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Abstract
Purpose Older age, risks from pre-existing health conditions and socio-economic disadvantage are negatively related to 
the prospects of an early-stage cancer diagnosis. With older Aboriginal Australians having an elevated prevalence of these 
underlying factors, this study examines the potential for the mitigating effects of more frequent contact with general practi-
tioners (GPs) in ensuring local-stage at diagnosis.
Methods We compared the odds of local vs. more advanced stage at diagnosis of solid tumours according to GP contact, 
using linked registry and administrative data. Results were compared between Aboriginal (n = 4,084) and non-Aboriginal 
(n = 249,037) people aged 50 + years in New South Wales with a first diagnosis of cancer in 2003–2016.
Results Younger age, male sex, having less area-based socio-economic disadvantage, and fewer comorbid conditions in the 
12 months before diagnosis (0–2 vs. 3 +), were associated with local-stage in fully-adjusted structural models. The odds 
of local-stage with more frequent GP contact (14 + contacts per annum) also differed by Aboriginal status, with a higher 
adjusted odds ratio (aOR) of local-stage for frequent GP contact among Aboriginal people (aOR = 1.29; 95% CI 1.11–1.49) 
but not among non-Aboriginal people (aOR = 0.97; 95% CI 0.95–0.99).
Conclusion Older Aboriginal Australians diagnosed with cancer experience more comorbid conditions and more socioeco-
nomic disadvantage than other Australians, which are negatively related to diagnosis at a local-cancer stage. More frequent 
GP contact may act to partly offset this among the Aboriginal population of NSW.

Keywords Indigenous status · Cancer disparities · Comorbidity · Socioeconomic position · Primary care · Local stage at 
diagnosis

Background

Cancer is a significant and increasing public health prob-
lem among older Aboriginal Australians, adding to existing 
health disparities [1]. A preponderance of more lethal cancer 
types and poorer survival for Aboriginal people following 
cancer diagnosis [2–5] is seen in New South Wales (NSW) 
[6], the Northern Territory [7], Queensland [8] and South 
Australia [9, 10].

Cancer stage at diagnosis is a key prognostic indicator of 
cancer survival, with local-stage, being a favourable indica-
tor, yet Aboriginal people are less likely than other Austral-
ians to be diagnosed with local as opposed to more advanced 
cancers [2, 9, 11–13].

While comorbidity is associated with later stage at cancer 
diagnosis [14], as with other First Nations people [15, 16], 
Aboriginal Australians experience an elevated prevalence 
of comorbid conditions [17], starting at an early age [8, 
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12, 18–21]. Older age, which is associated with increased 
comorbidity in the population [22], and in cancer patients 
specifically [16], is also linked to later stage diagnoses [23] 
[24]. Socio-economic disadvantage is associated with cancer 
onset at a younger age and more comorbidity, an observa-
tion seen in Australia and elsewhere [25, 26]. For example, 
the prevalence of major chronic conditions as part of multi-
comorbidities has been reported in Australia to range from 
around 14% in geographic areas of least disadvantage to 24% 
in areas of most disadvantage [22].

With all people in Australia having access to the univer-
sal health care system, it would be expected, if adjusting 
effectively for all other factors influencing general practice 
(GP) attendance, that people who were older and with more 
comorbidity would access GP services more frequently [27]. 
Aboriginal Australians regard GPs as their usual source of 
health care, and on average, their need for primary health 
care is greater than that of other Australians [28]. However, 
the Royal Australian College of General Practitioners reports 
that Aboriginal contact with GPs is comparatively low [29].

We hypothesize that supporting increased GP contact 
by Aboriginal people might increase medical surveillance, 
earlier detection, and tailoring of cancer care to better meet 
individual and community needs [30]. To date, few popula-
tion studies have investigated pathways to diagnosis of can-
cer according to GP or other primary health care contact in 
a disease-specific context [26, 31].

There is a need to improve our understanding of the 
characteristics of Aboriginal people diagnosed with cancer, 
including their experience with comorbidity, use of GP ser-
vices, and any influence of GP use on stage of cancer at 
diagnosis [32]. We have compared the experiences of older 
Aboriginal Australians with those of other older Australians 
in adjusted as well as unadjusted analyses.

Aims

The principal objectives are to:

(1) undertake a population-based retrospective cohort 
study to investigate the pathway from comorbidity 
to local-stage at cancer diagnosis in older Aboriginal 
residents of New South Wales first diagnosed in 2003–
2016;

(2) compare the Aboriginal pathway to local-stage diagno-
sis with the corresponding pathway for non-Aboriginal 
contemporaries;

(3) investigate the potential for frequent GP contact to 
mitigate any negative effects of Aboriginal status on 
likelihood of local-stage of cancer at diagnosis; and

(4) facilitate communication of study results to Aboriginal 
and non-Aboriginal people via the use of simple, illus-

trative paths within a Structural Equation Modelling 
approach.

Methods

Study setting and data sources

The setting was New South Wales (NSW), Australia’s most 
populous state, with a population of over 7.5 million in 
2016. Self-identified Aboriginal people (including Torres 
Strait Islanders in this study) comprised 3.4% of the NSW 
population with one in six Aboriginal people (n = 37,293) 
being aged 50 + years [33]. Australians have a universal 
health care system that provides comprehensive primary 
care, mostly through general practitioners (GPs) and hos-
pital-based services.

Data sources for the de-identified linked dataset used in 
this study included the NSW Cancer Registry (NSWCR) 
[34], NSW Admitted Patient Data Collection (APDC) [35], 
and Medicare Benefits Schedule (MBS). This study was part 
of a research program entitled “The cancer and healthy age-
ing in Aboriginal NSW older Generations (CHANGES)”. 
The program was funded by the National Health and Medi-
cal Research Council (NH&MRC) as a collaborative initia-
tive aimed at informing evidence-based, integrated cancer 
care pathways for older Aboriginal Australians.

We retrospectively constructed a cohort of NSW residents 
aged 50 years or more at time of first cancer diagnosis during 
the study period from July 2003 to December 2016, using 
NSWCR data. The NSWCR is a continuous statutory data 
collection of all mandatorily reported invasive cancers diag-
nosed in NSW residents. The NSWCR records diagnosis 
date, primary site, and summary degree of spread of solid 
cancers, along with demographic information including age 
and sex, for all cancer diagnoses.

Two area-level indicators were available for analysis, 
including: (1) socio-economic disadvantage based on the 
Australian Bureau of Statistics Index of Relative Socio-eco-
nomic Disadvantage (IRSD) [36] where we used Quintile 
5 to represent the most disadvantaged areas and Quintiles 
1 the least disadvantaged; and (2) geographic residential 
remoteness based on the Accessibility/Remoteness Index 
of Australia (ARIA +) [37]. ARIA areas were classified as 
Major cities, Inner regional, Outer regional, and Remote and 
Very Remote areas.

Registry records were person-linked with discharge 
record extracts from the APDC from July 2001, which 
included ICD-10AM diagnostic codes for all NSW hospitals. 
This enabled counts of comorbid conditions of relevance 
to the Elixhauser comorbidity index [38]. To examine GP 
contact, we used counts of MBS claims from the national 
collection.
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NSWCR and APDC records were probabilistically linked 
by the Centre for Health Record Linkage using a privacy-
protecting protocol. A study-specific “Project Person Num-
ber” was used to join individuals’ records without disclosing 
personal identifiers. Cumulative numbers of false positive 
and false negative linkages were measured at less than 5 per 
1000. The Australian Institute of Health and Welfare sub-
sequently linked NSWCR and APDC hospital records with 
MBS records. The linked data were lodged and analysed 
within the Secure Unified Research Environment SURE 
[39], a purpose built research infrastructure facility.

Study cohort

The Study cohort comprised NSW residents aged 50 + years 
at the time of first cancer diagnosis in the study period. We 
restricted the cohort to those with a first occurring cancer 
with a primary site of lung, breast (female), cervix, pan-
creas, liver, colon, rectum, prostate, and head and neck due 
to their importance in the Aboriginal population. Using this 
approach, we reported tumour characteristics, a method-
ology consistent with that used by the NSW Ministry of 
Health and Cancer Institute in its flagship annual reporting 
of Reporting for Better Cancer Outcomes [40]. We grouped 
cohort members by Aboriginal status, using an earlier 
reported ‘weight of evidence’ algorithm [41] specifically 
designed for use with NSWCR data.

The cohort construction is as shown in Fig. 1.

Outcomes

We studied two main variables. The first was the number of 
hospital-recorded comorbid health conditions as a predic-
tor variable, using conditions of relevance to the Elixhauser 

comorbidity index [38]. We excluded cancer-related condi-
tions from the index to ensure that the comorbidity condi-
tions examined were distinct from the cancer. A 12-month 
look-back period from diagnosis was used, consistent with 
earlier Australian research [42, 43] and to optimise use of 
the available linked cancer and hospital records. Summed 
numbers of conditions ranged from 0 (no hospital coded 
comorbidity) to a maximum of 26. Using quintile distribu-
tions as a guide we dichotomised comorbidities as 0 to 2 
conditions (= 0) and three or more (= 1) to give a reasonable 
number of cases for comparison above and below the cut-off.

Number of GP contacts was our second main variable (the 
main predictor), comprising numbers of MBS records for GP 
consultation occurring in the 12-months leading to cancer 
diagnosis. We defined GP consultations as records involving 
a professional attendance and a description referring to “GP” 
or “General Practitioner”, or reference to an Aboriginal and 
Torres Strait Islander health assessment (Item 715). Using 
the interquartile distribution of these GP counts as a guide, 
we dichotomised the data as 0–13 GP contacts (= 0) or 14 
contacts or more (= 1). Again, this cut-off gave a reasonable 
number for comparison above and below the cut-off.

Local stage of cancer at diagnosis was our third main 
variable (the key outcome). The NSWCR recorded com-
plete summary staging information for the study period. 
We dichotomised stage into local cancer (= 1) and more 
advanced spread (regional, distant or unknown = 0).

Study variables

These included NSWCR variables for primary cancer 
site and stage, and for: patient age at diagnosis classified 
as 50–69 years (= 0) or 70 + years (= 1); sex (male = 0, 
female = 1); residential area socioeconomic disadvantage 

Fig. 1  Cohort construction
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(most disadvantaged quintile (= 1), lesser disadvantage 
(= 0); residential remoteness (Major city and Inner regional 
(= 0), Outer regional and Remote (= 1), and residential prox-
imity to borders with other jurisdictions (i.e., Local Health 
Districts of Northern NSW, Southern NSW, Murrumbidgee, 
Albury and Far West (= 1) and all others (= 0)). Many border 
residents were known to have some hospitalisation outside 
NSW, thereby recording artificially reduced comorbidity in 
the NSW data. This variable allowed for adjustment for bor-
der residence and sensitivity analysis according to whether 
border residents were included in the analysis.

Statistical methods

Analyses were undertaken using Stata 16.0 [44] within 
the SURE environment [39]. Descriptive cross-tabulations 
described Aboriginal status by: age at diagnosis (years); sex; 
residential area of socioeconomic disadvantage; geographic 
remoteness; living adjacent to the border of another state or 
territory; comorbidity status; number of GP contacts; stage 
(degree of spread) at diagnosis; and primary cancer site.

Aboriginal and non-Aboriginal people were also com-
pared for each of these variables using logistic regression, 
deriving unadjusted and adjusted odds ratios (OR) with 
their 95% confidence intervals (95%CIs). This approach 
was repeated within Aboriginal and non-Aboriginal people 
separately to describe bivariate distributions of socio-demo-
graphic and cancer variables along the structural pathway. 
Separate tables were used for comorbid conditions, GP con-
tacts, and local-stage. All potential covariates related to the 
main variables at the univariate level were simultaneously 
evaluated for inclusion in our multivariable structural mod-
els. Variables were removed in a stepwise manner where 
they did not contribute to statistically significant associations 
with each outcome during testing of the structural pathway.

We then specified our structural model which included 
directional relationships based on the empirical evidence 
reviewed and also including GP contacts as a potential 
mitigating factor for likelihood of non-local stage [45]. Our 
approach included testing associations for comorbid condi-
tion numbers, numbers of GP contacts, and stages at diag-
nosis for each cohort using a series of multivariable logit 
models.

Figure 2 presents a visual representation of this direc-
tional structural model, culminating in diagnosis of local-
stage cancer [46]. We tabled the fully adjusted model in 
the text along with the Hosmer–Lemeshow statistics [47] to 
indicate goodness-of-fit. To support methodological trans-
parency, and improve communication of results [48], visuali-
sation of the modelled estimates was provided to supplement 
table results.

In supplementing the analysis, we tested the sensitivity 
of our structural model in three ways. First, we included 

and excluded border area residents, then undertook strati-
fied analyses, using full models, stratified by each primary 
cancer site (i.e.: lung, female breast, cervix, pancreas, liver, 
colon, rectum, prostate, and head and neck). In particular, 
models were examined for signs of GP contacts affecting 
earlier cancer detection. Finally, we recognised the poten-
tial information loss by dichotomising variables [49] within 
our parsimonious model and reran the models using age, 
comorbid conditions numbers and GP consults as continuous 
measures and discrete area disadvantage quintiles.

Results

Among the 253,121 people with cancer aged 50 years or 
over and diagnosed in 2003–2016 in this study, 4,084 (1.6%) 
were Aboriginal (Fig. 1). Table 1 summarises the descrip-
tive characteristics of Aboriginal and non-Aboriginal par-
ticipants. The Aboriginal cohort had a significantly younger 
profile with 68.0% vs. 52.4% being aged under 70 years. 
Females were marginally more common in Aboriginal 
(43.1%) than non-Aboriginal (40.1%) members.

The OR for Aboriginal vs. non-Aboriginal patients: living 
in the most socio-economic disadvantaged than less disad-
vantaged areas was 2.89 (95%CI 2.70, 3.10); and living in 
more remote than inner regional and major city areas was 
3.35 (95%CI 3.11, 3.60). Despite their younger age, Aborigi-
nal patients had higher levels of comorbid conditions with 
17.7% vs. 11.1% for non-Aboriginal people having 3 + con-
ditions recorded during their hospital stays. In the 12-months 
leading to diagnosis, Aboriginal people used GP services 
more frequently (31.6% vs. 25.1% had 14 + GP contacts). 
Local-stage was comparatively less likely among Aborigi-
nal patients at OR = 0.81 (95%CI 0.76, 0.87). Primary site 
of cancer also varied by Aboriginal status with lung can-
cer being the most frequent within the Aboriginal cohort 
(23.5%) vs. prostate cancer (32.2%) among non-Aboriginal 
members.

Table 2 shows the bivariate distribution of socio-demo-
graphic and cancer variables by comorbid condition catego-
ries (the first of our structural pathway outcomes) for Abo-
riginal and non-Aboriginal cohorts respectively. Increased 
age was associated with increased comorbidity (3 + condi-
tions), with OR = 3.09 (95%CI 3.01, 3.18) for ages 70 + vs. 
50–69 years. The increase with age occurred particularly 
in the non-Aboriginal cohort, with the OR lower in the 
Aboriginal cohort because relatively more younger patients 
(< 70 years) also had 3 or more conditions (14.8% in the 
Aboriginal and 9.4% in the non-Aboriginal cohort). Higher 
comorbidity numbers were observed among non-Aboriginal 
males. Area disadvantage was associated with increased 
comorbidity among Aboriginal and non-Aboriginal patients 
with OR = 1.49 (95%CI 1.23, 1.80) and OR = 1.41 (95%CI 
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1.37–1.45) respectively living in most disadvantaged vs. less 
disadvantaged areas. The likelihood of more frequent GP 
contacts increased among patients with 3 + comorbidities. 
Notably, Aboriginal patients without elevated comorbid 
numbers also had more frequent visits (28.5%) compared to 
their non-Aboriginal contemporaries (22.7%).

Table 3 shows numbers of GP contacts, the intermediary 
process measure, and the distribution of socio-demographic 
and cancer variables. In both Aboriginal and non-Aboriginal 
cohorts, the OR for 14 + GP visits was higher among older 
patients aged 70 + years than younger patients, and particu-
larly so for non-Aboriginal than Aboriginal patients, i.e.: 
ORs = 2.21 (95%CI 2.17, 2.25) and 1.69 (95%CI 1.47, 1.94) 
respectively. In both cohorts, females had a higher likelihood 
of frequent 14 + GP contacts at ORs = 1.15 (95%CI 1.01, 
1.32) and 1.13 (95%CI 1.11,1.15) respectively.

Irrespective of Aboriginal status, patients residing in 
areas of most disadvantage had more frequent GP contacts 
than those in less disadvantaged areas. Residents of border 
areas had less frequent GP contact. Aboriginal patients diag-
nosed with local cancer tended, more than those with more 
advanced cancer, to have 14 + GP contacts per annum. While 

there was no a priori power calculation, this approached, but 
did not achieve, statistical significance (OR = 1.13 (95%CI 
0.98, 1.29); p = 0.085). In contrast, non-Aboriginal patients 
with local-stage diagnosis were less likely to have 14 + GP 
contacts (OR = 0.82 (95%CI 0.81, 0.84)).

Associations with the principal outcome of local can-
cer are shown in Table 4. Younger age was associated with 
increased odds of diagnosis at a local-stage, ORs of 0.85 
(95%CI 0.74, 0.98) and 0.65 (95%CI 0.64, 0.67) among 
Aboriginal and non-Aboriginal people respectively. In both 
cohorts, those living in areas of most (compared with less) 
disadvantage had a similar lower likelihood of localised can-
cers at diagnosis, with ORs of 0.80 (95%CI 0.69, 0.92) and 
0.78 (95%CI 0.77, 0.80) for Aboriginal and non-Aboriginal 
respectively.

From these bivariate associations, we inferred the direc-
tion and components of the structural model (Fig. 2). The 
first stage included age and area socioeconomic status as 
predictors of hospital coded comorbidity. Predictors of our 
second and intermediate process measure (frequency of 
GP contact) were age, sex, socio-economic disadvantage 
and comorbidity. Ultimately, the predictors examined for 

Fig. 2  Conceptual model of the structural equation pathway from comorbid conditions and general practice contact to cancer stage at diagnosis
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local-stage were age, sex, socioeconomic disadvantage, 
comorbidity and GP contacts.

Age and disadvantage were associated with the pathway 
to comorbidity (Table 5). Older age group was associated 
with 3 + compared with fewer comorbid conditions and more 
so among non-Aboriginal at adjusted OR = 3.05 (95%CI 
2.96, 3.13) compared with adjusted OR = 1.81 (95%CI 
1.53, 2.14) for Aboriginal members. Living in areas of 

greatest rather than lesser disadvantage was also related to 
3 + comorbid conditions in Aboriginal members at adjusted 
OR = 1.52 (95%CI 1.26, 1.84) and in non-Aboriginal mem-
bers at adjusted OR = 1.33 (95%CI 1.30, 1.37).

Higher frequency of GP contacts or 14 + per year was 
observed in the older age group, females, residents of most 
disadvantaged areas and those with higher comorbidity 
counts. These differences were apparent in both Aboriginal 

Table 1  Socio-demographic, service use and cancer characteristics of Aboriginal and non-Aboriginal study cohorts

*Includes regional, distant and unknown/unstageable

Aboriginal cohort Non-Aboriginal 
cohort

Odds Ratio 
(unad-
justed)

Lower 95%CI Upper 95%CI p

n Column % n Column %

Total 4,084 100.0 249,037 100.0
Age group at diagnosis
 50 to 69 years 2,777 68.0 130,527 52.4 1.00 Reference
 70 or more years 1,307 32.0 118,510 47.6 0.52 0.49 0.55  < 0.001
Sex
 Male 2,322 56.9 149,158 59.9 1.00 Reference
 Female 1,762 43.1 99,879 40.1 1.13 1.06 1.21  < 0.001
Area level Index of Relative Socio-economic 

Disadvantage (IRSD)
 Least disadvantage Quintiles 1 to 4 1,191 29.2 135,355 54.4 1.00 Reference
 Most disadvantage Quintile 5 2,893 70.8 113,682 45.6 2.89 2.70 3.10  < 0.001
Geographic remoteness
 Major cities & Inner regional 3,113 76.2 227,811 91.5 1.00 Reference
 Outer regional & remote 971 23.8 21,226 8.5 3.35 3.11 3.60  < 0.001
Reside near state border
 No 3,331 81.6 214,705 86.2 1.00 Reference
 Yes 753 18.4 34,332 13.8 1.41 1.31 1.53  < 0.001
Comorbid conditions (Elixhauser)
 0 to 2 conditions 3,360 82.3 221,450 88.9 1.00 Reference
 3 or more conditions 724 17.7 27,587 11.1 1.73 1.59 1.88  < 0.001
General Practice (GP) contact
 0 to 13 consults 2,795 68.4 186,590 74.9 1.00 Reference
 14 or more consults 1,289 31.6 62,447 25.1 1.38 1.29 1.47  < 0.001
Stage at diagnosis
 Advanced* 2,650 68.4 149,434 60.0 1.00 Reference
 Local 1,434 31.6 99,603 40.0 0.81 0.76 0.87  < 0.001
Primary site (Reporting for Better Cancer 

Outcomes)
 Lung 960 23.5 39,391 15.8 1.91 1.71 2.14  < 0.001
 Breast (female) 708 17.3 46,993 18.9 1.18 1.05 1.33 0.006
 Cervix 53 1.3 1,521 0.6 2.73 2.05 3.65  < 0.001
 Pancreatic 184 4.5 10,708 4.3 1.35 1.13 1.60 0.001
 Liver 192 4.7 6,290 2.5 2.39 2.02 2.84  < 0.001
 Colon 454 11.1 35,605 14.3 1.00 Reference
 Rectal 258 6.3 18,761 7.5 1.08 0.92 1.26 0.336
 Prostate 1,020 25.0 80,242 32.2 1.00 0.89 1.11 0.956
 Head and neck 255 6.2 9,526 3.8 2.10 1.80 2.45  < 0.001
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and non-Aboriginal cohorts and of similar magnitude, apart 
from by age where the OR in Aboriginal patients appeared 
to be somewhat lower at adjusted OR = 2.02 (95%CI 1.75, 
2.33) compared with adjusted OR = 2.39 (95%CI 2.35, 
2.44)) for their non-Aboriginal counterparts.

Age, sex, area disadvantage, comorbid condition num-
bers and GP contact frequency all were associated with the 
pathway to cancer diagnosis at a local-stage. Increased age, 
female sex, increased disadvantage and comorbidities all 
were associated with a lower likelihood of cancer diagnosis 
at a local-stage. The adjusted effect sizes indicated by these 
differences were similar within the Aboriginal and non-
Aboriginal cohorts.

The association of frequent GP contacts (14 + GP con-
tacts per year) with local-stage differed markedly between 
the Aboriginal and non-Aboriginal cohorts. Among non-
Aboriginal cancer patients, frequent contacts were associ-
ated with a marginally lower odds of local cancer at adjusted 
OR = 0.97 (95%CI 0.95, 0.99), after taking account of the 
aforementioned factors. An opposite association with more 
frequent GP contacts was observed among Aboriginal 
patients where increased GP contacts were associated with 
a higher likelihood of local cancer at adjusted OR = 1.29 
(95%CI 1.11, 1.49). A diagrammatic form of the enumerated 
pathway is provided in Supplementary Figure S1.

Hosmer–Lemeshow goodness of fit was satisfactory 
for our modelled evaluation of comorbid condition num-
bers, general practice contacts and local-stage diagnosis 
within the Aboriginal cohort with χ2(2) = 0.06, p = 0.969; 
χ2(2) = 1.0; χ2(6) = 4.57, p = 0.600 respectively. Testing the 
sensitivity of modelled results to removal from the analysis 
of patients living in border areas gave very similar results 
for associations of frequent GP contacts with local cancer 
at diagnosis, the adjusted ORs being 1.26 (95%CI 1.08, 
1.48) and 0.95 (95%CI 0.93, 0.97) among Aboriginal and 
non-Aboriginal patients respectively. Details are provided 
in Supplementary Table S1.

We further stratified our structural equation modelling 
for the 9 major cancer sites. Results by cancer site and 
Aboriginal status are provided in Supplementary Table S2. 
The adjusted odds ratios for the association of frequent GP 
contacts with diagnosis at a local-stage are summarised in 
Fig. 3. Frequent GP contact was positively associated with 
local-stage in both cohorts for cancers of the lung, colon, 
and head and neck. Positive associations were also observed 
among Aboriginal patients for cervical and prostate can-
cers; and, among non-Aboriginal patients for breast, liver 
and rectal cancers.

Finally, we tested the sensitivity of our modelling of 
local-stage diagnosis and replaced dichotomised vari-
ables with continuous measures of age, comorbid con-
dition numbers and GP contact, and all socioeconomic 
disadvantage quintiles in Supplementary Table S3. The Ta
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results support the concurrent influence of those variables 
on local-stage diagnosis among the cohort of Aboriginal 
people whereby increasing age and comorbidity numbers 

lowered the odds of local stage diagnosis while more GP 
consults and less disadvantage increased the odds of local 
stage diagnosis.

Table 5  Multivariable models of influences on main pathway variables of comorbidity and GP contacts, and key outcome of local-stage cancer 
diagnosis among Aboriginal and non-Aboriginal cohorts

Aboriginal cohort Non-Aboriginal cohort

Odds 
Ratio 
(adjusted)

Lower 95%CI Upper 95%CI p Odds 
Ratio 
(adjusted)

Lower 95%CI Upper 95%CI p

Main variable 1: 3 or more comorbid conditions
Age group at diagnosis
50 to 69 years 1.00 Reference 1.00 Reference
70 or more years 1.81 1.53 2.14  < 0.001 3.05 2.96 3.13  < 0.001
Area level Index of Relative Socio-economic Disadvantage 

(IRSD)
Least disadvantage Quintiles 1 to 4 1.00 Reference 1.00 Reference
Most disadvantage Quintile 5 1.52 1.26 1.84  < 0.001 1.33 1.30 1.37  < 0.001
Main variable 2: 14 or more GP 

consults
Age group at diagnosis
50 to 69 years 1.00 Reference 1.00 Reference
70 or more years 2.02 1.75 2.33  < 0.001 2.39 2.35 2.44  < 0.001
Sex
Male 1.00 Reference 1.00 Reference
Female 1.15 1.00 1.32 0.056 1.09 1.07 1.12  < 0.001
Area level Index of Relative Socio-economic Disadvantage 

(IRSD)
Least disadvantage Quintiles 1 to 4 1.00 Reference 1.00 Reference
Most disadvantage Quintile 5 1.11 0.95 1.30 0.181 1.10 1.08 1.12  < 0.001
Comorbid conditions (Elixhauser)
0 to 2 conditions 1.00 Reference 1.00 Reference
3 or more conditions 2.45 2.07 2.90  < 0.001 2.72 2.64 2.79  < 0.001
Key outcome: Local-stage at diag-

nosis
Age group at diagnosis
50 to 69 years 1.00 Reference 1.00 Reference
70 or more years 0.82 0.72 0.95 0.008 0.70 0.68 0.71  < 0.001
Sex
Male 1.00 Reference 1.00 Reference
Female 0.80 0.70 0.91  < 0.001 0.97 0.96 0.99  < 0.001
Area level Index of Relative Socio-economic Disadvantage 

(IRSD)
Least disadvantage Quintiles 1 to 4 1.00 Reference 1.00 Reference
Most disadvantage Quintile 5 0.81 0.70 0.93  < 0.001 0.81 0.80 0.82  < 0.001
Comorbid conditions (Elixhauser)
0 to 2 conditions 1.00 Reference 1.00 Reference
3 or more conditions 0.73 0.61 0.88 0.001 0.64 0.62 0.65  < 0.001
GP consults
0 to 13 consults 1.00 Reference 1.00 Reference
14 or more consults 1.29 1.11 1.49 0.001 0.97 0.95 0.99 0.006
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Discussion

Study aims

Assessment of the initial step in the pathway to comorbid-
ity indicated the important influences of age and socio-eco-
nomic disadvantage on comorbidity risk. Disadvantage was 
more pronounced among Aboriginal than non-Aboriginal 
patients, as was comorbidity, particularly at a younger age. 
Comorbidity was negatively associated with detection of 
cancer at a local-stage. By comparison, high GP contact was 
positively associated with local-stage in Aboriginal patients. 
The reasons are not clear, but a possible explanation is that 
high GP contact in Aboriginal patients reduces delay in can-
cer diagnosis, with commensurate impacts on risk of cancer 
death. Issues of trust of health care professionals and acces-
sibility of health services are further issues which have been 
identified as important with respect to delayed diagnosis of 
cancer in Aboriginal people [50].

The question arises whether promoting high GP contact 
would be beneficial in terms of primary prevention and 
preventing cancers developing to advanced stages before 
diagnosis. Our results indicate comorbidity, along with age 
and socio-economic disadvantage, has a negative effect 
on detecting cancer at a localised stage, and that high GP 
contact partially offsets that effect. The mediating effect 
of high GP contact could arise in several ways the first of 
which is by encouraging participation in cancer screening. 
Increased screening participation would be consistent with 
the characteristics of Aboriginal specific primary health care 

services focussed not only on treatment and management, 
but on prevention, health promotion and addressing social 
health determinants [51]. Also, more culturally relevant rela-
tionships between patient and practitioner may lead to more 
consistent care leading to increased surveillance and earlier 
identification of cancer symptoms or changes of concern. 
More research is needed to confirm this finding and under-
stand the underlying mechanisms, for example by examining 
the degree of use and type of primary health care service 
attended. If that research is productive, further questions 
will consider how best to promote GP contact and in what 
context.

Our statistical methodology was Structural Equation 
Modelling, which we found enabled presentation of results 
in a structured form that could be expressed diagram-
matically and readily understood by both Aboriginal and 
non-Aboriginal members of the community. The results 
prompted discussion and encouraged consideration of fur-
ther research needs and service development.

Comorbidity

Our findings are consistent with broader cohort analyses, 
including those undertaken in the CanDAD project [21]. 
While one in three Australians aged 45 to 64 years report 
having at least two chronic health conditions (23), the figures 
at about 50% in people aged 65 years or more were higher in 
the present study in the 12 months leading to cancer diag-
nosis [22].

Fig. 3  The influence of 14 
or more GP contacts in the 
12-months before local-stage 
cancer diagnosis by cancer site 
and Aboriginal status
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Frequent GP contact

Our results, based on MBS records for the 12 months leading 
to cancer diagnosis, indicate that 25% had 14 + GP contacts. 
This figure can be compared with ABS national survey data 
for 2020 indicating that 15% of Australians aged 55 + years 
or more visited a GP 12 + times in the previous 12 months 
[52]. We found a higher proportion visited a GP 14 + times 
in 12 months in Quintile 5 (most disadvantaged) at 34% 
among Aboriginal and 28% among non-Aboriginal people 
in Quintile 5, as compared with 26% and 22% respectively 
in Q1-4. Meanwhile a RACGP report indicated more GP 
contacts per year in most and least disadvantaged people 
respectively (30).

Local‑stage

We found 35% of Aboriginal vs. 40% of non-Aboriginal 
older patients had local-stage at diagnosis. These propor-
tions are lower than whole of population averages, consist-
ent with a decrease in local-stage with older age. A NSW 
study in 2001–2007 covering all ages and a broader range of 
primary sites, found 40% had local-stage among Aboriginal 
and 47% among non-Aboriginal patients (52). Correspond-
ing proportions with local-stage were: 37% for Aboriginal 
vs. 50% for non-Aboriginal patients in a SA matched cohort 
study across ages [9]; 50% in Queensland overall and with 
a lower percentage in Aboriginal patients [8]; 38% and 45% 
in Aboriginal and non-Aboriginal patients respectively in 
an updated Queensland cohort [12]; and in the Northern 
Territory, 34% vs. 44% for Aboriginal and non-Aboriginal 
cases respectively for lung, breast, cervix, and bowel cancers 
collectively [53].

We also found that 34% had local-stage among Aborig-
inal patients living in outer regional and remote areas of 
NSW vs. 39% in urban inner regional areas. Within the Abo-
riginal people in NSW, the percentage with local-stage was 
36% for rural/remote vs. 43% for urban dwellers [11]. While 
rurality is important, these data showed area level socio-
economic disadvantage exhibited an even larger influence 
on the diagnosis of local-stage cancers among Aboriginal 
the study cohort.

Supplementary analyses

These data, presented in the Supplementary Tables, sug-
gested: (1) similar results irrespective of whether border 
LHDs were included in the modelling; and (2) generally 
consistent positive associations of GP contact with earlier 
stage in Aboriginal patients for most primary cancer sites.

The latter, stratified analyses showed the relative fre-
quency of cancer site influenced the overall, positive effect 
of frequent GP contact. For example, lung cancer diagnosis 

was relatively more common within the Aboriginal cohort 
where it made up almost one-quarter of cases. Frequent 
GP contact significantly improved the odds of diagnosing 
lung cancer at local stage after accounting for the damag-
ing effects of age, comorbid conditions and disadvantage. 
A similar effect was observed among the relatively smaller, 
non-Aboriginal cohort with lung cancer and further repeated 
in cases of colon and head and neck cancers. In prostate can-
cer cases as the most frequently diagnosed cancer, frequent 
GP contact by Aboriginal men also had a positive effect 
on local stage diagnosis. There was no such effect among 
non-Aboriginal men. Without further research we can only 
speculate on the reasons behind this. However, it is plausible 
that more culturally appropriate care may influence screen-
ing participation and health protecting behaviours as noted 
earlier [51], even among a generally resistant clientele.

Limitations and strengths

Our reporting format aligns with the NSW Ministry of 
Health and CINSW public reporting of major tumour 
streams [40] and key populations [54]. That consistency 
facilitates cross-referencing between operational report-
ing and research findings for decision-making and public 
engagement.

Our analysis contributes to a conceptual model [32] of 
the mitigating effects of frequent GP contact on the path 
from comorbidity to earlier stage of diagnosis among Abo-
riginal people with cancer. The data also indicate the dispa-
rate needs and experiences of older Aboriginal people with 
cancer [32].

Implications and applications

Our study provides evidence of Aboriginal peoples’ expe-
rience of cancer, insofar as achievable with administrative 
records. There are the questions of whether this evidence 
will assist Aboriginal communities, health service providers, 
and community health care organisations to better address 
cancer. For example, will a diagrammatic representation of 
directional paths with accompanying quantification indicate 
the strength of influences on earlier cancer detection and 
care encourage narratives and storytelling in community 
settings?

Further research

This is required to investigate:

• The nature of GP contacts that are related to earlier stage, 
including their timing, type, and organisational context. 
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For example, are the GP consults conducted through pri-
vate general practices, Aboriginal Community Controlled 
Organisations, or some combination of each.

• Different effects of GP contact by primary site as indi-
cated in this study. Future analysis could explore the 
potential role of particular conditions, or condition com-
binations, with GP contact and earlier cancer detection.

• Evidence of the severity of comorbidity conditions’ 
impact on functional status, health related quality of life 
or health preferences. This would further increase under-
standing of the burden of comorbid conditions on the 
Aboriginal population.

Conclusion

Older Aboriginal Australians experience more comorbid 
conditions, and along with socioeconomic disadvantage, this 
may reduce earlier cancer diagnosis. Frequent GP contact 
may partly counter these negative influences.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10552- 023- 01727-6.
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