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ABSTRACT
Objectives To evaluate the capacity of general practice 
(GP) electronic medical record (EMR) data to assess risk 
factor detection, disease diagnostic testing, diagnosis, 
monitoring and pharmacotherapy for the interrelated 
chronic vascular diseases—chronic kidney disease (CKD), 
type 2 diabetes (T2D) and cardiovascular disease.
Design Cross- sectional analysis of data extracted on 
a single date for each practice between 12 April 2017 
and 18 April 2017 incorporating data from any time 
on or before data extraction, using baseline data from 
the Chronic Disease early detection and Improved 
Management in PrimAry Care ProjecT. Deidentified data 
were extracted from GP EMRs using the Pen Computer 
Systems Clinical Audit Tool and descriptive statistics used 
to describe the study population.
Setting Eight GPs in Victoria, Australia.
Participants Patients were ≥18 years and attended GP ≥3 
times within 24 months. 37 946 patients were included.
Results Risk factor and disease testing/monitoring/
treatment were assessed as per Australian guidelines (or 
US guidelines if none available), with guidelines simplified 
due to limitations in data availability where required. 
Risk factor assessment in those requiring it: 30% of 
patients had body mass index and 46% blood pressure 
within guideline recommended timeframes. Diagnostic 
testing in at- risk population: 17% had diagnostic testing 
as per recommendations for CKD and 37% for T2D. 
Possible undiagnosed disease: Pathology tests indicating 
possible disease with no diagnosis already coded were 
present in 6.7% for CKD, 1.6% for T2D and 0.33% 
familial hypercholesterolaemia. Overall prevalence: Coded 
diagnoses were recorded in 3.8% for CKD, 6.6% for T2D, 
4.2% for ischaemic heart disease, 1% for heart failure, 
1.7% for ischaemic stroke, 0.46% for peripheral vascular 
disease, 0.06% for familial hypercholesterolaemia and 
2% for atrial fibrillation. Pharmaceutical prescriptions: the 
proportion of patients prescribed guideline- recommended 
medications ranged from 44% (beta blockers for patients 

with ischaemic heart disease) to 78% (antiplatelets or 
anticoagulants for patients with ischaemic stroke).
Conclusions Using GP EMR data, this study identified 
recorded diagnoses of chronic vascular diseases generally 
similar to, or higher than, reported national prevalence. 
It suggested low levels of extractable documented risk 
factor assessments, diagnostic testing in those at risk and 
prescription of guideline- recommended pharmacotherapy 

Key points

Question
 ► This article explores the use of general practice 
electronic medical records (GP EMRs) to assess 
risk factor detection and disease diagnostic test-
ing, diagnosis, monitoring and pharmacotherapy for 
the interrelated chronic vascular diseases: chronic 
kidney disease, type 2 diabetes and cardiovascular 
disease.

Finding
 ► This research finds that GP EMRs can be used to 
identify patients who do not have: risk factor as-
sessment, disease testing, coded diagnoses (where 
there are biochemical indicators of disease) and 
disease management as per recommendations. 
It provides epidemiological data on the interrelat-
ed chronic vascular diseases in a GP population in 
Victoria, Australia.

Meaning
 ► This research highlights the utility of GP EMR data to 
identify areas that may be able to be improved. As 
part of the development of an electronic tool, a sub-
sequent prospective analysis will assess the use of 
GP EMR data by practices to tailor quality improve-
ment projects to their needs as part of an electronic 
technology tool- based intervention.
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for some conditions. These baseline data highlight the utility of GP 
EMR data for potential use in epidemiological studies and by individual 
practices to guide targeted quality improvement. It also highlighted some 
of the challenges of using GP EMR data.

INTRODUCTION
Chronic kidney disease (CKD), type 2 diabetes (T2D) 
and cardiovascular disease (CVD) (including ischaemic 
heart disease (IHD), heart failure (HF), ischaemic stroke 
(IS) and peripheral vascular disease (PVD)) are common 
interrelated chronic vascular diseases sharing multiple 
risk factors as well as preventive and management strat-
egies.1 Effective detection and management of the rising 
numbers of affected individuals presents a considerable 
challenge. In 2012, over one in four Australian adults had 
at least one of these diseases2 and they were the principal 
or associated cause of over 60% of all deaths in Australia.3 
The increasing prevalence of chronic disease together 
with an ageing population is causing considerable pres-
sure on the Australian healthcare system.4

In order to reduce this high disease burden and asso-
ciated expenditure, detection and management of these 
diseases and their risk factors needs to be optimised. The 
interrelated chronic vascular diseases share risk factors, 
and in some cases, the presence of one of these diseases 
can lead to another. Early detection and management of 
risk factors and diseases offers the possibility of preventing 
this cascade of events. This is especially important in 
high- risk groups, such as those with familial hypercholes-
terolaemia (FH), atrial fibrillation (AF) and in Aborig-
inal and Torres Strait Islander peoples. FH is the most 
common autosomal dominant condition which leads to 
premature CVD if untreated.5 AF greatly increases the 
risk of stroke, with this risk able to be reduced with anti-
coagulants in those at higher risk.6 Aboriginal and Torres 
Strait Islander peoples have 2.2 times the risk of CKD, 3.6 
times the risk of diabetes and 1.3 times the risk of CVD 
compared with non- Indigenous Australians.7 Recommen-
dations addressing these interrelated chronic vascular 
diseases advise targeted testing to identify and appropri-
ately manage individuals with, and at risk of, these condi-
tions in general practice (GP).8 9 However, previous studies 
have demonstrated that the interrelated chronic vascular 
diseases and their risk factors may be under- recognised 
and undertreated in the community10–12 reflecting the 
challenges of guideline implementation.

Primary care provides the best setting to translate the 
national recommendations for management of these 
chronic diseases. Around 85% of Australians attend GP 
each year.4 In Australia, patients do not need to register 
to attend a GP and are able to attend multiple different 
practices, with 28% attending more than one practice in 
a year.13 Over 95% of Australian general practitioners use 
computers for clinical purposes and of these, more than 
two- thirds use electronic medical records (EMRs) exclu-
sively.14 A previous study from our centre suggested that GP 
EMR data could be used to inform quality improvement 

in the translation of guidelines and recommendations in 
the setting of CKD.15 Research from Western Australia has 
shown the potential for GP EMR data to detect patients 
with undiagnosed FH.16 A large Australian study using 
GP EMR data from 6.6% of Australian GPs with partici-
pants from all states and territories, showed prevalence of 
hypertension at 16.9%, T2D at 5.3%, CKD at 1.2%, HF at 
1.2%, AF at 2.3% and CVD (including IHD, PVD, IS and 
transient ischaemic attack) at 5%.17 This study included 
all patients with at least one general practitioner clinical 
encounter within a 12- month period, whereas our study 
required patients to have had ≥3 GP attendances within 
a 24- month period. There is a paucity of published data 
from Australian GP EMRs regarding the prevalence and 
management of IHD, IS and PVD as individual conditions 
instead of being reported together as CVD and our study 
addresses these issues. The aim of this cross- sectional anal-
ysis was to evaluate the capacity of EMR data from Victo-
rian GPs to assess the recording of risk factors, disease 
diagnostic testing, diagnosis, monitoring and pharma-
cotherapy for the interrelated chronic vascular diseases 
by reporting baseline data from the Chronic Disease 
IMPACT (Chronic Disease early detection and Improved 
Management in PrimAry Care ProjecT) study.

METHODS
A convenience sample of practices were selected for invi-
tation to participate based on recommendations from 
Primary Health Networks (PHNs), a hospital- based GP 
advisor, other general practitioners known to study staff 
or from participation in a previous study targeting the 
improved detection and management of CKD.15

Inclusion criteria for practices were as follows: Located 
in Victoria, Australia; >2000 patients with an EMR in the 
practice; existing licence for the Pen Computer Systems 
Clinical Audit Tool or willingness to instal the necessary 
software; no participation in other quality improvement 
projects with goals overlapping with Chronic Disease 
IMPACT; use of the same EMR system (Medical Director, 
Best Practice or Zedmed) over the preceding 2 years. 
Patients were included in the data extraction if they were 
aged ≥18 years and had attended their GP≥3 times within 
the preceding 24 months. In the Australian setting, in 
which patients can attend multiple GPs, including only 
patients that have attended ≥3 times within the preceding 
24 months reduces the risk of counting the same patient 
twice, as a patient would not be captured if attending a 
practice only rarely (and this study was not able to check 
for duplication). It is likely that there would only be few 
patients who have attended more than one practice ≥3 
times over the past 24 months (for whom multiple prac-
tices would need to assess/manage any chronic condi-
tions) and so this would make minimal difference to the 
overall results. Patients were included in the study regard-
less of whether or not they had any of the risk factors or 
conditions assessed within the study.
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The assessed variables in this study consist of: risk 
factor assessment, risk factor presence, chronic disease 
diagnosis, presence of pathology tests indicating possible 
chronic disease without a documented diagnosis and 
chronic disease monitoring/management. Details of 
how these variables have been defined are provided in 
a supplementary methods section in the online supple-
mental appendix.

Deidentified patient data were extracted from the 
EMRs on a single date for each practice between the 12th 
and the 18th of April 2017 using Pen Computer Systems 
Clinical Audit Tool. Although the data from each practice 
were extracted on a single date in April 2017, the study 
considered all relevant data items for included patients up 
to and including that date. This data extraction tool was 
unable to assess scanned documents or free text written in 
progress notes, but it was able to extract coded diagnostic 
data used by the different EMR systems: Pyefinch for Best 
Practice, Docle for Medical Director and ICPC2- Plus 
for Zedmed. It extracted medication generic and brand 
names provided by the different EMRs, and extracted 
both LOINC and pathology test names used by laborato-
ries. Medications prescribed by external providers would 
need to be entered into the EMR by general practitioners 
in order for them to be identified by the data extraction 
tool. Pathology tests were only included if results were 
sent electronically from the laboratory to the EMR, not 
if only scanned hard copies were available. This study 
was not able to assess how much data would have been 
available in scanned documents or free text had this been 
accessible. All the EMRs used in this study were able to 
record each of the variables assessed in this study and the 
data extraction tool could extract these data, provided 
they were entered in the designated location (eg, diag-
noses entered from a drop- down list into the diagnosis 
list). Practices were presented with reports presenting 
graphs comparing measures from their own practice to 
the average from other practices in the project and had 
opportunity to report any findings out of keeping with 
their expectations so that data discrepancies could be 
interrogated and corrected.

Baseline data (data collected at the start of the larger 
project (Chronic Disease IMPACT)) were extracted from 
GP EMRs and then analysed. The prevalence of assessed 
variables is reported using partial pooling estimates. 
A Bayesian hierarchical logistic model with a random 
intercept per practice was utilised. This approach allows 
simultaneous estimation of the variability between prac-
tices, of the overall mean, and to predict what range of 
prevalence is likely to be observed in a new practice. The 
latter is expressed as a 95% credible interval on new prac-
tices, which combines the statistical uncertainty given 
finite sample size with the variability between practices; it 
assumes similarities between practices but that practices 
do not operate identically. We used partial pooling to 
estimate the grand mean, that is the average percentage 
across practices, implicitly adjusting for practice size. Two 
credible intervals are provided: the credible interval on 

the grand mean itself, and a credible interval for the true 
percentage of hypothetical new practice. If there were no 
variation between practices, then the two intervals would 
be identical, however, in general we observe variation 
between practices above pure stochastic variation and the 
credible interval for the new practice is wider than that 
for the grand mean. All outcomes were analysed sepa-
rately. Analysis was performed using R V.3.5.1 and the 
rstanarm library.

Algorithms were applied to the data to determine 
whether or not a patient was being tested/treated 
according to national guidelines5 8 9 18–21 (or US guidelines 
if Australian guidelines not available22 23). Algorithms 
were not always able to exactly reflect guidelines due to 
limitations in the data available for this study; these modi-
fications are listed in online supplemental table 1.

The code used for statistical analysis has been published 
in an online repository and can be accessed with the 
following link: https://bitbucket.org/julia_jones/cd_ 
impact_baseline/src/master/

A more extensive outline of the methodology is 
included in online supplemental appendix.

RESULTS
Fourteen practices were approached from the North 
Western Melbourne and Murray PHN catchments; nine 
consented to participate. Of these, one was excluded 
from analysis after it was determined that data were 
significantly compromised due to a practice merge. The 
five practices that declined stated that this was due to time 
restrictions. Hereafter, only the eight included practices 
are discussed.

The eight practices were located between 12 and 165 
km from the centre of Melbourne. Using the Australian 
Statistical Geography Standard classification, 2016; five 
practices were from city areas. Of these, one was classified 
as inner metropolitan, three outer metropolitan, and one 
was beyond the outer metropolitan area boundary. Three 
practices were from inner regional areas. Six practices 
were privately owned and two had corporate ownership. 
Two practices used bulk- billing (government funding 
of appointments with no out- of- pocket cost to patients) 
exclusively, while the others charged some patients addi-
tional fees on top of the government funding. All prac-
tices had index of relative socioeconomic disadvantage 
scores (based on their statistical area level 1 location) in 
the lowest four quintiles with scores ranging from the 9th 
to the 76th percentile within Australia, with 5 of the prac-
tices below the 50th percentile.24 Practices ranged in size 
from having a total of 1632–9427 eligible patients. All but 
one practice had at least one practice nurse, and a prac-
tice nurse or practice manager was delegated to champi-
oning the implementation of the project at each site.

There were 37 946 eligible patients in the 8 practices 
included in the analysis. Mean (SD) age was 48 (±18) 
years and 15 031 (40%) were male.
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Documentation of risk factor assessment is presented in 
figure 1 (with further details in online supplemental table 
2). The highest proportion of documented assessments 
were for smoking status, followed by Aboriginal and 
Torres Strait Islander origin, lipid profile, blood pressure 
and was lowest for body mass index (BMI).

Figure 2 (with further details in online supplemental 
table 3) presents those identified by the data extraction 
tool as having individual risk factors present; those who 
are at risk of the interrelated chronic vascular diseases; 
and those at risk with up- to- date testing for CKD and 
T2D. The diseases with the highest proportions of ‘at risk 
patients’ were CVD, followed by CKD and the lowest T2D.

The conditions with the highest proportions of patients 
with tests indicating a possible diagnosis (based on a single 
abnormal test, but with no formal coding) were CKD, 
followed by T2D and the lowest FH. The diseases with 
the highest proportions of coded diagnoses were T2D 
followed by IHD, CKD, AF, IS, HF, PVD and the lowest 
FH. The greatest overlap, for patients with more than one 
chronic disease diagnosis, was between CKD and T2D. 
Details of these results are in figure 3 (with further details 
in online supplemental table 4).

Prescriptions of recommended pharmacotherapies 
are presented in figure 4 (with further details in online 
supplemental table 5). The proportion of patients 
prescribed guideline- recommended medications ranged 
from 44% (beta blockers for patients with IHD) to 78% 
(antiplatelets or anticoagulants for patients with IS). 
Australian guidelines were used for all conditions except 
for PVD and AF, for which USA- based guidelines were 

used due to an absence of available Australian guidelines 
in 2017 (guideline details are in online supplemental 
table 5).

Comparison of the baseline data to Australian popu-
lation health data is presented in figure 5. Study partic-
ipants were patients attending Victorian GPs multiple 
times, rather than the Australian population at large. 
Study proportions were higher for coded diagnosis of 
hypertension and daily smoking, but lower for obesity. 
The study had a similar proportion of people of Aborig-
inal and Torres Strait Islander background as the Victo-
rian population, which is lower than in Australia wide 
data. The study population had a lower proportion of 
diagnosed CKD, however, when patients with pathology 
tests indicating a possible diagnosis were combined 
with those with a coded diagnosis, there was a slightly 
higher proportion than in the Australian population at 
large. The study had a higher proportion of people with 
T2D, IHD and AF, a similar proportion with FH and a 
slightly lower proportion with HF and IS. It had a much 
lower proportion of people with PVD than the only pre- 
existing Australian data, which only included older men 
in Western Australia, so is not directly comparable.

DISCUSSION
This baseline data demonstrated that GP real- life EMR 
data are able to identify many patients at risk of, requiring 
testing for, or with incomplete coding or treatment for 
many chronic diseases.

Figure 1 Risk factor assessments recorded as per national recommendations.
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Figure 2 Risk factor presence and disease testing in those at risk. CKD, chronic kidney disease; CVD, cardiovascular disease; 
T2D, type 2 diabetes.

Figure 3 Chronic disease diagnosis. AF, atrial fibrillation; CKD, chronic kidney disease; CVD, cardiovascular disease; FH, 
familial hypercholesterolaemia; HF, heart failure; IHD, ischaemic heart disease; IS, ischaemic stroke; PVD, peripheral vascular 
disease; T2D, type 2 diabetes.
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Risk
Risk factor assessment was well recorded for smoking 
status and whether or not a person was of Aboriginal or 
Torres Strait Islander origin. Lipid profile testing was often 
completed (69%) as per guidelines, however, only 30% 
had BMI and 46% blood pressure recorded according 
to recommended timeframes within an extractable field. 
These figures are of concern, however, this study was 
unable to determine how many patients had up- to- date 
BMI and blood pressure testing that was not entered in 
a manner that could be extracted by the data extraction 
tool, such as in free text in a progress note.

Risk factor prevalence in the study population was 
compared with national data, with an expectation that 
the study population prevalence would generally be 
higher than the national population, given that study 
patients had all attended GP at least three times within 
2 years and the majority of practices were from areas 
with an index of relative socioeconomic disadvantage 
score below the 50th percentile. Overall, documented 
risk factor prevalence was reasonably similar for daily 
smoking and obesity when compared with national data.4 
The proportion of people of Aboriginal or Torres Strait 
Islander background was similar to the Victorian popula-
tion (which is lower than the proportion Australia wide).25 
The study population had a higher proportion of diag-
nosed hypertension, but a lower proportion in the group 
combining those with a possible or known diagnosis of 

hypertension, compared with national data.26 Given that 
the study population did not have a notably higher risk 
factor prevalence and that our study found a substantial 
number of missing risk factor assessments, it is likely that 
the EMR data have not identified all patients at risk and 
that true risk factor prevalence in the included practices 
exceeds study prevalence.

Specific to hypertension, a possible diagnosis (with 
no coded diagnosis recorded) was based on a single 
blood pressure reading, whereas diagnosis requires two 
abnormal readings on separate days, potentially leading 
to excess possible cases being identified in this study. 
However, national hypertension data are also based on 
measurements from a single day.27 People with normal 
blood pressure readings while taking antihypertensives, 
without a coded diagnosis of hypertension (who may have 
been prescribed antihypertensives for other reasons, eg, 
HF or angina) were not considered to have hypertension 
in our study, potentially underestimating hypertension in 
our results.

Many but not all patients at risk were able to be identi-
fied from the EMR using the data extraction tool and an 
opportunity exists to further improve risk detection with 
quality improvement strategies addressing EMR usage, 
for example, recording height, weight and blood pres-
sure in extractable section of EMR.

Figure 4 Chronic disease management. ACEI, angiotensin- converting enzyme inhibitors; ARB, angiotensin receptor 
blockers; CKD, chronic kidney disease; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; FH, familial 
hypercholesterolaemia; HbA1c, glycated haemoglobin, HF, heart failure; IHD,ischaemic heart disease; IS, ischaemic stroke; 
PVD, peripheral vascular disease; T2D, type 2 diabetes.
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Detection/testing
Populations at risk of CKD and T2D were found to have 
low levels of testing within the recommended timeframes 
for these diseases, at 17% for CKD and 37% for T2D. 
Potential contributors include pathology tests having 
been done elsewhere (eg, specialist clinics or other 

GPs), tests being on paper based records and issues with 
pathology coding leading to pathology results not being 
extractable from the EMR. In some cases, by reviewing all 
codes being used by included pathology companies for 
the tests, we identified codes that were missing from the 
data extraction tool. Missing pathology tests were then 

Figure 5 Study population (partial pooling) compared with national prevalence. *National data from the Australian Bureau of 
statistics ‘Hypertension and measured high blood pressure—National Health Survey: First results, 2014–2015 health survey: first 
results, 2014–2015’.26 People who self- reported a diagnosis in the National data are considered to have the diagnosis present, 
a possible diagnosis occurred where measured blood pressure was elevated in a person who did not self- report the diagnosis. 
†National data from the Australian Institute of health and welfare.4 ‡National data from the Australian Bureau of statistics, 
‘estimates of Aboriginal and Torres Strait Islander Australians, June 2016’.25 Note that estimated proportion of Aboriginal and 
Torres Strait Islander peoples in Victoria was 0.9%,25 much the same as the baseline data proportion at 0.84%. §National 
data from the Australian Bureau of statistics. ‘Australian health survey: biomedical results for chronic diseases, 2011–2012’.28 
People who self- reported a diagnosis in the National data are considered to have the diagnosis present and if a pathology 
test is consistent with the disease being present in a person who does not self- report the disease, it is considered a possible 
diagnosis. ||National data from the Australian Institute of health and welfare. ‘Cardiovascular disease, diabetes and chronic 
kidney disease—Australian facts: prevalence and incidence’.2 ¶National data from a systematic review addressing prevalence 
of HF in Australia.31 **These data are from a study in Perth, Western Australia assessing men aged 65–83 years, not the general 
adult Australian population.34 There are currently no published data assessing PVD in the general adult Australian population. 
††National data from a study analysing data from an unselected Australia- wide population found a prevalence of probable/
definite FH of 1 in 353.32 In this graph all of these probable/definite national cases are considered to have the diagnosis present. 
‡‡National data from a study analysing the AusDiab study population including participants ≥35 years of age.33 AF, atrial 
fibrillation; CKD, chronic kidney disease; FH, familial hypercholesterolaemia; HF, heart failure; IHD, ischaemic heart disease; 
PVD, peripheral vascular disease; T2D, type 2 diabetes.
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incorporated into the data after additional codes were 
added to the data extraction tool. Standardised pathology 
coding would facilitate EMR based audit, decision support 
tools and other quality improvement initiatives as well as 
offering benefits for research.

Coding/diagnosis
There was a gap between expected numbers of patients 
with diagnoses (based on pathology tests suggesting 
possible diagnoses) and numbers recorded with coded 
diagnoses for chronic conditions. This was most marked 
for CKD and T2D, though also present for FH. Some of 
the patients with pathology tests suggesting a possible 
diagnosis but no coded diagnosis may have had a known 
diagnosis that was documented using free text that was 
not able to be assessed in this study. Patients were flagged 
as having a possible diagnosis even if there was only a 
single abnormal pathology test. Without confirmatory 
testing, our results may provide an overestimate. For 
example, for CKD to be diagnosed based on pathology 
testing, abnormalities must be present for 3 months and 
for T2D pathology tests should be repeated to confirm the 
abnormality. However, national CKD and T2D prevalence 
data also rely on pathology tests from one point in time.28 
Despite low levels of diagnostic testing for CKD and T2D, 
this baseline data showed slightly higher numbers with 
possible or diagnosed CKD and T2D than national data. 
In the case of FH, some of the patients identified as having 
a possible diagnosis may have had secondary causes of 
hyperlipidaemia (eg, nephrotic syndrome or hypothy-
roidism) rather than FH, which are also important to 
identify (but were not in scope for this study).

As described above, this study shows the potential for 
the data extraction tool to identify possible undiagnosed 
disease in GP. Some have argued that increased testing and 
expanded disease definitions may result in over- diagnosis, 
particularly in the case of CKD,29 however, the available 
evidence suggests that targeted testing of patients with 
risk factors minimises over- identification and maximises 
the potential benefit of early identification particularly in 
relation to CVD prevention.30

Disease prevalence was generally similar or somewhat 
higher in the baseline data when compared with national 
estimates from the general population2 28 31–33 and there 
was substantial disease overlap. However, the prevalence of 
PVD in the baseline data was much lower than in the limited 
available data from Australia, which is based on a markedly 
different population, a study of older males in Western 
Australia.34 There is currently a paucity of Australian data 
on PVD prevalence in the general population, although 
there are data to suggest underdiagnosis.35 Higher disease 
prevalence was expected in the study population compared 
with the wider Australian population, as it was for risk factor 
prevalence, due to frequency of GP attendance and socio-
economic disadvantage, given that socioeconomic disadvan-
tage is associated with higher burden of interrelated chronic 
vascular disease.36 Where study prevalence was higher than 
national prevalence, the EMR data captured a great number 

of those patients with disease, implying greater data reli-
ability for these variables.

Management
Translation of national guidelines and recommenda-
tions for chronic diseases was found to be incomplete 
in our data set. Low levels of coded eye examinations 
and foot examinations in patients with T2D may reflect 
unintuitive requirements for coding these data within 
the EMRs, rather than the examinations not having been 
performed. The existence of multiple conflicting guide-
lines impede guideline adherence, for example, different 
recommendations for statin prescription from Kidney 
Health Australia(8) compared with the National Vascular 
Disease Prevention Alliance.37 Other potential guideline 
related barriers include lack of guideline accessibility, 
excess complexity and poor clarity38 which may be able to 
be addressed for future guidelines.

The pharmacotherapy data for HF are limited by the data 
extraction tool considering all types of HF together and 
not distinguishing between coded diagnoses of HF with 
preserved ejection fraction and HF with reduced ejection 
fraction. It is estimated that around 50% of patients with HF 
in Australia have HF with preserved ejection fraction39 for 
which ACE inhibitors/angiotensin receptor blockers and 
beta blockers are not specifically indicated.

More generally, when assessing medication use, we were 
unable to assess if patients had contraindications to recom-
mended treatments. We were also not able to assess if 
patients were receiving prescriptions elsewhere (eg, other 
GPs, specialist clinics or hospitals) or medications that are 
available without prescription (eg, aspirin). We included all 
prescriptions that were currently listed for patients (regard-
less prescription expiry date) in recognition that patients 
might have prescriptions from external practitioners.

EMR data issues
Previous research has identified potential concerns with 
EMR data. These include the multiple different EMR soft-
ware packages used and a lack of nationally agreed on 
standards for EMRs resulting in inconsistencies in struc-
ture.40 Consistent with our findings, other researchers 
have identified issues relating to the use of clinical termi-
nology/classification systems and data labelling/defini-
tions as well as issues with accuracy and completeness of 
data.40 This highlights the limitations of using coded diag-
noses from GP EMR data to identify patients with disease. 
Although more difficult to analyse free text than data 
extracted from predefined options selected from drop-
down menus, analysis of free text using natural language 
processing may offer rich data.

Strengths and limitations
A major strength of this study is its having been conducted 
in a ‘real world’ setting rather than a rigorously controlled 
clinical trial setting, offering a glimpse into everyday prac-
tice in participating clinics. This study included quite a 
large number of patients and represented practices from 
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both city and regional areas. Another strength was the 
input from practices regarding any concerns with their 
data and the opportunity this provided for any issues to 
be interrogated and addressed. An example of this was 
practices noting lower than expected levels of testing 
for certain pathology tests; pathology companies were 
then contacted and missing pathology codes identified 
and added to the data extraction tool, thereby capturing 
previously missed tests. This study has provided insights 
into the challenges of using EMR data, but it has also 
shown their potential.

Study limitations include the risk that selection bias 
may have affected the results given that the practices 
that were approached to participate were not selected 
at random but based on participation in a prior study or 
recommendations. Half the practices had participated in 
a prior study targeting quality improvement in CKD and 
likely had higher levels of detection and management of 
CKD, since the earlier study found improvements in these 
parameters.15 Practices approached based on recom-
mendations may have had an above average interest in 
quality improvement projects, and participating practices 
even more so, which may have led to differences in EMR 
usage if modified in previous quality improvement activi-
ties. There was also large variability between practices, as 
demonstrated by the wide credible intervals. These factors 
may have affected the representativeness of the data. 
Between- practice variability was expected a priori as there 
are many potential differences including practice specific 
factors (eg, staffing, different EMR software) and practice 
patient population specific (eg, patient age, sex, socioeco-
nomic position). The risk of bias increases with greater 
variability between practices, however, this risk exists 
independent of the analysis method. There were only 
eight practices in this study, limiting the ability to assess 
practice correlation between variables and the impact of 
practice- specific and patient population- specific factors 
on practice outcomes, however this could be considered 
in future studies with greater numbers of practices. The 
absolute cardiovascular risk score, which was used in algo-
rithms determining the required frequency of blood pres-
sure and lipid testing, showed an unexpected distribution 
of scores, with an unusually high number of patients 
scoring exactly 16%. This could potentially be explained 
if in some cases a score of exactly 16% were recorded for 
people in the high- risk category (ie, score >15%) rather 
than their actual score. If this were the case, risk catego-
ries would not have been compromised, and therefore, 
our data would not have been affected.

CONCLUSIONS
The interrelated chronic vascular diseases CKD, T2D 
and CVD are a growing public health concern with many 
in our population already affected by or at risk of one 
or more of these diseases. Our data showed substan-
tial numbers of patients without risk factor assessment, 
disease testing, coded diagnoses and disease management 

as per recommendations for some of these assessed 
conditions, using data that was able to be extracted from 
the EMRs. The reasons behind these results are likely to 
be multifactorial including challenges associated with the 
extraction and analysis of EMR data, conflicting guide-
lines that do not account for multimorbidity and that are 
not appropriate for all patients, the primary use of the 
EMR being for facilitation of clinical care rather than 
research, design of the EMR impacting on data entry, 
lack of patient registration with GPs for chronic disease 
management and broader issues including health literacy 
and systematised chronic disease management processes 
in individual practices. Work to improve the ease of use 
of guidelines by clinicians may help to improve the trans-
lation of recommendations into practice. Modifications 
to EMRs to make entering coded data more intuitive and 
other systems changes such as pathology laboratories 
being required to use unified codes for tests may offer the 
potential to facilitate improvements in areas with existing 
deficiencies in quality improvement projects. Despite the 
limitations of data extracted from GP EMRs, this base-
line study shows it has great potential to identify not only 
patients with the interrelated chronic vascular diseases 
but also those at risk of these conditions and to identify 
areas where translation of evidence- based recommenda-
tions into practice is incomplete.
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Appendix 

Supplementary Methods 

This study assessed whether or not risk factor assessments had been recorded and where 

relevant, performed within timeframes as per RACGP recommendations[9] as follows. Smoking 

status needed to have been recorded at any point in time. Body Mass Index (BMI) needed to 

have been recorded within 2 years, except for people in the following categories: Aboriginal or 

Torres Strait Islander peoples (within 12 months); people with previous BMI >25 kg/m2 (within 

6 months). Blood pressure needed to have been recorded for people without an existing diagnosis 

of IHD, PVD or IS from age 18: at least every two years in those with a low absolute CVD risk, 

every 12 months in those with a moderate absolute risk and every 3 months in those with a high 

absolute risk. Lipid profile needed to be recorded for people without an existing diagnosis of 

IHD, PVD or IS from age 45 or from age 35 in Aboriginal or Torres Strait Islander peoples at the 

following frequencies: at least every five years in those with a low absolute CVD risk, every two 

years in those with a moderate absolute risk and every 12 months in those with a high absolute 

risk. Aboriginal or Torres Strait Islander origin status needed to be recorded in all patients. 

Risk factor presence was assessed based on the most recently entered information, with no time 

limit on how long ago this data was entered. The following risk factors were assessed: Daily 

smoking; obesity (body mass index (BMI) ≥ 30 kg/m2); coded diagnosis of hypertension entered 

into the medical record; hypertensive reading (most recent systolic blood pressure (SBP) >140 

mmHg or diastolic blood pressure (DBP) >90 mmHg with no coded diagnosis recorded; 

Aboriginal or Torres Strait Islander status recorded in the medical record. A coded diagnosis is 
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one that has been selected from a drop-down menu in the EMR, rather than having been entered 

using free-text.  

The presence of risk factors for chronic diseases were defined as follows. CKD risk factor/s were 

considered present if there was no coded diagnosis of CKD and a patient was recorded to have 

any of: Aboriginal or Torres Strait Islander >30 years; BMI ≥30 kg/m2; current smoker; a coded 

diagnosis of hypertension; SBP >140 mmHg; DBP >90 mmHg; a coded diagnosis of ischaemic 

CVD; a coded diagnosis of type 1 or type 2 diabetes; fasting blood glucose (FBG) ≥7 mmol/L; 

random blood glucose (RBG) ≥11.1 mmol/L; HbA1c ≥6.5%. T2D risk factor/s were considered 

present if there was no coded diagnosis of T2D and a patient was recorded to have any of: FBG 

≥7 mmol/L; RBG ≥11.1 mmol/L; HbA1c ≥6.5%; age >40 years and a coded diagnosis of 

hypertension or SBP >140 mmHg or DBP >90 mmHg or BMI ≥30 kg/m2; a coded diagnosis of 

ischaemic CVD; a coded diagnosis of gestational diabetes; a coded diagnosis of polycystic 

ovarian syndrome; prescribed antipsychotic medication. CVD risk factor/s were considered 

present if there was no coded diagnosis of CVD and a patient was recorded to have any of: Age 

>60 years and either a coded diagnosis of type 1 or type 2 diabetes or tests indicating possible 

diabetes (FBG ≥7 mmol/L, RBG ≥11.1 mmol/L, HbA1c ≥6.5%); a coded diagnosis of CKD or 

tests indicating possible CKD (eGFR <60 ml/min/1.73m2, uACR ≥3.5 mg/mmol in females or 

≥2.5 mg/mmol in males); SBP ≥140 mmHg; DBP ≥90 mmHg; coded diagnosis FH; LDL >2; 

total cholesterol >7.5 mmol/L; current smoker. Testing of those at risk of CKD with a kidney 

health check required all of eGFR, uACR and BP having been completed within 2 years, or 

within 1 year if hypertension or diabetes present. Testing of those at risk of T2D required FBG or 

HbA1c having been completed within 3 years. 
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Chronic diseases were assessed based upon there being a coded diagnosis entered in the medical 

record system. Pathology tests were assessed to see if there were any cases of possible CKD, 

T2D or FH where no coded diagnoses of these conditions had been entered in the medical 

records, but pathology tests (from any point in time) indicated the possibility of disease presence. 

Possible CKD presence was considered if any of the following were present: eGFR <60 

ml/min/1.73m2, uACR ≥2.5 mg/mmol in men, uACR ≥3.5 mg/mmol in women. Possible T2D 

presence was considered if any of the following were present: FBG ≥7 mmol/L; RBG ≥11.1 

mmol/L; HbA1c ≥6.5%. Possible FH presence was considered if LDL >6.5 mmol/L or if LDL 

>5 in the presence of a statin prescription. For patients with a coded diagnosis of CKD, T2D, 

IHD, HF, IS, PVD, FH and AF, guideline recommended monitoring/pharmacological 

management strategies were assessed as per Appendix Table 1. 
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Appendix Table 1: Guidelines used to determine study algorithms and variations due to data 

extraction limitations 

Guideline 

Source 

Original guideline Study algorithm 

Blood Pressure 

RACGP (Royal 

Australian 

College of 

General 

Practitioners)[9] 

Blood pressure measurement from age 

18 with frequency at least: every two 

years in those with a low absolute CVD 

risk, every 6-12 months in those with a 

moderate CVD risk and every 6-12 

weeks in those with a high absolute risk  

Blood pressure measurement from age 18 

with frequency at least: every two years in 

those with a low absolute CVD risk, every 

12 months in those with a moderate CVD 

risk and every 12 weeks in those with a high 

absolute risk 

Lipids 

RACGP[9] Fasting lipid profile measurement from 

age 45 or from age 35 in Aboriginal and 

Torres Strait Islander peoples. 

Recommended frequency is every five 

years in those with a low absolute CVD 

risk, every two years in those with a 

moderate absolute CVD risk and every 

12 months in those with a high absolute 

CVD risk 

Original guideline not modified for 

algorithm 

BMI 
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RACGP[9] BMI measurement from age 18 every 

two years in general; every 12 months in 

Aboriginal and Torres Strait Islander 

peoples, in people of Pacific Islander 

background or if diabetes, CVD, gout 

or liver disease present; every 6 months 

if already overweight or obese 

BMI measurement from age 18 every two 

years in general; every 12 months in 

Aboriginal and Torres Strait Islander 

peoples; every 6 months if already 

overweight or obese 

CKD 

Kidney Health 

Australia[8]  

Testing in people at risk of CKD with a 

kidney health check (comprising all 

three of blood pressure, estimated 

glomerular filtration rate (eGFR) and 

urine albumin:creatinine ratio (uACR)) 

every two years, or every year if diabetes 

or hypertension present 

Original guideline not modified for 

algorithm 

Kidney Health 

Australia[8] 

Unless contraindicated, prescription of 

an Angiotensin Converting Enzyme 

Inhibitor (ACEi) or Angiotensin 

Receptor Blocker (ARB) for all patients 

with CKD if hypertensive 

Prescription of an ACEi or ARB for all 

patients with CKD 

Kidney Health 

Australia[8] 

Unless contraindicated, prescription of 

a statin for all patients with CKD if ≥50 

years or if <50 years if existing CHD, 

Prescription of a statin for all patients with 

CKD 
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stroke or diabetes or Australian 

absolute CVD risk score >10% 

(moderate or high risk) 

T2D 

RACGP[9] Testing in people at risk of diabetes with 

fasting blood glucose (FBG) or HbA1c 

every 3 years 

Original guideline not modified for 

algorithm 

RACGP[18] Monitoring in patients with diabetes 

with an HbA1c, uACR and eGFR every 

12 months 

Original guideline not modified for 

algorithm 

RACGP[18] Monitoring in patients with diabetes 

with a foot check every 12 months and 

an eye check every 24 months or within 

12 months in Aboriginal and Torres 

Strait Islander peoples 

Original guideline not modified for 

algorithm 

CVD 

National Heart 

Foundation[19] 

Unless contraindicated, prescription of 

an ACEI/ARB, a beta blocker, a statin 

and an antiplatelet in all patients with 

CHD  

Prescription of an ACEI/ARB, a beta 

blocker, a statin and an antiplatelet in all 

patients with CHD 

National Heart 

Foundation[20] 

Unless contraindicated, prescription of 

an ACEI/ARB and a beta blocker in all 

patients with systolic heart failure  

Prescription of an ACEI/ARB and a beta 

blocker in all patients with heart failure 
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National Stroke 

Foundation[21] 

Unless contraindicated, prescription of 

a statin for all patients with IS, an 

antiocoagulant for all patients with a 

cardio-embolic IS or IS with atrial 

fibrillation and an antiplatelet for all 

patients with IS who are not prescribed 

an anticoagulant 

Prescription of a statin and an antiplatelet or 

anticoagulant in all patients with IS 

American 

College of 

Cardiology 

/American Heart 

Association[22] 

Unless contraindicated, prescription of 

an anti-platelet and statin for all patients 

with PVD 

Prescription of an anti-platelet and statin for 

all patients with PVD 

FH 

Australian 

Atherosclerosis 

Society[5] 

Unless contraindicated, prescription of 

a statin for all patients with FH 

Prescription of a statin for all patients with 

FH 

AF 

American 

College of 

Cardiology / 

American Heart 

Association[23] 

Unless contraindicated, prescription of 

anticoagulants for all patients with AF 

and an elevated CHA2DS2-VASc score 

of 2 or greater in men or 3 or greater in 

women. 

Prescription of anticoagulants for all 

patients with AF and an elevated 

CHA2DS2-VASc score of 2 or greater in 

men or 3 or greater in women. 
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Appendix Table 2: Risk factor assessments recorded as per national recommendations 

Risk factor assessed (n=total 

assessed) 

Raw number / denominator 

(proportion) 

Partial pooling proportion 

(CI) 

Smoking status 34,059 / 37,946 (90%) 92% (69-98) 

Body Mass Index (BMI) * 11,025 / 37,946 (29%) 30% (12-56) 

Blood pressure† 15,175 / 35,506 (43%) 46% (22-73) 

Lipid profile‡ 12,156 / 17,616 (69%) 69% (39-88) 

Aboriginal or Torres Strait Islander 

origin status 

32,384 / 37,946 (85%) 91% (28-99.7) 

 *Measurement required as per RACGP guidelines[9] every 2 years except for people in the following categories: Aboriginal or 

Torres Strait Islander peoples, required every 12 months; people with previous BMI >25 kg/m2, required every 6 months.  

†Testing as per RACGP guidelines[9] for people without an existing diagnosis of IHD, PVD or IS from age 18: at least every two 

years in those with a low absolute CVD risk, every 12 months in those with a moderate absolute risk and every 3 months in those 

with a high absolute risk. Denominator used is people with no coded diagnosis of IHD, PVD or IS. 

‡Testing as per RACGP guidelines[9] for people without an existing diagnosis of IHD, PVD or IS from age 45 or from age 35 in 

Aboriginal or Torres Strait Islander peoples: at least every five years in those with a low absolute CVD risk, every two years in 

those with a moderate absolute risk and every 12 months in those with a high absolute risk. Denominator used is people without a 

coded diagnosis of IHD, PVD or IS who are ≥45 or ≥35 years in Aboriginal or Torres Strait Islander peoples. 
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Appendix Table 3: Risk factor presence and disease testing in those at risk 

Risk factor present Raw number / 

denominator* (proportion) 

Partial pooling proportion 

(CI) 

Daily smoking 5,384 / 37,946 (14%) 14% (5.6-31) 

Obesity (BMI ≥ 30 kg/m2) 9,409 / 37,946 (25%) 25% (13-44) 

Coded hypertension 7,561 / 37,946 (20%) 21% (4.6-58) 

Hypertensive reading† with no coded 

hypertension diagnosis 

4,522 / 37,946 (12%) 10% (3.2-27) 

Aboriginal or Torres Strait Islander origin 476 / 37,946 (1.3%) 0.85% (0.04-14) 

Risk factor/s present for CKD‡ 18,698 / 36,237 (52%) 54% (27-78) 

Risk factor/s present for T2D§ 12,180 / 35,231 (35%) 36% (14-67) 

Risk factor/s present for CVD|| 23055 / 35346 (65%) 69% (29-92) 

CKD diagnostic testing¶ in those at risk 3,630 / 18,698 (19%) 17% (1.3-76) 

T2D diagnostic testing** in those at risk 4,143 / 12,180 (34%) 37% (5.2-85) 

*When assessing the presence of risk factors, the whole study population has been used as a denominator, not just people with up-

-to-date tests, as we have included older tests as well. We have assumed that all patients with no data recorded do not have the 

outcome of interest. 

†Most recent systolic blood pressure (SBP) >140 mmHg or diastolic blood pressure (DBP) >90 mmHg. 

‡CKD risk factor considered present if no coded diagnosis CKD and recorded to have any of: Aboriginal or Torres Strait Islander 

>30 years; BMI ≥30 kg/m2; current smoker; coded diagnosis hypertension; SBP >140 mmHg; DBP >90 mmHg; coded diagnosis 

ischaemic CVD; coded diagnosis type 1 or type 2 diabetes; fasting blood glucose (FBG) ≥7 mmol/L; random blood glucose 

(RBG) ≥11.1 mmol/L; HbA1c ≥6.5%. 

§T2D risk factor considered present if no coded diagnosis T2D and recorded to have any of: FBG ≥7 mmol/L; RBG ≥11.1 

mmol/L; HbA1c ≥6.5%; age >40 years and any of coded diagnosis hypertension, SBP >140 mmHg, DBP >90 mmHg or BMI 

≥30 kg/m2; coded diagnosis ischaemic CVD; coded diagnosis gestational diabetes; coded diagnosis polycystic ovarian syndrome; 

prescribed antipsychotic medication. 
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||CVD risk factor present if no coded diagnosis CVD and recorded to have any of: Age >60 years and either coded diagnosis type 

1 or type 2 diabetes or tests indicating possible diabetes (FBG ≥7 mmol/L, RBG ≥11.1 mmol/L, HbA1c ≥6.5%); coded diagnosis 

CKD or tests indicating possible CKD (eGFR <60 ml/min/1.73m2, uACR ≥3.5 mg/mmol in females or ≥2.5 mg/mmol in males); 

SBP ≥140 mmHg; DBP ≥90 mmHg; coded diagnosis FH; LDL >2; total cholesterol >7.5 mmol/L; current smoker. 

¶Kidney health check comprising all of eGFR, uACR and BP for those at risk of CKD within 2 years, or within 1 year if 

hypertension or diabetes present. 

**Diabetes testing comprising any of FBG or HbA1c within 3 years. 
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Appendix Table 4: Chronic disease diagnosis 

Chronic disease status/testing Raw number / 

denominator 

(proportion) 

Partial pooling proportion 

(CI) 

CKD 

Tests indicating possible CKD* but no coded 

diagnosis 

2,300 / 36,237 (6.3%) 6.7% (1.6-23) 

Coded CKD diagnosis 1,709 / 37,946 (4.5%) 3.8% (0.31-33) 

T2D 

Tests indicating possible diabetes† but no 

coded diagnosis 

558 / 35,231 (1.6%) 1.6% (0.34-6.9) 

Coded T2D diagnosis 2,715 / 37,946 (7.2%) 6.6% (1.3-28) 

CVD 

Coded IHD diagnosis 1,703 / 37,946 (4.5%) 4.2% (0.76-20) 

Coded HF diagnosis 415 / 37,946 (1.1%) 1% (0.09-10) 

Coded IS diagnosis 793 / 37,946 (2.1%) 1.7% (0.12-19) 

Coded PVD diagnosis 199 / 37,946 (0.52%) 0.46% (0.07-2.9) 

FH 

Tests indicating possible FH‡ but no coded 

diagnosis 

125 / 37,920 (0.33%) 0.33% (0.19-0.55) 

Coded FH diagnosis 26 / 37,946 (0.06%) 0.06% (0.01-0.18) 

AF 

Coded AF diagnosis 863 / 37,946 (2.3%) 2% (0.2-15) 
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Overlapping conditions   

Coded diagnosis of CKD, T2D and CVD 62 / 37,946 (0.16%) 0.12% (0-2.6)  

Coded diagnosis of CKD and T2D 585 / 37,946 (1.5%) 1.2% (0.09-13)  

Coded diagnosis of CKD and CVD 162 / 37,946 (0.43%) 0.26% (0.01-10)  

Coded diagnosis of T2D and CVD 105 / 37,946 (0.28%) 0.2% (0.01-5)  

*Possible CKD based on any of: eGFR <60 ml/min/1.73m2, uACR ≥2.5 mg/mmol in men, uACR ≥3.5 mg/mmol in women. 

†Possible diabetes based on any of: FBG ≥7 mmol/L; RBG ≥11.1 mmol/L; HbA1c ≥6.5%. 

‡ Possible FH based on either: LDL >6.5 mmol/L; LDL >5 and prescribed a statin. 
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Appendix Table 5: Chronic disease management  

Chronic disease intervention Raw number / 

denominator 

(proportion) 

Partial pooling 

proportion (CI) 

CKD 

CKD and prescribed ACEI/ARB 1,105 / 1,709 (65%) 65% (45-81) 

CKD and prescribed statin 953 / 1,709 (56%) 56% (39-71) 

T2D 

T2D and HbA1c within 12 months 2,205 / 2,715 (81%) 80% (54-93) 

T2D and uACR within 12 months 1,508 / 2,715 (56%) 47% (5.6-92) 

T2D and eGFR within 12 months 2,202 / 2,715 (81%) 80% (47-95) 

T2D and eye exam within 24 months or within 12 

months in Aboriginal or Torres Strait Islander People 

1,046 / 2,715 (39%) 19% (0.29-95) 

T2D and foot exam within 12 months 1,073 / 2,715 (40%) 17% (0.18-95) 

CVD 

IHD and prescribed ACEI/ARB 1,155 / 1,703 (68%) 67% (60-73) 

IHD and prescribed beta blocker 772 / 1,703 (45%) 44% (33-54) 

IHD and prescribed statin 1,339 / 1,703 (79%) 77% (54-90) 

IHD and prescribed antiplatelet 1,256 / 1,703 (74%) 70% (39-89) 

HF and prescribed ACEI/ARB 263 / 415 (63%) 62% (36-81) 

HF and prescribed beta blocker 221 / 415 (53%) 56% (26-85) 

IS and prescribed statin 521 / 793 (66%) 66% (53-76) 

IS and prescribed antiplatelet or anticoagulant 629 / 793 (79%) 78% (47-92) 
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PVD and prescribed statin 139 / 199 (70%) 69% (26-94) 

PVD and prescribed antiplatelet 120 /199 (60%) 58% (14-92) 

FH 

FH and prescribed statin 19 / 26 (73%) 73% (24-96) 

AF 

AF with CHA2DS2VASC >1 in males or >2 in 

females and prescribed anticoagulant 

468 / 676 (69%) 69% (52-69) 
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