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Using the AUSDRISK score to screen for
pre-diabetes and diabetes in GP practices:
a case-finding approach

Kerry Fleming,"?3 Natasha Weaver,'? Roseanne Peel,’? Alexis Hure,"3 Mark McEvoy,"# Elizabeth Holliday,"3
Martha Parsons,> Shamasunder Acharya,'** Judy Luu,?* John Wiggers,' Chris Rissel,” Priyanga Ranasinghe,®
Ranil Jayawardena,®® Samir Samman,’® John Attia,'35

re-diabetes is a condition where a

person’s fasting glucose is elevated

but has not reached the diabetes
threshold and it is a significant risk factor
for the development of type 2 diabetes."
Pre-diabetes is strongly associated with
obesity and screening programs are currently
targeting obese individuals using screening
tools such as The Australian Type 2 Diabetes
Risk Assessment Tool (AUSDRISK).2 Although
there are other screening tools around
the world,® the AUSDRISK tool has been
designed to suit the cultural differences in
the Australian population.? Currently, persons
with scores >12 are classified as having a high
risk of diabetes.?

Diagnosis of pre-diabetes can be identified in
three ways: impaired fasting glucose (5.6-6.9
mmol/1); impaired glucose tolerance (Oral
Glucose Tolerance Test [OGTT] result of 7.8
and 11.0 mmol/l); or a glycated haemoglobin
(HbA1c) test in the range of 5.7-6.4% (39-47
mmol/mol) as per the American Diabetes
Association (ADA) guidelines." HbA1c can be
performed on non-fasting patients, which is
ideal for screening.* HbA1c in the pre-diabetic
range has been shown in other studies to
strongly predict diabetes within five years
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if no health or lifestyle intervention takes
place.! This test can be performed through
a formal blood test either using an onsite
pathology department or using a Point of
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Abstract

Objective: To identify the optimal AUSDRISK threshold score to screen for pre-diabetes and
diabetes.

Methods: A total of 406 adult patients not diagnosed with diabetes were screened in General
Practices (GP) between May and October 2019. All patients received a point of care (POC)
HbA1c test. HbA1c test results were categorised into diabetes (=6.5% or =48 mmol/mol), pre-
diabetes (5.7-6.4% or 39-47 mmol/mol), or normal (<5.7% or 39 mmol/mol).

Results: Of these patients, 9 (2%) had undiagnosed diabetes and 60 (15%) had pre-diabetes.
A Receiver Operator Characteristic (ROC) curve was constructed to predict the presence

of pre-diabetes and diabetes; the area under the ROC curve was 0.72 (95%Cl 0.65-0.78)
indicating modest predictive ability. The optimal threshold cut point for AUSDRISK score was
17 (sensitivity 76%, specificity 61%, + likelihood ratio (LR) 1.96, - likelihood ratio of 0.39) while
the accepted cut point of 12 performed less well (sensitivity 94%, specificity 23%, +LR=1.22
-LR+0.26).

Conclusions: The AUSDRISK tool has the potential to be used as a screening tool for pre-
diabetes/diabetes in GP practices. A cut point of =17 would potentially identify 75% of all
people at risk and three in 10 sent for further testing would be positive for prediabetes or
diabetes.

Implications for public health: Routine case-finding in high-risk patients will enable GPs to
intervene early and prevent further public health burden from the sequelae of diabetes.

Key words: diabetes, pre-diabetes, prevention, primary care, AUSDRISK

Care (POC) HbA1c machine. The results from
a POC HbA1c test has been shown to have a
correlation coefficient of 99% compared with
formal laboratory blood testing.®
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The POC HbA1c test provides instant results
and therefore the General Practitioner (GP)
can act on the results while the patient is
still in the waiting room. Patients in the
pre-diabetic range should be informed and
counselled regarding their diabetes and
cardiovascular disease (CVD) health risks.!
Intensive lifestyle changes are encouraged
to be part of routine pre-diabetic care as
current research shows that it can reduce the
incidence of diabetes up to 58%."¢ Current
health guidelines suggest that those who
are diagnosed with pre-diabetes should also
have an annual review of glycaemic status.¢

Unfortunately, many GPs do not identify
pre-diabetic blood results as abnormal, and
many patients are not informed that they

are at risk of diabetes. Regular screening of
at-risk patients is not yet routinely done in
busy GPs, despite the provision of a Medicare
Benefits Schedule (MBS) reimbursement

for an annual HbA1c test for those at risk of
pre-diabetes and diabetes.® GP databases also
often lack the information required to identify
at-risk patients, since physical measures

such as height, weight, body mass index
(BMI) and waist circumference may not be
easily searchable in the GP clinical database.
Support for GPs is required to help achieve
better screening, education and prevention
for patients at risk of diabetes.”

Although the AUSDRISK was originally
developed to identify those at high risk of
developing diabetes over a five-year time
frame,? we seek to extend its use to identify
those with pre-diabetes, the rationale being
that this group - if identified early — may be
motivated to engage in lifestyle modification
and hence prevent the progression to overt
diabetes. Previous work has suggested

that the duration of pre-diabetes is long
enough to warrant a screening program,

but what that program should look like was
not discussed.® The AUSDRISK tool is a self-
administered questionnaire that patients can
complete while in the waiting room, which
may help to identify those who should go
on to POC HbA1c testing or more formal
tests. Therefore, the aim of our study was to
determine the optimal AUSDRISK threshold
to screen for pre-diabetes/diabetes in GP
practices, using the pragmatic clinical trigger
of BMI, i.e. a case-finding approach.

Methods
Study Population

The study included two routes of screening
via four GPs within the Hunter New England
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Local Health District from 21 May 2019 to 31
October 2019.

Route 1: intentional screening of adult men
and women patients on GP lists who were
judged to be at high risk based on BMI or
fasting glucose at any point in the past, and
who were willing to come into the clinic.

In reality, very few patients had existing
fasting glucose on their health records

and the vast majority in this route were
screened into the study based on BMI.

- Route 2: opportunistic screening of
patients already at the GP practice for
another appointment.

All patients screened were >18 years of
age, had no history of diabetes, had not
had an HbA1c test within the past year, and
did not have a terminal illness or a severe
chronic health condition limiting expected
life span to less than one year. The patients
were asked if they would like to complete

a routine screening questionnaire for
diabetes (AUSDRISK). All who agreed were
taken to a consulting room where the nurse
administered the questionnaire and collected
the physical measures. On completion of
the questionnaire, all patients were offered
an HbA1c test using a POC machine (Alere
Afinion AS100, Abbott Diagnostics).

This screening was embedded within a
larger program aiming to improve diabetes
care throughout the local health district,
called the Diabetes Alliance program.” This
program uses a case conference model

with endocrine specialists visiting practices
to upskill GPs and provide advice on the
management of existing patients with
diabetes in addition to improved case
detection (Hunter New England Local Health
District Human Research Ethics Committee,
approval 15/04/15/5.02). All participants
found to have diabetes were referred back to
their GP (and subsequent specialist review if
needed) and those found to have an HbA1c
result within the pre-diabetes diagnosis
range were referred to the NSW Health Get
Healthy Information and Coaching Service, a
free personalised health promotion lifestyle
modification initiative from the NSW Ministry
of Health. Those with pre-diabetes were also
invited to participate in the Zinc in Preventing
the Progression of Pre-Diabetes (ZIPPeD)
study, which is investigating the potential for
zinc supplementation to improve glucose
handling in pre-diabetes and was funded by
a Translational Research Grant from the NSW
Health Department.'® This paper discusses
the screening aspects of the study only.

© 2021 The Authors
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Measurement

Data were collected on age, gender, BMI,
AUSDRISK Score, waist circumference and
POC HbA1c and the results were recorded in
the GP clinical software within the practice
database. POC HbA1c was categorised as
follows: diabetes (=6.5% or =48 mmol/mol);
pre-diabetes (5.7-6.4% or 39-47 mmol/mol);
or normal (<5.7% or <39 mmol/mol). BMI was
categorised as: normal (18.5 to <25 kg/m?),
overweight (25 to <30 kg/m?) and obese (>30
kg/m?).

Statistical analyses

Baseline characteristics were summarised
for those who tested within HbA1c

ranges considered normal, pre-diabetes
and diabetes. Continuous values were
summarised using mean and SD, with the
difference in means tested using Student’s
t-test. Categorical and ordinal variables were
summarised using frequencies, with the
differences tested using a chi-squared test.

Logistic regression models were fitted with
diabetes or a combination of pre-diabetes
and diabetes as the outcomes, and AUSDRISK
score as the predictor, with or without the
addition of BMI. We combined pre-diabetes/
diabetes as outcomes so as not to skew

the diagnostic properties by omitting
participants from the calculation of sensitivity
and specificity. A Receiver Operating
Characteristic (ROC) curve was generated
and the area under the ROC (AUROC) curve
was measured as an indication of prognostic
power. The AUROC represents the probability
that a randomly selected case scores higher
on the measure in question than a randomly
selected control. AUROC values range from
0.5, indicating performance no better than
chance, to 1.0 indicating perfect accuracy.
Given that models fitted to small samples
tend to provide optimistic estimates of the
AUROC due to overfitting, bootstrapping
was used to generate optimism-adjusted
estimates for AUROC."

The optimum threshold on the ROC curve

to use as a cut point for prognostication

was calculated using Youden'’s inde, i.e.
maximising the sum of sensitivity and
specificity. All analyses were performed using
STATA 15 or SAS 9.4. Assuming an AUROC of
0.7, power of 80%, p-value of 0.05, and that
20% of those tested would have an HbA1cin
the pre-diabetic or diabetic range, we aimed
to recruit a minimum of 75 participants to
reject the null hypothesis that the AUROC
equalled 0.5 (no discriminating power).
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Results

The sample included 406 patients (178
males, 228 females) aged between 23 and 85
years; roughly half were identified via each
screening route. A BMI value was missing
for two patients and an AUSDRISK score was
missing for three patients, leaving n=403 in
the analysis. Baseline characteristics of the
sample are shown in Table 1. The majority of
patients in this sample (352/404, 87%) had a
BMI above the normal threshold and almost
all (391/403, 97%) had an AUSDRISK score
of six or higher, indicating an increased risk
of type 2 diabetes. This reflects a GP-based
population in which case-finding would be
clinically indicated, i.e. people who would
previously have elevated FBG or who are
overweight/obese.

Eight patients who received POC HbA1c tests
had undiagnosed diabetes and all of these
had an AUSDRISK score of 20 or higher. A
further 60 patients were classed as having
pre-diabetes, of which all but four had an
AUSDRISK score greater than 12.

Logistic regression models were constructed
for diabetes, with AUSDRISK score as the
predictor, with or without BMI. To ensure that
there was no spectrum bias due to the two
different routes of screening, we also report
analyses adjusted for BMI (the basis of the
intentional screening route). The AUROC
was very high at 0.89 (95%Cl 0.83-0.95) and
did not change after adjusting for optimism;
this indicates that the AUSDRISK score is a
powerful predictor of diabetes (Figure 1 and
Table 2). A threshold score of >20 essentially
had a sensitivity of 100% and specificity of
75%, giving a +LR of 4. The addition of BMI
to the AUSDRISK score did not improve the
predictive power of the model at all.

Logistic regression models for the combined
outcome of diabetes and pre-diabetes are
shown in Figure 2 and Table 2. The AUROC
was only modest at 0.72 (95%Cl 0.65-0.78)
and this did not change with the adjustment
for optimism or the addition of BMI as a
covariate. The best threshold AUSDRISK score
that maximised sensitivity and specificity was
17 and above; at this cut point the sensitivity
was 76%, and specificity 61%, with a positive
likelihood ratio of 1.96 and a negative
likelihood ratio of 0.39. At the previously
suggested AUSDRISK cut point score of 12,
the diagnostic characteristics were: sensitivity
94%, specificity 23%, +LR=1.22, -LR=0.26. A
complete table of cut point values is given in
the Supplementary Material.
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Table 1: Demographic characteristics of the entire group, as well as by pre-diabetes or diabetes status.
Diabetes classification (based

o . Total
Characteristic Class or Statistic (N=406)
Sex Male 178 (43.8%)

Female 228 (56.2%)
Body Mass Index (BMI) Normal 52 (12.9%)
category Overweight 125 (30.9%)
Obese 227 (56.2%)
AUSDRISK score” Low <=5 12 (3.0%)
Mod 6-8 15(3.7%)
Mod 9-11 53(13.2%)
High 12-15 110 (27.3%)
High 16-19 105 (26.1%)
High 20+ 108 (26.8%)
Age in years mean (SD) 59(9)
Body Mass Index (BMI) mean (SD) 31(6)
Notes:

* AUSDRISK score categories based on predicting high risk of diabetes.’

None on hbA1¢) -
(n=337) Pre diabetes Diabetes pvalue
(n=60) (n=9)
141 (41.8%) 29 (48.3%) 8(88.9%) 0.015
196 (58.2%) 31(51.7%) 1(11.1%)
51(15.2%) 1(1.7%) 0.032
101 (30.1%) 22 (36.7%) 2(22.2%)
183 (54.6%) 37(61.7%) 7(77.8%)
11(3.3%) 1(1.7%) <0.001
14 (4.2%) 1(1.7%)
51(15.2%) 2(3.3%)
101 (30.1%) 9(15.0%)
86 (25.7%) 19(31.7%)
72(21.5%) 28 (46.7%) 8(100.0%)
58(9) 62 (8) 63(5) 0.010
31(6) 32(6) 33(4) 0.213

** For categorical variables, p-value is from Fisher’ exact test. For continuous variables, p-value is from ANOVA.

Figure 1: ROC Curve for Diabetes (AUSDRISK score alone and with BMI).
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A more nuanced approach is also to work
out multilevel likelihood ratios for different
ranges of the AUSDRISK score, as shown in
Table 3. As expected, the likelihood ratios
indicate that AUSDRISK scores in the lowest
range (0-11) virtually rule out any diabetes
and pre-diabetes (LR=0.26) and scores in the
highest range (>=20) almost triple the risk of
disease (LR=2.5).

Discussion

The AUSDRISK risk score is a powerful
prognostic indicator of current diabetes with

© 2021 The Authors

an AUROC of 0.89. At a threshold of =20, this
has 100% sensitivity and 75% specificity for
diabetes. Given the prevalence of disease in
our study, the yield for identifying diabetes
or pre-diabetes at this threshold would

be 33%, meaning that 2/3 of subsequent
testing is normal. A confirmatory test that is
inexpensive and reliable may still make this a
worthwhile screening program, especially if
people can be encouraged to adopt lifestyle
changes. The eight patients out of 108

that scored =20 in our study had not been
suspected of having diabetes and would not
have been otherwise identified. The other 28
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of 108 falling in the pre-diabetic range would
represent 46% of those with pre-diabetes. A
larger Australian study of a community cohort
found that a cut-off of 20 would only identify
6.4% of the population for further testing,'?
which might be acceptable, but this needs a
full economic assessment.

In our study, we found 69/406 (17%) of
people screened were in the pre-diabetic
or diabetic range as judged by their HbA1c
results. This is lower than the prevalence
of 35% seen at baseline in a randomised
controlled trial of high-risk men, likely
because in that study participants were
selected on the basis of BMI 25-40 and
AUSDRISK score >12.13

To our knowledge, this is the first study to find
an AUSDRISK threshold optimised to identify
pre-diabetes as well as diabetes. At a score

of 12, Malo et al.’? found sensitivities and
specificities of 81% and 58% for identifying
impaired fasting glucose, although they
excluded diabetes. At the same threshold,

we found a sensitivity of 94% and specificity
of 23% for the combined endpoint of pre-

Table 2: AUROC for the models predicting
diabetes only or pre-diabetes/diabetes combined.

Adjustment for BMI shows no change in the
predictive ability of the models.

Model outcome AUROC
(95%C1)

1. Diabetes 0.89 (0.83,0.96)

2. Diabetes (adjusted for BMI) 0.89 (0.82,0.96)

3. Pre-diabetes/diabetes 0.72 (0.65,0.78)

4. Pre-diabetes/diabetes (adjusted 0.72 (0.65,0.78)

for BMI)

diabetes/diabetes.

Our results suggest that the AUSDRISK

score alone is only a moderate predictor

of prediabetes/diabetes, given its AUROC

of 0.72, and this did not improve with the
addition of BMI. At a cut point of 17, we
obtained a sensitivity of 76% and a specificity
of 61%. This means that we would capture
75% of patients with a diagnosis of pre-
diabetes/ diabetes in screening with this

tool alone, without much drop in yield; i.e.
Positive Predictive Value (PPV) would be 28%,

Table 3: Multilevel likelihood ratios. Scores between 0 and 16 reduce the odds of disease, while scores of 17 or

higher increase the odds of disease.

absent
0-1 76
12-16 128
score 17-19 59
20+ 72
total 335

pre-diabetes and diabetes

present +LR (95% ()
4 0.26 (0.10, 0.68)
12 0.46 (0.27,0.79)
16 1.34(0.82,2.17)
36 2.46(1.82,3.34)
68
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meaning that roughly three in 10 sent for
subsequent testing would be positive. At a
lower cut point of 12, the sensitivity increases
t0 94% and the specificity drops to 23%, but
at the cost of a drop in yield to 20%, i.e. two in
10 subsequent tests would be positive. These
results are an improvement to those of Lee et
al."* who found that an AUSDRISK score of 15
followed by an HbA1c would pick up just over
50% of those at risk with a yield of 20%.

Approximately one-third of those identified
via intentional screening (route 1) and
virtually all those identified via opportunistic
screening (>95%, route 2) participated in the
process. The study confirms the feasibility

of the AUSDRISK tool in GPs. The AUSDRISK
was administered by a nurse and did require
a separate room, given the privacy needed
to measure waist circumference. Patients
were seen for ~15 minutes prior to their
appointment. The results documented here
are in the real-world setting of four typical GP
practices, not in a dedicated research clinic,
hence the prognostic performance is unlikely
to be optimistic.

We believe the likelihood of spectrum bias in
our study is low. This is partly due to the fact
that the two screening routes are similar to
what might happen in the GP setting, and to
the fact that adjustment for BMI (mainly the
intentional screening route) did not change
the results compared to normal weight (the
opportunistic screening route).

The question of whether to screen for pre-
diabetes/diabetes among asymptomatic
patients is still fraught with controversy and
randomised controlled trials using different
methods and thresholds have come to
conflicting conclusions, partly because it is
not clear whether there is a benefit to early
identification and partly because of the
sensitivity to cost estimates.'> Nevertheless,
previous work has indicated that the duration
of pre-diabetes is sufficiently long to warrant
a screening program and the potential

to intervene and reduce the burden and
sequelae of diabetes is enticing.?

Conclusion

Screening for pre-diabetes and diabetes is
feasible in GP practices using the AUSDRISK
self-administered questionnaire. Although
the prognostic performance (AUROC) is
only modest at 0.72, a threshold of 17

0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity would pick up about 75% of cases and give
| ROC Curve (Area): Base Model + BMI (0.72) — — — - Base Model (0.71) | ayield of three in 10 with further testing,
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while a threshold of 12 would pick up
almost 95% of cases and give a yield of two
in 10 with further testing. Our team has
identified a simple and effective screening
program that can be embedded within
primary care facilities as part of the patient’s
routine booked appointment. This has
already assisted GPs in commencing early
interventions, for example, referring patients
to the NSW Get Healthy Information and
Coaching Service.’
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