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ABSTRACT

Aims: To characterise the patterns of switching, adherence, and persistence among adults
aged >18 years with diabetes prescribed dipeptidyl peptidase-4 inhibitors (DPP-4is) in Aus-
tralia.

Methods: The analysis included 15,915 adults newly prescribed DPP-4is (sitagliptin = 9576;
vildagliptin = 1130; saxagliptin = 1126; linagliptin = 3560; and alogliptin = 523). Multivariable
logistic regression model was used to compare the non-adherence (proportion of days cov-
ered [PDC] <0.80) rates whereas Cox proportional hazards regression models were used to
compare switching and non-persistence (>90-day gap) among different DPP4-is over 12-
months.

Results: Overall, 36.0% (5722/15,915) of DPP-4i users were non-adherent and 30.0%
(4775/15,915) were non-persistent at 12-months. Compared to sitagliptin, vildagliptin, lina-
gliptin, and alogliptin were not associated with higher non-adherence and non-
persistence. However, saxagliptin was associated with a higher likelihood of being non-
adherent (odds ratio 1.41, 95% confidence interval [CI] 1.23-1.60) or non-persistent (hazard
ratio 1.27, 95% CI 1.15-1.42) compared to sitagliptin. Just 3.2% of people switched between
different DPP-4is. Compared to sitagliptin, people initiated on vildagliptin, saxagliptin, alo-
gliptin, and linagliptin were more likely to switch.
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Conclusions: We found no significant differences in the adherence and persistence rates
between alogliptin, vildagliptin or linagliptin and sitagliptin. However, saxagliptin was
associated with higher non-adherence and non-persistence compared to sitagliptin.

Switching was lowest amongst users of sitagliptin.

© 2019 Elsevier B.V. All rights reserved.

1. Background

During the past decade, more than 40 new diabetes medica-
tions have been developed [1]. The efficacy of these new med-
ications has been demonstrated in several randomised
controlled trials (RCTs). Yet significant proportions of people
with type 2 diabetes (T2D) prescribed these medications fail
to achieve the desired clinical targets. Part of the challenge
has been the poor adherence and persistence when medica-
tions are used in real-world settings [2,3]. Data from observa-
tional studies suggest that between 36% and 93% of people
with T2D are adherent to their medications [4-6]. Beyond con-
tributing to poor glycaemic control, medication non-
adherence and non-persistence have been associated with
adverse outcomes such as the increased risk of diabetes com-
plications and death [7-9].

Dipeptidyl peptidase-4 inhibitors (DPP-4is), commonly
called gliptins, are a relatively new class of oral medications
for the treatment of T2D. DPP-4is act via inhibition of the
degradation of the incretins, glucagon-like peptide-1 (GLP-1)
and glucose-dependent insulinotropic peptide (GIP) [10-12].
Because DPP-4is improve insulin secretion in response to an
increased level of blood glucose, it is deemed appropriate to
pair them with T2D medications that have a different mech-
anisms of action, such as metformin [12]. Consequently, in
Australia, DPP-4is are subsidised for use with either met-
formin or a sulfonylurea (dual therapy) under the Pharmaceu-
tical Benefits Scheme (PBS) [13-15], the Australian
government’s strategy to providing timely and affordable
access to a wide range of medicines for Australian citizens,
permanent residents and people from countries with recipro-
cal healthcare [16]. Moreover, sitagliptin and linagliptin are
approved by the Therapeutic Goods Administration (TGA) as
monotherapy if metformin (and sulfonylureas for linagliptin)
is not tolerated, but none of the gliptins are subsidised for use
as a monotherapy under the PBS [14|. Thus, most T2D
patients in Australia would have trialled metformin or a sul-
fonylurea prior to initiating a DPP-4is. Sitagliptin, saxagliptin,
vildagliptin, linagliptin and alogliptin have been listed on the
PBS since August 2008, June 2011, August 2010, March 2012,
and December 2013, respectively.

A meta-analysis found that as second line therapy, DPP-4is
were inferior to glucagon-like peptide-1 (GLP-1) agonists
(weighted mean difference (WMD) 0.49, 95% confidence inter-
val [CI] 0.31 to 0.67) but similar to pioglitazone (WMD 0.09,
95% CI —0.07 to 0.24) at reducing glycated haemoglobin
(HbA1c) [17]. Moreover, there was no significant difference
between sulfonylureas (SU) and DPP-4is in the attainment of
a HbAlc level of less than 7% (risk ratio in favour of SU [RR]
1.06, 95% CI 0.98 to 1.14) [17]. Experimental and clinical data

also suggest that aside from contributing to improved meta-
bolic control, DPP4-is could potentially delay the onset and
progression of diabetic microangiopathy [18].

The overall cardiovascular safety of DPP-4is has been
demonstrated in major RCTs: SAVOR-TIMI 53 (Does Saxaglip-
tin Reduce the Risk of Cardiovascular Events When Used
Alone or Added to Other Diabetes Medications) [19], EXAM-
INE (Cardiovascular Outcomes Study of Alogliptin in Patients
with Type 2 Diabetes and Acute Coronary Syndrome) [20],
TECOS (Sitagliptin Cardiovascular Outcomes Study [MK-
0431-082]) [21], CARMELINA (Cardiovascular and Renal
Microvascular Outcome Study With Linagliptin in Patients
with Type 2 Diabetes Mellitus) [22] and CAROLINA (Cardio-
vascular Outcome of Linagliptin Versus Glimepiride in
Patients With Type 2 Diabetes) [23]. However, in the
SAVOR-TIMI 53 trial, there was an increased risk of hospital-
isation for heart failure among patients treated with saxa-
gliptin compared to placebo (hazard ratio [HR] 1.27; 95% CI,
1.07 to 1.51; P =0.007) [19].

DPP-4is are increasingly being prescribed to T2D patients,
with the number of Australians dispensed DPP-4is more than
doubling between August 2012 and July 2016 [24]. However,
there is poor evidence of the adherence and persistence pat-
terns among people with T2D prescribed DPP-4is in Australia.
Such data may be useful for informing clinical practice and
the management of people with T2D. In the present study,
we utilised a very large, real-world contemporary dataset to
characterise the patterns of adherence, persistence and
switching of DPP-4is in Australia.

2. Subjects, materials and methods

2.1.  Study design and data sources

This was a retrospective cohort study that used data drawn
from the PBS records covering a 10% random sample of Aus-
tralians dispensed PBS medications [25,26]. The data captured
in the PBS records include item numbers of medications dis-
pensed and strength, basic demographic information (sex,
years of birth and death), dates of dispensing and quantity
of medication supplied, pharmacy location (state), concession
card status and prescriber details. As a medication acquisi-
tion database, clinical and diagnostic information such as
fasting blood glucose (FBG) or HbAlc levels are not recorded
in the PBS datasets. Furthermore, other data such as patients’
socioeconomic status are not captured in the PBS dataset. The
PBS datasets used in the study were provided by the Aus-
tralian Government Department of Human Services. The data
were anonymized, with everyone being ascribed a unique
identifying code.



Table 1 - Baseline characteristics of the study cohort initiating DPP-4is between January 2015 and August 2017.

Variable All DPP-4i type P-value®
Sitagliptin Vildagliptin Saxagliptin Linagliptin Alogliptin
Number of people (n) 15,915 9,576 1,130 1,126 3560 523
Mean age (+s.d) 62.7 (13.3) 61.6 (13.1) 60.8 (13.1) 61.7 (12.9) 66.8 (13.1) 62.0 (12.9) 0.926
Female Gender (n, %) 6804 (42.8) 4,078 (43.6) 498 (44.1) 446 (39.6) 1568 (44.0) 214 (40.9) 0.072
Pre-index Medication use (n, %)
Insulin 2381 (15.0) 1345 (14.1) 113 (10.0) 100 (8.9) 763 (21.4) 60 (11.5) <0.001
Blood pressure lowering agents 11,497 (72.2) 6785 (70.9) 738 (65.3) 794 (70.5) 2815 (79.1) 365 (69.8) <0.001
Blood thinning agents 3596 (22.6) 1995 (20.8) 209 (18.5) 212 (18.8) 1096 (30.8) 84 (16.1) <0.001
Antidepressants 3894 (24.5) 2386 (24.9) 253 (22.4) 247 (21.9) 896 (25.2) 112 (21.4) 0.025
Anti-anxiety agent 1187 (7.5) 715 (7.5) 81 (7.2) 73 (6.5) 280 (7.9) 38 (7.3) 0.632
Anti-dementia 87 (0.6) 44 (0.5) 4 (0.4) 8 (0.7) 30 (0.8) 1(0.2) 0.047
Lipid-lowering therapy 10,729 (67.4) 6296 (65.8) 747 (66.1) 729 (64.7) 2620 (73.6) 337 (64.4) <0.001
Drugs for reactive airway disease 1909 (12.0) 1131 (11.8) 114 (10.1) 136 (12.1) 476 (13.4) 52 (9.9) 0.013
Anti-epilepsy 507 (3.2) 312 (3.3) 26 (2.3) 30 (20.7) 122 (3.4) 17 (3.3) 0.319
Drugs for malignancy 230 (1.5) 127 (1.3) 14 (1.2) 9 (0.8) 75 (2.1) 5 (1.0) 0.003
Thyroid-related medication 1214 (7.6) 705 (7.4) 85 (7.5) 83 (7.4) 307 (8.6) 34 (6.5) 0.134
Antipsychotics 697 (4.4) 429 (4.5) 39 (3.5) 40 (3.6) 161 (4.5) 28 (5.4) 0.218
Nicotine dependence therapies 404 (2.5) 256 (2.7) 41 (3.6) 32 (2.8) 62 (1.7) 13 (2.5) 0.003
Concessional beneficiary (n, %) 9326 (58.6) 5442 (56.8) 618 (54.7) 658 (58.4) 2297 (64.5) 311 (59.5) <0.001
Prescribed as FDC with metformin® 9968 (62.6) 6555 (68.5) 936 (82.8) 791 (70.3) 1315 (36.9) 371 (70.9) <0.001

FDC = fixed dose combination; s.d = standard deviation;
a

® based on the index script.

means compared by one-way analysis of variance (ANOVA), proportions compared with chi-square test;
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2.2. Study cohort

We selected adults aged 18 years and older who were newly
dispensed DPP-4is from 1 January 2015 to 31 August 2017,
the first dispensing date being the index date. A new DPP-4i
user was defined as any person who was dispensed a DPP-
4is but had not had a DPP-4is dispensed in the previous
12 months [16]. We excluded people who died prior to
12 months post index date.

2.3. Exposure

DPP-4i dispensations were identified from the PBS data using
their item codes and World Health Organization (WHO)
Anatomical Therapeutic Chemical (ATC) classification system
codes [27]. We included both single active ingredient and fixed
dose combinations (FDC)s of five DPP-4is; sitagliptin, vilda-
gliptin, saxagliptin, linagliptin and alogliptin. Supplemental
Table S1 provides the item codes as well as the ATC codes
for the included DPP-4is.

2.4. Outcomes

We assessed switching, non-adherence, and non-persistence
as separate outcomes. Switching was defined as the first
change from the index DPP-4i to another DPP-4i.

Medication adherence was measured using the proportion
of days covered (PDC) during the 12-month follow-up period.
The PDC was calculated by dividing the number of days the
patient was ‘covered’ by the medication (i.e., had the medica-
tion ‘on hand’) during the follow-up period (numerator) by
365 days (denominator). People who achieved a PDC < 0.80
were considered to be non-adherent [28,29]. The dataset used
for this study did not contain information on dosing. How-
ever, as per the PBS rules, for patients with chronic morbidi-
ties (including diabetes), the dispensing schedule is typically
for one month [30,31]. Thus, in line with prior Australian
studies [32-36], we used this interval as the supply days for
each dispensation. Subsequently, this information was used
to estimate the end date of each dispensation. If a patient
refilled earlier than the estimated end date of the current dis-
pensing schedule (i.e., overlapping refills), it was assumed
that the person would continue using the medication at hand
until completion before commencing the refill prescription
[16,37]. Persistence was defined as continuous use of medica-
tion until a gap of 90 or more days without medication on
hand. We calculated the ‘gap’ as the number days elapsed
after the estimated end date of a DPP-4i dispensing and no
refill had been made [16]. People who experienced a >90-
day gap were classified as non-persistent. Adherence and per-
sistence were first examined at a class level. However, when
comparing adherence and persistence among the different
DPP-4is, PDC and gap in therapy were estimated at the drug
level.

2.5.  Statistical analyses

Descriptive analyses were conducted to compare the baseline
characteristics of patients initiated on the various DPP-4is.

We used y test to compare proportions and one-way analysis
of variance (ANOVA) to compare means. The following base-
line characteristic were compared: age, sex, concession status
and pre-index medication use. In Australia, concession card
holders are eligible for lower, capped payments for medica-
tions than general beneficiaries [38]. There are strict require-
ments for meeting concession status, including meeting a
minimum level of income and age as set out by the Depart-
ment of Health. For the pre-index medication use, the follow-
ing were assessed; insulin, blood pressure lowering (BPL)
agents, lipid-lowering therapy (LLT), blood thinning agents
(antiplatelets and anticoagulants), anti-dementia medication,
antidepressants, anti-anxiety agents, thyroid-related medica-
tion (hypothyroidism and hyperthyroidism), medications for
malignancy, anti-anxiety agents, antipsychotics, medications
for reactive airway disease, and nicotine dependency thera-
pies. The pre-index medication utilisation was obtained using
the dispensing records of individuals in the 12 months pre-
ceding DPP-4is initiation (Supplemental Table S2).

Logistic regression models were fit to compare the likeli-
hoods of being non-adherent (PDC < 0.80). Cox proportional
hazards models were also used to compare the likelihoods
of switching or being non-persistent between people initiated
on the various DPP-4is. All models were adjusted for age, sex,
concession status, pre-index medication use, and whether
the index therapy was an FDC with metformin. All analyses
were performed using STATA 15/IC and a P value of <0.05
was considered statistically significant.

The study was approved by the Monash University Human
research Ethics Committee. The analysis plan was approved,
and the final manuscript noted by the Australian Government
Department of Human Services.

3. Results

3.1. Baseline characteristics

A total of 15,915 adults who were initiated DPP-4is between
January 2015 and August 2017 were identified. The mean
age was 62.7 (standard deviation [S.D]=+13.3) years and
42.8% were female. Of the cohort, 58.6% were concession card
holders and 15.0% were being dispensed insulin prior to the
commencement of DPP-4i therapy. In addition, 24.5%, 72.2%,
67.4%, 2.5% and 4.4% were being dispensed antidepressants,
BPL agents, LLT, nicotine dependence therapies, and antipsy-
chotics, respectively, prior to DPP4-is initiation. In all, 62.6% of
people initiated DPP4-is as an FDC with metformin.

Table 1 summarises the baseline characteristics of the
people prescribed sitagliptin (n=9,576), vildagliptin
(n=1,130), saxagliptin (n=1,126), linagliptin (n =3,560), and
alogliptin (n=523). There were no statistically significant
age and gender differences among the people initiated on
the various DPP-4is. However, the pre-index uses of insulin,
BPL, blood thinners, and LLT varied significantly across the
groups of people initiated the various DPP-4is. While 64.5%
of people initiated on linagliptin were concessional beneficia-
ries, 56.8%, 54.7%, 58.4% and 59.5% of people initiated on sita-
gliptin, saxagliptin and alogliptin were
concessional beneficiaries. Of people initiated on vildagliptin,

vildagliptin,
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Table 2 - Patterns of in-class switching during 12 months among people prescribed DPP-4is.

Switch from

Switch to (n, %)

(index DPP-4is) Sitagliptin

Vildagliptin Saxagliptin Linagliptin Alogliptin

Sitagliptin (n = 221)
Vildagliptin (n = 44)
Saxagliptin (n = 63)
Linagliptin (n = 144)
Alogliptin (n = 36)

25 (56.8%)
39 (61.9%)
109 (75.7%)
21 (58.3%)

28 (12.7%) 45 (20.3%) 126 (57.0%) 22 (10.0%)

5 (11.4%) 13 (29.5%) 1(2.3%)
3 (4.8%) 17 (27.0%) 4 (6.3%)
9 (6.3%) 16 (11.1%) 10 (6.9%)
2 (5.6%) 3 (8.3%) 10 (27.8%)

82.8% were dispensed an FDC with metformin, compared to
68.5%, 70.3%, 36.9% and 70.9% of people initiated on sitaglip-
tin, saxagliptin, linagliptin and alogliptin, respectively.

3.2 Overall adherence and persistence to DPP-4is

When analysing medication use at a class level, the mean
PDC of the cohort over the one-year follow-up period was
0.76 + 0.32. In total, 36.0% (5,722/15,915) of people were non-
adherent (PDC < 0.80) to their DPP-4is. The proportion of peo-
ple who were non-persistent (i.e., experienced a gap of
>90days) in the 12-months follow up was 30.0%
(4,775/15,915). The median time to non-persistence was 150
(interquartile range [IQR] 146-223) days.

3.3.  Comparison of switching, adherence and persistence
among the individual DPP-4is

Overall, just 3.2% (508/15,915) of people switched from one
DPP-4is to another during the 12-month follow-up. The pro-
portion of people who switched from sitagliptin, vildagliptin,
saxagliptin, linagliptin and alogliptin were 2.3% (221/9576),
3.9% (44/1130), 5.6% (63/1126), 4.0% (144/3560) and 6.9%
(36/523), respectively. Table 2 presents the transition patterns
among the people who switched from one DPP-4i to another.
Of the switches, 38.2% involved a change from vildagliptin,
saxagliptin, linagliptin or aloglitptin to sitagliptin. In the mul-
tivariable Cox regression model, vildagliptin (HR 1.60, 95% CI
1.08-2.37)), saxagliptin (HR 2.44, 95% CI 1.76-3.39), linagliptin
(HR 1.38, 95% CI 1.05-1.81) and alogliptin (HR 2.42, 95% CI
1.53-3.82) were associated with higher likelihoods of switch-
ing compared to sitagliptin. The full results of the multivari-
able Cox model for switching between different DPP-4is are
presented in Supplemental Table S3.

When adherence was evaluated at the medication level,
the mean PDC of the people initiated on sitagliptin, vildaglip-
tin, saxagliptin, linagliptin and alogliptin were 0.76 (+0.32),
0.77 (+0.33), 0.70 (+0.34), 0.75 (+0.33) and 0.76 (+0.32), respec-
tively. Fig. 1 presents the cumulative PDC distribution among
people prescribed the various DPP-4is. The proportion of peo-
ple prescribed sitagliptin, vildagliptin, saxagliptin, linagliptin
and alogliptin who were non-adherent (PDC < 0.80) were
36.3%, 34.2%, 43.4%, 37.2% and 38.0%, respectively. In the mul-
tivariable logistic regression model, compared to sitagliptin,
people prescribed vildagliptin (odds ratio [OR] 0.99, 95% CI
0.86-1.13), linagliptin (OR 0.93, 95% CI 0.93 (0.85-1.01), and alo-
gliptin (OR 1.13, 95% CI 0.93-1.36) were no more likely to be

non-adherent. However, being prescribed saxagliptin (OR
1.41, 95% CI 1.23-1.60) was associated with a greater likeli-
hood of being non-adherent compared to sitagliptin. Supple-
mental Table S4 presents the associations between various
factors and non-adherence to DPP-4is from the multivariable
logistic regression model.

During the 12-month follow-up, 29.6%, 31.7%, 35.9%,
31.2%, and 30.4% of people initiated on sitagliptin, vildaglip-
tin, saxagliptin, linagliptin and alogliptin, respectively, were
non-persistent. In the multivariable Cox regression model,
being dispensed vildagliptin (HR 1.11, 95% CI 0.98-1.24), lina-
gliptin (HR 0.93, 95% CI (0.85-1.01) and alogliptin (HR 1.13,
95% CI 0.93-1.36) were not associated with a statistically sig-
nificant increased likelihood of being non-persistent com-
pared to sitagliptin (Table 3.). However, saxagliptin (HR 1.27,
95% CI 1.15-1.42) was associated with a greater likelihood of
being non-persistent compared to sitagliptin. The associa-
tions between various factors and non-persistence to DPP-
4is from the multivariable cox model are presented in Supple-
mental Table S5.

4, Discussion

In this study, we used nationwide Australian medication
claims data to characterise the patterns of switching, non-
adherence, and non-persistence of DPP-4is. We found that
just 3.2% of people switched from one DPP-4i to another.
Overall, 36.0% and 30.0% of the people dispensed DPP4-is
were non-adherent or non-persistent, respectively, within
the 12 months of follow up. Vildagliptin, linagliptin, and alo-
gliptin were not associated with greater likelihoods of being
non-adherent or non-persistent compared to sitagliptin.
However, saxagliptin was associated with a greater likelihood
of being non-adherent or non-persistent compared to
sitagliptin.

We are unaware of any study that has presented detailed
patterns of the in-class switching of DPP-4is. Thus, studies
in other populations are needed to better understand the
dynamics of switching among people prescribed these medi-
cations. Regardless, the generally low level of in-class switch-
ing of DPP-4is observed in our study may be due to the fact
that there are no significant differences in clinical effective-
ness between individual DPP-4is, particularly in terms of
achieving change in HbA,. levels or body weight, or their risk
of hypoglycaemia, and adverse drug events such as acute
pancreatitis [17,39-42]. Moreover, apart from saxagliptin,
which was shown in the SAVOR-TIMI study to be associated



Table 3 - Comparison of switching, adherence and persistence between people initiated on individual DPP4-is over the 12-month follow up.

Outcome DPP4i subtype P-value®
Sitagliptin Vildagliptin Saxagliptin Linagliptin Alogliptin

Total no. of people 9,576 1,130 1,126 3,560 523

Switching

Number switched 221 44 63 144 36

% switched 2.3 3.9 5.6 4.0 6.9 <0.001

Univariate HR (95% CI) for switching 1.0 1.58 (1.07-2.33)" 2.45 (1.77-3.40)" 1.49 (1.15-1.93)* 2.43 (1.55-3.83)"

Multivariable HR (95% CI) for switching” 1.0 1.60 (1.08-2.37)" 2.44 (1.76-3.39)" 1.38 (1.05-1.81)" 2.42 (1.53-3.82)"

Non-adherent (PDC < 0.80)

Number non-adherent 3,478 386 489 1,324 199

% non-adherent 36.3 34.2 434 37.2 38.0 <0.001

Univariate OR (95% CI) for being non-adherent 1.0 0.85 (0.74-0.96)" 1.35 (1.19-1.52)* 1.04 (0.96-1.13) 1.07 (0.90-1.28)

Multivariable OR of being non-adherent” 1.0 0.99 (0.86-1.13) " 1.41 (1.23-1.60)" 0.93 (0.85-1.01)" 1.13 (0.93-1.36)

Non-Persistence (>90 gap)

Number non-persistent 2,837 358 404 1,112 159

% non-persistent 29.6 31.7 35.9 31.2 30.4 <0.001

Univariate HR (95% CI) for non-persistence 1.0 1.06 (0.95-1.19)" 1.26 (1.14-1.41)" 1.07 (0.99-1.14) 1.03 (0.88-1.21)"

Multivariable HR for non-persistence” 1.0 1.11 (0.98-1.24)" 1.27 (1.15-1.42)" 1.01 (0.94-1.09) 1.06 (0.90-1.24)"

" p<0.05;

” p>0. 05; PDC = proportion of days covered; HR = hazard ratio; OR = odds ratio;

& proportions were compared via a chi-square test;

b all logistic regression and cox models were adjusted for age, sex, concession status, pre-index medication use and whether the index therapy was a fixed-dose combination (FDG) with metformin
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Fig. 1 - One-year cumulative PDC among the people prescribed various DPP4-is.

with an excess risk of hospitalisation for heart failure com-
pared to placebo [19], the results of cardiovascular safety tri-
als of sitagliptin (TECOS), linagliptin (CAROLINA) [23], and
alogliptin (EXAMINE) [20] found them to be safe. Thus, overall,
clinicians and patients may perceive low clinical utility in
switching from one DPP-4is to another. However, we did find
higher likelihoods of switching among people prescribed vil-
dagliptin, linagliptin, alogliptin and saxagliptin compared to
sitagliptin which deserves further exploration to better
understand the contributory factors.

In prior studies DPP-4is have been found to be associated
with better adherence and persistence than sulphonlyureas,
thiazolidiones, meglitinides, o-glucosidase inhibitors and
GLP-1 inhibitors [43-48]. Nonetheless, in these studies, up to
58.8% of people prescribed DPP-4is were non-adherent and
26.5-46.2% were non-persistent within 12 months [43-49]. In
our study, we found that 36.0% and 30.0% of the people dis-
pensed DPP4-is were non-adherent or non-persistent, respec-
tively, in 12 months of follow-up. In RCTs, DPP-4is have been
shown to be associated with improved glycaemic control (in a
way similar to sulfonylureas or pioglitazone) in patients who
previously were not achieving glycaemic targets with met-
formin [17]. However, these results have been reported
against a background of high adherence and persistence.
Carls and colleagues have shown that medication adherence
contributes to about three-quarters of the gap between real
world and expected RCT results for DPP-4is in terms of
achieving reductions in HbA;. levels [3]. Therefore, our results
accord with those of earlier studies, and re-iterate the need
for more efforts to improve adherence and persistence if the
benefits of DPP-4is observed in RCTs are to be realised in rou-
tine clinical settings. In particular, interventions aimed at
addressing the modifiable risk factors of non-adherence and
non-persistence (such as health literacy, quality of the rela-
tionship between patient and physician) to DPP4-is are
required [50,51].

Few studies have assessed the comparative adherence and
persistence among people prescribed individual DPP-4is and
to our knowledge, none included data on all the five DPP-4is

as done in this study. Rascati and colleagues [49] analysed
administrative claims data from Humana, a for-profit Ameri-
can health insurance company and found that among medi-
care advantage patients, those prescribed linagliptin were
less likely to be adherent or persistent compared to people
prescribed saxagliptin and sitagliptin. However, our study
found no significant differences in the likelihoods of being
non-adherent or non-persistent between the initiators of
linagliptin and sitagliptin. Farr et al. [47] also using US data
from the Truven Health MarketScan, found that compared
to sitagliptin, initiators of saxagliptin were more likely to be
adherent (adjusted OR 1.21, 95% CI 1.16-1.27), and sitagliptin
initiators also had significantly greater likelihood of discon-
tinuation (adjusted HR 1.16, 95% CI1.12-1.20). In contrast,
we found that the initiators of saxagliptin were more likely
to be non-adherent or non-persistent compared to initiators
of sitagliptin. We speculate that the differences in our find-
ings and those of the US studies may be due to several factors,
including variation in clinical practice, regulatory approvals,
patients’ expectations or preferences and health system fac-
tors including accessibility issues (e.g. co-payment) between
Australia and the US [52]. For example, while DPP-4is may
be used as monotherapy in the US [53], none of the DPP-4is
is subsidised for use as a monotherapy under the PBS [14].
All of the gliptins are TGA-approved and PBS-subsidised for
use in combination with either metformin or a sulfonylurea
[13-15]. Saxagliptin is also TGA-indicated (but not PBS-
subsidised) for use as initial combination therapy with met-
formin when appropriate (i.e. high initial HbAlc levels and
where there is a high likelihood of poor response to
monotherapy). Under the PBS there are further restrictions
for the use of most gliptins, except alogliptin, among patients
in whom a combination of metformin and a sulfonylurea is
contraindicated or not tolerated [14]. Regardless, the dispari-
ties in our results with the US-based studies deserve further
investigation when comparative data become available.

Our study has important strengths. To our knowledge, this
was the first study to describe in detail the patterns of switch-
ing, adherence, and persistence of DPP-4i among those with
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type 2 diabetes in Australia. While studies in other jurisdic-
tions have examined persistence and adherence among peo-
ple prescribed DPP4-is, none have included data on all five
DPP4-is as presented in this study. Moreover, our analysis
was based on real world nationwide data from a 10% random
sample of the PBS which has been used to study both the pre-
scribing patterns and the effect of policy changes on the util-
isation patterns of several medication classes including
statins [16,26], BPL agents [54,55], antipsychotics [56], anxi-
olytics [57,58], and opioids [59], and has been shown to be
highly reliable [25].

Our study also has some important limitations. In particu-
lar, the PBS datasets did not capture the reasons why people
dispensed prescribed DPP-4is were non-adherent or non-
persistent nor did it record adverse events. Thus, future stud-
ies need to investigate this to inform the design of interven-
tions to improve adherence and persistence. The data also
did not contain clinical information such as HbAIc or FBG,
and therefore we could not ascertain the effect of medication
adherence on clinical outcomes. Furthermore, the PBS data-
sets do not capture in-hospital medication use. Hence, for
people hospitalised during the analysis period, it is possible
that we may have overestimated non-adherence or non-
persistence. Additionally, as our study was a single in-class
analysis, we are unable to establish whether this population
would exhibit similar adherence and persistence to other
antihyperglycemic agents, and as such comparative analysis
across different diabetes medication groups may be needed.
The PBS dataset did not include dosage information, so we
assumed as per the PBS guidelines that dispensations were
for one month [30,31]. However, in rare cases such as among
patients travelling overseas, supply may exceed one month.
For such patients, the PDC over the one-year analysis period
could likely be underestimated leading to misclassification
as nonadherent or nonpersistent. However, such misclassifi-
cation, if present, is likely to be non-differential and unlikely
to significantly change our findings. Finally, the analysis pre-
sented are indirect measures of adherence and we could not
confirm whether people actually took the dispensed medica-
tion [16].

5. Conclusion

In this large Australian cohort study using real world data, we
found that about 1 in 3 people dispensed DPP-4is were non-
adherent or non-persistent at 12 months. There were no sig-
nificant differences in the adherence and persistence rates
between alogliptin, vildagliptin or linagliptin and sitagliptin.
However, saxagliptin was associated with greater likelihoods
of being non-adherent or non-persistent compared to sita-
gliptin. Switching was lowest among users of sitagliptin.
Interventions to improve adherence and persistence among
people prescribed DPP-4is may be necessary.
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