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Aims. To investigate the epidemiology of diabetes diagnosis and screening in Australian general practice. Methods. Cross-sectional
study using electronic health records of 1,522,622 patients aged 18+ years attending 544 Australian general practices
(MedicineInsight database). The prevalence of diagnosed diabetes and diabetes screening was explored using all recorded
diagnoses, laboratory results, and prescriptions between 2016 and 2018. Their relationship with patient sociodemographic and
clinical characteristics was also investigated. Results. Overall, 7.5% (95% CI 7.3, 7.8) of adults had diabetes diagnosis, 0.7%
(95% CI 0.6, 0.7) prediabetes, and 0.3% (95% CI 0.3, 0.3) unrecorded diabetes/prediabetes (elevated glucose levels without a
recorded diagnosis). Patients with unrecorded diabetes/prediabetes had clinical characteristics similar to those with recorded
diabetes, except for a lower prevalence of overweight/obesity (55.5% and 69.9%, respectively). Dyslipidaemia was 1.8 times
higher (36.2% vs. 19.7%), and hypertension was 15% more likely (38.6% vs. 33.8%) among patients with prediabetes than with
diabetes. Diabetes screening (last three years) among people at high risk of diabetes was 55.2% (95% CI 52.7, 57.7), with lower
rates among young or elderly males. Conclusions. Unrecorded diabetes/prediabetes is infrequent in Australian general practice,
but prediabetes diagnosis was also lower than expected. Diabetes screening among high-risk individuals can be improved,
especially in men, to enhance earlier diabetes diagnosis and management.

1. Introduction

Diabetes mellitus is a major global health problem and one
of the fastest-growing chronic conditions [1]. In Australia,
the age-standardised ratio of self-reported diabetes has
increased from 3.3% in 2001 to 4.4% in 2017-2018 [2]. How-
ever, diabetes is not always medically diagnosed. Globally, it
is estimated that one in two people living with diabetes is
unaware of their condition [3]. Several nationwide studies
have investigated the actual magnitude of undiagnosed dia-
betes, either using electronic health records (EHRs) [4] or
through laboratory tests used as part of national surveys

[5-7]. The prevalence of unreported diabetes in the United
States (US) was estimated at 0.9% in 1988-1994 and 1.2%
in 2011-2014 [5], while a French national study found a
prevalence of 1.7% in 2014-2016 [7].

Moreover, prediabetes (a condition where the glycaemic
parameters are above normal but below the threshold for dia-
betes [8]) increases the burden of diabetes, with a conversion
rate to diabetes of 5%-10% per year [9]. Globally, the estimated
prevalence of prediabetes was 7.5% in 2019 (~374 million peo-
ple) and is projected to reach 8.6% (~548 million people) by
2045 [3]. In Australia, prediabetes affects 3.1% of adults [10].
Undiagnosed prediabetes is an additional concern, as these
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individuals are at a higher risk of complications, including
chronic kidney disease (CKD), diabetic retinopathy, and mac-
rovascular disease [11].

Therefore, early detection of prediabetes and diabetes is
crucial for appropriate management and prevention of disease
progression [12, 13]. According to the Australian Guidelines
for Preventive Activities in General Practice [14], regular
(within three years) diabetes screening is recommended for
those with a clinical history of gestational diabetes mellitus
or polycystic ovary syndrome (PCOS) and those treated with
antipsychotics or at higher risk of cardiovascular disease
(CVD). Screening among these individuals should be per-
formed regularly, either through fasting blood glucose (FBG)
or haemoglobin Alc (HbAlc) tests [14-17]. Beyond these
groups, noninvasive and straightforward tools such as the
Australian Type 2 Diabetes Risk (AUSDRISK) Assessment
Tool questionnaire have been developed to identify other indi-
viduals at risk of diabetes who require further assessment [11,
18, 19]. For example, the AUSDRISK is a questionnaire that
scores the probability of a person developing diabetes mellitus
within five years or with undiagnosed diabetes [20]. People
with a score > 12 points should then have their blood glucose
levels tested [14].

Diabetes screening in a primary care setting is widely
recommended, considering that more than 83% of the pop-
ulation use these services every year [21], making it an ideal
environment for early diabetes diagnosis and management.
Despite this, population-based national studies or data on
whether diabetes screening activities are being performed
in primary care following current recommendations are
scarce [18]. In this sense, EHRs generated by general practi-
tioners (GPs) during medical appointments represent a
unique data source for investigating the prevalence of diabe-
tes and prediabetes diagnoses, screening activities, and man-
agement of these conditions. In addition, data extracted
from EHR databases has been found a cost-effective method
for exploring different health outcomes with appropriate
accuracy [4, 22-25].

In Australia, EHRs have been used in the last decade to
estimate the burden of various chronic conditions, but only a
few have focused on diabetes [24, 26-30]. Data from the Bet-
tering the Evaluation and Care of Health program (BEACH),
a national study of general practice activity that included
GP-reported data (Nov/2012 to Mar/2016), showed a preva-
lence of type 2 diabetes of 9.6% among adults [31]. In Victoria,
the Outcome Health’s Population Level Analysis & Reporting
(POLAR) used recorded pathology results to explore the prev-
alence of type 2 diabetes among adults (4.9%), showing results
comparable to Australian population-based estimates (5.2%)
and with a similar distribution according to sociodemographic
characteristics [24]. Finally, Medicinelnsight, a large general
practice Australian database, has been used to explore diabetes
mellitus, prescriptions, and associated comorbidities [26, 27,
29]. However, none of these studies investigated prediabetes,
the magnitude of undiagnosed diabetes/prediabetes, or diabe-
tes screening at a national level.

Therefore, this study is aimed at (1) identifying the prev-
alence of recorded or unrecorded diabetes and prediabetes
among adults in Australian general practice, (2) comparing
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these groups according to sociodemographic and clinical
characteristics, and (3) assessing if diabetes screening was
more likely among people at high risk of diabetes.

2. Material and Methods

2.1. Data Source. This is a cross-sectional study using Medici-
nelnsight, a large national general practice database managed
by NPS MedicineWise. The database contains deidentified
EHRs from more than 650 general practices (8.2% of all prac-
tices in the country) and over 2,700 GPs from all Australian
states and regions. This ongoing longitudinal database
includes practices varying in size, billing methods, and type
of services [32]. Details of the data collection process and char-
acteristics of the database have been published elsewhere [33].

Routinely collected data available in Medicinelnsight
include sociodemographic (i.e., gender, year of birth, and
postcode of residence) and clinical data (i.e., diagnoses, rea-
sons for consultation, and smoking status), prescribed med-
ications and reasons for these prescriptions, laboratory/
pathology test results (e.g., blood glucose levels and lipid
profile), and clinical measurements (e.g., blood pressure,
weight, and height).

2.2. Study Population. Following recommendations for
improving data quality [23, 34, 35], only data from practices
established at least two years before the end of the analysis
period and without interruptions in data greater than six
weeks was included in the study. Moreover, analysis was
restricted to adults (18+ years) considered “regular” patients
(at least three consultations in any two consecutive years
(i.e., “active” patient, as defined by the Royal Australian Col-
lege of General Practitioners to identify frequent users of the
service and for reporting purposes) [36] and at least one
consultation in each of these two years) and attending a
Medicinelnsight general practice between Jan/2016 and
Dec/2018. Our definition of “regular” patients takes into
account recommendations for improving diagnosis accuracy
when using EHR and the specificities of diabetes diagnosis
that requires multiple encounters to request the tests and
discuss diagnosis/management with the patient [23, 34,
35]. Administrative contacts (e.g., “email,” “reminder,” “let-
ter,” and “filling forms”) were excluded as encounters.

2.3. Data Extraction. Different fields in Medicinelnsight (i.e.,
“diagnosis,” “reason for encounter,” and “reason for prescrip-
tion”) were searched to identify patients with a recorded diag-
nosis of diabetes mellitus (either type 1 or type 2) or
prediabetes (also recorded as impaired glucose tolerance or
impaired fasting glucose), using standard clinical terminology,
abbreviations, and misspellings of these words. The algorithm
for data extraction also identified all prescriptions of insulin
(Anatomical Therapeutic Chemical Classification (ATC) code
A10A) and/or oral antidiabetic medications (ATC code A10B:
metformin, glibenclamide, gliclazide, glimepiride, glipizide,
acarbose, pioglitazone, alogliptin, linagliptin, saxagliptin, sita-
gliptin, vildagliptin, dulaglutide, exenatide, dapagliflozin,
empagliflozin, and ertugliflozin) during the study period.
FBG (mmol/L), random blood glucose (mmol/L), HbAlc
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(mmol/L or %) and 2-hour oral glucose tolerance test (OGTT)
(mmol/L), and date of these tests were obtained from all
recorded laboratory results using Logical Observation Identi-
fiers Names and Codes [32]. The use of medications and lab-
oratory results combined with recorded diabetes diagnosis
improves the data quality and accuracy of estimates based
on EHRs [23].

Patients were considered as having diabetes when (1) dia-
betes diagnosis was recorded (“diagnosis,” “reason for encoun-
ter,” and “reason for prescription”) on two different occasions
between 2016 and 2018, or (2) a patient was prescribed antidi-
abetic medication (ATC A10A or A10B, metformin consid-
ered only in the absence of PCOS diagnosis), or (3) diabetes
diagnosis was recorded only once but the patient had in the
preceding 24 months at least one laboratory result (FBG,
HbAlc, or OGTT) above the threshold for diabetes diagnosis
[14] (Supplementary Table 1). A similar approach was used to
identify patients with prediabetes, considering a combination
of (1) two records of prediabetes diagnosis or (2) only one
record plus metformin prescription (ie., in the absence of
PCOS or diabetes diagnosis) or laboratory results consistent
with impaired glucose levels. Patients with at least two
laboratory results above recommended thresholds (either
FBG or HbAlc) and/or a positive OGTT, but without any
record of diabetes or prediabetes diagnosis or any prescribed
antidiabetic medication were classified as “unrecorded”
diabetes or “unrecorded” prediabetes. When only one
abnormal FBG or HbA1c laboratory result was recorded, but
not diabetes/prediabetes diagnosis was recorded or
antidiabetic medication prescribed, patients were classified as
“insuflicient data” (Figure 1 and Supplementary Table 1).

Additional data extracted from the dataset included risk
factors for diabetes (age 40+ years and overweight/obesity,
AUSDRISK score >12 points, clinical history of CVD
(including ischaemic heart disease and stroke), gestational
diabetes, PCOS, or current use of antipsychotics (ATC
NO5A; 2018 only)) and other clinical conditions related to
diabetes or prediabetes (hypertension, dyslipidaemia, CKD,
atrial fibrillation, and heart failure) [14]. Data extraction
was performed based on algorithms used in previous studies
[25, 30, 33]. Overweight/obesity diagnosis used records of
these terms as a “diagnosis,” “reason for encounter,” or “rea-
son for prescription,” and body mass index data (i.e.,
>25.0 kg/m?) recorded in the same fields or as a clinical mea-
sure in the “observation” field. The AUSDRISK score among
patients without recorded diabetes diagnosis was calculated
based on six of the 13 recommended variables: age, gender,
Aboriginal status, smoking status, the antecedent of high
blood glucose (i.e., FBG levels), and the prescription of anti-
hypertensive medications (Supplementary Table 2) [20].
Vegetable or fruit intake, physical activity levels, a family
history of diabetes, or waist circumference values were not
used to estimate the AUSDRISK score as they are not
consistently recorded in Medicinelnsight [33]. Data
extraction algorithms used in this study are available under
request.

2.4. Outcomes and Covariates. The first investigated outcome
was the prevalence of recorded diabetes, recorded prediabetes,

and unrecorded diabetes/prediabetes, presented as a propor-
tion of “regular” adult patients in the database. The second
outcome was the prevalence of recorded diabetes screening
(i.e., at least one laboratory result of any blood glucose test
recorded between 2016 and 2018) among patients at high risk
of diabetes (i.e., patients without a diabetes diagnosis, but with
some of the conditions listed above, including prediabetes).
Current guidelines recommend that individuals at high risk
of diabetes should have their glucose levels checked at least
every three years (every 12 months for prediabetes), preferably
by testing FBG or HbA1c [14]. Diabetes screening was defined
as having at least one recorded blood glucose test result (FBG,
HbA1lc, random levels, OGTT, or finger-prick test), irrespec-
tive of the reported value.

Covariates included patient data (gender (male and
female), age (categorised as 18-29, 30-39, 40-49, 50-59, 60-
69, 70-79, 80-89, and 90+ years), comorbidities, and median
number of consultations) and practice data (practice remote-
ness (major cities, inner regional, or outer regional/remote)
and Index of Relative Socioeconomic Advantage and Disad-
vantage (IRSAD, in quintiles)). IRSAD is a macroeconomic
indicator of socioeconomic status based on postcodes and
generated by the Australian Bureau of Statistics based on a
range of census variables [37]. A higher IRSAD score indicates
the practice is located in a more advantaged area. The investi-
gated comorbidities included overweight/obesity, hyperten-
sion, dyslipidaemia, CKD, ischaemic heart disease, atrial
fibrillation, heart failure, and stroke [14].

2.5. Statistical Analyses. All analyses were conducted in Stata
MP 16.1 (StataCorp, Texas, USA), with the practice as a
cluster, using robust standard errors and conditioned to
the number of visits to the practice. The sociodemographic
profile of those with unrecorded prediabetes/diabetes was
compared to those with recorded diabetes or recorded predi-
abetes using Chi-square test. The same procedure was used
to compare the prevalence of risk factors (i.e., overweight/
obesity, hypertension, dyslipidaemia, and CKD) and coexist-
ing CVD (i.e., ischaemic heart disease, atrial fibrillation,
heart failure, and stroke) among those with recorded or
unrecorded diabetes/prediabetes. The results were presented
graphically with the corresponding 95% confidence intervals
(95% CI).

The prevalence of diabetes screening among those at
high risk of diabetes was estimated overall (at least one of
these risk factors) and for each risk factor. Furthermore, to
assess how screening was performed over the lifespan, the
prevalence of diabetes screening according to age and gender
was presented graphically, separately for those at high-risk
(i.e., at least one risk factor) or not at high risk of diabetes.
Differences in diabetes screening according to age, gender,
and risk status were assessed using Chi-square tests.

This study followed the REporting of studies Conducted
using Observational Routinely-collected health Data
(RECORD) statement [35]. The independent Medicineln-
sight Data Governance Committee approved the study (pro-
tocol 2016-007). The Human Research Ethics Committee of
the University of Adelaide exempted the study of an ethical
review as it used only existing and nonidentifiable data.
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No reporting of Suspected diabetes or Recorded diabetes
diabetes ®) prediabetes (©) or prediabetes (4)
(n=1,387,857) (n=7,103) (n =127, 662)
91.1% 0.5% 8.4%
Tested, no | No test result | | Unrecorded | Unrecorded | Insufficient Type 1 or | Prediabetes | Gestational
diabetes or recorded diabetes prediabetes data (f) type 2 diabetes diabetes
prediabetes (¢)
(n=532,805) |(n=855,052) (n=995) (n=2,974) | (n=3,134) (n=114, 819) |(n =10, 078)| (n =2, 765)
35.0% 56.2% 0.06% 0.2% 0.2% 7.5% 0.7% 0.2%

F1GURE 1: Flowchart of the distribution of patients included in the study, their screening status, and diagnosis of diabetes or prediabetes in
Australian general practice. Medicinelnsight, 2016-2018. (a) At least three consultations in two consecutive years and at least one in each
year. (b) No recording of diabetes, either as a diagnosis, reason for encounter, reason for prescription, or receiving an antidiabetic
medication over the three-year period. (c) One or more positive laboratory results for diabetes or prediabetes (details in Supplementary
Table 1) but no recorded diagnosis of diabetes or prediabetes or prescription of antidiabetic medication. (d) Diagnosis (diabetes,
prediabetes, and gestational diabetes) recorded in at least two different occasions either as a diagnosis, reason for encounter, reason for
prescription, or patient was prescribed antidiabetic medication, or the diagnosis was recorded only once but the patient had a positive
laboratory result consistent with diabetes or prediabetes. (e) At least one laboratory test recorded, all results negative for diabetes or
prediabetes. (f) Only one positive blood test for diabetes or prediabetes recorded, but no recorded diagnosis or prescription for diabetes/

prediabetes.

3. Results

The sample included 1,522,622 “regular” patients aged 18+
years (41.9% males, mean age 49.8 +19.1 years) attending
544 general practices (Figure 1 and Table 1). The prevalence
of recorded diabetes was 7.5% (95% CI 7.3, 7.8), recorded
prediabetes 0.7% (95% CI 0.6, 0.7), and unrecorded diabe-
tes/prediabetes 0.3% (95% CI 0.3, 0.3). Supplementary
Figures 1 and 2 show the prevalence of these outcomes
according to sociodemographic characteristics.

Table 1 shows that the median number of consultations
was lower among those with recorded prediabetes than in
the other two groups. The mean age of patients with unre-
corded diabetes/prediabetes (68.5 +13.3 years) was higher
than those with recorded diabetes (63.5+ 15.6 years) or
recorded prediabetes (60.3 + 13.4 years). Still, the distribu-
tion according to gender, practice remoteness, and practice
IRSAD quintile was similar. Supplementary Table 3
presents further details on these comparisons (i.e.,
proportions with the corresponding 95% CI).

Figure 2 shows the prevalence of risk factors for CVD
(Figure 2(a)) or established CVD (Figure 2(b)) according

to diabetes/prediabetes diagnosis status. Overweight/obesity
was the most prevalent risk factor, affecting 69.9% of
patients with diabetes, 63.8% of those with prediabetes, and
55.5% of those with unrecorded diabetes/prediabetes. Dysli-
pidaemia was around twice higher (36.2% vs. 19.7%), and
hypertension was 15% more likely (38.6% vs. 33.8%) among
patients with prediabetes than with diabetes. In contrast, all
cardiovascular conditions were less frequent among those
with recorded prediabetes. Except for the lower prevalence
of overweight/obesity, patients with unrecorded diabetes/
prediabetes had a similar clinical profile to those with
recorded diabetes.

Table 2 presents the results for diabetes screening among
patients with no diabetes diagnosis. The prevalence of diabetes
screening was 71% more likely among those with at least one
risk factor for diabetes (55.2%, 95% CI 52.7, 57.7) than those
not at high risk of diabetes (32.3%, 95% CI 30.5, 34.1). In addi-
tion, diabetes screening was slightly higher among those with a
higher AUSDRISK score (61.3%), CVD (57.1%), or aged 40+
years and overweight/obese (56.6%). The lowest prevalence
of diabetes screening was for those treated with antipsychotic
(27.0%) or with prediabetes diagnosis (45.5%).
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TaBLE 1: Sociodemographic profile of the study population (regular patients aged 18+ years) according to diabetes diagnosis status (2016-

2018).
Characteristics All patients, aged 18+ Recorded Recorded Unrecorded diabetes/
years (%) diabetes (%) prediabetes (%) prediabetes (%)
Iljl::i?ab;r(?é;(;nsultatlons in 2018, 32.7) 7 (3_13)b** 5 (3-10)°** 7 (3-12)
Age, mean + SD 49.8£19.1 63.5 + 15.6°** 60.3 £ 13.4°** 68.5+13.3
Gender: males 419 52.2 54.8 53.7
Age group
18-29 17.9 3.1 1.5 0.5
30-39 17.1 5.6+ 6.2%* 2.8
40-49 16.1 9.70% 13.65* 5.4
50-59 16.0 17.1°+* 23.8%* 14.0
60-69 15.1 25.6™ 29.4 27.5
70-79 11.2 24.8%* 19.5* 29.6
80-89 5.5 12.4b%* 5.65%* 17.1
90+ 1.1 1.7%% 0.4+ 3.0
Practice remoteness
Major cities 64.5 60.3 64.5 57.9
Inner regional 23.5 26.2 23.7 27.2
Outer regional/remote 12.0 13.5 11.8 14.9
Practice IRSAD quintile”
Very high 253 19.1°* 23.0 23.1
High 194 17.0 19.3 17.3
Middle 22.8 24.6 23.2 23.1
Low 16.3 18.3 16.2 15.9
Very low 15.5 20.3 17.6 20.1

IQR: interquartile range; SD: standard deviation; IRSAD: Index of Relative Socioeconomic Advantage and Disadvantage. “TRSAD had 0.8% of missing data;
high quintiles indicate greater advantage, and low quintiles indicate greater disadvantage. P value for the difference between people with recorded diabetes
and unrecorded diabetes/prediabetes. “P value for the difference between people with recorded prediabetes and unrecorded diabetes/prediabetes. “P < 0.01;

**P<0.001.

The prevalence of diabetes screening according to gender,
age, and presence of risk factors for diabetes is shown in
Figure 3. Overall, the prevalence of diabetes screening
increased with the age of the patients, but the association with
gender varied across age groups. Diabetes screening was less
frequent in younger males (18-39 years) than females, with a
more pronounced difference among those at high risk of dia-
betes. However, gender differences were less evident among
those aged 40-69 years, whether they were or were not at high
risk of diabetes. After that age, diabetes screening was again
less frequent in men, showing a decline among those not at
high risk of diabetes.

4. Discussion

Five main findings can be highlighted based on our results.
First, the prevalence and distribution of diabetes according
to age and gender were consistent with national figures. Sec-
ond, patients with prediabetes showed a higher prevalence of
hypertension and dyslipidaemia than those with diabetes.
Third, the prevalence of prediabetes diagnosis was lower
than expected, but unrecorded diabetes/prediabetes was also

infrequent. Fourth, the last finding probably underrepre-
sents actual figures, as 45% of patients at high risk of diabe-
tes were not screened for diabetes over three years. Those
treated with antipsychotics had the lowest frequency of dia-
betes screening. Finally, diabetes screening increased with
age and was lower in males. Still, the gender difference less-
ened among those aged 40-69 years, whether they were or
were not at high-risk of diabetes.

According to Australian National Health Survey (NHS),
the prevalence of diabetes among adults was 5.1% in 2011-
2012 (combining self-reported and laboratory results) and
6.2% in 2017-2018 (self-reported data only) [10, 38]. The
lower prevalence observed in the most recent NHS com-
pared to our study (7.5%) may reflect the use of a
community-based sample in that survey compared to people
seeking medical care in Medicinelnsight, as well as the use of
self-reported data and misclassification error of those with
undiagnosed diabetes [38].

Globally, it is estimated that one in two people living
with diabetes does not know he/she has diabetes [3]. How-
ever, these proportions are lower in high-income countries.
In the US, data from the National Health and Nutrition
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FIGURE 2: Prevalence of diabetes-related comorbidities ((a) risk factors for cardiovascular disease; (b) cardiovascular disease) among regular
patients (aged 18+ years) with recorded diabetes, recorded prediabetes, and unrecorded diabetes/prediabetes (Australia, 2016-2018).

Examination Survey (NHANES, 2011-2014) showed that
between 23% and 35% of people with diabetes were undiag-
nosed (using either FBG/HbAlc or 2-hour plasma glucose
tolerance test, respectively) [12]. A French national survey
conducted between 2014 and 2016 found that 23% of people
living with diabetes were undiagnosed (FPG results), with a
prevalence three times higher in males than females [7]. In
Australia, data from the NHS in 2011-2012 showed that

18% of adults living with diabetes were undiagnosed (FPG
and HbA1lc results), increasing the estimated prevalence of
diabetes from 4.2% (known diabetes) to 5.1% (total diabetes)
[10].

According to our findings, once a patient has tested pos-
itive for diabetes or prediabetes, it is more likely their status
will be updated in the EHRs (i.e., only 0.26% of adults had
unrecorded diabetes/prediabetes). As well as reducing
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TaBLE 2: Proportion of diabetes screening” according to the presence or not of risk factors for diabetes. Regular patients aged 18+ years

(n=1,407,803).

Screened for diabetes (2016-

Risk factor for diabetes N? 2018) Consultations in 2018 median (IQR)
n® % (95% CI)

None of them 999,352 322,302 32.3 (30.5-34.1) 2 (1-5)

At least one risk factor 408,451 225,620 55.2 (52.7-57.7) 5 (2-10)
Aged 40+ years and overweight/obesity 300,939 170,352 56.6 (53.9-59.2) 5 (2-10)
AUSDRISK score > 12 117,406 71,921 61.3 (58.8-63.7) 6 (3-11)
Prediabetes® 10,078 4,582 45.5 (42.8-48.2) 5(3-10)
Cardiovascular disease 40,542 23,142 57.1 (54.4-59.7) 8 (3-14)
History of gestational diabetes mellitus 2,765 1,505 54.4 (49.7-59.1) 4 (2-9)
Polycystic ovary syndrome 6,253 2,885 46.1 (42.9-49.4) 3 (2-7)
Antipsychotics® 27,692 7,492 27.0 (25.3-28.8) 8 (4-16)

95% CI: 95% confidence interval; IQR: interquartile range; AUSDRISK: Australian Type 2 Diabetes Risk Assessment Tool. *Regular patients aged 18+ years in
each subgroup, excluding those with recorded diabetes diagnosis (1 = 114,819). "Patients with at least one record of any blood glucose test in the last three
years (2016-2018). “Patients with at least one record of any blood glucose test in the last 12 months (2018).
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FIGURE 3: Prevalence of having a record of diabetes screening in males and females according to age and presence or not of risk factors for
diabetes. P value for the difference between males and females at high risk: *<0.01 and **<0.001; P value for the difference between males

and females not at high risk: "<0.01 and ""<0.001.

misclassification bias due to undiagnosed diabetes, another
advantage of studies based on EHRs is that they can help
monitor annual changes in the prevalence of diabetes and
other chronic conditions [33].

Our results are slightly different from other Australian
studies that used medical records. POLAR found 4.9% of
adults attending practices in urban Victoria had diabetes in
2016 (recorded diagnosis only) [24]. Still, using GP-
reported data, BEACH found 10.4% of adults in Australia
had a diagnosis of diabetes (2012-2016) [31]. The discrep-
ancy across studies is probably related to the different meth-
odological approaches used to identify patients with
diabetes.

In this regard, analyses based on EHR databases rely on
proper data recording and data extraction. In our study, one
result that is lower than expected is the prevalence of predi-
abetes (0.7% compared to 3.1% in the Australian NHS from
2011-2012) [10]. Most Australian general practices use auto-
matic methods to download the laboratory results (Logical
Observation Identifiers Names and Codes, values, date, and
limits of the results) into the EHRs [32], making data extrac-
tion a less likely source of information bias. Nonetheless,
four in ten patients at risk of diabetes had no record of a glu-
cose test in the last three years, suggesting the prevalence of
prediabetes and undiagnosed diabetes is higher than
observed.



Current Australian guidelines recommend regular labora-
tory diabetes screening only for those at high risk of diabetes
[14, 19]. Nonetheless, compliance with these recommenda-
tions was suboptimal, as one-half of individuals at increased
risk of diabetes were screened for diabetes in three years
(one-third among those not at high risk of diabetes). This find-
ing is consistent with results from the NHANES in the US,
where 46% of adults at high-risk of diabetes reported diabetes
screening, compared to 30% among those for whom screening
was not recommended [39]. In a recent South Australian sur-
vey including a population-based sample of individuals aged
35+ vyears, diabetes screening in the last 12 months was
reported by 69% of those with cardiometabolic conditions,
75% of those with CVD and 51% of those with none of these
conditions [40].

In our study, less than half of patients with prediabetes
were screened for diabetes in the last 12 months, which is
a concern, as the conversion rate to diabetes among them
is 5%-10% per year [9, 14]. Moreover, patients with recorded
prediabetes showed a higher prevalence of dyslipidaemia
and hypertension than those with diabetes. The last finding
is counterintuitive, as we expected a better metabolic profile
among patients with prediabetes when compared to those
with diabetes, as the former were younger (mean age of
60.3 vs. 63.5 years) and had a lower prevalence of obesity
(63.8% vs. 69.9%). Moreover, a national cross-sectional
study involving 69,974 middle-aged Chinese people showed
the prevalence of dyslipidaemia was higher in patients with
type 2 diabetes than with prediabetes (59.3% vs. 46.8%)
[41]. It is possible the worst metabolic profile observed
among patients with prediabetes resulted from different
sources of error, including detection bias (i.e., GPs were
more likely to test, diagnose, and/or record hypertension
and dyslipidaemia to reduce diabetes progression; hyperten-
sion/dyslipidaemia diagnosis leading to the diagnosis of
“asymptomatic” prediabetes), survival bias (i.e., patients
with diabetes in the database represent “survivor” cases with
a better metabolic profile), and/or underdiagnosis of patients
with less complicated forms of prediabetes. Therefore, our
findings require cautious interpretation, and further longitu-
dinal studies using primary data collection would be neces-
sary to verify these results.

An even lower screening rate was found for patients
treated with antipsychotics, at just over a quarter in 2018,
which is worrying as antipsychotics have severe effects on
blood glucose levels [42]. Tests outside general practice
(i.e., hospital or mental health services) are not captured in
Medicinelnsight, which may explain these lower numbers.
However, a large retrospective cohort study in the US using
comprehensive data of all performed tests (FBG or HbAlc,
either in primary care or mental health services) found that
only 30% of nondiabetic patients treated with antipsychotics
were screened for diabetes over 12 months [43]. Moreover,
that study also reported that patients that had visited a pri-
mary care doctor in addition to mental health services were
twice more likely to be screened than those who did not.
Another possible explanation for the lower screening rates
among patients treated with antipsychotics in our study is
their younger age (median 50 years and interquartile range
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37-67 years) compared to those with other risk factors for
diabetes (median 63 years and interquartile range 51-73
years). The lower prevalence of diabetes screening among
younger individuals has been reported in other studies [39,
40, 43, 44].

Regardless of being at risk or not of diabetes, screening
was lower among males, which is also consistent with previ-
ous studies [39, 43]. This finding is likely related to more fre-
quent health-service seeking behaviour in females [45, 46].
Nonetheless, men and women aged 40-69 years showed sim-
ilar diabetes screening rates, which may reflect the influence
of current chronic disease screening programs in midlife
(e.g., 45-49 Year Old Health Check program) [14, 47].

This study used a large national database including gen-
eral practices from all states and geographic regions to pro-
vide a comprehensive profile of diabetes diagnosis and
screening in Australia. The study design incorporated meth-
odological recommendations from previous studies using
large datasets to improve data quality [23, 34, 35].

However, this study is not free of limitations. First, data
in Medicinelnsight was recorded by GPs as part of their
daily clinical activities, which may affect the completeness
and accuracy of recorded data. Second, patients who visit
multiple general practices or who are not “regular” patients
may have had their blood glucose levels tested in other set-
tings (e.g., hospitals or specialists) or not tested at all. This
selection bias is an additional limitation that probably con-
tributed to the low prevalence of prediabetes and unrecorded
diabetes/prediabetes when compared to national figures.
Third, due to ethical issues that restrict the access to fields
with potentially identifiable information, it was not possible
to get access to the “progress notes” of an appointment,
which may contain relevant clinical data. Moreover, the
accuracy of the extracted information is another limitation.
This limitation is mitigated by data checking: compared to
the original EHRs available at the participating practices,
data extracted from Medicinelnsight had a sensitivity of
89% and specificity of 100% in identifying patients with dia-
betes [25].

5. Conclusions

Medicinelnsight represents a valuable resource for monitor-
ing and providing a comprehensive diabetes diagnosis and
diabetes screening profile in Australian general practice,
considering that unrecorded diagnosis among those tested
is uncommon. However, the rate of diabetes screening
among patients at high risk of diabetes can be substantially
improved, as these individuals have an average of five
encounters per year with their GP. Specific interventions
should target diabetes screening among patients with predi-
abetes and those treated with antipsychotics. National strat-
egies such as the 45-49 Year Old Health Check program [47]
seem to have reduced gender disparities for diabetes screen-
ing in midlife. Expanding that program to younger and older
individuals at high risk of diabetes may be beneficial for
improving early diagnosis and reducing further complica-
tions, especially in men.
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