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Adherence to guideline-recommended
HbA1c testing frequency and better
outcomes in patients with type 2
diabetes: a 5-year retrospective cohort
study in Australian general practice

Chisato Imai @, Ling Li

ABSTRACT

Background Clinical practice guidelines emphasise
the role of regular monitoring of glycated haemoglobin
Alc (HbA1c) for patients with type 2 diabetes, with most
recommending 6-monthly testing. Nonetheless, there are
few in-depth studies evaluating the clinical impact of the
recommended testing frequency for patients to underpin
the significance of guideline adherence.

Objective This study aimed to examine associations
between patient outcomes and adherence to HbA1c
testing frequencies recommended by Australian
guidelines (6-monthly for patients with adequate
glycaemic control and 3-monthly for patients with
inadequate glycaemic control). The primary and
secondary outcomes of interest were longitudinal
changes in HbA1c values and development of ischaemic
heart disease (IHD) and chronic kidney disease (CKD).
Methods This 5-year retrospective cohort study (July
2013—June 2018) evaluated HbA1c testing frequency

in a subset of patients with type 2 diabetes identified
within data collected from approximately 250 Australian
general practices. The study included patients who

were aged =18 in 2013 and had a record of HbA1c
testing in study practices during the study period. Each
patient’s adherence rate was defined by the proportion
of HbA1c tests performed within the testing intervals
recommended by Australian guidelines. Based on the
adherence rate, adherence level was categorised into
low (=33%), moderate (34%-66%) and high (>66%).
Generalised additive mixed models were used to examine
associations between adherence to the recommended
HbA1c testing frequency and patient outcomes.

Results In the 6424 patients with diabetes, the overall
median HbA1c testing frequency was 1.6 tests per year
with an adherence rate of 50%. The estimated HbA1c
levels among patients with low adherence gradually
increased or remained inadequately controlled, while
HbA1c values in patients with high adherence remained
controlled or improved over time. The risk of developing
CKD for patients with high adherence was significantly
lower than for patients with low adherence (OR: 0.42,
95% (1 0.18 to 0.99). No association between IHD and
adherence to the recommended HbA1c frequency was
observed.

Conclusion Better adherence to guideline-
recommended HbA1c testing frequency was associated
with better glycaemic control and lower risk of CKD.

, Rae-Anne Hardie

, Andrew Georgiou

These findings may provide valuable evidence to support
the use of clinical guidelines for better patient outcomes
in patients with type 2 diabetes.

INTRODUCTION

Diabetes mellitus, commonly known as
diabetes, is a metabolic disease that results
in high blood glucose levels and affects 1
in 10 adults in high-income countries.
Type 2 diabetes is the most common form
of diabetes, accounting for approximately
90% of diabetes cases worldwide.” Type 2
diabetes is a long-term condition requiring
regular follow-up and often lifelong phar-
macological treatment after diagnosis.
Poor diabetes management can contribute
to serious complications, which can be
microvascular (eg, nephropathy, neurop-
athy, retinopathy) or macrovascular (eg,
cardiovascular disease, stroke) complica-
tions.” These subsequent complications
may have significant impact on patient
well-being and quality of life, with major
healthcare cost implications.

Patients with type 2 diabetes receive
regular blood sugar monitoring to assess
progression and risk for complications.
These tests include blood glucose tests as
an acute short-term indicator; however,
since these can fluctuate hourly, the more
stable glycated haemoglobin Alc (HbA1c)
test is used as an indicator of longer
term glycaemic control. HbAlc in blood
reflects the average blood glucose level
over the preceding 8—12 weeks.” Hence,
HbATc testing is widely considered as the
gold standard for monitoring and treat-
ment of type 2 diabetes.® Current national
and international guidelines across many
developed countries including Europe
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(ie, UK, Belgium, France, Germany, Italy, The Neth-
erlands, Sweden),” ® USA’ and Australia'® also high-
light the importance of HbAlc monitoring in type 2
diabetes management, with the recommendation that
it be tested at least every 6 months in patients with
stable glycaemic control.

Despite the importance of HbAlc testing in diabetes
care management, there is a lack of evidence under-
pinning the importance of adherence to guideline-
recommended testing frequencies for patient
outcomes. The results from existing literature are
currently limited to descriptive studies based on a
short observation period (eg, 1year)'' '* and highly
selective populations (eg, a sample from one tertiary
hospital'" * or a private health insurance provider).'?
Thus, it remains unclear how adherence to the guide-
lines impacts on the course of disease progression in
the long term among the general type 2 diabetes popu-
lation. There is a clear need to better understand this
relationship, using comprehensive and rigorous evalu-
ations on adherence to HbAlc.

In Australia, general practitioners (GPs) play a
central role in type 2 diabetes care,'* and access to
public healthcare including visits to GPs and pathology
testing is generally covered by universal health insur-
ance. A recent study using Australian general practice
data has demonstrated the value of electronic data
to evaluate the quality of care and patient outcomes
in a sample population approximating the Austra-
lian diabetes population.” This population therefore
provides a valuable opportunity to undertake a longi-
tudinal cohort study on type 2 diabetes outcomes in
general practice.

Our objective was to address the gap in evidence on
the impact of HbAlc testing adherence, compared with
the guidelines, on patient outcomes in type 2 diabetes.
The aim of this study was to evaluate associations
between adherence to the guideline-recommended
testing frequencies and patient outcomes using a
5-year longitudinal sample collected from approxi-
mately 250 Australian general practices. In this study,
we examined longitudinal changes in HbAlc values as
the primary outcome to observe disease progression
over time. The secondary patient outcome was the
development of complications such as cardiovascular
disease (ischaemic heart disease (IHD)) and chronic
kidney disease (CKD). IHD and CKD were observed
in this study since they were the most common serious
microvascular and macrovascular complications.'®
We compared the cumulative risk of complications by
adherence to guideline-recommended testing intervals.

METHODS

Study period and population

The study period was § years, from July 2013 to June
2018. Inclusion criteria for patients included the
following: (1) active patients who regularly attended
a general practice during the study period—active

patients were defined, based on the definition from
the Royal Australian College of General Practitioners
(RACGP)," as individuals who had attended the prac-
tices three or more times in the past 2 years at the time
of visit; (2) individuals aged =18 as of 2013 with a
diagnosis of type 2 diabetes at least 1year before the
study period (ie, from July 2012 to July 2013); and
(3) patients with two or more HbAlc tests during the
study period, with at least one performed in the first
year of the study period. Patients with a history of IHD
and CKD before July 2013 were considered to have
possible pre-existing diabetes-related complications
and were thus excluded. In Australia, since patients can
visit different general practices, there was the potential
that some patients could receive diabetes care outside
the catchment practices. To minimise such cases,
patients who had regular visits to GPs with records of
HbATc testing were targeted in this study. At least two
HbATc tests were required for this study to examine
adherence to the recommended testing frequency and
a change in HbA1c value in patients.

Data
Study data included non-identifiable electronic health
records collected from a total of 254 general practices
situated in the state of Victoria, Australia. Outcome
Health, as data custodians, routinely gather the elec-
tronic data from clinical information systems (CIS) in
general practices into the Population Level Analysis
and Reporting (POLAR) Aurora research platform in a
de-identified format.'®

The details of the data extracted from POLAR
are well documented elsewhere.”” Briefly, the data
primarily consisted of patient demographics (age,
gender, year of birth, socioeconomic status (SES),
remoteness of residential location), practice visit (date
of visit, purpose), diagnosis, pathology testing (both
ordered tests and results) and prescription. Pathology
data include not only information on the tests ordered
by GPs but also the results of those tests. In Australia,
as the samples are collected and the results become
available, pathology laboratories send the electronic
results to the CIS of practices who requested the tests.

Patients with type 2 diabetes and complications
of interest were identified using their Systematized
Nomenclature of Medicine-Clinical Terms (SNOMED)
codes in the diagnosis field. The SNOMED codes that
fall into the parental concept of ‘diabetes mellitus
type 2 (disorder)’, ‘acute ischemic heart disease
(disorder)’ and ‘chronic kidney disease (disorder)’ as
per Public Health Information Network Vocabulary
Access and Distribution System?’ were extracted for
this study. Identification of pharmacological treat-
ment for patients with diabetes was derived from the
Anatomical Therapeutic Chemical classification code
in the prescription data. Prescriptions under the group
of A10 were selected as diabetes medication. In this
study, treatment regimen was categorised into three
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groups: insulin (A10-A), oral glucose-lowering agents
only (A10-B) and no medication (ie, no A10 group
prescription records). An insulin group can include
patients using the combined therapy with oral glucose-
lowering agents (oral agents).

Adherence rate and groups

An adherence rate (%) was calculated for each patient
by dividing the number of HbAlc tests performed
within the recommended intervals (n) by the total
number of the conducted tests (N) minus 1 during
the study period and multiplying by 100, that is, (n/
(N—1)x100). As the first test observed during the
study period does not have the preceding test, one test
is subtracted from the total number of observed tests
(N). For instance, if a patient had a total of 8 HbAlc
tests during the study period and 5§ of these were
performed within the recommended time intervals
since the preceding tests, the adherence rate would
be 5/(8—1)x100, thereby 71.4%. As per Australian
clinical guidelines,” '* we considered 6 months (+15
days) as the recommended interval when a previous
HbA1c testing result was at goals of <53 mmol/mol
with a range of 48-58 mmol/mol. The recommended
interval until the next test was considered 3 months
(+15 days), otherwise (ie, above the target range). To
compare patients with different levels of adherence
rate, patients were categorised into three groups based
on the equally spaced range of adherence rates: low
(=33%), moderate (34%—-66%) and high (>66%).

Statistical analyses

The primary outcome of interest was the longitudinal
changes of HbAc levels over 5 years by adherence to the
testing frequency recommended by clinical guidelines.
The secondary outcomes included the association between
adherence levels and the development of IHD and CKD
during the study period. Since adherence and outcomes of
interest in this study had no temporal relationships, this
study did not set out to establish the causal relationships
but to examine the associations.

Two descriptive analyses were carried out as the prelim-
inary evaluation on study patients. The first descriptive
analysis presented the median and interquartile range
(IQR) of adherence rate by patient characteristics and
medication treatment at baseline. Baseline refers to the
time of the first HbAlc test in a patient. The second
descriptive study was an assessment of the sociodemo-
graphic distributions of patients by adherence group.

Based on the descriptive studies, a generalised additive
mixed model (GAMM) with propensity score weighting
was used to evaluate how the primary outcome (ie,
HbAlc levels) in each adherence group had changed
over time. The application of a propensity score method
is to control for sample selection bias in non-randomised
or observational studies.”’ The common techniques
for achieving this include matching, stratification and
weighting.** In this study, the propensity score weighting

for each study patient was estimated based on generalised
boosted models** to adjust for the potential confounders
of the three adherence groups. The variables included
in computing the propensity score weights were deter-
mined by descriptive analyses. Balance diagnostics were
conducted to assess the quality of the estimated weights by
using the absolute standardised mean difference and the
p-value tests.”** After quality assessments, we then built
a GAMM with the estimated propensity score weights
which regressed the HbAlc value on covariates, such
as time to adjust for unknown time-varying effects, and
adherence group (ie, low, moderate or high). Patient socio-
demographic variables selected using a stepwise process
with significance criteria (p<0.05) were also included in
the final model in order to adjust for the associations with
HbA1c values. To ensure selecting the important sociode-
mographic covariates, we iterated the processes of both
backward and forward methods, changing the combi-
nations of variables and assessing the goodness of fit for
models by using the likelihood ratio tests. Additive models
were used in this study due to no a priori linearity assump-
tions between continuous variables (eg, age and time)
and HbAlc levels. A variable for patient was included as
a random effect in GAMM to account for the repeated
HbA ¢ testing per patient.

To examine the association between adherence level and
development of ITHD and CKD during the study period,
the estimated propensity score weighting was similarly
applied in logistic regression models using the quasibino-
mial distribution with robust standard errors (SEs). The
regression models for the secondary outcome included,
in addition to adherence group, the covariates of age
and gender as their linkage with these diseases are well
acknowledged.” ** Other sociodemographic covariates
(eg, SES, remoteness) were included based on the stepwise
process as undertaken for the primary outcome. Since
the frequency of practice visits for HbAlc testing can be
associated with the diagnoses of diseases, the number of
HbAlc tests observed during the study period was also
included as the proxy of visits.

All regression analyses included a variable for a
patient’s treatment regimen to account for the under-
lying severity of the patient’s diabetes condition and
the risk of subsequent complications. To achieve the
target HbAlc, the RACGP guideline® recommends
diabetes management to begin with lifestyle modifica-
tion (eg, exercise and diet) followed by pharmacolog-
ical interventions as the disease progresses. If lifestyle
mediation is not effective enough in controlling hyper-
glycaemia, then oral glucose-lowering medication, such
as metformin, is generally suggested as the first line of
pharmacological therapy.'* The use of insulin is recom-
mended for patients with suboptimal glycaemic control
despite the usage of the maximum doses of oral glucose-
lowering agents."*

All regression analyses results were provided by
group of adherence level (ie, low, moderate and high
adherence groups). All analyses were performed in
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23,052 patients who were aged 218 in
2013 & diagnosed with type 2 diabetes
before July 2012

12,561 patients were removed as

10,491 active patients

they were not active patients
throughout the study period

3,454 patients were removed.
e 2,052 patients had no records
of HbA1c testing

7,037 patients had 22 HbA1c tests
during the study period

e 1,262 patients had only one
HbA1c test

e 140 patients had no HbA1c
tests in the baseline period

613 patients were removed for

the history of IHD or CKD before
study period

6,424 patients were selected as study
patients

Figure 1

R (V.3.4.1) with the twang package® for estimating
propensity score weights.

Sensitivity analysis

Demographic distributions were compared between
patients who were selected and excluded from this study
in order to examine consistency in population characteris-
tics. Another sensitivity analysis was conducted for regres-
sion analyses with different cut-off points for grouping
patients by adherence rate to ensure the consistency of the
results since the cut-off points (low: <33%; moderate:
34%—-66%; and high: >66%) were arbitrarily deter-
mined. The regression analyses without propensity score
weights were also examined to check whether or not the
results differed.

RESULTS

Patient selection

There were a total of 23052 patients who were =18
years old in 2013 and diagnosed with type 2 diabetes
before July 2012 in the original extracted data
(figure 1). Within the identified patients, 10491 had
attended study practices as active patients throughout
the study period. Of these patients, 7037 met the
inclusion criteria of two or more records of HbAlc
tests from July 2013 to June 2018, one of which was
carried out in the first year of the study period. After
a further 613 patients were excluded due to history
of IHD or CKD before the study period, a final data

Flow chart of study population selection. CKD, chronic kidney disease; HbA1c, glycated haemoglobin A1c; IHD, ischaemic heart disease.

set of 6424 patients were identified for the study. The
make-up of population demographics was similar
between the selected and excluded patients (online
supplemental figure S1).

Descriptive analyses

Among the 6424 study patients, the median number of
total HbAlc tests performed during the study period
per patient was 8 times (IQR 6-11 times). The yearly
median was 1.6 tests per patient (IQR 1.2-2.2 tests).
Patient distributions and adherence rate by sociode-
mographic characteristics are provided in table 1. The
majority of patients at baseline were aged =55 (85.9%),
were in middle or higher SES (SES =3, 75.5%),
resided in major cities (80.0%) and were treated
with a pharmacological regimen (72.0%) (table 1).
The overall median adherence rate for patients with
type 2 diabetes was 50% (IQR 25.0%-71.4%). The
median adherence rates showed an increasing trend by
age. The adherence rates were relatively similar when
considering other demographic variables.

The distribution of patient population by adher-
ence level is presented in table 2. There were a total
of 1928, 2411 and 20835 patients in the low, moderate
and high adherence groups, respectively. The median
number of HbAlc tests carried out during the study
period increased with adherence level: 5 times (IQR
4-7) in the low adherence group and 8 (IQR 7-10) and
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Table 1  Patient characteristics at baseline
Adherence rate (%)
Patients (n) Median IQR

Overall 6424 50.0 25.0-71.4
Age

18-44 213 333 0.0-60.0

45-54 690 40.0 20.0-63.4

55-64 1642 50.0 25.0-69.2

65+ 3879 50.0 25.0-75.0
Gender

Female 3014 50.0 25.0-71.4

Male 3410 50.0 25.0-71.4
Socioeconomic status

1 (most disadvantaged) 904 50.0 25.0-70.0

2 670 429 20.0-66.7

3 1438 50.0 25.0-75.0

4 1256 50.0 25.0-71.4

5 (most advantaged) 2156 50.0 25.0-71.4
Remoteness

Major cities 5143 50.0 25.0-71.4

Regional/remote 1281 53.8 28.6-75.0
Medication

Insulin 890 50.0 28.6-72.0

Oral agents only 3734 50.0 25.0-71.4

No medication 1800 50.0 20.0-70.0

11 (IQR 11-13) times in the moderate and high adher-
ence groups. The mean age (low: 65.3; moderate: 66.7;
high: 68.0) and proportion of patients from regional
or remote areas (low: 17.9%; moderate: 19.5%; high:
22.3%) slightly increased as adherence improved. The
lowest proportion of patients who developed compli-
cations during the study period was found in the low
adherence group.

The cumulative incidence of IHD in all adherence
groups was about =20 cases (<1%) (table 2). The
crude odds ratios (ORs) of IHD were 1.5 (95% confi-
dence interval (CI) 0.7 to 3.2) and 1.7 (95% CI 0.8
to 3.5) when the IHD incidence in the low adherence
group was compared with the moderate and high
adherence groups, respectively. The CKD incidence
in the low adherence group (2.0%) was nearly half of
the incidence in the moderate (3.7%) and high (3.8%)
adherence groups. The crude ORs of the CKD cumu-
lative incidence were 1.9 (95% CI 1.3 to 2.8) and 2.0
(95% CI 1.3 to 3.0) when the low adherence group
was compared with the moderate and high adherence
groups, respectively.

Regression analyses

As per the descriptive evaluations, all sociodemo-
graphic variables (ie, age, gender, SES and remoteness)
in addition to the HbA1c value and medication regimen
at baseline were included in computing the propensity
score weight for each patient. Balance diagnostics were
conducted to assess the balance of the covariates after
estimating the weights (online supplemental figures

Table 2 HbA1c testing frequency and patient distributions by
adherence level

Low Moderate High
(n=1928) (n=2411) (n=2085)
HbA1c tests, median (IQR)
Performed during study 5(4-7) 8 (7-10) 11 (11-13)
period
Age at baseline, mean (SD)
Age, year 65.3(11.9) 66.7 (11.1) 68.0(10.6)
Gender, n (%)
Female 920 (47.7) 1103 (45.7) 991 (47.5)
Male 1008 (52.3) 1308 (54.3) 1094 (52.5)
SES at baseline, n (%)
1 (most disadvantaged) 295 (15.3) 342 (14.2) 267 (12.8)
2 236 (12.2) 265 (11.0) 169 (8.1)
3 423 (21.9) 506 (21.0) 509 (24.4)
4 354 (18.4) 499 (20.7) 403 (19.3)
5 (most advantaged) 620(32.2) 799 (33.1) 737 (35.3)
Remoteness at baseline,
n (%)
Major cities 1582 (82.1) 1941 (80.5) 1620 (77.7)
Regional/remote 346 (17.9) 470 (19.5) 465 (22.3)
Medication at baseline,
n (%)
Insulin 246 (12.8) 355(14.7) 289 (13.9)
Oral agents only 1091 (56.6) 1409 (58.4) 1234 (59.2)
No medication 591 (30.7) 647 (26.8) 562 (27.0)
Complications developed
during study period, n (%)
Chronic kidney disease 38(2.0) 89 (3.7) 80(3.8)
Ischaemic heart disease 11(0.6) 21(1.1) 20 (1.0)

HbA1c, glycated haemoglobin A'c; IQR, interquartile range ; SD, standard deviation;
SES, socioeconomic status.

S$2—S3). The estimated weights were then incorpo-
rated into a mixed-effect model. The regression model
included age at the time of testing in addition to treat-
ment regimen at the time of testing, time to adjust
for time-varying effects and adherence group. Other
sociodemographic variables such as gender, SES and
remoteness were also assessed, but not considered in
the model as neither improved model fitness nor were
significant associations with HbA1c detected.

Figure 2 shows the estimated longitudinal change in
HbA1c¢ values by adherence group for each treatment
regimen. Overall, the estimated HbA1c values at the
beginning of the study period were similar across all
three adherence groups; however, the HbAlc values
for patients with low adherence either increased over
time or remained above the target range.

Among patients with no pharmacological interven-
tions, HbAlc values in all adherence groups were at
the lower end of the target range at the beginning of
the study period. The HbA1c values remained low over
Syears for patients with high adherence, whereas the
values gradually increased for patients with low and
moderate adherence. Similar results were observed
in patients taking oral glucose-lowering drugs. The
HbAlc values in patients with low and moderate
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Figure 2 Estimated HbA1c values by adherence and treatment. The dotted lines and yellow bands present the point and range of target HbA1c values
(53 mmol/mol with a range of 48—58 mmol/mol). The coloured lines and shades denote the estimated HbA1c values and 95% confidence intervals,
respectively. Grey shades are observed HbA1c values in patients. HbA1c, glycated haemoglobin Afc.

adherence gradually increased, while HbAlc levels in
the high adherence patients were consistently below
the target level throughout the study period.

For patients on insulin therapy, HbA1c values already
exceeded the target range at the beginning of the study
period. The HbAlc levels in patients with high adher-
ence, however, declined towards the target level in the
first couple of years and remained close to the target
level for the rest of the study period. In contrast, the
blood glucose levels in patients with low adherence did
not change and thus remained above the target range
throughout the study period. The moderate adher-
ence group also exhibited HbAlc levels that hovered
around the upper end of target range.

After adjustment for demographic factors (ie, age
and gender) and the propensity score weights in the
regression analyses, there was a potentially negative
association between adherence to the recommended
HbA1c testing frequency and CKD. While moderate
adherence had no conclusive association with CKD
(OR: 0.46, 95% CI 0.19 to 1.07), patients with high
adherence (OR: 0.42, 95% CI 0.18 to 0.99) showed
significantly less risk of developing CKD when
compared with the low adherence group. The asso-
ciation between adherence and IHD was similarly
assessed but was not identified (online supplemental
table S1).

For sensitivity analyses, regression models with
different cut-off points for adherence groups were
performed. The longitudinal trends in HbAlc values
and diabetes-related complications were consistent
with the main results regardless of changing the cut-
off points. In other sensitivity analyses for regression

analyses without weights, there were slightly greater
differences in HbA1c values between three adherence
groups in the early study period; however, the overall
longitudinal trends did not change. The analysis on
diabetes-related complications without weights also
had consistent results with the main results (online
supplemental table S1 and figure S4).

DISCUSSION

We demonstrated that patients’ HbAlc testing adher-
ence to the guidelines in type 2 diabetes had a striking
and important association with patient outcomes in
Australian general practice. First, we identified the
course of change in HbAlc outcomes by adherence
to the practice guidelines on testing frequency. To
our knowledge, this study was the first to examine in
depth the longitudinal changes of glycaemic control
with testing intervals in patients with type 2 diabetes,
underpinning both the importance of adherence to
guidelines, as well as evidence that supports the guide-
lines” recommendations. Our results illustrated that
HbA1c¢ values in patients with poor adherence gradu-
ally increased over time, or if it reached a level above
the target range it remained uncontrolled. Adequate
adherence to the recommended testing frequency
appeared particularly crucial for patients on insulin
therapy. For patients taking insulin, only when patients
had high adherence HbAlc levels could be controlled
well within the target range. The finding was not
surprising, considering patients on the potent pharma-
cological regimen commonly have marked hypergly-
caemia, which requires close monitoring and care for
control.
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Second, we identified an association between inad-
equate HbAlc testing frequency and higher risk of
CKD. Previously, a 9-year retrospective cohort study
from a tertiary care centre in India had similarly
identified in the descriptive analyses that patients
with irregular HbAlc testing had significantly higher
HbATc values as well as a higher incidence of kidney
disease than patients who regularly performed the
testing biannually."”® The positive association between
regular monitoring testing and better patient diabetes
outcomes can be attributed to various factors, of
which regular patient—clinician interaction is critical.
Regular patient—clinician communication not only
supports the provision of timely care, but can include
informational and emotional support.”’** Emotional
care, such as mutual trust and acceptance from clini-
cians, is particularly linked with open communication
about self-care and thus improves self-care behaviours
in patients.’® In diabetes care, self-care such as exer-
cise, healthy diet, self-monitoring of blood glucose and
adherence to medications is also an essential element
of diabetes management and a significant predictor of
patient outcomes.’’

Our study also identified that the overall adherence
rate was only 50%, with the median testing frequency
of 1.6 tests per year, which is less than the recom-
mended frequency (ie, at least 2 tests yearly). Although
studies examining HbA1c¢ testing frequency in line with
clinical guidelines in patients with type 2 diabetes are
limited, low adherence rate and low testing frequency
in the population have been suggested by some studies.
For example, one 3-year retrospective cohort study
from the USA'? reported only 7% of patients were
fully meeting the testing frequency recommended by
the American guidelines (the same recommendations
as Australian guidelines). Another study on a diabetes
cohort from Luxembourg also reported that more than
half of the population (55%) had no HbAlc tests from
2000 to 2006.°* These findings illustrate the underuse
of HbAlc testing as well as low adherence to the
guidelines’ recommended testing frequency are poten-
tial issues in patients with type 2 diabetes.

There are some limitations to consider in this study,
however. One is that our study population consisted of
patients who regularly visited practices with records of
HbATc testing and with no history of IHD and CKD.
Although the selection of such patients was necessary
to identify patients who were present in the study
practices throughout the study period and to examine
the development of complications over time, it may
have contributed to selection bias in our findings due
to exclusion of patients who were less healthy and
less engaged in monitoring care. However, our sensi-
tivity analysis has shown no obvious differences in the
demographics between patients who were selected
and excluded based on the criteria of regular practice
visits and records of HbAlc testing. In addition, the
existing literature has well documented the association

between good glycaemic control and better self-care
management, including adherence to practice visits for
follow-up.* Given the positive association between
practice visits and glycaemic control, it seems more
reasonable to consider that our findings are conser-
vative estimates. Also, if a patient visited a practice
outside our study boundary as a one-off, those results
may not be captured unless they were asked to be
forwarded to their regular study practice. However,
such cases would be limited since it is less common for
Australian patients, particularly patients aged over 50
(139%-229%), to attend multiple practices.** Thus, it is
less likely that we have missed a substantial amount
of HbAlc tests to the extent of significantly changing
our findings. The other limitation is that the general
practice data did not contain sufficient data that would
allow us to examine mortality and some of the serious
complications that require tertiary or special care.
The number of complications is most likely underesti-
mated considering that the current literature suggests
approximately 19%-35%* and 10%-21%¢ for
CKD and IHD prevalence in patients with diabetes,
while our study identified only 3% and 1% of study
patients developed CKD and IHD, respectively.
Another important limitation is the unavailability of
information in our study due to insufficient quality
of data, such as dose modification of the antidiabetic
medication and patients’ body mass index, weight,
family history, smoking habit and ethnicity. Such data,
however, would have been a critical resource to deter-
mine patients’ disease progression as well as predispo-
sition to complications.

Despite these limitations, there are substantial
strengths in our study that existing research could not
offer. One is the representation of a general diabetes
population. Our study used data collected from about
250 general practices in Australia, where the universal
healthcare system ensures equal access to public health-
care, including visits to GPs for continuity of care for
chronic diseases like diabetes.'* Thus, the use of data
collected from Australian general practices offers us a
great advantage to understand the general characteris-
tics of patients with diabetes and their care." Further-
more, our results reinforce the importance of the use
of clinical guidelines for better diabetic care. Current
guideline recommendations on testing frequency are
largely established by expert opinion,*™* with few
studies rigorously evaluating the clinical impact of the
testing frequency in line with guidelines on patient
outcomes. While this study did not evaluate the causal
relationship between adherence to the recommended
HbAlc testing frequency and patient outcomes, our
findings may be used as supporting evidence for the
effectiveness of guideline-recommended testing inter-
vals as well as the significance of adherence to guide-
lines for better outcomes in patients with type 2
diabetes.
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Overall, our study points to the continuing need
to improve adherence to the guidelines on HbAlc
testing for better patient outcomes. In planning prac-
tical quality improvement interventions, however, it
is important to acknowledge that the mechanisms of
regular monitoring care adherence in type 2 diabetes
are highly complex. The existing literature suggests
patient engagement in monitoring care can be impacted
by patient-centred (eg, health literacy, transportation,
SES) and clinician-centred (eg, gender) factors and
by the relationship between the patient and the clini-
cian.”” 3° ¥ Thus, the key factors for monitoring
care adherence can vary by population and location
due to different environments (eg, healthcare systems,
access to healthcare) and demographics of patients
and clinicians.*® While a multifaceted approach that
integrates both patient and clinician factors is imper-
ative, the design of initiatives may ultimately require
a population-specific investigation to identify the key
factors and drivers of improvements in monitoring
care, including HbAlc testing, in patients with type
2 diabetes.

CONCLUSION

This in-depth study was the first to examine HbAlc
levels in patients with type 2 diabetes longitudinally
in relation to adherence to clinical guidelines. Our
results illustrated the potential link between adher-
ence to testing frequency recommendations and
better glycaemic control and lower risk of subsequent
complications.
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