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Background: Technology use, including continuous glucose monitoring (CGM)
and insulin pump therapy, is associated with improved outcomes in youth with
type 1 diabetes (T1D). In 2017 CGM was universally funded for youth with T1D in
Australia. In contrast, pump access is primarily accessed through private health
insurance, self-funding or philanthropy. The study aim was to investigate the use
of diabetes technology across different socioeconomic groups in Australian
youth with T1D, in the setting of two contrasting funding models.

Methods: A cross-sectional evaluation of 4957 youth with T1D aged <18 years in
the national registry was performed to determine technology use. The Index of
Relative Socio-Economic Disadvantage (IRSD) derived from Australian census
data is an area-based measure of socioeconomic status (SES). Lower quintiles
represent greater disadvantage. IRSD based on most recent postcode of
residence was used as a marker of SES. A multivariable generalised linear
model adjusting for age, diabetes duration, sex, remoteness classification, and
location within Australia was used to determine the association between SES and
device use.

Results: CGM use was lower in IRSD quintile 1 in comparison to quintiles 2 to 5
(p<0.001) where uptake across the quintiles was similar. A higher percentage of
pump use was observed in the least disadvantaged IRSD quintiles. Compared to
the most disadvantaged quintile 1, pump use progressively increased by 16% (95%
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Cl: 4% to 31%) in quintile 2, 19% (6% to 33%) in quintile 3, 35% (21% to 50%) in
quintile 4 and 51% (36% to 67%) in the least disadvantaged quintile 5.

Conclusion: In this large national dataset, use of diabetes technologies was
found to differ across socioeconomic groups. For nationally subsidised CGM, use
was similar across socioeconomic groups with the exception of the most
disadvantaged quintile, an important finding requiring further investigation into
barriers to CGM use within a nationally subsidised model. User pays funding
models for pump therapy result in lower use with socioeconomic disadvantage,
highlighting inequities in this funding approach. For the full benefits of diabetes
technology to be realised, equitable access to pump therapy needs to be a health

policy priority.
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Introduction

Advanced diabetes technologies including the use of pump
therapy and continuous glucose monitoring (CGM) are associated
with improved glycaemic outcomes in youth with type 1 diabetes
(T1D) (1-5). Sustained long-term improvements in glycaemic
control and reduction of long-term diabetes associated
complications including microvascular complications and
cardiovascular mortality, have been demonstrated for youth and
adults with T1D on pump therapy in comparison to multiple daily
injections (MDI) (6-10). Current consensus guidelines recommend
that youth with T1D should be offered the most advanced diabetes
technologies that are affordable and available to them, with choice of
device based on specific needs to promote personalised diabetes care
(11, 12). Accessibility of these devices varies globally; reimbursement
models differ and barriers to access persist in many populations (13,
14). A recent review of 29 European countries revealed discrepancies
in CGM and pump therapy; overall, CGM was at least partially
subsidised in 17 of 29 countries, whereas pump therapy was readily
available in 20 of 29 countries, with other countries reporting access
and reimbursement issues (15).

Furthermore, lower socioeconomic status (SES) is associated with
adverse glycaemic outcomes in youth with T1D (16-19), which may be
compounded or partially driven by the association of SES and use of
diabetes technologies (18, 20, 21). Given the association between use of
diabetes technologies and improved glycaemic outcomes, disparity in
access to technology may potentiate disadvantage in low
socioeconomic groups.

The association between SES and technology use in youth with
T1D has not been previously investigated in the Australian
population. The public hospital network and the universal health
insurance system provide free or low-cost health care to all Australian
citizens (22). However, Australia has two separate models for funding
of advanced diabetes technologies. In April 2017, the Australian
Government committed to fully subsidising CGM for children and
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young adults (aged <21 years) living with T1D, dramatically
increasing CGM uptake (23). Insulin pump therapy is not publicly
subsidised, rather pumps are accessed primarily via private health
insurance or self-funding, both of which carry significant financial
burden for families. Across the Australian states and territories, there
is limited access to compassionate programs for low-income families
to access pumps (24) and strict criteria are in place, potentially
excluding many from accessing reimbursement via these pathways
who would find self-funding a pump financially burdensome or
impossible. Furthermore, pump provision beyond young adulthood
is not usually available. These disparities in pump access are now of
critical importance with the availability of new generation hybrid
closed loop (HCL) systems that require insulin pump therapy
combined with CGM use, and which have been shown to improve
outcomes for people living with TI1D (25-27).

These two distinct models for pump therapy and CGM provide the
platform to investigate the impact of differing funding models on
technology use in Australian youth with T1D. The aim of this study
was to evaluate the association between SES and use of diabetes
technologies. We hypothesized that socioeconomic disadvantage
would be associated with lower use of diabetes technologies.

Methods
Study design and population

This is a cross-sectional population-based study of children
aged <18 years with TID receiving care at paediatric diabetes
centres in Australia.

Demographic and clinical information was extracted from the
Australasian Diabetes Data Network (ADDN), a prospective,
longitudinal database with contributing centres comprising major
diabetes clinics across Australia and New Zealand (28). Initiated in
2012, the registry has expanded to include data from 23 paediatric
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centres, 13 of which are in Australia. The majority of Australian
children, in both urban and regional settings, receive care in public
paediatric services, of which a majority share data with ADDN.
Those who have not consented to share data with ADDN, and those
undergoing care in the private system are not represented in this
cohort’s analysis.

Data from the 1** of July 2020 to the 1* July 2022 were included
in the study. 5913 individuals were aged <18 years and contributing
data to ADDN on 1* July 2022. Information recorded at the visit
closest to this reference date was used to determine device use and
postcode. Where information on device use was missing from this
record, device use status at the previous visit was carried forward
from a maximum of 2 years prior (median time difference between
visit date and device use status = 0.29 years, interquartile range =
0.12 to 0.67 years). CGM and pump use were classified as binary
measures (Yes/No) based on whether the device was being used at
this visit. Those with missing postcode data (n=145), or who did not
have a clinic visit (n=811) were excluded from the analysis, resulting
in a dataset from 4957 individuals, which represents approximately
30-40% of youth living with TID in Australia, with 14,919
individuals aged 0-20 years registered with the National Diabetes
Services Scheme as of 30™ June 2022 (29), noting difference in age
range for this reference and those included in the study.

Consent for data sharing with ADDN is obtained from
individuals from their diabetes centre, usually at time of diagnosis.

Area-based measures

Socio-Economic Indexes for Areas (SEIFA) is a tool developed by
the Australian Bureau of Statistics, utilising Australian census data to
capture aspects of relative socioeconomic advantage and
disadvantage (30). Statistical areas can then be ranked regarding
SES utilising one of four specific indices. The SEIFA Index of Relative
Socio-Economic Disadvantage (IRSD) was implemented in this
analysis to provide an area-based indication of disadvantage, as
individual-level measures of SES are not collected through ADDN.
The IRSD includes 16 variables incorporating income, highest level of
education, employment type and status, spoken English ability,
family structure, disability needs, housing factors, internet and
personal vehicle access (30). Utilisation of socioeconomic
deprivation indices has been validated in other studies when
individual-level measures of SES have not been prospectively
collected (18, 31-33). Most recent primary residential postcode was
used to determine an individual’s IRSD quintile.

In addition, the Remoteness Areas Structure within the
Australian Statistical Geography Standard was used to classify,
based on residential postcode, an individual’s location within
Australia as being urban (major city), inner and outer regional,
remote or very remote (34).

Statistical analysis

Standard descriptive statistics were used to summarise
demographic and clinical characteristics of the study population;
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medians and interquartile ranges for continuous measures, counts,
proportions and percentages for categorical measures.

Pump and CGM use in each IRSD quintile were summarised as
percentages (with 95% Wilson score confidence intervals) and chi-
square tests conducted. Multivariable generalised linear models
(Poisson family with log link and robust sandwich errors) were
used to determine the association between SES and device use
following adjustment for relevant confounders. These models
included terms for IRSD quintile, remoteness classification, age,
diabetes duration, sex, and individual’s location within Australia.
The overall significance of IRSD quintile in predicting device use
was assessed using a chi-square test of the difference in residual
deviance when IRSD quintile was added to the model. Adjusted risk
ratios with 95% confidence intervals, were calculated for pairwise
comparisons of IRSD quintiles 2 to 5 to quintile 1.

Sensitivity models including and excluding Remoteness Area
Structure were conducted to explore any model bias due to potential
over-adjustment when determining the relationship between SES
and device use.

Results

Data for 4957 Australian youth living with T1D with a mean (SD)
age of 12.3 (3.7) years and mean (SD) duration of diabetes of 4.8 (3.7)
years were analysed (Table 1). Mean (SD) HbAIc for all individuals
was 8.1% (1.6%)/65 (17.5) mmol/mol, reflecting previous analyses of
the ADDN cohort (35). The distribution of individuals varied across
the quintiles, with the majority living in postcodes associated with
IRSD quintiles 4 and 5 (49.8%), the areas associated with lower
relative socioeconomic disadvantage (Table 1).

Pump use differed significantly by IRSD quintile () (4, 4957)
=80.17, p<0.001). Figure 1A provides the percentages [with 95%
Wilson score confidence intervals (CI's)] of individuals using
pumps across IRSD quintiles. Increased pump use was associated
with increasing IRSD quintile, with the lowest use in the most

TABLE 1 Cohort demographics.

Study population

Total n 4957
Male (n, %) 2513 (50.7%)
Age (years)* 12.3 (3.7)
Age at diagnosis (years)* 7.5 (3.9)
Duration of diabetes (years)* 4.8 (3.7)

HbAlc %*' (mmol/mol)* 8.1 (1.6) (65 (17.5))

IRSD Quintile 1 (n, %) 679 (13.7%)
IRSD Quintile 2 (n, %) 733 (14.8%)
IRSD Quintile 3 (n, %) 1080 (21.8%)

IRSD Quintile 4 (n, %) 1143 (23.1%)

IRSD Quintile 5 (n, %) 1322 (26.7%)

*Values expressed in Mean (+ SD).
! Missing for 515.
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FIGURE 1

(A) Unadjusted percentage of pump use by IRSD quintile (with Wilson score Cl's). (B) Unadjusted percentage of CGM use by IRSD quintile (with

Wilson score Cl's).

disadvantaged quintile (38.9%) and highest use in the least
disadvantaged quintile (52%). The pattern of increasing pump
use with higher IRSD quintile was still observed after adjusting
for age, duration of diabetes, sex, remoteness and individual’s
location within Australia (see Table 2 for adjusted risk ratios
(RR,gj) with CI's). Compared to the most disadvantaged IRSD
quintile 1, pump use was 16% more likely in quintile 2 (RR,g;
1.16 [95% CI: 1.04, 1.31]), 19% more likely in quintile 3 (RR,q4j =
1.19 [1.06, 1.33]), 35% more likely in quintile 4 (RR,q; = 1.35
[1.21, 1.50], and 51% more likely in the least disadvantaged
quintile 5 (RR,q; = 1.51[1.36, 1.67]).

TABLE 2 Adjusted risk ratios (with 95% CIl) of increasing use of
technology use across quintiles.

IRSD Pump use  P-value** = CGMuse @ P-value**

Quintile Relative Relative
Risk Risk

[95% Cl] [95% Cl]

1 1.00 <0.001 1.00 <0.001

2 | 1.16 [1.04, 1.31] 1.35 [1.26,
1.44]

3 | 1.19 [1.06, 1.33] 1.28 [1.19,
1.37]

4 | 135[121,1.50] 1.35 [1.26,
1.45]

5 | 1.51[1.36, 1.67] 1.34 [1.25,
1.44]

*The model adjusted for age, sex, duration of diabetes, remoteness and location within
Australia.

**P-value of overall significance of IRSD Quintile based on a chi-square test of change in
residual deviance.
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CGM use also differed significantly by IRSD quintile (> (4,
4957) = 45.48, p<0.001). Figure 1B displays percentages (with 95%
confidence intervals) of CGM use across IRSD quintiles. The lowest
use was seen in quintile 1 at 56.4%, with higher but similar use
across quintiles 2 to 5 (76.7% in quintile 2, 70.9% in quintile 3,
72.9% in quintile 4 and 69.2% in quintile 5). After adjusting for
available sociodemographic and clinical characteristics, IRSD
quintile 1 remained a predictor of less CGM use (see Table 2 for
adjusted risk ratios). Compared to the most disadvantaged quintile
1, CGM use was 35% more likely in quintile 2 (RR,q; = 1.35 [1.26,
1.44]), 28% more likely in quintile 3 (RR,qg; = 1.28 [1.19, 1.37]), 35%
more likely in quintile 4 (RR,g; = 1.35 [1.26, 1.45]), and 34% more
likely in the least disadvantaged quintile 5 (RR,q; = 1.34
[1.25, 1.44]).

Model results were similar with or without inclusion of
Remoteness Area Structure (see Supplementary Material).

Discussion

This large, cross-sectional national study demonstrated an
association between socioeconomic deprivation and the use of
advanced diabetes technologies in youth with T1D in Australia.
The differential funding models for advanced diabetes technologies
in Australia provided the opportunity to explore the association
between SES and technology use, which has not previously been
investigated in the Australian context.

This study demonstrated that pump therapy use was higher in
the least socioeconomically deprived quintiles. The pattern of pump
use across quintiles is more likely to represent the ability of families
living in higher quintiles to afford private health insurance or self-
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funding of pumps, potentially reflecting the inadequacy of the
current funding model for pump therapy in Australia. The
finding of increased pump use in higher quintiles may also
represent other social determinants of health in higher quintiles,
such as higher levels of parental education increasing
understanding and acceptability of pump therapy, reduced
financial barriers impacting access to health care or better English
language skills, given that delivery of pump therapy education is
primarily in English.

Conversely, CGM use was lowest in the most disadvantaged
quintile despite fully subsidised access to this technology for all
Australian youth. Similar use across quintiles 2 to 5 was observed.
In 2017, the Australian government subsidised CGM use for
Australian youth living with T1ID. CGM uptake increased from
less than 5% to 79% two years post-subsidy of CGM (23). The
important but unexplained finding in our study of significantly
lower CGM use in quintile 1 compared to other quintiles, in the
context of a population with overall high CGM use given national
subsidy, warrants further investigation. Delineating the specific
barriers to accessing CGM technology in the most disadvantaged
quintile has the potential to inform policy change and impact
models of care in T1D. We hypothesise that factors including
clinician bias in technology initiation, access to relevant mobile
devices, technology acceptability and understanding which could be
impacted by English language proficiency or parental level of
education, could be driving this finding in the Australian
population. Prospective quantitative analysis of socioeconomic
factors influencing CGM use in this group compared to other
quintiles, specifically investigating the impact of ethnicity,
parental level of education, technology understanding, access and
burden, and other potential factors, will be essential to explain the
findings. Longitudinal studies rather than cross-sectional analysis
will also aid in our understanding of this issue. Qualitative
investigation of groups with lower technology uptake will help
identify the barriers limiting the uptake of CGM in a fully
subsidised funding model. This will inform Australian care
providers in regard to addressing these factors as well as assist
other countries with their technology funding models and
implementation strategies.

IRSD quintiles 4 and 5 represent approximately half of the study
cohort (combined 49.8%). Higher socioeconomic status has
previously been reported to be an independent risk factor for
T1D in Australia, potentially explaining this finding (36). As
discussed in detail below, SEIFA statistical areas do not precisely
align with Australian postcodes, and it is possible that IRSD quintile
based on postcode rather than SEIFA statistical area skews a portion
of the population into higher IRSD quintiles. Despite the relatively
large sample size, results could also reflect a non-representative
sample of the T1D paediatric population within ADDN given 4957
individuals represent approximately 30-40% of youth living with
TID in Australia as previously mentioned, and that individuals
lacking postcode data or visit history were unable to be included in
the analysis.
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This is the first analysis of diabetes technology use in relation to
SES in the Australian paediatric context. A key strength of the study
design is that a large number of individuals with T1D were able to
be included in the analysis. Given Australia's unique global position
with differential diabetes technology funding models, the results of
this study contribute evidence that further advocacy efforts for
improved pump therapy access are required. The results have the
potential to support advocacy and inform Australian healthcare
policy in regard to technology access. This study highlights the
importance of investigating if this association also exists in the
Australian adult population, as funding models for diabetes
technologies evolve in this cohort.

There are several limitations to this study. SEIFA IRSD quintiles
represent the area-based deprivation in which an individual lives
and provide an indication of socioeconomic deprivation only.
Furthermore, SEIFA statistical areas do not precisely align with
Australian postcode areas, which can have a wide variation of
socioeconomic deprivation within them. IRSD based on an
individual’s postcode should be interpreted with care. Collection
of the individual-level factors influencing the SES of youth with
T1D would be required to further delineate specific barriers in
accessing technology. These factors include but are not limited to;
parental occupation, income and level of education, ethnicity,
private health insurance status, family structure and supports,
however this type of data are not collected through ADDN.

The use of advanced diabetes technologies has been
demonstrated to improve glycaemic outcomes in T1D (1, 2, 5),
however there are barriers in accessing these technologies. Various
studies have identified specific barriers including funding models
(13, 37) and individual-level factors of socioeconomic deprivation
including ethnicity, access to private health insurance, higher
parental level of income and education (38-41). Clinician
selection bias when selecting individuals to initiate diabetes
technologies has also been demonstrated (42, 43) and
acceptability of technology to individuals and their families,
including in decision making regarding technology use, is also an
important barrier to consider in the context of our findings. As
glycaemic control is further impacted by socioeconomic status (19,
44, 45), non-inclusive funding models may potentiate disparities in
glycaemic outcomes for youth with T1D. Considering the
improvement in glycaemic control and reduction in diabetes
related complications demonstrated with pump therapy and
CGM, addressing barriers and improving funding models are
critical goals in creating equitable access to diabetes technology
in Australia.

This cross-sectional analysis of national data shows that despite
universal subsidy, those in the most disadvantaged quintile utilised
CGM less than those in other quintiles, where use was similar. This
indicates that while subsidy is an essential first step, it is insufficient
to prevent socioeconomic-based inequities in technology use.
Conversely, for pump therapy, where a user pays model operates,
an increase in pump use was associated with decreasing
socioeconomic disadvantage. A health system that supports all
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youth living with T1D to access and use diabetes technologies is
likely to result in improved glycaemic outcomes, with the
consequent cost benefit of reduced complications, improved
mental health and increased productivity. Future models of care
should evolve to address barriers to accessing diabetes technology,
particularly with the rapidly accumulating evidence from both
research and real-world settings that advanced HCL systems
improve glucose control for youth with T1D.
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