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Abstract

Background: It is unknown how use of newer glucose-lowering drugs (GLDs)
has changed in Australia following the publication of clinical trials demonstrat-
ing definitive clinical advantages for glucagon-like peptide-1 receptor agonists
(GLP-1 RAs) and sodium-glucose co-transporter 2 inhibitors (SGLT2is), and
whether this varies by socio-economic disadvantage.

Methods: We included 1,064,645 people with type 2 diabetes registered on the
National Diabetes Services Scheme. This cohort was linked to the Pharmaceutical
Benefits Scheme database to evaluate trends in diabetes medication receipt and
variation by socio-economic disadvantage between 2013 and 2019.

Results: The proportion of people with type 2 diabetes receiving >3 GLDs con-
currently increased from 12% in 2013 to 25% in 2019. By 2019, 6% of people with
diabetes were receiving a GLP-1 RA and 21% an SGLT2i. Disparities in receipt of
GLP-1 RAs and SGLT2is by socio-economic disadvantage decreased over time
(ORs for most vs. least disadvantaged quintile were 0.80 [0.77-0.85] and 0.87
[0.82-0.94] in 2014 and 0.95 [0.92-0.98] and 1.07 [1.05-1.09] in 2019 for GLP-1
RAs and SGLT2is, respectively). However, people in more disadvantaged areas
were more likely to receive multiple GLDs. After stratifying by number of con-
current GLDs received, people in more disadvantaged areas were less likely to
receive GLP-1 RAs and SGLT2is in 2019 (ORs for most vs. least disadvantaged:
0.81 [0.78-0.84] and 0.90 [0.87-0.93] for people receiving >3 GLDs, respectively).
Conclusions: After controlling for intensity of glucose-lowering therapy, people
in more disadvantaged areas were less likely to receive cardioprotective GLDs,
although disparities decreased over time.
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1 | INTRODUCTION

Cardiovascular and kidney disease are common compli-
cations of type 2 diabetes and are both burdensome and
costly.! Recently, two new classes of glucose-lowering
drug (GLD), glucagon-like peptide-1 receptor agonists
(GLP-1 RAs) and sodium-glucose co-transporter 2 in-
hibitors (SGLT2is), have been shown to be effective at
preventing cardiovascular disease and kidney disease in
people with diabetes.”* Our group has recently shown
that when they first became widely available in Australia,
there was decreased receipt of these GLDs with increas-
ing socio-economic disadvantage,” which did not appear
to be due to affordability or access to specialists. However,
the cardiovascular and kidney benefits of GLP-1 RAs and
SGLT2is were unknown at the time of their listing on the
Pharmaceutical Benefits Scheme (PBS; in August 2010
and December 2013, respectively), thus our study could
not capture the effect of socio-economic status on receipt
of GLDs at a time when there were clear clinical advan-
tages for these GLDs.

It is therefore of interest to examine trends in the re-
ceipt of these GLDs by socio-economic disadvantage
following the publication of clinical trials showing their
benefits for preventing cardiovascular events for the first
time (in November 2015 for SGLT2is and July 2016 for
GLP-1 RAs®), as this may highlight a disparity in com-
municating novel benefits of existing medications by
socio-economic status. Therefore, we linked the National
Diabetes Services Scheme (NDSS), the Australian diabetes
registry, to the PBS to estimate trends in the receipt of each
GLD class and how this varied by socio-economic disad-
vantage among people with type 2 diabetes in Australia
from 2013 to 2019.

2 | METHODS

2.1 | Data sources

The study population was derived from the NDSS. The
NDSS is the Australian diabetes registry, and is estimated
to cover 80%-90% of people with diagnosed diabetes in
Australia.® We included members of the NDSS with type
2 diabetes in Victoria, New South Wales, the Australian
Capital Territory and Queensland who were registered
on the NDSS before 25 December 2019. Assignment of
diabetes type in this study was as previously described.’
This cohort was linked to the PBS and National Death
Index (NDI) by the Australian Institute of Health and
Welfare. The PBS is administered by the Australian
Government and subsidises medications and collects in-
formation on all prescriptions covered by the scheme.

What's new?

« The known—Recent clinical trials have shown
definitive cardiovascular benefits of GLP-1 RAs
and SGLT2is over other diabetes medications.
However, it is unknown how prescribing habits
have changed in response or whether previous
socio-economic disparities observed in receipt
of these medications persist.

« The new—DPP4is were still the most common
second-line diabetes medication in 2019, de-
spite clear benefits of GLP-1 RAs and SGLT2is.
We observed persistent disparities in receipt,
persistence and adherence to GLP-1 RAs and
SGLT?2is by socio-economic disadvantage.

« The implications—Expanding the
Pharmaceutical Benefits Scheme criteria for
GLP-1 RAs and SGLT2is to recognise their ef-
fects beyond glycaemia may be warranted.

The PBS covers the vast majority of diabetes medications
dispensed in Australia; timelines of major cardiovascu-
lar outcomes trials, the date each SGLT2i and GLP-1 RA
was listed on the PBS and the date each received approval
for cardiovascular disease prevention by the Therapeutic
Goods Administration (TGA) of Australia are shown in
Figures S1, S2. Our analysis was restricted to Australians
who do not identify as Aboriginal or Torres Strait Islander
because Aboriginal and Torres Strait Islander Australians
are able to access PBS-listed medications via the Remote
Area Aboriginal Health Services Program, and thus may
not have medication dispensations recorded in the PBS.

This study was approved by the Alfred Hospital Ethics
Committee (Project No: 463/18) and the Australian
Institute of Health and Welfare Ethics Committee
(E02018/5/501).

2.2 | Measure of socio-economic
disadvantage

Socio-economic disadvantage was assigned based on
an individual's residential postcode; we only included
NDSS registrants with available postcode information
(>99% of those who otherwise met our inclusion criteria).
Socio-economic disadvantage was measured using the
Socio-Economic Index for Areas: Index of Relative Socio-
economic Disadvantage (IRSD). The IRSD is produced by
the Australian Bureau of Statistics after each census and
ranks areas in Australia according to various measures of
socio-economic disadvantage (such as income, education
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and employment).'” IRSD quintiles were used in this
study, where the highest quintile represents individuals
living in areas of least socio-economic disadvantage.

2.3 | Data analysis

2.3.1 | Receipt of GLDs

First, we estimated the proportion of people with type 2 di-
abetes receiving 0, 1, 2 or 3 or more GLDs concurrently, by
calendar year. Then, we estimated the proportion of peo-
ple with type 2 diabetes receiving each class of GLD (met-
formin, sulfonylureas, dipeptidyl-peptidase 4 inhibitors
[DPP4is], SGLT2is, thiazolidinediones, GLP-1 RAs, alpha
glucosidase inhibitors and insulin) within each calendar
year from 2013 to 2019. These proportions were calculated
as the total number of people dispensed >1 prescription
for the respective GLD class, divided by the total number
of people with type 2 diabetes who were registered on the
NDSS before the end of that calendar year who survived
the full year. Current guidelines recommend metformin
monotherapy as the initial GLD for people with type 2 dia-
betes'"'?; GLP-1 RAs and SGLT2is are only approved as
second- and third-line GLDs in Australia. Therefore, we
subsequently calculated the proportional receipt of each
class of GLD as an add-on medication, as previously de-
scribed.” These proportions were calculated as the total
number of people adding-on the specific GLD, divided
by the total number of add-on events in a given calendar
year. To ensure add-on events were correctly defined in
2013, we included data from 1 July 2011 to define add-on
events (i.e. an 18-month lookback period). Definitions of
concurrent and add-on GLD receipt are available in the
Appendix S1.

2.3.2 | Adherence and persistence

We also estimated adherence and persistence for the first
year of therapy with GLP-1 RAs and SGLT2is. Therefore,
we only included people who initiated a GLP-1 RA or
SGLT?2i from 2013 to 2018 in these analyses. Persistence
was defined as no >90day gap in coverage for the respec-
tive GLD class during the first year of therapy, where
coverage was defined as the product of quantity supplied
and defined daily dose. Adherence was calculated via the
proportion of days covered (PDCs) over the first year of
therapy, and analysed as a binary variable (adherent vs.
non-adherent), where individuals were considered adher-
ent if they had >80% of days covered throughout the year."?
PDCs was calculated as the number of days the GLD class
was available (from quantity supplied and defined daily
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dose), divided by 365. When dispensations occurred be-
fore coverage expired, it was assumed individuals would
finish the current supply before commencing the next.

In the primary analysis, we only included individuals
who persisted for at least two dispensings of the GLD; we
included results from all initiators in a sensitivity analysis.
Moreover, because medications are not always prescribed
at the defined daily dose, we conducted another sensitivity
analysis where coverage was defined as the time period in
which 75% of the population refilled a prescription for that
item. Finally, to determine the effect of medication cost
on persistence and adherence, we conducted a sensitivity
analysis estimating persistence and adherence including
only people who received the majority of their prescrip-
tions (>80%) under a concession, a group in which medi-
cation costs are substantially reduced.

2.3.3 | Differences by socio-economic
disadvantage

Differences in number of GLDs concurrently received (0,
1, 2 or 3 or more GLDs received concurrently) by the IRSD
were assessed using linear regression. We conducted lo-
gistic regression to assess differences in receipt of each
GLD class by the IRSD (where the outcome was a dispen-
sation of the GLD within that calendar year), as previ-
ously described.’ To account for differences in intensity
of diabetes treatment across the IRSD,” logistic regression
analyses were stratified by number of concurrent GLDs
(two or three or more). We then performed logistic regres-
sion with the outcome as receiving a given GLD class as
an add-on among only people who received an add-on
GLD within a given calendar year, by the IRSD. Finally,
we conducted logistic regression analyses to assess dif-
ferences in persistence and adherence, with the outcome
being 1-year persistence or adherence, among people who
initiated GLP-1 RAs and SGLT2is.

All regression analyses were adjusted for age, sex, du-
ration of diabetes and the Accessibility and Remoteness
Index of Australia (ARIA), which have all been shown
to be associated with prescribing of GLDs,” as well as the
RxRisk comorbidity index. The ARIA is a measure of re-
moteness, based on relative access to services within an
area,' classified in this study as major city, inner regional,
outer regional or remote. The RxRisk comorbidity index is
a weighted comorbidity score calculated via all prescrip-
tions dispensed in the preceding year.'® Persistence and
adherence analyses were additionally adjusted for date
of initiation and initiating medication (exenatide or du-
laglutide for GLP-1 RAs; dapagliflozin or empagliflozin
for SGLT2is). Finally, to assess the contribution of access
to specialist care on receipt of GLDs, we repeated the
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analyses described with further adjustment for the type of
doctor providing the prescription (measured as a binary
variable, with a value of 1 for receipt of any prescription
for a GLD from a specialist in a given year and a value of 0
for no prescriptions from a specialist).

Analyses were performed in the Stata statistical soft-
ware, version 15.

3 | RESULTS

3.1 | Trendsin GLD dispensing
Characteristics of the study population are shown in
Table 1. The proportion of people receiving 0, 1 or 2 GLDs
concurrently decreased over time, while the proportion of
people receiving 3 or more increased from 12% in 2013 to
25% in 2019 (Figure 1). The proportion of people with type
2 diabetes receiving each GLD class from 2013 to 2019 is
shown in Figure 2, and the receipt of each GLD class as
an add-on GLD is shown in Figure 3. DPP4is remained
the most common add-on GLD throughout the study pe-
riod, with SGLT2is becoming the second most common
by 2016. By 2019, 32% of add-on prescriptions were for
DPP4is versus 30% for SGLT2is. When stratified by sec-
ond- and third-line add-on, SGLT2is were the most com-
mon third-line add-on by 2015 and remained so through
2019, when SGLT2is accounted for 35% of all third-line
add-ons (vs. 24% for DPP4is and 8% for GLP-1 RAs; data
not shown).

3.2 | Socio-economic disadvantage and
GLD dispensing

In 2013, the odds ratio for receipt of a GLP-1 RA for people
living in the most disadvantaged quintile versus least dis-
advantaged quintile was 0.72 (95% CI: 0.68-0.76), with this
disparity decreasing by 2019, as shown by the odds ratio of
0.95(0.92, 0.98) by 2019 (Figure 4 and Table S1). In 2014,
the odds ratio for receipt of an SGLT2i was 0.87 (0.82, 0.94)
for people in the most versus least disadvantaged quintile;
from 2016 onwards, overall receipt of SGLT2is was more
common with increasing socio-economic disadvantage
(Figure 4 and Table S1). Receipt of metformin, sulfony-
lureas, thiazolidinediones, DPP4is and insulin increased
with increasing socio-economic disadvantage (Table S1).
There was a significant association between increasing
socio-economic disadvantage and increased number of
concurrent GLDs received (p <0.001 in all years; data not
shown). Therefore, we subsequently stratified our analy-
ses by number of concurrent GLDs (two or three or more;
Figure 4 and Table S1). In this analysis, people living

TABLE 1 Population characteristics, by socio-economic disadvantage (IRSD)

IRSD

1 (most

Total

disadvantaged)

5 (least disadvantaged)

1,064,722 (100.0%)
583,685 (54.8%)

279,135 (26.2%)

149,404 (53.5%)

232,832 (21.9%)
126,485 (54.3%)

207,854 (19.5%)

184,940 (17.4%)
102,855 (55.6%)

159,961 (15.0%)
90,508 (56.6%)

Number of people

114,433 (55.1%)

Number of men

57.3 (47.9, 66.3) 57.7 (48.5, 66.6) 57.3 (48.0, 66.2) 57.7 (48.4, 66.7)

57.9 (48.6, 66.9)

58.8 (49.3, 67.8)

Age at diagnosis of

diabetes

70.0 (59.9, 78.9)
85,087 (8.0%)

69.6 (59.6, 78.4)
22,721 (8.1%)

70.2 (60.1, 79.1)
19,377 (8.3%)

69.4 (59.2, 78.4)
17,017 (8.2%)

70.0 (60.0, 79.0)
14,421 (7.8%)

71.2 (61.2, 80.2)
11,551 (7.2%)

Age at end of follow-up

Number dispensed a

GLP-1 RA?

47,388 (22.8%) 52,336 (22.5%) 63,634 (22.8%) 238,146 (22.4%)

40,348 (21.8%)

34,440 (21.5%)

Number dispensed an

SGLT2i*

Note: Ages presented as median (25th, 75th percentile).Abbreviations: GLP-1 RA, Glucagon-like peptide-1 receptor agonist; IRSD: Index of Relative Socio-economic Disadvantage; SGLT2i, Sodium-glucose co-transporter

2 inhibitor.

At any point during 2013-2019.
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in more disadvantaged areas were less likely to receive
GLP-1 RAs and SGLT2is, with the differences between
the least and most disadvantaged quintile decreasing over
time (from ORs of 0.65 [0.61, 0.69] and 0.75 [0.69, 0.82]
in 2014 to 0.81 [0.78, 0.84] and 0.90 [0.87, 0.93] in 2019
among people receiving three or more GLDs for GLP-1
RAs and SGLT2is respectively). However, absolute differ-
ences in receipt of GLDs were small (results not shown).
Stratification generally attenuated disparities in receipt
of other GLDs relative to the overall analysis (Table S1).
GLP-1 RAs and SGLT2is were less likely to be the add-on

40
30 .‘H\.\'\H
= -e- No GLD
§ 20- = 1GLD
a -+ 2 GLDs
10 - 3+ GLDs
0

T T T T T T T
2013 2014 2015 2016 2017 2018 2019

Year

FIGURE 1 Proportion of people with type 2 diabetes receiving
0, 1, 2 or 3 or more glucose-lowering drugs (GLDs) concurrently by
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GLD for people living in increasingly disadvantaged areas
(Table S1); this was generally consistent when received as
a second or third-line GLD (data not shown). The associa-
tions between socio-economic disadvantage and receipt of
most GLDs were generally unaffected by adjustment for
specialist prescription (Table S2). However, adjusting for
specialist prescribing attenuated the association between
socio-economic disadvantage and receipt of SGLT2is and
GLP-1 RAs, with a more marked effect on GLP-1 RAs.

3.3 | Socio-economic disadvantage,
adherence and persistence

In the primary analyses, where only people who received
at least two prescriptions for a GLP-1 RA or SGTL2i
were considered, 60.3% and 73.7% of people were persis-
tent at 1 year for GLP-1 RAs and SGLT2is respectively
(Table S3). The median (IQR) PDCs was 0.82 (0.46, 0.96)
and 0.91 (0.61, 0.99), with 51.7% and 64.1% of people con-
sidered adherent (>80% PDCs) at 1 year for GLP-1 RAs
and SGLT?2is respectively. Including all initiators reduced
measured persistence (52.0% and 65.7% for GLP-1 RAs and
SGLT2is respectively) and adherence (44.6% and 57.2%).
Conversely, when coverage was defined as 75% of the refill
time, persistence (64.5% and 76.0%) and adherence (63.0%

calendar year and 71.4%) increased. Persistence and adherence were
FIGURE 2 Proportion of people with 80
type 2 diabetes dispensed a prescription — Metformin
for each glucose-lowering drug class by 60 — Sulfonylurea
calendar year. AGi, Alpha Glucosidase — DPP4i
inhibitor; DPP4i, Dipeptidyl peptidase-4 ‘g:; — SGLTZi
inhibitor; GLP-1 RA, Glucagon-like g 40+ — Thiazolidinedione
peptide-1 receptor agonist; SGLT2i, & ==+ GLP-1RA
Sodium-glucose co-transporter 2 inhibitor. 204 " AG
=-= Insulin
0 t --l ------- l--------l--- T T
2013 2014 2015 2016 2017 2018 2019
Year
50
40- — Metformin
— Sulfonylurea
- 304 — DPP4i
FIGURE 3 Proportional receipt of § — SGLT2i
each glucose-lowering drug as an add-on E 20- — Thiazolidinedione
glucose-lowering drug class by calendar -+ GLP-1RA
year. AGi, Alpha Glucosidase inhibitor; 10- - AGi
DPP4i, Dipeptidyl peptidase-4 inhibitor; == Insulin
GLP-1 RA, Glucagon-like peptide-1 0 ; ; r . : ; ,
receptor agonist; SGLT2i, Sodium-glucose 2013 2014 2015 2016 2017 2018 2019

co-transporter 2 inhibitor.

Year
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FIGURE 4 Odds ratio for receipt of a glucagon-like peptide-1
receptor agonist (GLP-1 RA) and sodium-glucose co-transporter 2
inhibitor (SGLT2i) for people in the most vs. least disadvantaged
quintile of socio-economic disadvantage by calendar year. A - In
the whole population, B - Among people receiving two glucose-
lowering drugs (GLDs), C - Among people receiving three or more
GLDs. Odds ratios from models adjusted for age, sex, duration of
diabetes, ARIA and the RxRisk comorbidity index.

slightly higher in the concession population for GLP-1
RAs (61.5% and 54.6% respectively), while only adherence
was higher in the concession population for SGLT2is (per-
sistence an adherence were 72.8% and 66.0% respectively).
Persistence and adherence were higher for individuals
who initiated with dulaglutide (vs. exenatide) and empa-
gliflozin (vs. dapagliflozin) (Table S3).

For GLP-1 RAs, there was reduced persistence with
increasing socio-economic disadvantage (OR for most vs.
least disadvantaged quintile: 0.92[0.86,0.97]; Table S3) and
this was broadly consistent in sensitivity analyses and the
concession population (data not shown). However, there
was no consistent association between socio-economic

disadvantage and adherence to GLP-1 RAs. Conversely,
there was a significant association between socio-
economic disadvantage and both persistence (OR for most
vs. least disadvantaged quintile: 0.92 [0.89, 0.96]) and ad-
herence (0.90 [0.87, 0.93]) for SGLT2is (Table S3), both of
which were consistent in sensitivity analyses including all
initiators and altering the refill period (data not shown).
However, the association of socio-economic disadvantage
with both persistence and adherence to SGLT2is was at-
tenuated in the concession population (data not shown).

4 | DISCUSSION

There are several important findings of this work. First,
we have found that the proportion of people with type
2 diabetes receiving three or more GLDs concurrently
doubled in a relatively short period of time, from 12% in
2013 to 25% in 2019. Second, we have shown a marked
increase in the use of SGLT2is, while use of GLP-1 RAs
increased more slowly over time. Nevertheless, DPP4is
were still the most common add-on GLD in 2019, but
only as a second-line GLD. Third, we have shown that
by 2019, overall receipt of SGLT2is was more likely with
increasing disadvantage and that the relative disparity in
receipt of GLP-1 RAs had decreased to only 4% between
the highest and lowest quintiles of socio-economic dis-
advantage. However, people living in more disadvan-
taged areas were consistently less likely to receive these
medications at a given intensity of therapy. Finally, we
found persistence on GLP-1 RAs and SGLT2is, and ad-
herence to SGLT2is was lower for people in more disad-
vantaged areas.

An increase in the proportion of people receiving three
or more concurrent GLDs may reflect an increase in the
ability to intensify glycaemic control without substantially
adding to the risk of hypoglycaemia owing to the availabil-
ity of newer GLDs. It is interesting that this finding is in
contrast to results from the United States, where the pro-
portion of people with diabetes on >3 GLDs remained rel-
atively stable through the same time period.'® Moreover,
despite a similar number of people receiving any GLD,
receipt of DPP4is, SGLT2is and GLP-1 RAs was higher
in Australia than the United States,'® a finding likely due
to the high costs of these GLDs in the United States.'’
Nevertheless, the fact that DPP4is, and not SGLT2is or
GLP-1 RAs, still remained the preferential add-on ther-
apy in 2019 represents an opportunity to further improve
pharmacological management of diabetes in Australia
with respect to reducing the risk of cardiovascular and
kidney disease.

Our observed patterns of GLD receipt by socio-
economic disadvantage accord with studies from other
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countries. The most recent of these was in Denmark, from
2012 to 2020, which found significantly lower probabili-
ties of initiating a GLP-1 RA or SGLT2i for people with
low socio-economic position," and this was indepen-
dent of age sex, ethnicity, access to specialist care and
prior cardiovascular disease. Similarly, a study in the
United Kingdom from 2014 to 2017 found people with
lower socio-economic status were less likely to initiate
an SGLT2i as second-line therapy.19 Findings of a socio-
economic gradient for receipt of GLDs in Denmark, the
United Kingdom and Australia is especially concerning
considering these countries all have ‘universal’ health-
care, and it is thus likely disparities are worse in countries
with more inequitable healthcare systems.

Importantly, we found evidence that part of this dispar-
ity in Australia is attributable to access to specialist care,
especially for GLP-1 RAs. However, this analysis should
be interpreted with caution, as it is not uncommon in
Australia for specialists to recommend medications for
general practitioners to prescribe, which would have re-
sulted in misclassification in our analysis. Nevertheless,
this suggests that increasing specialist access for people
in more disadvantaged areas of Australia could improve
access to newer, more effective medications for the treat-
ment of chronic disease. The reason for the greater effects
of socio-economic disadvantage and specialist prescribing
on the receipt of GLP-1 RAs than SGLT?2is is unclear, but
is unlikely related to the fact that it is an injectable, as the
effect of socio-economic disadvantage on receipt of in-
sulin was in the opposite direction. Indeed, other factors
underlying the disparities we observed in this study are
unclear and will require further study.

The disparities by socio-economic disadvantage also
have implications for cardiovascular and kidney disease.
First, disparities in receipt of SGLT2is and GLP-1 RAs by
disadvantage did not worsen following the publication of
clinical trials showing their cardiovascular benefits, al-
though there was little evidence of any impact of these
publications on trends in the receipt of these GLDs overall.
The latter finding may reflect the fact that the PBS reim-
bursement criteria for prescribing these medications have
not changed in response to these trials (Figures S1, S2), and
in fact still considers these GLDs as anti-hyperglycaemics
only (with no subsidised indications for CVD, kidney dis-
ease or obesity). This is in contrast to international guide-
lines, which recommend these agents on the basis of their
cardiovascular and kidney benefits, at least for people with
or at high risk for cardiovascular and kidney disease.'"*2
Limiting access to these medications for people who are
likely to benefit from them is likely to have consequences
on the incidence of diabetes complications at the popula-
tion level,® and therefore the current reimbursement crite-
ria for these GLDs may need to be reconsidered.
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Second, there was minimal overall disparity in receipt
of SGLT2is and GLP-1 RAs by socio-economic disadvan-
tage. However, this was achieved only because of the use
of a greater number of GLDs in more disadvantaged areas.
After stratifying by number of concurrent GLDs, people
in more disadvantaged areas were receiving these medica-
tions less frequently at any given level of therapy. This is
unlikely to be due to higher costs, because this association
occurs among people on concessions,” and, given that car-
diovascular and kidney disease risk is higher for people in
more disadvantaged areas,*"?? is unlikely to be because of
a lesser need for cardiovascular disease prevention.

Third, we also observed small, but potentially import-
ant difference in persistence and adherence by socio-
economic disadvantage. Importantly, some of these results
were attenuated in the concession population, suggesting
that cost may play a role in persistence and adherence,
with this disproportionately affecting more disadvantaged
individuals.

Strengths of this study include: a large sample size; ac-
cess to actual dispensing data (and not just clinical prescrib-
ing records); ability to control for differences in diabetes
prevalence by socio-economic disadvantage through use
of the NDSS; and ability to control for duration of diabetes,
an important determinant of GLD receipt.” Nevertheless,
there are some important limitations that deserve men-
tion. First, receipt of medications does not necessarily
mean these GLDs are being used. Second, we did not have
access to clinical information, such as HbA, ., BMI, history
of cardiovascular disease or eGFR, and therefore cannot
comment on the appropriateness of prescribing observed
in this study. Indeed, the disparities observed in this study
do not necessarily imply inadequate care—clinical in-
dication and patient preference could not be accounted
for. However, because CVD and CKD prevalence are both
higher in more disadvantaged areas of Australia,”>** it is
likely that people in these areas have a greater requirement
for SGLT2is and GLP-1 RAs. Nevertheless, for most of our
observation period, an eGFR <45ml/min/1.73m” was a
contra-indication for SGLT2is, which may have affected
our results. Third, not all GLP-1 RAs approved for use in
Australia by the TGA are available on the PBS (Figures S1,
S2). Importantly, liraglutide is approved in Australia, but
not listed on the PBS, and was the first of the GLP-1 RAs
to show cardiovascular benefits, which likely influenced
its use in ways we could not observe among people who
were willing and able to pay the full price out-of-pocket.
However, the number of people who do this is likely very
small, and would predominately include people in the least
disadvantaged areas of Australia, suggesting that the effect
of including these prescriptions would have been to en-
hance the socio-economic gradient observed in this study.
Fourth, duration of diabetes is frequently self-reported in
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the NDSS and may have limited accuracy. Fifth, we ex-
cluded Aboriginal and Torres Strait Islander Australians
with diabetes from this analysis, and were unable to strat-
ify by ethnicity.”> Whether our findings generalise to these
disadvantaged groups requires further study. Finally, the
measure of socio-economic disadvantage in this study was
an area-level measures, and is therefore only a proxy for
individual socio-economic disadvantage, which may have
biased our estimates towards the null via non-differential
misclassification.

In conclusion, the availability of newer GLDs has been
associated with an increase in the use of multiple GLDs.
However, despite clear advantages of SGLT2is and GLP-1
RAs over other second-line GLDs, DPP4is were still the
most common second-line GLD in 2019. Indeed, expand-
ing the PBS criteria for GLP-1 RAs and SGLT2is in a man-
ner that recognises their effects beyond glycaemia may be
warranted to increase use among individuals who stand
to benefit from their cardio- and reno-protective effects.
Finally, there are persistent disparities in receipt of GLP-1
RAs, and receipt, persistence and adherence to SGLT2is,
by socio-economic disadvantage, which may represent a
point of intervention to reduce socio-economic disparity
in diabetes outcomes.
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