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Therapy Escalation Following an Elevated
HbA;. in Adults Aged 45 Years and Older
Living With Diabetes in Australia: A
Real-World Observational Analysis
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Stepwise escalation of glucose-lowering
therapy to more intensive regimens is an
integral component of type 2 diabetes
management (1). Early blood glucose
control is associated with beneficial ef-
fects on long-term micro- and macro-
vascular outcomes (2). Understanding
factors associated with time to therapy
escalation following an elevated glycated
hemoglobin (HbA,.) may inform inter-
ventions to facilitate timely control. We
used linked real-world data to examine
time to therapy escalation following a
recorded HbA;. =8.0% (64 mmol/mol)
and associated factors.

The EXamining ouTcomEs in chroNic
Disease inthe 45 and Up Study (EXTEND45
Study) is an Australian population-based
linked data study in which participants
of the 45 and Up Study have been linked
to the Medicare Benefits Schedule (MBS),
providing data on government-subsidized
medical services, the Pharmaceutical
Benefits Scheme (PBS), providing pre-
scription claims data, and community

laboratory databases (among others)
(3). The 45 and Up Study comprises
267,153 individuals aged =45 vyears
living in New South Wales (NSW), Aus-
tralia, recruited between July 2006 and
December 2009. Ethical approval for
the EXTEND45 Study was obtained from
the NSW Population & Health Services
Research Ethics Committee (HREC/13/
CIPHS/49).

In EXTENDA4S5, 24,430 individuals with
diabetes between 2006 and 2014 have
been identified using multiple linked
data sources (3). In the current study,
therapy escalation was assessed during
the 6 months following all linked HbA.
results =8.0% occurring in non—treatment-
naive, non—insulin-using individuals pre-
sumed to have type 2 diabetes. As a
result, the unit of analysis was the ele-
vated HbA,., with individuals able to
contribute multiple results to the anal-
ysis. A threshold of 8.0% was used to
reflect the typically higher HbA, targets
recommended for older people (4). To

Check for

updates

Ying Xie,? Jannah Baker,?

Tamara Young,®® Min Jun,*?

Louisa Sukkar,>* Anna Campain,*>
Amy Kang,*> Alan Cass,” Ji Hu,*
David Peiris, > Carol Pollock,®”
Germaine Wong,*® Sophia Zoungas,*’
Kris Rogers,>° Meg Jardine,>*** and
Carinna Hockham,?> on behalf of the
EXTENDA45 Steering Committee*

ensure that all included HbA;. results
represented separate instances of an
elevated HbA;. in the same individual,
those results =8.0% that occurred within
3 months after the end of the 6-month
follow-up period were excluded.
Therapy escalation was determined
using Anatomical Therapeutic Chemical
classification codes to identify prescrip-
tion claims for different glucose-lowering
therapy regimens in the PBS data set.
Regimens were categorized as monother-
apy, dual therapy, triple/quadruple ther-
apy, and temporary discontinuation
(defined as a break of two or more
standard coverage days). Escalation was
defined as the addition of =1 oral glucose-
lowering drug, a glucagon-like peptide 1
receptor agonist, or insulin to the in-
dividual’s existing regimen.
Explanatory variables included age,
HbA1. result, glucose-lowering therapy
regimen, number of general practitioner
(GP) visits, and number of consultant
(any specialty) visits in the previous 90
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days, assessed at the time of the elevated
HbA,., as well as fixed demographic,
socioeconomic, lifestyle, and clinical var-
iables. To account for individuals con-
tributing multiple HbA. results to the
analysis, marginal Cox proportional haz-
ards models were used, with variable
selection performed using the Hosmer-
Lemeshow method (5). For eachincluded
HbA, . result, follow-up ended when ther-
apy was escalated, the individual died, or
after 6 months, whichever occurred first.

A total of 4,009 eligible HbA;. re-
sults =8.0% among 2,456 individuals
were identified, with 60% of individuals

contributing a single HbA;. result. The
majority (59%) of included results oc-
curred in female participants and 63.6%
in participants aged 55-75 years. Forty-
four percent of elevated HbA;. results
(n = 1,774) were met with a PBS dis-
pensing indicating therapy escalation
within 6 months (median time 45 days,
interquartile range 14-101 days).

In a multivariable analysis, therapy
escalation was more likely for HbA; re-
sults occurring in individuals who had
a higher HbA,. (P < 0.0001 for linearity),
were receiving monotherapy at the time
of the result, had visited their GP multiple
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timesin the previous 90 days (P < 0.0001
for linearity), had visited a consultant
physician in the previous 90 days, lived
in Inner Regional Australia (areas classi-
fied by the Australian Bureau of Statis-
tics as having some restrictions upon
access to services due to geographic
distance), or had self-reported anxiety
on the 45 and Up Study baseline ques-
tionnaire (Fig. 1). Age was nonlinearly
associated with therapy escalation (P <
0.0001 for nonlinearity). Therapy esca-
lation was less likely for elevated re-
sults occurring in individuals receiving
dual therapy or triple/quadruple therapy,

Hazard Ratio Mean time to escalation

Variable N % escalated
TIME-VARYING (Pl (days)
Age-group (years)
45-54 411 36% Ref. 59
55-64 1,281 44% —— 1.29 (1.11-1.51)
65-74 1,267 48% —— 1.30 (1.10-1.53)
75-84 753 45% - 1.09 (0.91-1.32)
=85 297 37% A 0.85 (0.62-1.17)
HbA,. level
8.0 to <8.25% 1,194 40% Ref. 66
8.25 to <8.5% 506 40% —— 0.98 (0.83-1.16)
8.5 t0 <9.5% 1,390 45% - 1.17 (1.04-1.32)
9.5 t0 <10.5% 488 47% —a— 1.30 (1.11-1.53)
210.5% 431 55% —3— 1.82 (1.54-2.15)
Therapy regimen intensity
Monotherapy 1,252 58% Ref. 51
Dual therapy 1,404 45% - 0.65 (0.58-0.73)
Triple/quadruple therapy 291 41% —a— 0.54 (0.44-0.65)
Treatment break 1,062 29% —— 0.38 (0.33-0.44)
No. of GP visits *
0 493 36% —— 0.95 (0.78-1.14)
1 1,016 40% Ref. 63
2 818 46% —— 1.15 (1.00-1.33)
3tod 983 47% —a— 1.20 (1.04-1.38)
25 699 50% —a— 1.27 (1.09-1.49)
No. of consultant visits *
0 2,394 42% - 0.86 (0.77-0.96)
1 881 48% Ref. 63
=2 734 46% —a— 0.91 (0.78-1.05)
FIXED
Remoteness of residence
Major city 2,679 43% Ref. 61
Inner regional Australia 968 48% - 1.17 (1.04-1.31)
Outer regional/Remote/Very Remote 290 44% —— 0.99 (0.81-1.20)
Missing 72 53% A 1.38 (1.00-1.91)
Self-reported anxiety
No 3,708 44% Ref. 61
Yes 301 51% | ‘ —— ‘ 1.20 (1.01-1.42)
0.30 0.50 1.0 1.5 2.0
Lower Rate Higher Rate

Figure 1—Results of a multivariable marginal Cox proportional hazards model showing the association between therapy escalation following an

elevated HbA;. and a range of factors. In Australia, remoteness of residence relates to the five Remoteness Areas defined by the Australian Bureau of

Statistics to objectively categorize areas based on their relative access to services. *In the 90 days prior to the elevated HbA, result.
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or who had temporarily discontinued
therapy (Fig. 1).

To our knowledge, this study is the first
to examine therapy escalation and clin-
ical and sociodemographic associations
in an Australian population using real-
world data. Through the inclusion of a
range of longitudinal data sources, we have
been able to incorporate time-varying
risk factors, such as HbA;. level and
therapy regimen intensity, into our anal-
ysis, better reflecting the longitudinal
nature of diabetes management. More-
over, we examined a range of existing
therapy regimens, including temporary
discontinuation, increasing the general-
izability of our findings to all individuals
with type 2 diabetes aged =45 vyears.
However, we were not able to assess
dose up-titration or examine individuals’
adherence to their existing regimens.

Measuring time to therapy escalation
in response to an elevated HbA;. is a
useful indicator of quality of care of
people with diabetes, and our findings
can be used as a baseline for assessing
future changes. The factors identified in
this study can be used to identify po-
tential interventions for promoting ther-
apy escalation in patients with diabetes,
but these should be investigated further.
In addition, future studies should exam-
ine the clinical and patient-reported out-
comes of therapy escalation.
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