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ABSTRACT
Objectives This study investigated whether the 
monitoring and control of clinical parameters are better 
among patients with newly compared with past recorded 
diabetes diagnosis.
Design Retrospective cohort study.
Setting MedicineInsight, a national general practice 
database in Australia.
Participants 101 875 ‘regular’ adults aged 18+ years 
with past recorded (2015–2016) and 9236 with newly 
recorded (2017) diabetes diagnosis.
Main outcome measures Two different groups of 
outcomes were assessed in 2018. The first group of 
outcomes was the proportion of patients with clinical 
parameters (ie, glycated haemoglobin A1c (HbA1c), blood 
pressure (BP), total cholesterol, low- density lipoprotein 
cholesterol (LDL- C), high- density lipoprotein cholesterol, 
triglycerides, estimated glomerular filtration rate and 
albumin- to- creatinine ratio) monitored at least once in 
2018. The second group of outcomes were those related 
to diabetes control in 2018 (HbA1c ≤7.0%, (BP) ≤140/90 
mm Hg, total cholesterol <4.0 mmol/L and LDL- C <2.0 
mmol/L). Adjusted ORs (OR

adj) and adjusted probabilities 
(%) were obtained based on logistic regression models 
adjusted for practice variables and patients’ socio- 
demographic and clinical characteristics.
Results The study included 111 111 patients (51.7% 
men; mean age 65.3±15.0 years) with recorded diabetes 
diagnosis (11.0% of all 1 007 714 adults in the database). 
HbA1c was monitored in 39.2% (95% CI 36.9% to 41.6%) 
of patients with newly recorded and 45.2% (95% CI 42.6% 
to 47.8%) with past recorded diabetes (OR

adj 0.78, 95% 
CI 0.73 to 0.82). HbA1c control was achieved by 78.4% 
(95% CI 76.7% to 80.0%) and 54.4% (95% CI 53.4% to 
55.4%) of monitored patients with newly or past recorded 
diabetes, respectively (ORadj 3.11, 95% CI 2.82 to 3.39). 
Less than 20% of patients with newly or past recorded 
diabetes had their HbA1c, BP and total cholesterol levels 
controlled (ORadj 1.08, 95% CI 0.97 to 1.21).
Conclusions The monitoring of clinical parameters was 
lower among patients with newly than past recorded 
diabetes. However, diabetes control was similarly low 
in both groups, with only one in five monitored patients 
achieving control of all clinical parameters.

INTRODUCTION
Diabetes mellitus is a lifelong disease that 
requires regular monitoring and control to 
reduce the risk of diabetes- related compli-
cations.1–5 Microvascular and macrovascular 
complications of uncontrolled diabetes 
(eg, hypertension, dyslipidaemia, chronic 
kidney disease (CKD), cardiovascular disease 
(CVD)) increase the health burden world-
wide.6 Blood glucose control is the most crit-
ical clinical goal of diabetes management, 
but other clinical variables also require 
regular monitoring.3 The Royal Australian 
College of General Practitioners (RACGP) 
guidelines recommend patients with diabetes 
should have their glycated haemoglobin A1c 
(HbA1c), blood pressure (BP) and lipid 
levels evaluated annually to improve manage-
ment and control of these clinical parame-
ters.7 Treatment options may vary depending 
on individual characteristics (eg, age, gender, 
presence of comorbidities)7 8 and the stage of 
diabetes progression (ie, recent or past diag-
nosis, presence of diabetes complications).9

Maintaining optimal levels of diabetes 
control with a combination of drug mono-
therapy and lifestyle changes is often possible 
for several years, after which a combination 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This retrospective cohort used a large sample of pa-
tients attending primary healthcare services across 
all Australian states and territories.

 ⇒ A wide range of socio- demographic and clinical 
variables related to diabetes monitoring and control 
were included for adjustment.

 ⇒ Lifestyle variables were not included for adjustment, 
as they are not consistently recorded in the elec-
tronic medical records.

 ⇒ Patients may have had their diabetes parameters 
monitored somewhere else (eg, different practices 
or by specialists).
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therapy may be necessary. The evaluation and modi-
fication of treatment plans in diabetes hinge on the 
information obtained from close monitoring of clinical 
parameters.10 However, gaps between real- world practice 
and guideline recommendations for diabetes manage-
ment have been reported worldwide.4 11–13 For instance, a 
survey of 305 primary care physicians in the USA showed 
that only 38% of clinicians use guidelines in the manage-
ment of diabetes.11

A systematic review of 123 Australian studies found that 
approximately 50% of patients with diabetes received 
‘standard care’ (ie, assessment of HbA1c, BP, lipids, 
weight, eye health, foot health). Among those assessed, 
40–60% met management targets for HbA1c, BP or lipid 
levels, but the study did not report the proportion that 
had all three parameters under control.13 Most studies 
included in that review used electronic health records 
(EHRs) to investigate diabetes control. However, these 
studies also tended to source data from specialised centres 
rather than primary healthcare settings, and used non- 
representative samples, hindering the generalisability of 
the results at a national level. Additionally, other poten-
tial determinants of diabetes management and control 
(eg, socio- demographic and clinical variables) were not 
widely investigated. Despite these limitations, figures in 
the review were consistent with measured data from the 
Australian Health Survey (AHS) (2011–2012), which 
reported that 54.7% of adults with known diabetes met 
HbA1c targets, 39% met recommended BP levels and 
38% met total cholesterol targets.14

Despite concerns about the completeness and feasi-
bility of using EHR- based primary care databases in 
research, studies conducted in countries such as the 
USA, Canada, the UK, France, Sweden, India and 
Australia have shown EHRs can provide accurate infor-
mation on diabetes prevalence,15–17 management and 
control.13 18–20 EHR- based research can improve diabetes 
management without increasing overall treatment 
costs.21 22 Moreover, EHR databases minimise self- report 
bias by providing information on doctor- reported diag-
noses, objective laboratory results and prescribed medi-
cations.15 16 23

Thus, this study used retrospective data from a national 
general practice database to investigate if (1) the moni-
toring of clinical parameters for diabetes management 
(HbA1c, BP, total cholesterol, low- density lipoprotein 
cholesterol (LDL- C), high- density lipoprotein choles-
terol (HDL- C), triglycerides, estimated glomerular filtra-
tion rate (eGFR), albumin- to- creatinine ratio (ACR)) 
is better among patients with newly than past recorded 
diabetes diagnosis, and (2) the proportion of those 
monitored who achieved diabetes control (ie, HbA1c, 
BP, total cholesterol, LDL- C) is higher in patients with 
newly recorded compared with those with past recorded 
diabetes diagnosis.

METHODS
Data source
We used retrospective data from an open cohort data-
base (MedicineInsight) that includes de- identified EHRs 
from approximately 662 general practices (8.2% of all 
Australian practices) and over 2700 general practitioners 
(GPs) across Australia.23 Details of data extraction and 
database characteristics have been published elsewhere.23 
Although practices in MedicineInsight were selected 
using a non- random process, all Australian states and 
territories, urban and rural settings and socioeconomic 
settings are represented in the database. Diagnostic algo-
rithms used for identifying patients with chronic disease 
using MedicineInsight have been validated, showing 
sensitivity of 89% against the recording of diabetes in the 
original EHR.16

Study sample
This study was reported according to the REporting 
of studies Conducted using Observational Routinely- 
collected Data statement.20 Only data from practices with 
regular data provision (ie, no gap of more than 6 weeks 
in data provision in the previous 2 years) was included. 
The sample was adults (18+ years) who regularly attended 
the practice (ie, those with at least one consultation per 
year between 2015 and 2018) and who had a diagnosis 
of diabetes mellitus (either type 1 or type 2). Data from 
consultations between January 2015 and December 2017 
were used to identify the level of exposure: patients with 
past (ie, diabetes diagnosis recorded in 2015 or 2016) 
or newly recorded diabetes (ie, first diagnosis recorded 
in 2017, but not during appointments in 2015 or 2016). 
The outcome was assessed using data from January to 
December 2018, considering all recordings of clinical 
parameters related to diabetes monitoring and control in 
that year.7

Three fields (‘diagnosis’, ‘reason for encounter’ and 
‘reason for prescription’) were initially searched to iden-
tify patients with recorded diabetes diagnoses. The orig-
inal search was based on the methods for data extraction 
used by MedicineInsight.16 23 It included standard clinical 
terminology, misspellings and abbreviations, and then 
expanded to include prescribed medications and labora-
tory results. Using as much information as possible from 
EHRs (ie, observations, medications, diagnostic informa-
tion) can provide a more accurate picture for identifying 
diabetes.24 Besides, including laboratory results from 
EHRs are associated with higher rates of diabetes ascer-
tainment.25 26

Patients were classified as having past recorded diabetes 
(ie, past diabetes) if between January 2015 and December 
2016: (1) ‘diabetes’ was recorded in two different fields; 
or (2) antidiabetic medications were prescribed (Anatom-
ical Therapeutic Chemical A10A or A10B27; metformin 
was considered only in the absence of polycystic ovary 
syndrome diagnosis); or (3) a diabetes diagnosis was 
recorded only once but there was at least one recorded 
laboratory result (fasting blood glucose, HbA1c or 2- hour 
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oral glucose tolerance test) above the diabetes diagnosis 
threshold within the same time frame.7 Patients were 
classified as having newly recorded diabetes (ie, recent 
diabetes) if: (1) they did not meet the criteria for past 
recorded diabetes (ie, attended the practice in 2015 and 
2016 but diabetes was not recorded) and (2) between 
January 2017 and December 2017 they presented any of 
the three criteria mentioned above for diabetes diagnosis 
(ie, ‘diabetes’ recorded in two fields, antidiabetic medi-
cations were prescribed OR ‘diabetes’ was recorded once 
only but there was at least one abnormal glycaemic result 
recorded in 2017).

Outcomes
The outcome was assessed considering data related 
to diabetes monitoring and control reported between 
January and December 2018. The first group of outcomes 
was the proportion of patients with diabetes who had their 
clinical parameters for diabetes management monitored 
at least once in 2018 (ie, HbA1c, BP, total cholesterol, 
LDL- C, HDL- C, triglycerides, eGFR or ACR).7 These clin-
ical parameters were obtained from the fields ‘observa-
tions’ and ‘laboratory results’ using Logical Observation 
Identifiers Names and Codes.28

According to the RACGP guidelines, patients with 
diabetes should achieve recommended targets for all 
clinical parameters (ie, HbA1c, lipids (total cholesterol, 
HDL- C, LDL- C, non- HDL, triglycerides), BP and urine 
albumin excretion).7 However, three key parameters 
(HbA1c, BP and total cholesterol) can be used to define 
‘well- controlled’ diabetes, since they indicate that patients 
can comprehensively manage their diabetes and reduce 
the risk of complications.12 13 Therefore, the second 
group of outcomes was the proportion of patients that 
achieved in 2018, among those checked, generally recom-
mended targets (HbA1c ≤7.0%, BP ≤140/90 mm Hg and 
total cholesterol <4.0 mmol/L). Considering LDL- C is 
also commonly used to monitor cardiovascular risk,9 we 
performed additional analysis reporting the proportion 
of patients who achieved well- controlled LDL- C (<2.0 
mmol/L). When multiple results were reported in 2018 
for the same parameter and patient, the mean of these 
results was estimated and used for analysis.

‘Well- controlled’ diabetes was then explored using 
two different approaches. First, we analysed each clinical 
parameter as a different outcome: (1) controlled HbA1c, 
(2) controlled BP or (3) controlled total cholesterol or 
LDL- C. Second, based on whether each of these three 
parameters was controlled or not, we created an outcome 
variable with eight categories to explore the most frequent 
combination of parameters that were under control: (1) 
none controlled, (2) HbA1c only, (3) BP only, (4) total 
cholesterol only, (5) HbA1c and BP controlled, (6) 
HbA1c and total cholesterol controlled, (7) BP and total 
cholesterol controlled or (8) all controlled. The same 
combination was analysed considering LDL- C rather than 
total cholesterol and results were reported as supplemen-
tary material.

Covariates
Covariates included a group of socio- demographic and 
cardiovascular risk factors/history of CVD that may 
affect diabetes control.5 29 Practice data included prac-
tice remoteness (major cities, inner regional or outer 
regional/remote/very remote) and practice Index of 
Relative Socio- economic Advantage and Disadvantage 
(IRSAD quintiles). Remoteness and IRSAD were defined 
based on postcodes. Remoteness is determined according 
to the population size and average distance to services, 
while IRSAD is an area- level measure of socioeconomic 
status based on combined indicators (ie, household 
income, education and working status). Higher IRSAD 
scores indicate a more advantaged area.30 Patient vari-
ables included age (18–39, 40–64, 65+), gender (females, 
males), smoking status (smoker, ex- smoker or non- 
smoker), recorded history of hypertension, and recorded 
history of CVD (including heart failure, ischaemic heart 
disease or stroke), dyslipidaemia, CKD, liver disease and 
depressive symptoms during 2015–2017. Details on the 
data extraction methods for these variables have been 
published elsewhere.16 31

Statistical analysis
All analyses were performed in Stata V.16.1 (StataCorp, 
Texas, USA), considering the practices as clusters, using 
robust SEs and conditioned to the number of visits to the 
practice.

The distribution of socio- demographic and clin-
ical characteristics among patients with past or newly 
recorded diabetes were presented as proportions with 
their corresponding 95% CI (categorical variables), or as 
means with their SD or median with their IQR (numerical 
variables).

Logistic regression models were used to assess differ-
ences in diabetes monitoring or diabetes control in 2018 
(binary outcomes: each parameter controlled) between 
patients with past (ie, diagnosis recorded in 2015 or 2016, 
reference group) or newly recorded diabetes (ie, first 
diagnosis recorded in 2017). All results were adjusted 
for differences between these two groups in terms of 
practice characteristics (remoteness, IRSAD quintiles), 
patient socio- demographics (gender, age) or clinical 
characteristics (smoking status, history of hypertension, 
CVD, CKD, dyslipidaemia, liver disease and depressive 
symptoms). We reported adjusted ORs (ORadj) with their 
corresponding 95% CI, following recommendations 
of the American Statistical Association.32 Furthermore, 
results from the adjusted logistic regression models were 
also used to estimate adjusted predicted probabilities (ie, 
adjusted proportions) of the investigated outcomes using 
the command ‘margins’ in Stata.

Multinomial logistic regression models were used to 
compare whether the most frequent combination of 
parameters under control differed between patients with 
past or newly recorded diabetes, using a similar approach 
for adjustment and then obtaining the ORadj and adjusted 
probabilities for each category of the outcome.
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Patient and public involvement
No patient involved.

RESULTS
Population characteristics
The database included 1 007 714 regular patients (at least 
one visit per year between 2015 and 2018) aged 18+ years 
attending 541 practices (figure 1 and table 1). Of these, 
111 111 individuals (11.0%) had recorded diabetes diag-
nosis (51.7% men; mean age 65.3±15.0 years): 101 875 
with past and 9236 with newly recorded diabetes. Table 1 
shows that patients with past recorded diabetes were older 
(mean 65.9±14.6 vs 58.1±17.1 years), and had a higher 
proportion of men (52.4% vs 44.0%), and history of CKD 
(4.7% vs 2.9%) than those with newly recorded diabetes. 
However, diagnosis of hypertension (35.0% vs 36.8%), 
dyslipidaemia (17.6% vs 20.2%) or depressive symptoms 
(18.4% vs 20.9%) was less frequent in patients with past 
recorded diabetes. The distribution according to remote-
ness, IRSAD, smoking status, history of CVD or history of 
liver disease was similar in both groups.

Diabetes monitoring
Table 2 reports the proportion and ORadj of individuals 
who had their clinical parameters monitored in 2018, 
according to whether they had past or newly recorded 
diabetes. The most frequently monitored parameter was 
BP (past diabetes, 84.3% (95% CI 83.3% to 85.3%); newly 
diagnosed diabetes, 81.4% (95% CI 80.0% to 82.8%)). 
The least monitored parameter was ACR (past diabetes, 
17.4% (95% CI 16.8% to 18.0%); newly recorded diabetes, 
13.5% (95% CI 12.6% to 14.3)). Although 45.2% (95% 
CI 42.6% to 47.8%) of those with past diabetes and 39.2% 
(95% CI 36.9% to 41.6%) with newly recorded diabetes 
had their HbA1c levels monitored in 2018 (table 2), an 
additional 15% points in each group (absolute differ-
ence) had their glycaemic parameters checked through 
fasting and/or random glucose levels (online supple-
mental table S1).

Table 2 also shows that ORadj of monitoring of any 
parameter (ie, HbA1c, BP, total cholesterol, HDL- C, 
LDL- C, triglycerides, eGFR or ACR) was lower among 
patients with newly than past recorded diabetes, espe-
cially HbA1c (ORadj 0.78, 95% CI 0.73 to 0.82) and ACR 
(ORadj 0.74, 95% CI 0.69 to 0.79). Online supplemental 

Figure 1 Flowchart of the identification of ‘regular’ adult patients with recorded diabetes and HbA1c control†. †Results are 
shown as absolute numbers from the data set without adjusting or weighting. ‡At least one consultation per year between 
2015 and 2018. §Patients were classified as recorded diabetes when (1) ‘diabetes’ was recorded on two different occasions (as 
a ‘diagnosis’, ‘reason for encounter’ or ‘reason for prescription’), or (2) antidiabetic medications were prescribed (Anatomical 
Therapeutic Chemical A10A or A10B; metformin was considered only in the absence of polycystic ovary syndrome diagnosis), 
or (3) diabetes diagnosis was recorded only once, but there was at least one laboratory result (fasting blood glucose, HbA1c or 
2- hour oral glucose tolerance test) above the diabetes threshold. HbA1c, glycated haemoglobin A1c.
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table S2 presents the ORadj of distribution of patients with 
all three clinical parameters non- tiered (HbA1c, BP and 
total cholesterol) according to socio- demographic and 
clinical characteristics among those with past or newly 
recorded diabetes.

Well-controlled diabetes
Table 3 shows the proportion of patients that achieved clin-
ical goals for diabetes management in 2018 among those 

with available results for each of the three key parameters. 
Patients with newly recorded diabetes had a higher chance 
of having their HbA1c controlled than those with past 
diabetes (ORadj 3.11, 95% CI 2.82 to 3.39). Nevertheless, 
the odds of having diastolic BP (ORadj 0.72, 95% CI 0.63 
to 0.82), total cholesterol (ORadj 0.63, 95% CI 0.57 to 0.69) 
and LDL- C (ORadj 0.58, 95% CI 0.53 to 0.63) controlled 
were lower among those with newly recorded diagnosis 

Table 1 Socio- demographic and clinical profile of regular patients† aged 18+ years in the database

Variables

All adults in MedicineInsight 
(N=1 007 714)

Patients with diabetes

Past recorded diabetes (n=101 
875)

Newly recorded diabetes 
(n=9236)

% (95% CI) % (95% CI)

Practice characteristics

Geographical area of GP

  Major cities 63.8 (59.4 to 68.2) 59.4 (54.6 to 64.2) 62.3 (57.2 to 67.4)

  Inner regional 24.8 (20.6 to 28.9) 27.4 (22.8 to 32.1) 25.0 (20.4 to 29.7)

  Outer regional/remote/very remote 11.4 (8.5 to 14.4) 13.2 (9.8 to 16.5) 12.6 (9.1 to 16.0)

GP IRSAD

  More disadvantaged 33.8 (32.4 to 35.2) 39.2 (34.0 to 44.4) 38.3 (33.0 to 43.7)

  Middle 23.7 (22.4 to 25.1) 25.0 (20.3 to 29.6) 24.6 (19.8 to 29.4)

  More advantaged 43.8 (42.5 to 45.1) 36.6 (32.1 to 41.0) 38.1 (33.5 to 42.8)

Patient’s characteristics

Gender

  Male 40.4 (39.9 to 40.9) 52.4 (51.9 to 53.0) 44.0 (42.7 to 45.4)

Age, mean±SD 54.0±19.1 65.9±14.6 58.1±17.1

Age group (years)

  18–39 26.2 (25.1 to 27.2) 5.8 (5.4 to 6.2) 15.8 (14.6 to 17.1)

  40–64 40.9 (40.4 to 41.4) 34.9 (34.0 to 35.7) 43.0 (41.7 to 44.4)

  65+ 33.0 (31.7 to 34.2) 59.4 (58.2 to 60.5) 41.2 (39.5 to 42.9)

Smoking status

  Smoker 12.0 (11.6 to 12.4) 10.5 (10.1 to 10.8) 10.8 (10.0 to 11.5)

History of hypertension

  Yes 19.0 (18.5 to 19.5) 35.0 (33.9 to 36.2) 36.8 (35.4 to 38.3)

History of CVD

  Yes 5.3 (5.2 to 5.4) 13.2 (12.8 to 13.5) 12.5 (11.7 to 13.3)

History of dyslipidaemia

  Yes 11.0 (10.5 to 11.4) 17.6 (16.7 to 18.6) 20.2 (19.0 to 21.3)

History of CKD

  Yes 1.3 (1.2 to 1.4) 4.7 (4.3 to 5.1) 2.9 (2.5 to 3.4)

History of liver disease

  Yes 0.2 (0.2 to 0.2) 0.5 (0.5 to 0.6) 0.6 (0.5 to 0.8)

History of depressive symptoms

  Yes 20.7 (20.1 to 21.4) 18.4 (17.6 to 19.1) 20.9 (19.9 to 22.0)

Consultations in 2018, median (IQR) 4 (2–8) 7 (4–13) 6 (3–11)

All results were adjusted for differences between these two groups in terms of practice characteristics (remoteness, IRSAD quintiles), patient 
socio- demographics (gender, age) or clinical characteristics (smoking status, history of hypertension, CVD, CKD, dyslipidaemia, liver disease and 
depressive symptoms).
†People had at least one visit per year between 2015 and 2018.
CKD, chronic kidney disease; CVD, cardiovascular diseases, including heart failure, ischaemic heart disease and stroke; GP, general practitioner; 
IRSAD, Index of Relative Socio- economic Advantage and Disadvantage.
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than their peers. Systolic BP control was not different 
across groups.

Table 4 shows the combination of the three key param-
eters that were more frequently controlled in 2018. The 
proportion of individuals that met the three recom-
mended targets was clinically similar, whether they had 
past (17.4%, 95% CI 16.7% to 18.1%) or newly recorded 
diabetes (18.8%, 95% CI 17.2% to 20.3%). Patients with 
newly recorded diabetes were more likely to have their 
HbA1c controlled, either alone (ORadj 1.62, 95% CI 1.40 
to 1.87) or in combination with BP controlled (ORadj 1.64, 
95% CI 1.45 to 1.86) than their peers. In contrast, the 
odds of total cholesterol being controlled (either alone 
or with BP) was ~65% lower among those with newly 
recorded diabetes than their counterpart. Analyses using 
LDL- C rather than total cholesterol showed similar results 
to those presented above (online supplemental table S3).

The association between socio- demographic and clin-
ical variables with the monitoring of the three key param-
eters (HbA1c, BP and total cholesterol or LDL- C) are 
presented as supplementary materials (online supple-
mental tables S4 and S5).

DISCUSSION
General findings
Based on a large retrospective cohort study of the 
national general practice database, three main findings 
can be highlighted. First, less than half of patients with 
diabetes had their HbA1c levels assessed over 12 months, 
and the monitoring of HbA1c or other clinical parame-
ters was less frequent among patients with newly than past 
recorded diabetes. Second, although patients with newly 
recorded diabetes were less likely to be monitored, 8 out 

Table 2 Clinical parameters monitored in 2018 according to whether patients had past (2015–2016) or newly recorded 
diabetes (2017)

Clinical parameters monitored

Past recorded diabetes (n=101 875) Newly recorded diabetes (n=9236)

Adjusted* OR (95% CI)% (95% CI) % (95% CI)

HbA1c 45.2 (42.6 to 47.8) 39.2 (36.9 to 41.6) 0.78 (0.73 to 0.82)

Blood pressure¶ 84.3 (83.3 to 85.3) 81.4 (80.0 to 82.8) 0.81 (0.75 to 0.87)

Total cholesterol 42.3 (39.8 to 44.8) 38.9 (36.4 to 41.4) 0.86 (0.82 to 0.91)

HDL- C 38.0 (35.7 to 40.2) 34.5 (32.2 to 36.7) 0.86 (0.81 to 0.91)

LDL- C 35.8 (33.6 to 37.9) 32.9 (30.5 to 34.8) 0.87 (0.82 to 0.92)

Triglycerides 41.3 (38.9 to 43.7) 37.8 (35.4 to 40.1) 0.86 (0.81 to 0.90)

Any type of kidney function# 26.9 (26.3 to 27.5) 25.5 (24.4 to 26.4) 0.93 (0.88 to 0.98)

eGFR 26.5 (25.9 to 27.1) 25.1 (24.1 to 26.2) 0.93 (0.88 to 0.98)

ACR 17.4 (16.8 to 18.0) 13.5 (12.6 to 14.3) 0.74 (0.69 to 0.79)

Results adjusted for differences between these two groups in terms of practice characteristics (remoteness, IRSAD quintiles), patient socio- 
demographics (gender, age) and CVD risk factors (smoking status, history of hypertension or CVD, CKD, dyslipidaemia, liver disease and depressive 
symptoms using logistic regression models).
*Past recorded diabetes was used as the reference category.
ACR, urine albumin- to- creatinine ratio; CKD, chronic kidney disease; CVD, cardiovascular diseases, including heart failure, ischaemic heart disease 
and stroke; eGFR, Estimated glomerular filtration rate; HbA1c, glycated haemoglobin A1C; HDL- C, high- density lipoprotein cholesterol; IRSAD, Index 
of Relative Socio- economic Advantage and Disadvantage; LDL- C, low- density lipoprotein cholesterol.

Table 3 Clinical parameters controlled in 2018 according to whether patients had past (2015–2016) or newly recorded 
diabetes (2017) among those with available results for the three key parameters (HbA1c, blood pressure and total cholesterol/
LDL- C)

Clinical parameter controlled

Past recorded diabetes n=40 008 Newly recorded diabetes n=2912

Adjusted*†OR (95% CI)% (95% CI) % (95% CI)

HbA1c (≤7.0% or ≤53 mmol/mol) 54.4 (53.4 to 55.4) 78.4 (76.7 to 80.0) 3.11 (2.82 to 3.39)

Systolic blood pressure (≤140 mm Hg) 70.6 (69.5 to 71.6) 71.4 (69.6 to 73.3) 1.04 (0.96 to 1.14)

Diastolic blood pressure (≤90 mm Hg) 94.6 (94.2 to 94.9) 92.8 (91.9 to 93.6) 0.72 (0.63 to 0.82)

Total cholesterol (<4.0 mmol/L) 43.9 (43.0 to 44.9) 33.8 (31.9 to 35.6) 0.63 (0.57 to 0.69)

LDL- C (<2.0 mmol/L) 47.1 (46.1 to 48.1) 34.7 (32.7 to 36.6) 0.58 (0.53 to 0.63)

Results adjusted for differences between these two groups in terms of practice characteristics (remoteness, IRSAD quintiles), patient 
sociodemographics (gender, age) and CVD risk factors (smoking status, history of hypertension or CVD, CKD, dyslipidaemia, liver disease and 
depressive symptoms using logistic regression models).
*Past recorded diabetes was used as the reference category.
CKD, chronic kidney disease; CVD, cardiovascular diseases, including heart failure, ischaemic heart disease and stroke; HbA1c, glycated 
haemoglobin A1c; IRSAD, Index of Relative Socio- economic Advantage and Disadvantage ; LDL- C, low- density lipoprotein cholesterol.
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of 10 of these patients achieved HbA1c control. Third, in 
general, less than 20% of patients with diabetes who were 
monitored in 2018 had their HbA1c, BP and total choles-
terol within targeted levels considered well- controlled.

Comparison with literature
Current Australian guidelines recommend annual 
monitoring of clinical parameters for all patients with 
diabetes.7 Nonetheless, we found that only 45.2% of 
those with past diabetes and 39.4% of those with newly 
recorded diabetes had their HbA1c levels monitored in 
2018. Our results are consistent with the ‘Rule of Halves’ 
discussed in an Australian review, showing that half of 
patients with diabetes receive appropriate diabetes moni-
toring.13 On the other hand, another recent Australian 
retrospective study not included in that review and using 
EHRs from patients attending 50 practices in the inner 
eastern region of Melbourne (MAGNET database, period 
2009–2014) found a higher proportion of monitoring. 
Findings showed that 66.5% of patients aged 65+ years 
with type 2 diabetes had their HbA1c checked within the 
last 2 years.33 However, it is important to note that the 
population in that study was older, probably triggering a 
more frequent monitoring.

Among other clinical parameters, BP was the most 
frequently monitored regardless of having past (84.3%) 
or newly recorded diabetes (81.4%). In fact, having a 
newly recorded diagnosis of diabetes does not seem to 
affect BP monitoring in comparison with the general 
population, as a population- based study in South Australia 
found that 81.8% of individuals without diabetes, hyper-
tension or CVD had their BP measured by a GP in the last 
12 months.34

People with past recorded diabetes had a slightly 
higher proportion of kidney function monitoring than 
newly recorded diabetes. However, it is concerning that 

only one in four patients had these results reported in 
the last 12 months, even among those with past diabetes, 
considering that diabetes is one of the most important 
causes of CKD and annual kidney health checks (eGFR 
and urine ACR) are strongly recommended for patients 
living with diabetes.35

It is also concerning that a history of smoking or CVD 
did not affect the monitoring of the three main parame-
ters (HbA1c, BP and total cholesterol) in any of the groups 
(past or newly recorded diabetes). These health condi-
tions contribute to absolute CVD risk, diabetes- related 
comorbidities and, consequently, mortality.3 However, it 
is plausible that healthcare professionals have monitored 
these patients in other settings, such as smoking cessation 
programmes or CVD secondary prevention7 36 that would 
not be captured by our study.

Although patients with newly recorded diabetes were 
less likely to have their HbA1c monitored, 8 out of 10 
of those monitored achieved HbA1c control. Patients 
with newly recorded diabetes were, on average, 8 years 
younger than those with past diabetes, which suggests 
their condition was at an earlier stage when complica-
tions are less frequent and diabetes control is more likely 
to be achieved with first- line medications.2 3 Additionally, 
medication adherence among patients with newly diag-
nosed diabetes can be as high as 65% then reduce over 
time, which, in turn, has been found to impact diabetes 
control.37 A previous study using the MedicineInsight 
database showed that greater regularity and continuity of 
care was associated with an increased likelihood of HbA1c 
monitoring, but it did not influence HbA1c control 
among patients with diabetes.38 Our results differ substan-
tially from the findings of a longitudinal study carried out 
with newly diagnosed patients (within 6 months before 
screening) from 81 hospitals in China.39 The investigation 

Table 4 Combination of clinical parameters controlled in 2018 according to whether patients had past (2015–2016) or 
newly recorded diabetes (2017) among those with available results for all three parameters (HbA1c, blood pressure and total 
cholesterol)

Parameter(s) controlled

Past recorded diabetes (n=40 008) Newly recorded diabetes (n=2912)

Adjusted* OR (95% CI)n % (95% CI) n % (95% CI)

None controlled 3521 8.8 (8.3 to 9.3) 149 5.1 (4.3 to 5.9) 0.54 (0.45 to 0.66)

Only HbA1c 3961 9.9 (9.4 to 10.4) 492 16.9 (15.4 to 18.3) 1.62 (1.40 to 1.87)

Only BP 6761 16.9 (16.3 to 17.5) 259 8.9 (7.9 to 9.9) 0.49 (0.42 to 0.57)

Only total cholesterol 2360 5.9 (5.5 to 6.2) 61 2.1 (1.6 to 2.6) 0.33 (0.25 to 0.43)

HbA1c and BP 8202 20.5 (19.8 to 21.1) 1031 35.4 (33.5 to 37.3) 1.64 (1.45 to 1.86)

HbA1c and total cholesterol 2641 6.6 (6.2 to 7.0) 210 7.2 (6.1 to 8.4) 1.02 (0.84 to 1.24)

BP and total cholesterol 5601 14.0 (13.6 to 14.5) 163 5.6 (4.7 to 6.5) 0.37 (0.30 to 0.45)

All controlled 6961 17.4 (16.7 to 18.1) 547 18.8 (17.2 to 20.3) 1.08 (0.97 to 1.21)

†Past recorded diabetes was used as the reference category. Results adjusted for differences between these two groups in terms of practice 
characteristics (remoteness, IRSAD quintiles), patient socio- demographics (gender, age) and CVD risk factors (smoking status, history of 
hypertension or CVD, CKD, dyslipidaemia, liver disease and depressive symptoms using multinomial logistic regression models).
*Past recorded diabetes was used as the reference category.
BP, blood pressure; CKD, chronic kidney disease; CVD, cardiovascular diseases, including heart failure, ischaemic heart disease and stroke; HbA1c, 
glycated haemoglobin; IRSAD, Index of Relative Socio- economic Advantage and Disadvantage.
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found only 36.8% of HbA1c control (HbA1c <7%),39 
but it is important to consider the different settings 
and patients characteristics in each study, as patients in 
hospital or specialised centres tend to need extra care 
or have a deteriorated health condition. Nonetheless, 
the possibility of information bias introduced by the less 
frequent HbA1c monitoring among those with newly 
recorded diabetes in our study cannot be discounted as 
an alternative explanation.

Despite the known effect of behavioural aspects40 such 
as denial or anxiety in the patient’s ability to monitor 
and manage their HbA1c when diabetes is diagnosed, 
according to our results, the management tends to weaken 
years after the diagnosis. The literature indicates that it 
happens due to the distress of living with diabetes and the 
high level of self- care needed to manage blood glucose, 
but also the lack of appropriate support or patient will-
power over time.1 40–43 In our study, 54.4% of patients 
with past recorded diabetes achieved HbA1c control, 
very similar to results from the AHS (2011–2012), which 
reported 54.7% of control (HbA1c ≤7.0%) among adults 
with known diabetes.14 Results from the MAGNET data-
base, 2009–2014, found that among patients monitored 
for HbA1c, 42.4% achieved control (ie, levels ≤7.0% in 
the most recent laboratory result).33

On the other hand, control of other clinical param-
eters in our study was better among patients with past 
than those with newly recorded diabetes. This could be 
related to the fact that patients with past diabetes were 
older (almost 60% were 65+ years compared with 41% 
among newly recorded diabetes), and older patients were 
at least twice more likely to achieve diabetes control than 
younger patients (online supplemental table S4). Results 
from the AHS (2011–2012)14 also found that the propor-
tion of patients with well- controlled diabetes increased 
with age. The reason might be that older patients visit 
their GP more frequently, allowing more opportunities to 
have disease management monitored.

Our findings showed that among patients who had the 
three key parameters monitored (HbA1c, BP and total 
cholesterol or LDL- C), only one in five achieved targeted 
goals for the three parameters. A British EHR- based 
study indicated that despite optimal control of different 
CVD risk factors (HbA1c, systolic- BP, total cholesterol, 
triglycerides, smoking), patients with diabetes still had a 
21% higher CVD risk than those without diabetes, rein-
forcing the need to monitor and control these param-
eters.44 Patients with a history of CVD were more likely 
to achieve well- controlled parameters, especially when 
they had newly recorded diabetes diagnosis. This finding 
might be related to the co- administration of antihyper-
tensive and lipid- lowering therapy among patients with a 
history of CVD to reduce the risk of new CVD events.45 
Moreover, the fear of own mortality increases the chances 
of compliance to medication in the short- term. Besides, 
this may be because patients with history of CVD were 
given more intensive treatments or combined use of anti-
diabetic medications.46 Discrepancies between patients 

with past or newly recorded diabetes diagnosis could 
result from prevalence- incidence bias, and prospective 
studies would be necessary to elucidate these findings.

Strengths and limitations
The study has significant strengths, such as the use of 
a large sample of patients attending primary health-
care services across all Australian states and territories. 
Furthermore, we explored socio- demographic and clin-
ical variables related to diabetes monitoring and control 
that were not included in the most recent Australian 
studies on the same topic. Nonetheless, some other rele-
vant covariates (eg, diet and exercise) were not explored, 
as they are not consistently recorded in EHRs, or are 
recorded in the progress notes which cannot be extracted 
because of confidentiality issues. This is a common limita-
tion of EHR- based studies, as data from progress notes 
may affect completeness of information used for analysis. 
Additionally, patients may have had their diabetes param-
eters monitored somewhere else (eg, different practices 
or specialists). To minimise the effect of this, we used 
different fields to identify laboratory results that were 
not requested and automatically reported to the practice 
by the laboratories. Despite using widely accepted target 
levels for the clinical parameters investigated, they may be 
adjusted and tailored to individual characteristics, which 
may not be feasible to differentiate in large epidemiolog-
ical studies. Finally, prevalence- incidence bias may have 
affected some of the investigated associations (eg, history 
of CVD and hypertension) among patients with past or 
newly recorded diabetes.

CONCLUSION
In Australia, monitoring and achieving clinical targets 
for diabetes management appears to be suboptimal. 
Consistent with previous research, we found half of the 
patients with diabetes had a record of their glycaemic 
levels being checked over 12 months. However, 80% of 
all those monitored did not achieve all targets of HbA1c, 
BP and total cholesterol recommended by the RACGP 
guidelines, regardless of the time of diabetes diagnosis. 
Multicomponent interventions for early detection and 
management of risk factors and complications, intensive 
glycaemic control and education on self- monitoring of 
blood glucose in persons with newly diagnosed diabetes, 
monitoring diabetes distress as part of routine care since 
the initial diagnosis, statin therapy for secondary CVD 
prevention and intensive hypertension control with ACE 
inhibitors or angiotensin receptor blockers to prevent 
end- stage renal disease are some of the cost- effective 
strategies highlighted in the literature that could be 
incorporated and emphasised in standard diabetes care 
programmes.40 42 43 47 48 Further studies are necessary to 
examine whether systematic implementation of these 
strategies in Australian primary healthcare settings, in 
addition to the continuous promotion of behaviour 
changes through clear and engaged communication 
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within health professionals and patients, can optimise 
diabetes management in line with guidelines.

Twitter Mingyue Zheng @Mingyue Zheng
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