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Abstract
Aims/hypothesis In recent years, several new medications for the treatment of type 2 diabetes have been released and some
evidence indicates sociodemographic disparity in their utilisation. We sought to investigate sociodemographic disparities in
receipt of diabetes medications across Australia.
Methods This study included 1,203,317 people with type 2 diabetes registered on the Australian National Diabetes Services
Scheme (NDSS) followed from 2007 to 2015. The NDSS was linked to the Australian pharmaceutical claims database. We
investigated trends in diabetes medication dispensing and variation in dispensing by sociodemographic strata.
Results Compared with individuals in the least disadvantaged areas, those in the most disadvantaged quintile were less likely to
receive dipeptidyl peptidase-4 inhibitors (DPP4is), glucagon-like peptide-1 receptor agonists (GLP-1RAs) and sodium–glucose
cotransporter 2 inhibitors (SGLT2is) in the first year of availability (OR [95% CI] for most vs least disadvantaged: 0.78 [0.75,
0.82], 0.65 [0.60, 0.71] and 0.89 [0.84, 0.95], respectively). These disparities dissipated over time for DPP4is and SGLT2is but
remained significant for GLP-1RAs. The OR (95% CI) of receiving DPP4is, GLP-1RAs and SGLT2is in the first year of
availability for people in remote areas vs major cities was 0.46 (0.39, 0.54), 0.46 (0.35, 0.61) and 0.71 (0.59, 0.84), respectively.
These disparities remained significant through to 2015.
Conclusions/interpretation People with diabetes in more disadvantaged areas are less likely to receive newer diabetes medica-
tions, although this effect decreased over time. However, there are considerable and persistent differences in receipt of newer
diabetes medications between major cities and remote areas of Australia.
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Introduction

Type 2 diabetes is one of the world’s leading health problems.
Effective management of blood glucose levels can prevent or
delay diabetes complications, which are responsible for a
considerable degree of disease burden. Glycaemic control is
therefore one of the primary treatment targets for diabetes [1].
In addition to behavioural interventions, pharmacological
therapies are paramount in achieving glycaemic control [2].

Current guidelines recommend commencement with
metformin monotherapy if behavioural interventions are
insufficient to achieve glycaemic control, and addition of
second- and third-line pharmacotherapy if control remains
insufficient [3]. In recent years, there have been a number of
classes of glucose-lowering drugs (GLDs) developed for the
treatment of type 2 diabetes, namely dipeptidyl peptidase-4
inhibitors (DPP4is), glucagon-like peptide-1 receptor agonists
(GLP-1RAs) and sodium–glucose cotransporter 2 inhibitors
(SGLT2is). None of these drugs directly cause hypoglycaemia
or weight gain, and GLP-1RAs and SGLT2is are protective
against cardiovascular and renal disease [1, 4, 5]. Because of
this, these GLDs have been recommended for use in treatment
guidelines for type 2 diabetes [3] and have shown high rates of
uptake internationally [6–9].

In Australia, the prevalence of, and hospitalisations for,
diabetes are greatest for people living in the most socioeco-
nomically disadvantaged areas [10]. In addition, while diabe-
tes prevalence varies only slightly by remoteness, those in
remote areas have twice the diabetes-related hospitalisation
rate than people living in major cities [10]. Moreover, all-
cause and cardiovascular mortality rates among people with
type 2 diabetes in Australia increase with remoteness [11].
Because the new GLDs are associated with a lower risk of
hypoglycaemia and, for SGLT2is and GLP-1RAs, reduction
in cardiovascular and renal disease, disparity in their use
would be concerning and may contribute to socioeconomic
disparities in outcomes.

Differential prescribing of medications by remoteness and
socioeconomic disadvantage has been observed in Australia
[12–14]. However, disparities in use of the new GLDs in
Australia, or how disparities change over time, have not been
investigated. Moreover, studies to date have not investigated
medication utilisation in populations with prevalent disease,
instead relying on area-level estimates of prevalence with
which to compare disparate medication utilisation.
Therefore, we linked the National Diabetes Services Scheme
(NDSS; an Australian diabetes registry) to the Australian
Pharmaceutical Benefits Scheme (PBS) and examined the
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associations of socioeconomic disadvantage and remoteness
with dispensing of newer medications among people with
type 2 diabetes.

Methods

Data sources The Australian government established the
NDSS in 1987, and it is estimated to include 80–90% of
people with diagnosed diabetes in Australia [15].We included
members with type 2 diabetes registered on the NDSS as of 1
January 2007 and all new registrants from this date until 31
December 2015 as our study population. Diabetes type was
assigned as previously described [16]. NDSS registrants were
linked to the PBS and Australian National Death Index (NDI).
The NDI contains records of all registered deaths in Australia
since 1980; date of death was derived from the NDI. The PBS
is an Australian government programme that subsidises the
cost of medicines and collects data on all prescriptions filled
in Australian pharmacies under the scheme. Dates of prescrip-
tion and dispensing, concession status, prescriber specialty,
PBS item codes and Anatomical Therapeutic Chemical
(ATC) codes were derived from the PBS data. The PBS
provides a larger benefit for subsidised medicines to individ-
uals who qualify for a concession; these prescriptions enter the
PBS database with a concession code. Concessions are avail-
able to individuals holding pensioner, veteran and healthcare
cards. Therefore, these individuals are likely to be older and
have more comorbidities than the general population. Prior to
July 2012, the PBS did not collect data for medications that
had a cost that was under the co-payment price; all newer
GLDs were above the co-payment price, while some older
GLDs (such as metformin) were under the co-payment price.
However, for concession beneficiaries, the cost of a medica-
tion was higher than the co-payment if purchased via the PBS
and therefore would have been included in the data prior to
July 2012. Therefore, we established a subset of our popula-
tion who purchased ≥80% of their prescription medications
under a concession code, for those analyses that examined use
of all GLDs prior to 2012. Because Aboriginal and Torres
Strait Islander Australians are able to access PBS-listed medi-
cations through the Remote Area Aboriginal Health Services
Program, and therefore may not have prescriptionmedications
listed on the PBS, we restricted our analysis to non-
Indigenous Australians. This study used data from 1 January
2002 up to and including 31 December 2015. Linkage was
performed by the Australian Institute of Health andWelfare as
previously reported [17].

This study was approved by the Alfred Hospital
Ethics Committee (project no. 15/15) and the Australian
Institute of Health and Welfare Ethics Committee (EO
2015/1/148).

Measures of socioeconomic status Registrants were assigned a
Socio-Economic Index for Areas: Index of Relative
Socioeconomic Disadvantage (IRSD) and Australian Statistical
Geography Standard Remoteness Structure (ARS) class based
on their last known postcode. Registrants for whom a postcode
was missing were excluded from all analyses (n = 5010 [0.4%]).
The IRSD was developed by the Australian Bureau of Statistics
and ranks areas in Australia according to relative socioeconomic
disadvantage based on information about income, education,
employment, occupation, housing and other indicators from
the census [18]. In this study, registrants were stratified by quin-
tiles of IRSD score (a higher IRSD score indicates a lower
proportion of disadvantaged people in an area). The ARS
divides Australia into five classes of remoteness based on rela-
tive access to services within an area, which is measured by the
Accessibility and Remoteness Index of Australia (ARIA) [19].
The five classes are ‘major city’, ‘inner regional’, ‘outer region-
al’, ‘remote’ and ‘very remote’. However, because of low
numbers of individuals in the ‘very remote’ category, these indi-
viduals were included in the ‘remote’ category for this study.

Data analysis To determine whether sociodemographic
characteristics influenced the receipt of new GLDs, the
proportion of people dispensed a DPP4i, GLP-1RA and
SGLT2i each year since each drug class was initially made
available on the PBS was calculated and stratified by IRSD
and ARIA. This was calculated as the number of people
dispensed ≥1 prescription for the new GLD that year,
divided by the number of people with type 2 diabetes regis-
tered on the NDSS before the end of that year who
survived the full year. The first DPP4i to be listed on the
PBS was sitagliptin on 1 August 2008, the first GLP-1RA
(exenatide) was listed on 1 August 2010 and the SGLT2is
dapagliflozin and canagliflozin were both listed on the
PBS on 1 December 2013. We conducted logistic regres-
sion to determine whether differences in these proportions
were statistically significant. In the regression model, the
outcome was receipt of each new GLD per year (1 for the
specific GLD, 0 for no prescription of that GLD).

Because we could only examine all GLD use prior to 2012
in the concession subset of our population, we conducted the
remaining analyses just on this subset. To examine trends in
GLD use among people with type 2 diabetes in Australia, we
estimated the proportion of people dispensed each GLD each
calendar year. Fixed-dose combination therapies were count-
ed as a dispensing of each GLD in the combination.
Additionally, we estimated the trends in use of each GLD as
an add-on; an individual was considered to have added on a
GLD if they received a second GLD while maintaining use of
the first GLD, or if they received a third GLD while maintain-
ing use of the first two. A detailed description of these defini-
tions can be found in the electronic supplementary material
(ESM) Methods. Receipt of add-on GLDs was calculated as
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the number of people who received each GLD as the add-on,
divided by the total number of add-on events that year. We
also estimated the trends in the proportion of people receiving
no GLDs, one GLD, two GLDs and three or more GLDs.
Statistical significance of the annual trends was evaluated with
logistic regression.

In order to account for differences in number of GLDs and
propensity to add-on GLDs across sociodemographic strata,
we performed logistic regression for adding on each GLD
among only those who received an add-on GLD each year
(1 for the GLD, 0 for add-on of another GLD).

All regression analyseswere adjusted for age, sex and dura-
tion of diabetes. To test for interactions between IRSD and
ARIA, we repeated the regression including an interaction
term. We also stratified analyses by whether the add-on
GLD was prescribed as a second- or third-line GLD. When
restricted to the concession population, analyses were further
adjusted for a comorbidity index, as comorbidity and
polypharmacy may influence the likelihood of receiving a
prescription for newer medications [20]. The RxRisk comor-
bidity index assigns a weighted comorbidity score based on all
medications received in the preceding year [21]; because all
people in the current study had type 2 diabetes, no weights
were assigned for diabetes.

In order to investigate potential contributions to
sociodemographic disparities in GLD use, we conducted a
number of sensitivity analyses. As controls, we investigated
whether receipt of metformin, sulfonylureas, thiazolidinediones
and insulin varied by IRSD, ARIA, age, duration of diabetes and
sex. We compared the proportion of people on ≥2 GLDs (multi-
ple therapy) in a given year by IRSD, ARIA, age, duration of
diabetes and sex using logistic regression, as well as the propor-
tion who received an add-on GLD each year. Because physician
specialty has been shown to influence medication prescribing
[20], we investigated whether specialists were more likely to
prescribe the add-on GLD than general practitioners (GPs) by
IRSD and ARIA, and whether the GLDs prescribed as add-on
agents differed between specialists and GPs. We then repeated
the logistic regression among those who received add-on GLDs,
stratifying by GP or specialist prescription of the add-on drug.
Prescriber specialty was available for 99.9% of GLD
prescriptions.

Analyses were performed in the Stata statistical software,
version 15 (College Station, TX, USA).

Results

Population characteristics This study included 1,203,317
people with type 2 diabetes (54% male). The median age at
diagnosis of diabetes was 58.3 (IQR 49.1–67.3) years and the
median age at end of follow-up was 68.9 (IQR 59.1–78.3)
years (Table 1).

Trends in GLD use Figure 1a shows the proportion of people
with type 2 diabetes dispensed each GLD, each year from
2007 to 2015, among the concession population. The
proportion of people dispensed metformin and insulin
increased during the study period, while use of sulfonyl-
ureas and thiazolidinediones decreased (p < 0.001 for all).
By 2012, DPP4is had replaced sulfonylureas as the most
common add-on GLD, while the proportion of people
adding on insulin remained relatively stable (Fig. 1b).
Choice of add-on GLD differed considerably between
specialists and GPs (ESM Fig. 1).

Over time, the proportion of the concession population
receiving no GLDs decreased from 28.3% in 2007 to 22.3%
in 2015 (p < 0.001), while the proportion receiving two GLDs
increased from 28.5% to 30.2% and the proportion receiving
three or more GLDs increased from 9.6% to 13.8% (p < 0.001
for both). The proportion of people receiving one GLD
remained relatively constant at ~34% (p = 0.283 for trend).

Socioeconomic disadvantage and GLD dispensing
Socioeconomic disparities were small for receipt of SGLT2is
(Fig. 2 and Table 2). After adjusting for age, sex and duration of
diabetes, those living in more disadvantaged areas were signif-
icantly less likely to receive a DPP4i during the first 2 years
following their listing on the PBS (OR [95% CI]: 0.78 [0.75,
0.82] and 0.83 [0.80, 0.86] in the most vs least disadvantaged
areas for the first and second years, respectively). In subsequent
years, individuals in more disadvantaged areas were more like-
ly to receive DPP4is. Individuals living in more disadvantaged
areas were significantly less likely to receive a GLP-1RA
across the entire study period (Table 2).

Among the concession population, those in more disadvan-
taged areas were more likely to be on multiple GLDs and
receive add-on GLDs (data not shown). To account for differ-
ences in number of GLDs and propensity to add-on GLDs, we
investigated dispensing of the new GLDs as add-ons among
only those who received an add-on GLD each year (Table 3).
Disparities in receipt of newer GLDs as add-ons by socioeco-
nomic disadvantage were similar to the differences in the
whole population described above, except that individuals in
more disadvantaged areas were not more likely to receive add-
on DPP4is in later years.

These results were similar in the concession subset of
the population, after further adjustment for comorbidity
(ESM Table 1). Overall, those in more disadvantaged areas
were more likely to receive metformin, sulfonylureas,
thiazolidinediones and insulin throughout the study than
those in less disadvantaged areas. However, there were no
consistent associations between socioeconomic disadvan-
tage and receipt of metformin, sulfonylureas or insulin as
add-on GLDs; those living in more disadvantaged areas
were more likely to receive thiazolidinediones as the add-
on GLD (ESM Table 2).

352 Diabetologia (2021) 64:349–360



Ta
bl
e
1

Po
pu
la
tio

n
ch
ar
ac
te
ri
st
ic
s,
by

so
ci
oe
co
no
m
ic
di
sa
dv
an
ta
ge

(I
R
SD

)
an
d
re
m
ot
en
es
s
(A

R
IA

)

C
ha
ra
ct
er
is
tic

IR
S
D

A
R
IA

T
ot
al

5
(l
ea
st

di
sa
dv
an
ta
ge
d)

4
3

2
1
(m

os
t

di
sa
dv
an
ta
ge
d)

M
aj
or

ci
ty

In
ne
r
re
gi
on
al

O
ut
er

re
gi
on
al

R
em

ot
e

N
um

be
r
of

pe
op
le

21
2,
87
1
(1
7.
7)

22
7,
93
0
(1
8.
9)

25
0,
49
7
(2
0.
8)

25
2,
59
5
(2
1.
0)

25
9,
42
4
(2
1.
6)

81
3,
32
7
(6
7.
6)

25
4,
82
0
(2
1.
2)

11
7,
77
5
(9
.8
)

17
,3
95

(1
.4
)

1,
20
3,
31
7
(1
00
.0
)

N
um

be
r
w
ith

co
nc
es
si
on

10
8,
09
8
(5
0.
8)

13
1,
88
6
(5
7.
9)

15
6,
40
9
(6
2.
4)

17
0,
85
9
(6
7.
6)

18
6,
93
8
(7
2.
1)

49
2,
91
9
(6
0.
6)

17
4,
53
7
(6
8.
5)

77
,6
80

(6
6.
0)

90
54

(5
2.
0)

75
4,
19
0
(6
2.
7)

N
um

be
r
of

m
en

11
9,
58
2
(5
6.
2)

12
5,
55
6
(5
5.
1)

13
5,
34
5
(5
4.
0)

13
6,
66
3
(5
4.
1)

13
7,
62
9
(5
3.
1)

43
9,
73
9
(5
4.
1)

13
9,
82
6
(5
4.
9)

65
,3
45

(5
5.
5)

98
65

(5
6.
7)

65
4,
77
5
(5
4.
4)

A
ge

at
di
ag
no
si
s
of

di
ab
et
es

58
.7
(4
9.
4–
67
.8
)

58
.3
(4
9.
0–
67
.3
)

58
.2
(4
8.
9–
67
.2
)

58
.6
(4
9.
4–
67
.5
)

58
.0
(4
8.
7–
66
.9
)

58
.1
(4
8.
6–
67
.2
)

59
.3
(5
0.
4–
67
.9
)

58
.6
(4
9.
6–
67
.2
)

55
.4
(4
6.
4–
64
.3
)

58
.3
(4
9.
1–
67
.3
)

A
ge

at
en
d
of

fo
llo

w
-u
p

69
.2
(5
9.
6–
78
.9
)

68
.7
(5
8.
8–
78
.2
)

68
.8
(5
8.
9–
78
.2
)

69
.3
(5
9.
7–
78
.5
)

68
.6
(5
8.
8–
77
.7
)

68
.6
(5
8.
6–
78
.3
)

69
.8
(6
0.
8–
78
.7
)

69
.1
(5
9.
8–
77
.9
)

65
.9
(5
6.
4–
74
.9
)

68
.9
(5
9.
1–
78
.3
)

N
um

be
r
di
sp
en
se
d
a
D
P
P4

i
49
,0
73

(2
3.
1)

53
,5
70

(2
3.
5)

59
,6
36

(2
3.
8)

59
,9
11

(2
3.
7)

63
,0
95

(2
4.
3)

19
4,
64
6
(2
3.
9)

60
,3
19

(2
3.
7)

27
,0
49

(2
3.
0)

32
71

(1
8.
8)

28
5,
28
5
(2
3.
7)

Pr
op
or
tio

n
pr
es
cr
ib
ed

in
iti
al

D
PP

4i
by

sp
ec
ia
lis
t(
%
)

20
.8

13
.9

11
.9

10
.8

10
.6

15
.8

8.
3

6.
7

7.
1

13
.3

N
um

be
r
di
sp
en
se
d
a
G
L
P
-1
R
A

84
33

(4
.0
)

89
36

(3
.9
)

95
71

(3
.8
)

94
49

(3
.7
)

91
26

(3
.5
)

30
,6
67

(3
.8
)

98
33

(3
.9
)

44
71

(3
.8
)

54
4
(3
.1
)

45
,5
15

(3
.8
)

Pr
op
or
tio

n
pr
es
cr
ib
ed

in
iti
al

G
L
P-
1R

A
by

sp
ec
ia
lis
t(
%
)

63
.5

53
.0

45
.8

42
.4

40
.7

55
.5

37
.1

29
.1

35
.2

48
.7

N
um

be
r
di
sp
en
se
d
an

SG
L
T
2i

86
43

(4
.1
)

98
39

(4
.3
)

10
,5
06

(4
.2
)

11
,1
32

(4
.4
)

10
,7
68

(4
.2
)

34
,6
77

(4
.3
)

10
,8
10

(4
.2
)

49
96

(4
.2
)

40
5
(2
.3
)

50
,8
88

(4
.2
)

Pr
op
or
tio

n
pr
es
cr
ib
ed

in
iti
al

SG
L
T
2i

by
sp
ec
ia
lis
t(
%
)

42
.0

32
.3

25
.9

26
.3

26
.3

34
.4

21
.9

17
.7

21
.3

30
.0

D
at
a
ar
e
pr
es
en
te
d
as

n
(%

)
or

m
ed
ia
n
(2
5t
h–
75
th

pe
rc
en
til
e)
,u
nl
es
s
ot
he
rw

is
e
in
di
ca
te
d

353Diabetologia (2021) 64:349–360



People in more disadvantaged areas were significantly less
likely to have add-on GLDs prescribed by a specialist (data
not shown). However, the association between socioeconomic
disadvantage and receipt of DPP4is and SGLT2is was broadly
consistent for prescriptions from both GPs and specialists
(ESM Tables 3, 4). There was evidence that the socioeconom-
ic disadvantage gradient was only present for GLP-1RA
prescriptions from specialists in the initial years; however, this
should be interpreted with caution, as there were few GLP-
1RA prescriptions from GPs initially (ESM Fig. 1).

Remoteness and GLD dispensing Receipt of DPP4is and
SGLT2is was similar for those in major cities and regional
areas (Fig. 2 and Table 2). Individuals in regional areas were
initially less likely to receive a GLP-1RA than those in major
cities, but GLP-1RAs became more common in regional areas
than major cities over time. Those in remote areas were
significantly less likely to receive any new GLD, although
the magnitude of the difference became smaller over time
for DPP4is and GLP-1RAs (OR [95% CI]: 0.46 [0.39, 0.54]
and 0.71 [0.67, 0.74] for receipt of a DPP4i in remote areas vs

major cities in the first and seventh year since DPP4i release,
respectively; and for GLP-1RA in the first and fifth years:
0.46 [0.35, 0.61] and 0.77 [0.68, 0.86], respectively).

The likelihood of a person being on multiple GLDs and
receiving an add-on GLD decreased with increasing remoteness
(data not shown). When considering only add-on GLDs, the
disparity between outer regional, remote and major city DPP4i
receipt was mildly attenuated relative to the whole of population
analysis (from ORs of 0.95, 0.83 and 0.46 in the first year of
DPP4i availability in the whole population [Table 2] to 1.09,
0.88 and 0.53 in their use as add-onGLDs among the concession
population [Table 3] for inner regional, outer regional and
remote areas vs major cities, respectively). Similarly, the rela-
tionship between GLP-1RA use as an add-on and remoteness
was attenuated; those in remote areas were significantly less
likely to receive GLP-1RAs as an add-on GLD in their first year
only. SGLT2i use as an add-on was more common among those
in regional areas (OR [95%CI]: 1.20 [1.09, 1.33] and 1.26 [1.10,
1.44] in their first year for inner and outer regional areas vsmajor
cities, respectively) but less common in remote areas than major
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Fig. 1 (a) Proportion of people
dispensed a prescription for each
GLD by calendar year (p < 0.001
for all trends). Concession
population only. (b) Proportional
use of each GLD as an add-on
GLD each year (p < 0.001 for all
trends, except insulin [p = 0.376]).
Concession population only. AGi,
α-glucosidase inhibitor
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cities (OR 0.60 [95% CI 0.38, 0.97]) for remote areas vs major
cities in the first year; Table 3).

Those in increasingly remote areas were less likely to
receive metformin, sulfonylureas and thiazolidinediones
(ESM Table 1). Insulin became a more common add-on
GLD as remoteness increased, and sulfonylureas were a more
common add-on for those in remote areas (ESM Table 2).

As expected, people in more remote areas were significant-
ly less likely to have add-on GLDs prescribed by a specialist
(data not shown). The overall associations between remote-
ness and receipt of new GLDs were consistent when the new
GLDs were added on by GPs (ESM Table 3). However, the
disparity between remote areas and major cities in receipt of
new GLDs was no longer statistically significant when
prescribed by specialists (ESM Table 4), although there was
substantial uncertainty in this analysis, as very few add-on

GLDs were prescribed by specialists to individuals in remote
areas. Adjustment for prescriber specialty did not materially
affect the association of remoteness with receiving a DPP4i or
SGLT2i as the add-on GLD, but the associations for GLP-
1RA dispensing were slightly attenuated (data not shown).

Age, duration of diabetes, sex and GLD dispensing There was
a significant association between age and receipt of DPP4is as
the add-on GLD in the first year since the medications’
release, but the effect of age was comparatively mild thereafter
(ESM Table 5), presumably because older individuals were
already more likely to be on DPP4is (ESM Table 6). The odds
of receiving a GLP-1RA decreased substantially with increas-
ing age for those over 60 years old; a similar phenomenon
occurred with SGLT2is for individuals aged over 70 years.
In general, older individuals were more likely to receive
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Table 2 ORs and 95% CIs for receipt of new GLDs each year since their respective listing on the PBS, by socioeconomic disadvantage (IRSD) and
remoteness (ARIA)

GLD Years since GLD listing on PBS

1 2 3 4 5 6 7

DPP4i

IRSDa

5 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

4 0.90 (0.86, 0.94) 0.87 (0.84, 0.90) 0.95 (0.92, 0.98) 1.01 (0.99, 1.04) 1.02 (1.00, 1.04) 1.04 (1.02, 1.05) 1.04 (1.03, 1.06)

3 0.85 (0.82, 0.89) 0.87 (0.84, 0.90) 0.97 (0.95, 1.00) 1.03 (1.01, 1.06) 1.06 (1.04, 1.08) 1.08 (1.06, 1.10) 1.09 (1.07, 1.11)

2 0.85 (0.81, 0.89) 0.89 (0.86, 0.92) 0.96 (0.93, 0.99) 1.05 (1.03, 1.08) 1.07 (1.05, 1.09) 1.08 (1.06, 1.10) 1.09 (1.08, 1.11)

1 0.78 (0.75, 0.82) 0.83 (0.80, 0.86) 0.98 (0.96, 1.01) 1.08 (1.05, 1.10) 1.09 (1.07, 1.12) 1.11 (1.09, 1.13) 1.12 (1.10, 1.14)

ptrend <0.001 <0.001 0.520 <0.001 <0.001 <0.001 <0.001

ARIA

Major city 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Inner regional 0.95 (0.92, 0.99) 0.96 (0.93, 0.98) 1.00 (0.98, 1.02) 1.00 (0.98, 1.02) 1.00 (0.98, 1.01) 0.99 (0.98, 1.01) 0.99 (0.98, 1.00)

Outer regional 0.83 (0.79, 0.88) 0.85 (0.82, 0.88) 0.87 (0.84, 0.89) 0.88 (0.86, 0.91) 0.91 (0.89, 0.93) 0.95 (0.93, 0.97) 0.96 (0.94, 0.98)

Remote 0.46 (0.39, 0.54) 0.55 (0.49, 0.61) 0.59 (0.54, 0.64) 0.57 (0.53, 0.61) 0.60 (0.57, 0.64) 0.65 (0.61, 0.68) 0.71 (0.67, 0.74)

ptrend <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

GLP-1RA

IRSDa

5 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

4 0.88 (0.81, 0.95) 0.90 (0.85, 0.95) 0.92 (0.88, 0.97) 0.98 (0.94, 1.03) 0.99 (0.95, 1.03)

3 0.78 (0.73, 0.85) 0.81 (0.77, 0.86) 0.86 (0.82, 0.90) 0.89 (0.85, 0.93) 0.93 (0.89, 0.97)

2 0.78 (0.72, 0.84) 0.79 (0.74, 0.84) 0.83 (0.79, 0.88) 0.89 (0.85, 0.93) 0.91 (0.87, 0.95)

1 0.65 (0.60, 0.71) 0.71 (0.67, 0.76) 0.75 (0.71, 0.79) 0.82 (0.78, 0.85) 0.85 (0.81, 0.88)

ptrend <0.001 <0.001 <0.001 <0.001 <0.001

ARIA

Major city 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Inner regional 0.79 (0.74, 0.85) 0.93 (0.89, 0.97) 1.04 (1.00, 1.08) 1.11 (1.07, 1.15) 1.13 (1.09–1.17)

Outer regional 0.75 (0.68, 0.82) 0.87 (0.82, 0.93) 1.03 (0.98, 1.09) 1.12 (1.07, 1.17) 1.15 (1.10, 1.20)

Remote 0.46 (0.35, 0.61) 0.67 (0.57, 0.80) 0.77 (0.67, 0.89) 0.77 (0.68, 0.87) 0.77 (0.68, 0.86)

ptrend <0.001 <0.001 0.817 <0.001 <0.001

SGLT2i

IRSDa

5 1 (ref) 1 (ref)

4 1.06 (1.00, 1.13) 1.07 (1.03, 1.10)

3 1.09 (1.02, 1.15) 1.04 (1.00, 1.07)

2 1.06 (1.00, 1.13) 1.12 (1.08, 1.16)

1 0.89 (0.84, 0.95) 1.03 (0.99, 1.06)

ptrend <0.001 0.030

ARIA

Major city 1 (ref) 1 (ref)

Inner regional 1.01 (0.96, 1.06) 1.05 (1.02, 1.07)

Outer regional 1.03 (0.97, 1.10) 1.02 (0.98, 1.05)

Remote 0.71 (0.59, 0.84) 0.48 (0.43, 0.54)

ptrend 0.356 <0.001

Adjusted for age, sex, duration of diabetes, and IRSD or ARIA; ORs by age, duration of diabetes and sex can be found in ESM Table 6
a For IRSD: 5, least disadvantaged; 1, most disadvantaged

ptrend, p value for trend; Ref, reference
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Table 3 ORs and 95% CIs for adding on new GLDs, among people who added on a GLD, each year since their respective listing on the PBS, by
socioeconomic disadvantage (IRSD) and remoteness (ARIA)

GLD Years since GLD listing on PBS

1 2 3 4 5 6 7

DPP4i

IRSDa

5 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

4 0.81 (0.74, 0.88) 0.90 (0.83, 0.98) 0.98 (0.91, 1.05) 1.05 (0.99, 1.13) 0.95 (0.89, 1.02) 1.02 (0.95, 1.09) 0.97 (0.91, 1.03)

3 0.75 (0.68, 0.81) 0.92 (0.84, 1.00) 1.04 (0.97, 1.11) 1.09 (1.02, 1.16) 1.02 (0.95, 1.08) 1.03 (0.96, 1.09) 1.00 (0.94, 1.07)

2 0.76 (0.69, 0.83) 0.95 (0.87, 1.03) 0.98 (0.91, 1.05) 1.07 (1.00, 1.14) 1.02 (0.96, 1.09) 1.01 (0.95, 1.08) 1.00 (0.94, 1.06)

1 0.67 (0.62, 0.73) 0.81 (0.75, 0.88) 1.04 (0.97, 1.11) 1.06 (1.00, 1.13) 0.99 (0.93, 1.05) 1.03 (0.96, 1.09) 1.00 (0.94, 1.06)

ptrend <0.001 <0.001 0.321 0.172 0.598 0.507 0.609

ARIA

Major city 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Inner regional 1.09 (1.02, 1.16) 1.04 (0.98, 1.11) 1.16 (1.10, 1.21) 1.11 (1.06, 1.16) 1.15 (1.10, 1.20) 1.08 (1.03, 1.13) 1.06 (1.01, 1.11)

Outer regional 0.88 (0.80, 0.98) 0.88 (0.81, 0.96) 0.95 (0.88, 1.01) 0.98 (0.92, 1.05) 1.05 (0.98, 1.12) 1.02 (0.96, 1.09) 1.05 (0.99, 1.12)

Remote 0.53 (0.38, 0.75) 0.62 (0.47, 0.81) 0.56 (0.45, 0.69) 0.57 (0.47, 0.69) 0.70 (0.59, 0.84) 0.67 (0.57, 0.80) 0.90 (0.77, 1.06)

ptrend 0.028 0.005 0.365 0.375 0.070 0.979 0.090

GLP-1RA

IRSDa

5 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

4 0.77 (0.64, 0.93) 0.88 (0.74, 1.04) 0.96 (0.81, 1.13) 0.99 (0.84, 1.17) 1.02 (0.85, 1.22)

3 0.69 (0.57, 0.83) 0.75 (0.63, 0.89) 0.81 (0.69, 0.96) 0.90 (0.77, 1.06) 0.90 (0.76, 1.08)

2 0.66 (0.54, 0.79) 0.65 (0.55, 0.77) 0.72 (0.61, 0.85) 0.95 (0.81, 1.11) 0.90 (0.75, 1.07)

1 0.57 (0.48, 0.69) 0.62 (0.53, 0.73) 0.73 (0.62, 0.86) 0.75 (0.64, 0.88) 0.81 (0.68, 0.96)

ptrend <0.001 <0.001 <0.001 <0.001 0.002

ARIA

Major city 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Inner regional 0.83 (0.72, 0.97) 1.10 (0.97, 1.24) 1.27 (1.13, 1.41) 1.28 (1.15, 1.42) 1.24 (1.11, 1.39)

Outer regional 0.88 (0.71, 1.08) 0.97 (0.82, 1.16) 1.26 (1.08, 1.46) 1.30 (1.13, 1.49) 1.15 (0.98, 1.34)

Remote 0.30 (0.12, 0.72) 0.84 (0.51, 1.40) 1.16 (0.77, 1.75) 0.92 (0.61, 1.39) 0.99 (0.64, 1.53)

ptrend 0.003 0.914 <0.001 <0.001 0.011

SGLT2i

IRSDa

5 1 (ref) 1 (ref)

4 1.03 (0.89, 1.20) 1.04 (0.95, 1.14)

3 1.03 (0.89, 1.19) 0.97 (0.89, 1.06)

2 0.90 (0.78, 1.04) 1.07 (0.98, 1.17)

1 0.75 (0.65, 0.87) 0.91 (0.84, 1.00)

ptrend <0.001 0.028

ARIA

Major city 1 (ref) 1 (ref)

Inner regional 1.20 (1.09, 1.33) 1.16 (1.10, 1.23)

Outer regional 1.26 (1.10, 1.44) 1.05 (0.97, 1.14)

Remote 0.60 (0.38, 0.97) 0.38 (0.28, 0.53)

ptrend 0.004 0.654

Adjusted for age, sex, duration of diabetes, IRSD or ARIA and weighted RxRisk score. ORs by age, duration of diabetes and sex for concession
population only can be found in ESM Table 5
a For IRSD: 5, least disadvantaged; 1, most disadvantaged

ptrend, p value for trend; Ref, reference
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metformin and less likely to receive insulin (data not shown).
Sulfonylurea use showed a strong association with increasing
age, which decreased over time.

The odds of being on multiple therapies increased with
increasing duration of diabetes, whereas add-ons were most
common before 15 years of diabetes duration (data not shown).
In the first year of DPP4i availability, those with a longer duration
of diabetes were more likely to receive DPP4is as the add-on
GLD, whereas in the following years those with longer durations
of diabetes were increasingly less likely to receive a DPP4i (ESM
Table 5). Conversely, the odds of receiving a GLP-1RA and
SGLT2i were much higher for those with a longer duration of
diabetes. Predictably, insulin use became substantiallymore likely
with increasing duration of diabetes (data not shown).

Womenwere ~13% less likely to be onmultiple therapies than
men in 2007 and this increased to 27% by 2015; women were
consistently ~12–15% less likely to receive an add-on GLD than
men (data not shown). Women were initially more likely than
men to receive DPP4is and GLP-1RAs as an add-on but there
was no such association for SGLT2is (ESM Table 5), metformin
or insulin (data not shown).

Interactions There was no evidence of strong interactions
between socioeconomic disadvantage and remoteness (data not
shown). However, stratification by second- vs third-line add-on
revealed that the associations between socioeconomic disadvan-
tage and remoteness with DPP4i receipt were attenuated when
DPP4is were received as third-line drugs (data not shown).
DPP4is were preferentially used as third-line GLDs in more
disadvantaged areas in later years, and there was no significant
difference in DPP4i receipt as third-line drugs when comparing
remote areas with major cities (data not shown).

Discussion

Main findings In this study, we found that the use of new GLDs
increased over time but the rate of uptake depended on
sociodemographic factors. Utilisation of DPP4is and SGLT2is
was initially lower among individuals living in more disadvan-
taged areas but disparities resolved within 2 years, whereas
utilisation of GLP-1RAs remained lower in more disadvantaged
areas throughout the entire study, even after accounting for
socioeconomic differences in rates of intensification of therapy.
Remoteness also affected new GLD use. After accounting for
differences in overall GLD prescription patterns, it appeared that
individuals living in regional areas were more likely to receive
the new GLDs than those in major cities. Individuals in remote
areas and major cities had comparable receipt of GLP-1RAs as
an add-on, yet those in remote areas were considerably less
likely to receive DPP4is and SGLT2is.

Similar disparities have been observed in the use of cholines-
terase inhibitors in Australia [14]; yet statins generally show a

pattern of use concomitant with area-level CVD risk by
sociodemographic disadvantage many years after their release
[13]. Together, these results suggest that the disparities in receipt
of newer medications are not specific to GLDs and suggest the
existence of an effect of disadvantage in limiting receipt of newer
medications in Australia that wanes over time.

People in remote areas also seem to have reduced initial
access to newer medications, but the presence, magnitude and
duration appear to be more dependent on the medication in
question. Cholinesterase inhibitors and statins both exhibit
lower use as remoteness increases [12, 14] whereas use of
cyclooxygenase-2 (COX-2) inhibitors was not found to be
different between comparable remote and urban areas [22],
although the prevalence of the conditions under treatment
was not available in these studies.

The effects of age and duration of diabetes on GLD receipt
were mostly expected: sulfonylureas and DPP4is appeared to
be added on early in the time course of diabetes, whereas
GLP-1RAs, SGLT2is, insulin and, surprisingly, metformin
were favoured as add-ons as duration of diabetes increased.
We also found that women were more likely than men to
receive DPP4is and GLP-1RAs but not SGLT2is.

Potential contributors to disparities in access to newer medi-
cations Depending on the medication subsidy policies of a
country, affordability of newer medications can be a driver
of the earlier adoption of new medications by higher-income
patients [20]. In Australia, the cost of newer medications can
be higher than older medications for people without conces-
sion status. For example, a pack of metformin costs ~$10–20,
while DPP4is, GLP-1RAs and SGLT2is all cost the maximum
co-payment of $41 per pack. It is therefore reasonable to
hypothesise that affordability could limit access to newer
medications. However, the disparities by socioeconomic
disadvantage we observed were consistent in the concession
population, for whom medication prices are substantially
reduced. Furthermore, these disparities decreased over time,
despite co-payments remaining unchanged, suggesting afford-
ability is not the primary factor driving our observations. This
is consistent with findings of a similar study undertaken in
patients receiving an add-on to metformin in primary care in
the UK, where the National Health Service covers all medica-
tion costs for people with type 2 diabetes, which found that
those in more disadvantaged areas were less likely to receive
an SGLT2i than a sulfonylurea as the add-on GLD [23].

Another conceivable contributor may be differential access to
specialists [24], whoweremore likely to prescribe the newGLDs,
as reported in previous studies [25–27]. It should be noted that a
proportion of this is likely due to referral bias, as those who visit
specialists are likely to have elevated HbA1c and more complex
disease [28] and, therefore, may require more intensive care.
However, the association between disadvantage and receipt of
new GLDs was present for both GPs and specialists as the
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prescriber of the add-on GLD. Furthermore, while the significant
differences in receipt of newer GLDs between individuals in
remote areas and major cities were no longer apparent for indi-
vidualswho received add-ons from a specialist, the level of uncer-
tainty in this analysis was high due to a paucity of add-on GLD
prescriptions by specialists in remote areas, precluding robust
conclusions about the contribution of specialist access to new
GLD availability in remote areas. Nevertheless, adjustment for
prescriber specialty suggested that access to specialists may have
played a role in lower initial use of GLP-1RAs, but not DPP4is or
SGLT2is, in remote areas.

The fact that the association of disadvantage with receipt of
new GLDs was not completely explained by prescriber
specialty, price or adjustment for comorbidity, suggests the
presence of other unmeasured contributors to the effect of
sociodemographic factors on receipt of new medications.

Strengths and limitations This large, nationwide population-
based study allows a near-whole population examination of
medication receipt in type 2 diabetes. Through using a regis-
try, we were able to effectively control for differences in
diabetes prevalence across sociodemographic strata.
Additionally, DPP4i receipt eventually becamemore common
in more disadvantaged areas in the overall analysis, but not
when restricted to receipt as an add-on. This highlights the
importance of accounting for not only disease prevalence,
but also how overall treatment patterns vary when analysing
new drug uptake. Finally, we were able to adjust for a comor-
bidity index, concession status and specialist prescriptions,
and could therefore account for potentially important drivers
of disparities in access to newer medications.

However, there are a number of important limitations of this
study that should be considered. Because this study used national
administrative data, we do not have data on important clinical
covariates, such as HbA1c, and therefore cannot comment on
the appropriate use of medications. Nevertheless, we attempted
to control for this by looking at GLD receipt among those who
added on a GLD, assuming this decision was made because
glycaemic control was unsatisfactory. Additionally, we did not
have access to individual level information about socioeconomic
disadvantage, instead relying on area-level measures. Finally, it is
important to note that these disparities do not necessarily imply
inequitable care, as contraindications and patient preference may
be important contributors; moreover, during the period under
study, the benefits of SGLT2is and GLP-1RAs on cardiovascular
and renal complications had not yet been established [1].
Nevertheless, what is clear from our analysis is that care for
diabetes differs by socioeconomic disadvantage and remoteness.

Implications Insulin and sulfonylureas, both of which carry a
greater risk of hypoglycaemia than newer GLDs [29, 30],
were more common in remote areas than major cities.
Disparate utilisation of the best available medications in

remote areas, which may be in part due to disparate access
to healthcare [31–33], may contribute to the worse mortality
and health outcomes in these areas [10]. Therefore, efficient
dissemination of newer medications may be an appropriate
intervention to address health disparity for people in remote
and disadvantaged areas of Australia.

Conclusions The receipt of newer medications is initially lower
among those with type 2 diabetes in more disadvantaged areas
of Australia but the disparities decreased over time. This
phenomenon does not appear to be driven by differential access
to specialists or affordability of newer medications. Access to
newer medications in remote areas compared with major cities
of Australia appears far more variable and may be an important
point of intervention to address disparities in diabetes outcomes
for individuals in remote areas of Australia.
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