Hiddren with
gastroenteritis, respiratory infection and RHD than the othee ttwaditions (panel c). It is
also noteworthy that children with 5-8 clinic visits a year @ttis media and dental
conditions, and 6—20 visits a year for RHD had the minimum level of tatisptions (Table
3). For clarity, spline quadratic models and 95% confidencevalgerfor demographics,
chronic diseases and child health conditions were omitted from RBg@&ensitivity analysis
reveals that including truncated outliers of excessive cligitsv(200+) did not significantly
alter the results but reduced overall fit. Further analysis iedy¢hat these truncated patients
were more likely to have one or more chronic conditions (50.1% diabetes, 20.5% IHD, 23.0%
renal disease, compared with 5.1%, 3.0% and 3.3% in the total respgctivel more likely
to be older (23.6% aged 60 and over vs 5.3%) and female (64.5% vs 52.4%). Reimoval



same day haemodialysis from the analysis resulted in redwdftitve hospitalisations due to
renal disease, but the U-curve effect remained (data not shown).

Figure 3 Average hospitalisations per person-year by average annual clinic visits f¢a)
demographic groups, (b) adult chronic diseases and (c) child health catidns for
remote Indigenous patients, using simple quadratic models, Northerferritory,
Australia, 2007—-2011Note: COPD = chronic obstructive pulmonary disease; IHD =
ischaemic heart disease; PAH = potentially avoidable hospitalisation.

Discussion

Understanding the association between PHC and hospital can@ostant for the efficient
use of health care resources [4], especially in rural and res®itengs. This study
demonstrates that too little PHC may lead to an excess of bqthdtisations and length of
hospital stay, but so does too much, with people who receive eithesrlessre than the
optimal level of PHC having a marked increase in number and lengtbspitalisations. The
U-shape relationship is also consistent across various population sub-gnolyzing:
people over 40, females, and those with chronic conditions. These finding® dtd
evidence that improved access to PHC may prevent hospitalisatropspve health
outcomes and lower health care costs [3,6]. Few studies haveptaitieho estimate an
optimal level of medical care. Ledwidge and colleagues [27] regpdne required number of
clinic visits was two per month to prevent hospitalisations forttiaéumre, while others have
reported that an average of 4-5 visits a year was required tmpl@vsufficient knowledge
base for health care continuity [28]. This study supports an argutin@niproviding an
optimal level of PHC in remote Indigenous communities may reduce thlisgions,
although the optimal levels of PHC service may vary with age, gender ansedisea

The U-shaped distribution provides evidence for a nonlinear associaioveen PHC
activity and hospitalisation, and draws together the contradictewytseof previous studies
[3,8,10]. A similar nonlinear pattern was also reported for the teféécdistance on
hospitalisation [29]. Lin and colleagues found the lowest hospitalisatites among
residents living between 35 and 50 kms from a hospital. Living eitbsercto (<35 kms) or
further from (>50 kms) a hospital was associated with higher hbsaitan rates. In this
study the communities were all located far from a hosp#al (kms). There may be a
number of reasons that the PHC-hospital association varies withvélef PHC. Low levels
of PHC may lead to increased false negative and delayedodiesy acute evacuation and
hospitalisation [30,31]. Under this circumstance, investment in PHOngarove prompt
diagnosis and treatment that may avert or postpone the need fpaiahoare. This inverse
relationship is consistent with the majority of literature [4-6fpecially those studies
undertaken in PHC shortage areas. Patients receiving PHC beyonditha &ptel may be
at the more severe end of clinical spectrum and require both rH@eaRd hospital services.
In this case, PHC is not a substitute for hospital care, but a eorapt [32]. It is also
possible that a portion of the extra hospitalisations are a rasuitreased false positive
diagnoses arising from the increased PHC contacts, leadimgr hospital referrals. This
possibility has been recognised in previous studies [7,8]. Planned atiossltand elective
admissions tend to be positively correlated and in these caseqansien of PHC services
may not reduce hospitalisations. There is increased heterogengigydistribution of results
among the frequent PHC users at the right upper part of the E;@group of patients with
high levels of both PHC and hospital services. For this group, PHComansufficient for



complex needs and there may be the opportunity to reduce both PHC andlisatipits
through specialised case management [33].

Adequate PHC is considered to be essential [1]. The curreritdésecess to PHC for
Indigenous residents in remote areas is inadequate comparethevithtional average, even
before consideration of the greater health need [11,12] and the needdaallyuappropriate
services [34]. Residents in PHC shortage areas are morethkekperience hospitalisations,
and optimising PHC service levels can improve health and reduchk hesjuality [2]. PHC
plays an important role in improving Indigenous health outcomes and redbeiraglterse
effects of health inequity, because PHC is cost-efficient fevglent conditions [35].
Hypertension, chronic kidney disease, diabetes, asthma, IHD, COPD, @mawand urinary
tract infections are common presenting problems at the NT eexlotics. Unless they
progress to serious complications, such conditions are more apprgpnaeiaged by
prompt interventions in PHC settings than hospitalisation.

Strengths and limitations: The strengths of this study laa¢ for the first time, to our
knowledge, the study demonstrates the U-shape association betweean@HGspital care.
The methodological limitations of previous studies have been overcorsirity quadratic
regression models and examining routinely collected large seal&e data. The spline
guadratic model fits the aggregate data better than the siuatiFatic model, but does so at
the expense of robustness and parsimony. The spline regression pnodeles the
advantage that, being more sensitive to the data, it is more weleém deriving vertex
values. On the other hand, the simple quadratic model is more robust aadreadily
interpretable, making it useful for comparisons within a familYafurves. There are also a
number of limitations. Firstly, the strength of the evidencenstéid by the reliability of
clinic and hospital data. There is an ongoing program of consolidatidnvaidation to
maintain the quality of HRN, with the accuracy of patient demogecapfarmation in public
hospital records recently reported as around 95% [19]. There haveealsalmical audits,
which have confirmed the quality of data collections [19,36]. Detestit linkage is simple
but considered a more reliable linkage strategy, when coding errors of HRNhareal [37].
Secondly, this study did not control individual level variations and potectigounders
such as types of PHC, professions of PHC providers and distance ttahddpre research
is needed to further explore this topic. Multilevel analysis andtivaulte adaptive
regression splines may be a useful tool [38]. Thirdly, the studlyali include people who
were not recorded with either a clinic visit or hospitalisation during the gterilyd, however
the total study population was similar to the Indigenous resident ggapuin the selected
remote areas [17]. Additionally, PHC data were incomplete duggtogopulation mobility,
unclear clinic catchments and the availability of alternate norPEIC services. While this
incompleteness may lead to an underestimate of the optimal numdkes&tvices for the
population, it is unlikely to change the general pattern of the Wecassociation between
PHC and hospitalisations. Finally, this study is neither longialdior experimental, which
limits the extent to which a causal relation can be drawn amérgéeed. Continued
recording of clinical events and the maintenance of clinical gualitits will facilitate the
opportunity for longitudinal and experimental studies for this topic in the future.

Conclusions

An effective PHC and hospital interface is important to achogtanal health outcomes and
cost-efficiency of the health care system. The results efghidy demonstrate a U-shape
relationship between PHC visits and hospitalisations, and support an atginateremote



Indigenous people in Australia may have fewer hospitalisationsamitappropriate level of
primary care. The results suggest that the effectivenessheéléh system is not simply a
straight-line relationship in which “more PHC is better”, bugtéad hinges on a refined
balance between optimal primary health care and tertiary care.

Abbreviations

AR-DRG, the Australian Refined Diagnosis Related Groups; COPD, Chronic ahstruc
pulmonary disease; DOH, the NT department of health; HRN, Hospital registnaimber;
ICPC, International Classification of Primary Care; IHD, Iscleeh@art disease; kms,
kilometers; MBS, Medicare Benefits Schedule; NT, Northern TerritoAustralia; PAH,
Potentially avoidable hospitalisations; PCIS, Primary Care Informatiste®; PHC,
Primary health care; RHD, Rheumatic heart disease

Competing interests

The authors declare that they have no competing interests.

Authors’ contributions

JW and SG helped to design this study, and facilitated data a¥@essnducted the analysis
and interpretation of the data with the assistance by SG, JWlandZPand SG lead the
writing of this report. PL provided constructive insights to improveréport. All authors

read and approved the final manuscript.

Acknowledgements

The authors thank Dr David Ashbridge who initiated this project. Wegrateful to all DOH
and non-DOH staff who collect computerised clinical data and inepommpleteness and
accuracy of the health data. This is an internally funded &sg@aoject by DOH. However,
the findings in this paper are those of the authors and do not negesgaeisent the official
position of DOH.

References
1. Starfield Bis primary care essential?Lancet1994,3448930)1129-1133.

2. Starfield B:Primary care and health: a cross-national comparisonJ Am Med Assoc
1991,26616).2268-2271.

3. Laditka JN, Laditka SB, Probst JMore may be better: evidence of a negative
relationship between physician supply and hospitalization foambulatory care sensitive
conditions. Health Serv Re2005,40(4):1148-1166.

4. Rosano A, Abo Loha C, Falvo R, van der Zee J, Ricciardi W, GuasB¢da Belvis AG:
The relationship between avoidable hospitalization and accessity to primary care: a
systematic review Eur J Public Healti2012. doi:10.1093/eurpub/cks1053.



5. Bertakis KD, Robbins JAUtilization of hospital services: a comparison of internal
medicine and family practice.J Fam Pract1989,28(1):91-96.

6. Shi L, Macinko J, Starfield B, Wulu J, Regan J, PolitzeffRe relationship between
primary care, income inequality, and mortality in US States, 19861995.J Am Board
Fam Pract2003,16(5):412—-422.

7. Weinberger M, Oddone EZ, Henderson WZ&ies increased access to primary care
reduce hospital readmissions™N Engl J Medl996,334(22).1441-1447.

8. Sgrensen TH, Olsen KR, Vedsted\Bsociation between general practice referral rates
and patients’ socioeconomic status and access to specialibedlth care: a population-
based nationwide studyHealth Policy2009,92(2—-3) 180-186.

9. Ricketts TC, Randolph R, Howard HA, Pathman D, Careljidspitalization rates as
indicators of access to primary careHealth Place2001,7(1):27-38.

10. Saxena S, George J, Barber J, Fitzpatrick J, Majeddsgaciation of population and
practice factors with potentially avoidable admission rates forchronic diseases in
London: cross sectional analysis] R Soc Me@006,99(2):81-89.

11. Zhao Y, Guthridge S, Magnus A, Vos Burden of disease and injury in aboriginal
and non-aboriginal populations in the Northern Territory. Med J Aust 2004,
180(10):498-503.

12. Byron P, Zhao Y, Guthridge SL, Brailsford R, Stacey F, Parkinsdwedicare and
pharmaceutical benefits scheme usage patterns in the Northern Territory 1993/94 to 2003/04.
Darwin: Department of Health and Community Services; 2005.

13. Australian Institute of Health and WelfarAustralian hospital statistics 2008-09.
Canberra: Australian Institute of Health and Welfare; 2010.

14. Council of Australian Governmentdational partnership agreement on closing the gap
in indigenous health outcomes: national healthcare agreem@ahberra: Council of
Australian Governments; 2009.

15. Gulliford M, Figueroa-Munoz J, Morgan M, Hughes D, Gibson B, BeedhuRson M:
What does’ access to health care’mean?Health Serv Res Poli®002,7(3):186-188.

16. Australian Bureau of StatisticAustralian statistical geography standard: remoteness
structure vol. 5Canberra: ABS; 2013.

17. Australian Bureau of StatisticExperimental estimates of aboriginal and torres strait
islander Australians, Jun 200€anberra: ABS; 2008.

18. Zhao Y, Hanssens P, Byron P, GuthridgeC8st estimates of primary health care
activities for remote aboriginal communities in the Northern TeryitDarwin: Department
of Health and Community Services; 2006.



19. Foley M, Zhao Y, Condon JRDemographic data quality assessment for Northern
Territory public hospitals 201Darwin: Department of Health; 2012.

20. Northern Territory Governmenkly eHealth record.Darwin: Department of Health;
2013.

21. WONCA International Classification Committéeternational classification of primary
care.2nd edition. New York: Oxford University Press; 1998.

22. Commonwealth Department of Health and Aged CArsstralian refined diagnosis
related groups, version 4.Canberra: Commonwealth of Australia; 1998.

23. Page A, Ambrose SJ, Glover JD, Hetzel Mlas of avoidable hospitalisations in
Australia: ambulatory care-sensitive conditioi@&anberra: Australian Institute of Health and
Welfare; 2007.

24. Osborn CEEssentials of statistics in health information technoldgyydbury: Jones &
Bartlett Learning; 2008.

25. Marsh L, Cormier DRSpline regression model¥olume 137. Thousand Oaks: Sage
Publications; 2001.

26. Armitage P, Berry G, Matthews JNStatistical methods in medical researd&kictoria:
Wiley; 2008.

27. Ledwidge M, Barry M, Cahill J, Ryan E, Maurer B, RyderTvavers B, Timmons L,
McDonald K:Is multidisciplinary care of heart failure cost-beneficial when combined
with optimal medical care?Eur J Heart Fail2003,5(3):381-389.

28. Hjortdahl P, Borchgrevink CEontinuity of care: influence of general practitioners’
knowledge about their patients on use of resources in cartations. Br Med J 1991,
3036811)1181-1184.

29. Lin G, Allan DE, Penning MExamining distance effects on hospitalizations using
GIS: a study of three health regions in British Columbia, Caada. Environ Plann A2002,
34(11).2037-2054.

30. National Patient Safety Agendyelayed diagnosis of cancer: thematic revi&wndon:
NHS; 2010.

31. Department of HealtlRemote health atlas: medical evacuatiddarwin: Department of
Health; 2013.

32. Fortney JC, Steffick DE, Burgess JF Jr, Maciejewski MLeBeh LA:Are primary
care services a substitute or complement for specialty andpatient services?Health
Serv Re2005,40(5 Pt 1)1422-1442.

33. Gruen RL, Weeramanthri TS, Knight SSE, Bailie Bgecialist outreach clinics in
primary care and rural hospital settings. Cochrane Database Syst R&003, 4(1),
CDO003798.



34. Watson J, Obersteller EA, Rennie L, WhitbreadD@betic foot care: developing
culturally appropriate educational tools for aboriginal and torres drait islander peoples
in the Northern Territory, Australia. Aust J Rural Healtl2001,9(3):121-126.

35. Godber E, Robinson R, Steiner Bconomic evaluation and the shifting balance
towards primary care: definitions, evidence and methodologicalssues.Health Econ
1997,6(3):275-294.

36. Bailie R, Si D, Dowden M, Lonergan Kudit and best practice for chronic disease.
Darwin: Menzies School of Health Research; 2007.

37. Holman CDJ:ntroductory analysis of linked health data: principles and hands-on
applications.Perth: UWA; 2011.

38. Friedman JHMultivariate adaptive regression splinesAnn Stat1991,19(1):1-67.



4.5

3.5 1

Hospitalisations per person-year

Q 1000 people

Spline quadratic model

Figure 1

0 5 10 15 20 25 30 35 40 45 50

Clinic visits per person-year



+  95% confidence interval \

351 —— =Spline quadratic model
5 — Simple quadratic model
4
(]
> 3 1
£ /
[7)
& /
2 25
Q
Q.
(2]
c
2
S 2 1
2
= [ l
o
& 15 ‘
T
1 1 t \ %
\ I;.H 1 1] { {
L
05 t I
0 T T T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45 50

Figure 2

Clinic visits per person-year



(a) Demographic groups

(b) Adult chronic diseases

(c) Child health conditions
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