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Abstract
Cardiovascular disease (CVD) is the leading cause of death and disability worldwide.
CVD primary prevention guidelines recommend a multifactorial risk assessment to
identify high-risk patients that will benefit most from treatment. Assessment and
management of CVD risk is predominantly conducted by general practitioners (GPs), who
are required to collect risk factors, estimate absolute CVD risk and determine clinical
management. Yet this approach is poorly implemented in clinical practice. Consequently,
the opportunity to identify and intervene with high risk patients may be missed.
An essential component for CVD risk assessment is referral to pathology services for
cholesterol measurement. In Australia, GPs issue ≈2 million cholesterol referrals to
pathology per year. However, far fewer patients receive subsequent estimation of absolute
CVD risk and guideline-recommended care. Pathology services present an opportunity to
provide systematic, high-quality absolute CVD risk assessment and reporting embedded
within existing primary care pathways.
The overall aims of this research were to determine: the feasibility of absolute CVD risk
assessment and reporting via pathology services in Tasmania; GPs perspectives of such a
service; and the agreement in high-risk classification between international CVD
prevention guidelines.
Study 1 (Chapter 2) is a feasibility study of absolute CVD risk assessment and reporting
via pathology services in 300 patients attending for cholesterol measurement. Patients
completed absolute CVD risk assessment via a computer-based app that delivered
participant information and informed consent, a clinical questionnaire and blood pressure
(BP) measurement. The app transferred risk factor data to the pathology laboratory, it was
matched with the patient’s cholesterol result and absolute CVD risk calculated. Individual
risk factors, absolute CVD risk score and category, and guideline-recommended treatment
were added to the pathology report alongside the requested cholesterol result and sent to
the referring GP. Study 1 found that absolute CVD risk assessment and reporting via
pathology services was feasible, acceptable and may increase guideline-directed care in
practice.
Study 2 (Chapter 3) sought to determine the efficacy and acceptability of a standalone
multimedia informed consent process, delivered via computer-based app, compared to the
xi

traditional paper-based approach. This study was embedded within the aforementioned
feasibility study. Obtaining informed consent is a cornerstone requirement of ethical
research conduct, however, the traditional approach is lengthy and requires dedicated staff
oversight. Multimedia tools, including video and audio, may offer an effective alternative.
Study 2 found that a standalone multimedia consent process was effective and acceptable
for obtaining consent in a clinical research setting free from research staff.
Study 3 (Chapter 4) was a qualitative study to explore current CVD prevention practice
and GP attitudes to absolute CVD risk assessment and reporting via pathology services,
including discussing an example pathology report with absolute CVD risk information.
GPs participated in either a focus group (n=8) or one-to-one interviews (n=10). GPs
highlighted several barriers to current CVD risk screening including only having an
opportunistic approach to screening at the end of a consultation if time permitted, the need
for several consultations for risk factor collection and misclassification of patients by
clinical intuition rather than using absolute CVD risk. GPs stated that absolute CVD risk
reported via pathology services could address these deficits and a high-risk result would
prompt a dedicated CVD prevention consultation that would otherwise not occur.
Study 4 (Chapter 5) was a mixed-methods analysis with the same GPs from study 3, but
where additional information was sought to determine their attitudes and practice towards
BP management in the context of absolute CVD risk. GPs raised concerns regarding
accuracy of BP measurement performed at pathology services and its equivalence to
clinical practice measurements. Despite being provided with high quality BP values and
absolute CVD risk, GPs would repeat measurement to confirm BP. GPs generally focused
on single risk factor management and treatment of BP rather than according to CVD
prevention guidelines. These findings suggest that BP primacy may be an impediment to
guideline-directed care. Further, that engagement and education with GPs on absolute
CVD risk assessment and BP management is needed.
Study 5 (Chapter 6) sought to determine the effect of blood collection (as required for
cholesterol measurement) on BP and subsequent estimation of absolute CVD risk. Fortyfive participants had BP measured according to clinical guideline methods. Then on a
separate visit, BP was measured immediately pre-, during- and post-blood collection.
Absolute CVD risk scores were calculated using systolic BP from each measurement
condition and compared. The main conclusion of this study was that absolute CVD risk
xii

scores were not significantly affected by using BP recorded at the time of blood collection.
Therefore, both BP and blood collection may occur during the same consultation for
absolute CVD risk assessment.
Study 6 (Chapter 7) assessed agreement in high-risk classification between CVD
prevention guidelines from Australia, England and the Unites States using nationally
representative data. International CVD prevention guidelines vary in the prediction tools
and threshold for therapy, the target population and clinical characteristics that denote
high-risk, which may result in different therapeutic recommendations. There was little
agreement in high-risk classification between international CVD prevention guidelines,
due to both absolute CVD risk estimation and clinical criteria that denote high risk. These
findings highlight the need to develop international consensus for CVD primary
prevention guidelines.
In summary, this research program provides valuable new information that interventions
embedded within practice may address practice challenges and support guideline-directed
care for CVD primary prevention. These findings could lead to real-world improvements
in CVD preventive care and guideline development.
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Preface
Cardiovascular disease (CVD) is the leading cause of death and disability worldwide. In
2016, 17.9 million people died from CVD, of which 85% were due to heart attack and
stroke. [1] Due to the multifactorial nature of CVD, primary prevention guidelines
recommend the use of absolute CVD risk assessment to identify high risk patients for
treatment. [2–5] Absolute CVD risk assessment predicts the likelihood of a CVD event
over a given time period based on the presence or absence or multiple risk factors.
Traditional risk factors: age, sex, smoking status, diabetes status, blood pressure (BP) and
cholesterol are typically required for absolute CVD risk assessment. Absolute CVD risk
has been shown to be more cost-effective and have a better risk-benefit ratio than
management according to single risk factors such as high BP or cholesterol for the
prevention of CVD. [6,7] Yet uptake of absolute CVD risk management among general
practitioners (GPs) remains limited. [8–10] Several interventions have aimed to increase
the uptake of absolute CVD risk in practice using electronic technology to streamline
absolute CVD risk assessment within routinely used clinical management software. [11–
13] Such interventions have, however, had limited success as they failed to address key
clinical practice barriers. There is opportunity to embed absolute CVD risk assessment
within existing primary healthcare delivery to address barriers to uptake and support
guideline-recommended care with the ultimate goal of improved patient outcomes.
In Australia, 20% of adults over 45 years are at high risk according to absolute CVD risk
assessment, 75% of whom may not be receiving appropriate guideline-recommended care.
[14] Barriers to the uptake of absolute CVD risk assessment in clinical practice include:
lack of time, [15] inadequate documentation of CVD risk factors, [16] low use of software
tools to estimate absolute CVD risk, [17] and confusion over CVD prevention guideline
recommendations. [8] Subsequently, GPs defer to the use of clinical judgement to identify
patients at high risk [18] and focus on single risk factor management instead of absolute
CVD risk. [19] However, GP clinical judgement has shown to be imprecise and error
prone in identifying those with greatest absolute CVD risk. [20] Additionally, therapy to
prevent CVD is most effective in those with the greatest level of risk before intervention
and absolute CVD risk can identify those most likely to benefit. [21] Providing systematic
assessment of CVD risk has the potential to identify more patients at high risk and
increase guideline-recommended care.
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Previous interventions have focused on use of electronic technology to streamline the
assessment of absolute CVD risk by automatically populating risk assessment software
with risk factors from the electronic patient record. [11–13] However, such interventions
have had limited success and fail to address systemic and infrastructure barriers faced by
GPs. Specifically, time is an extremely scare resource in primary care. Streamlining the
assessment of absolute CVD risk by automatically populating the software tool does not
address the workload required to measure and document CVD risk factors and typically
requires GPs to undertake additional training to use such tools. Previous work
demonstrated that absolute CVD risk assessment, without automatic population of risk
factor information, requires approximately 2 minutes of GP time. [22] However,
measurement of BP according to guideline protocols, required for absolute CVD risk
assessment, has been shown to require 16 minutes of GP time. [23] Interventions that
alleviate GP workload, embed absolute CVD risk assessment without routine care delivery
and report guideline-recommended therapy aligned to CVD risk category may support
implementation of absolute CVD risk in primary care.
The referral of patients to pathology services for cholesterol measurement accounts for
approximately 6% of all GP pathology requests. [24] Consequently, the setting of
pathology services provides an opportunity to value-add to routine care delivery by
offering absolute CVD risk assessment and reporting. Chapters 2 and 3 of this thesis are
based on the feasibility of such a service. Chapter 2 investigated the feasibility and
acceptability to patients of assessment and reporting of absolute CVD risk via pathology
services. Chapter 3 compared the usability and acceptability of a patient self-directed
multimedia consent method compared to the usual paper-based method delivered by a
researcher. The rationale for comparing both methods was that having research staff
present to consent participants for a study on absolute CVD risk assessment undertaken at
that setting would be impractical and extremely costly in studies requiring large
participant numbers.
Alternative primary care settings or patient self-directed CVD risk assessment have been
suggested by GPs as alternatives to address barriers and increase absolute CVD risk
assessment. [20,25,26] This finding coupled with the fact that GPs readily use pathology
services for diagnostic tests in routine care delivery, suggests GPs would be amenable to
absolute CVD risk assessment and reporting via pathology services. Chapters 4 and 5 of
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this thesis sought to explore GP attitudes of assessment and reporting of absolute CVD
risk via pathology services.
BP measurement for the assessment of absolute CVD risk at pathology services would
typically occur after a blood sample has been drawn for cholesterol measurement. As BP
is highly variable and influenced by situational anxiety, it is possible that BP could be
affect by blood collection to such an extent that absolute CVD risk assessment could be
compromised. [27–29] As such, chapter 6 sought to determine the effect of blood
collection on BP and subsequent estimation of absolute CVD risk by comparison to a
reference clinic BP taken on a separate visit.
CVD primary prevention guidelines typically classify individuals as high risk and eligible
for preventive therapy by use of clinical characteristics and absolute CVD risk assessment.
Firstly, clinical characteristics can indicate an individual is high risk without the need for
absolute CVD risk assessment, as risk would likely be underestimated in these individuals,
for example patients with moderate to severe chronic kidney disease. Secondly, absolute
CVD risk assessment is recommended for individuals without specified clinical criteria
that denote high risk. Those above the specified absolute CVD risk threshold are
considered high risk and recommended for therapy. Both the clinical characteristics that
denote high risk and absolute CVD risk assessment models and thresholds differ between
international CVD prevention guidelines. As a result, it is likely that different proportions
of individuals would be eligible for preventive therapy according to different guidelines.
Chapter 7 aimed to investigate the proportion recommended for BP or cholesterol
lowering therapy between CVD primary prevention guidelines in Australia, England and
the United States using nationally representative health survey data from each country.
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Thesis aims
Aim 1: To determine the feasibility, acceptability and usability of absolute CVD risk
assessment and reporting via pathology services.
Aim 2: To determine the usability, acceptability and efficacy of a self-directed multimedia
consent process compared to the traditional paper-based approach.
Aim 3: To explore GP perspectives of absolute CVD risk assessment and reporting via
pathology services.
Aim 4: To ascertain GP attitudes towards BP management in the context of absolute CVD
risk assessment and reporting via pathology services.
Aim 5: To determine the effect of blood collection on BP and subsequent estimation of
absolute CVD risk.
Aim 6: To compare CVD primary prevention guideline treatment recommendations
between Australian, England and the United States.
The aims of this thesis are addressed by individual studies and manuscripts that have been
published or submitted to peer-reviewed scientific journals. Chapters 2, 3, 4, 5, 6 and 7 are
separate studies that are presented in accordance with final published or submitted format.
Only slight modifications to writing style and grammar, table and figure numbers or
nomenclature have been made to improve clarity and consistency of presentation
throughout this thesis. No alterations have been made to the results or conclusions of
individuals studies within this thesis. The contribution of each study to the thesis aims is
outlined at the end of each chapter.
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Chapter 1

Review of literature

1.1 Overview
As the leading cause of death and disability worldwide, cardiovascular disease (CVD)
remains a major public health priority. [30–32] In Australia, CVD has been shown to
account for 27% of all deaths, 11% of all hospitalisations, and 12% of healthcare
expenditure. [33–35] CVD prevention guidelines recommend the use of multivariable risk
prediction tools to estimate the risk of a CVD event, over a given time period, based on an
individual’s risk factor profile, known as absolute CVD risk. [3–5] Absolute CVD risk is
considered superior to single risk factor management as the greatest benefit of treatment is
borne out in those with the greatest overall baseline risk. [36]
Assessment of absolute CVD risk is predominantly carried out by general practitioners
(GPs); however, uptake has been limited.[10,14,19] It has been shown only 30% of GPs
use absolute CVD risk calculators in practice and that 75% of high-risk patients are not
receiving guideline-recommended therapy. [14,17] There are many reasons for this poor
uptake, including lack of time in busy clinical environments and confusion over guideline
recommendations. [8,15] Previous attempts to improve implementation of absolute CVD
risk assessment in primary care have failed to adequately address barriers and require GPs
to undertake additional activity that often requires specific training. [11,37] This review
aims to summarise the role of absolute CVD risk assessment in practice and the challenges
to uptake to identify opportunities for future interventions and research

1.2 Pathophysiology and burden of cardiovascular disease
CVD is an umbrella term to describe diseases that adversely affect the heart and blood
vessels. CVD commonly includes coronary heart disease, which could result in a
myocardial infarction (heart attack), but also includes cerebrovascular disease, which
affects blood supply to the brain and could result in stroke. It is well established that
development of CVD is attributable to multiple risk factors. Even modest increases in
several risk factors contributes more to overall risk than extreme elevation of a single risk
factor. [21,38,39] Risk factors associated with CVD include both non-modifiable, such as
gender, older age, ethnicity and family history, [40–44] and modifiable factors, such as
smoking status, diabetes status, high BP, and cholesterol. [45–48] Common modifiable
1

CVD risk factors have been shown to account for 90% of total population level risk of
CVD, which suggests modifiable risk factors should be managed to address CVD burden.
[38,49] Risk factors rarely occur in isolation and are additive; those with more risk factors
are at greater risk of CVD (Figure 1.1). [50–54] Consequently, there is opportunity to
intervene to modify risk factors and prevent CVD by using an absolute CVD risk
approach.

A

2

B

Figure 1.1 Adapted from Berry et al. [52] . Lifetime risk of death from cardiovascular
disease among black and white (A) men and (B) women aged 55 years, according to
the aggregate burden of risk factors and adjusted for competing risks of death.
Lifetime risk reflects the sum of the adjusted, age-specific incidences from age 55
years to age at last observation.
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Since the 1960s, deaths attributed to CVD have declined, which is largely due to changes
in modifiable risk factors, most notably reduced rates of smoking and medical
management of high BP and cholesterol. [55,56] However, when looking at the absolute
number of CVD deaths compared to the age-standardised death rate, the number has
increased by 54%. [57] Thus, as CVD remains the leading cause of death and absolute
numbers are increasing, it is clear that more needs to be done.
In Australia, while CVD death rates continue to fall in adults aged 74 years or older,
among adults aged 55-64 years, rates of decline have slowed. [58] Most Australian adults
(95%) have been shown to have at least 1 modifiable risk factor and two thirds have 3 or
more. [59,60] As each additional risk factor increases risk of CVD, it is clear that
appropriate intervention to manage and reduce CVD risk is required. Relatedly, 20% of
Australians are at high risk of a CVD event according to absolute CVD risk and 75% are
not receiving appropriate preventive treatment.[14] These data highlight a clear gap in
translating research evidence into practice to elicit behaviour change and prevent CVD.
Altogether, the evidence suggests there is an opportunity to improve the efficiency of
CVD prevention strategies for those with the greatest level of risk and most likely to
benefit.

1.3 Recommendations for cardiovascular disease prevention
Antihypertensive medications to reduce BP and statins to lower cholesterol are the main to
therapeutic interventions to reduce CVD risk and prevent CVD events. Both a reduction of
10 mmHg in systolic BP and 1 mmol/L low-density lipoprotein of cholesterol have been
shown to reduce risk of CVD events by 20%. [61,62] Due to the multifactorial nature of
CVD and clustering of CVD risk factors, the use of multivariable risk prediction tools
have been advocated to identify those at greatest overall risk. [63–66] Known as absolute
CVD risk assessment, the risk prediction tools produce a “score” that indicates the
likelihood of a CVD event over a given period of time. Generally speaking, absolute CVD
risk scores are based on major risk factors, well established in epidemiological evidence,
including older age, smoking status, high BP, high low-density lipoprotein and elevated
blood glucose. Since the first CVD risk profile in 1991, [66] more than 360 risk models to
predict CVD events have been derived and validated. [67]
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In addition, absolute CVD risk identifies those at high risk who, on an individual level, are
most likely to benefit from treatment given their specific chance of developing CVD. In
comparison, relative risk reduction identifies beneficial strategies for CVD risk reduction
on a population level – e.g. BP and cholesterol lowering medications, without identifying
specific individuals who are likely to benefit from said treatment. Albeit, absolute risk
reduction is a product of relative risk reduction and the absolute risk of that individual
developing CVD. [68,69]
Commonly used absolute CVD risk prediction models include derivatives of the original
Framingham Risk Equation (FRE), [66] the United States Pooled Cohort Equation (PCE),
[70] the QRISK equation used in the United Kingdom, [71] and the SCORE equation used
in Europe. [72] Absolute CVD risk assessment models vary greatly between countries and
are often derived and validated in cohorts specific to each population. [66,70,73] Within
this thesis the FRE, PCE and QRISK2 are used, and the equation for each is therefore
provided in supplementary material (Supplement 1:FRE; Supplement 2: PCE; Supplement
3: QRISK2).
Absolute CVD risk has been adopted in many guidelines since 1993, [65,74,75] albeit,
often within risk factor specific guidelines for BP and cholesterol rather than one
overarching CVD prevention guideline. For example, the United States, the United
Kingdom, Europe and Australia each have both a hypertension guideline and a CVD
prevention guideline. [3–5,76–80] In the United States and the United Kingdom, CVD
prevention guidelines predominantly offer advice on cholesterol management whereas in
Australia the NVDPA CVD prevention guideline offers treatment advice for both BP and
cholesterol. Subsequently, GPs are faced with the confusing situation of guidelines
specific to individual risk factors rather than overall guidelines for CVD prevention, which
may contribute to limited uptake of absolute CVD risk in clinical practice.

1.4 Cardiovascular disease prevention guidelines
For the purposes of this thesis, CVD prevention guidelines include guidelines that advise
on primary prevention of CVD which includes guidelines specifically to manage BP and
cholesterol. Guidelines typically contain two components to identify high risk patients.
First, clinical criteria are used to assess patient risk without the need for absolute CVD risk
assessment. Such criteria typically focus on extreme elevations of single risk factors (e.g.
5

BP >180/110 mmHg) or combinations of risk factors (e.g. diabetes and aged >60 years).
These clinical criteria are often determined by expert consensus among guideline
developers and vary substantially across guidelines. Secondly, for patients that do not
meet the clinical criteria denoting high risk, guidelines recommend multivariable risk
prediction tools, or “algorithms” and associated thresholds for absolute CVD risk
assessment to identify those at low, moderate or high risk and respond with treatment
accordingly. Typically, for those that are not clinically determined high risk, single risk
factor thresholds for BP or cholesterol are not used to initiate treatment but targets for
treatment may be recommended.
There is disparity between international CVD guidelines including differing clinical
criteria that denote high risk without absolute CVD risk assessment, and variation in the
recommended absolute CVD risk assessment algorithm and thresholds. Additionally,
national BP and cholesterol guidelines frequently differ in the clinical criteria that denote
high risk and associated therapeutic targets. It is likely these differences limit uptake of
guidelines and absolute CVD risk in primary care. This variation between national and
international guidelines may result in differences in the proportion recommended therapy
and additional confusion among GPs regarding which guideline to refer to for patient
management.
The aim of Chapter 6 of this thesis was to compare CVD prevention guidelines between
Australia, England and the United States. BP and cholesterol guidelines were used to
classify individuals as recommended for therapy using data drawn from national health
survey data from each country. Agreement in therapy recommendation was assessed by
comparing the total recommended therapy according to each country’s guidelines.

1.5 BP and absolute CVD risk management
High BP is the leading risk factor for CVD risk and rarely occurs in isolation of other
CVD risk factors. [50,81] Due to the multifactorial nature of CVD and clustering of CVD
risk factors, absolute CVD risk management has been advocated, in place of focusing on
grades of hypertension, to reduce CVD risk. [82] Absolute CVD risk has demonstrated
better discrimination of risk than BP alone for identifying patients that would most benefit
from treatment. [83,84]
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The benefits of management according to absolute CVD risk rather than single risk factors
has been demonstrated for cholesterol management resulting in reduced CVD events and
fewer individuals receiving unnecessary treatment. [85,86] Additionally, the greatest CVD
risk reduction by statin therapy has been observed in those with the highest baseline
absolute CVD risk and in individuals that would be missed according to cholesterol
thresholds alone. [87] The move of cholesterol guidelines from cholesterol thresholds to
absolute CVD risk management is in contrast to BP guidelines. Many BP guidelines now
include absolute CVD risk recommendations alongside hypertension grades, but still
include single risk factor thresholds and BP targets.
The notion of hypertension grades and thresholds are based on epidemiological evidence.
The arbitrary nature of these cut points to determine preventive therapy, has been
challenged from the outset. [88] Indeed, almost 30 years ago a continuum of risk between
increasing BP and CHD mortality risk has been observed, [39] which was more recently
confirmed. [40] These data demonstrate increased CVD risk at even modest BP levels.
Pertinently, a continuous increased risk of CVD due to additional CVD risk factors, has
been observed at all levels of BP (Figure 1.2). [21] Adopting an absolute CVD risk
approach is likely of importance for BP management since 56-97% of individuals with
elevated BP have at least 1 other CVD risk factor such as diabetes, high cholesterol or
obesity. [81,89] Therefore, classifying patients as high risk on the basis of BP thresholds
for preventive therapy could result in substantial unaddressed CVD risk.
Evidence indicates that individuals that do not meet BP guideline criteria for treatment
account for 50% of CVD burden related to high BP. [71,72] Thus, guidelines are missing
individuals with increased CVD risk related to BP but below guideline thresholds for
therapy. Treatment based on absolute CVD risk thresholds has been shown to achieve
greater CVD risk reduction than treatment based on BP thresholds. [36] Additionally,
modelling studies comparing the absolute CVD risk approach to BP alone have
demonstrated the potential of absolute CVD risk to individualise guidelines, reduce
healthcare costs, require fewer medications and yield greater benefit for quality-adjusted
life years (saving 159 vs 74 quality-adjusted life-years per 1000 treated patient according
to absolute CVD risk compared to treatment to BP threshold, respectively). [6,82,90,91]
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Figure 1.2 Karmali et al. 10-year coronary heart disease risk for a 60-year old man based
on blood pressure level and the presence of additional risk factors. Risk factor burden
increases left to right. [82] Data derived from Wilson et al. [21]

A potential limitation of absolute CVD risk management in the context of BP is the
emphasis of age on short-term CVD risk prediction particularly for 5 and 10-year time
periods,[7] which may not adequately account for risk in younger adults with elevated BP.
Longitudinal evidence demonstrates that young and middle-aged individuals with elevated
BP have high lifetime CVD risk with low short-term CVD risk due to the protective nature
of young age. These data suggest that young people may benefit from intervention on the
basis of elevated BP to reduce lifetime CVD which may be underestimated by absolute
CVD risk. [92,93]
In summary, there is opportunity to maximise cohesion between guidelines by developing
overarching CVD prevention guidelines. Aligning BP and cholesterol guidelines could
address the multifactorial nature of CVD, risk factor clustering and prevalence, and the
continuous risk associated with elevated BP. Developing one overarching CVD prevention
guideline has the potential to improve usability for GPs. A single overarching guideline
may support implementation of evidence-based preventive strategies and ultimately result
in better outcomes on a population and individual level.
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1.6 BP management in practice
BP remains a cornerstone of medical practice. Indeed, GPs maintain a focus on BP rather
than absolute CVD risk for patient management. [8] However, there are many known
challenges associated with routine clinic BP measurement including 1) the whitecoat
effect; [94] 2) masked hypertension; [95] 3) lack of time to obtain high-quality BP
readings; [23] 4) inadequate number of BP measurements taken; [96,97] and 6) use of
inappropriate cuff sizes. [98] Home BP and 24-hour BP offer alternative, out-of-clinic,
measurements to overcome such challenges. [99,100] However, this requires a dedicated
device for the patient to use outside the clinic environment and cost may be prohibitive to
uptake.
Automated unobserved BP (AOBP) measurement may remedy these challenges while still
facilitating BP measurement at the practice level, thus alleviating the need for patients to
undertake resource-intensive home or 24-hour BP monitoring. AOBP measurement refers
to BP measurement via an automatic device without the presence of an operator. [101,102]
AOBP measurement facilitates multiple BP readings with adequate patient rest, in the
absence of a doctor or nurse, thus addressing the whitecoat effect and potentially
standardising BP measurement conditions. [101,102] AOBP has been shown to
correspond to the gold-standard 24-hour ambulatory BP monitoring, which further
supports the use of AOBP in clinical practice. [101,103–105]
Despite the potential of AOBP to address challenges associated with BP measurement,
uptake has been limited in practice. [106] Concerns regarding implementation of AOBP
have focused on the costs associated with the devices required for AOBP, the need for a
dedicated consulting room to be used, and the substantial personnel time required to
oversee the measurement protocol. [107] However, AOBP does not require a dedicated
consulting room for measurement. Previous work has demonstrated measurement of
AOBP in a waiting room is comparable to ambulatory BP. [108] Additionally, Armstrong
an colleagues demonstrated that the patient being alone as more important than location
for AOBP measurement. [108] Thus, there is no need for excessive personnel time to
oversee the protocol. Consequently, innovative solutions that embed AOBP in practice,
without increasing burden on primary care resources are needed to improve clinical
management of BP. Further, BP is a core component of absolute CVD risk assessment and
high-quality BP measurements are required to accurately estimate CVD risk.
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1.7

AOBP and absolute CVD risk assessment

CVD primary prevention guidelines recommend the use of clinic BP and not home, 24hour or AOBP for the assessment of absolute CVD risk, as this was the measurement used
to derive and validate absolute risk models. [66,109,110] Table 1.1 provides an overview
of the BP measurement protocol used in absolute CVD risk models pertinent to this thesis.
Yet the “clinic” BP used to validate absolute CVD risk algorithms is often vastly different
to that routinely obtained in clinical practice, [111] and is more accurately considered a
research-grade clinic BP measurement where guidelines were stringently followed (5
minutes seated rest, appropriate cuff size, multiple readings taken etc.). [89] When AOBP
has been compared to research-grade clinic BP measurements, it has shown good
agreement. [112] Secondly, using different BP measurements, including home and 24hour BP, or BP readings rounded to the nearest 10 mmHg (which commonly occurs in
practice) have been shown to have a minimal effect on absolute CVD risk assessment.
[113,114]
The evidence indicates AOBP can ensure minimum quality standards with respect to
patient rest, the number of measurements taken and standardise conditions of
measurement with no medical personnel present. [107] Secondly, AOBP may in fact be
more representative of “clinic” BP obtained and used for absolute CVD risk model
derivation than that of BP routinely measured in primary care, [94] making AOBP more
appropriate for absolute CVD risk assessment. Considered in this context, AOBP has the
potential to address known challenges to BP measurement in practice and provide highquality BP measurement for absolute CVD risk assessment.
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Table 1.1. Risk score properties and blood pressure measurement protocol in the study cohort used for absolute cardiovascular risk model
derivation.
Risk score

Outcome

Population

Risk factors includes

Blood pressure protocol

Time
period

Framingham

CHD

White, aged

Age, sex, SBP,

Three measurements taken on left

1991 [66]

events

30-74 years.

cholesterol, smoking

arm after 5 minutes seated rest,

status, diabetes status,

average of 2nd and 3rd used.

10-year

ECG-LVH.
QRISK2

CVD

White, aged

Age, sex, SBP,

Clinical record closet to data

[73]

events

35-74 years.

cholesterol, smoking

extraction.

10-year

status, diabetes status,
hypertension treatment,
BMI, family history of
CHD, SES* status,
rheumatoid arthritis,
CKD, atrial fibrillation,
ethnicity.
Pooled

CVD

White,

Age, sex, SBP,

Average of 2 measurements after

cohort

events

African

cholesterol, smoking

5 minutes seated rest.+

American,

status, diabetes status,
11

10-year

equation

aged 40-79

hypertension treatment,

[115]

years

ethnicity.

Abbreviations: CHD, coronary heart disease; SBP, systolic blood pressure; ECG-LVH; electrocardiography left-ventricular
hypertrophy; CVD, cardiovascular disease; HDL, high density lipoprotein; BMI, body mass index; SES, socioeconomic status;
CKD, chronic kidney disease.
*Socioeconomic status assessed by Townsend score.[116]
+

Baseline data from three cohort studies were used for the pooled cohort equation and blood pressure protocol as follows:

1. Atherosclerosis Risk in Communities (ARIC) study; after 5 minutes seated rest three blood pressure measurements via
auscultation, the average of 2nd and 3rd measurements was used for analysis.[117]
2. Cardiovascular Health Study (CHS); after 5 minutes seated rest blood pressure via auscultation, the average of two measurements
was used for analysis.[118]
3. Coronary Artery Risk Development in Young Adults (CARDIA) study; after 5 minutes seated rest three blood pressure
measurements via auscultation, the average of 2nd and 3rd measurements was used for analysis. [119]
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1.8 Evidence for absolute CVD risk assessment and management
Although there is a strong rationale for absolute CVD risk management to guide CVD
prevention in clinical practice, evidence in support of absolute CVD risk to prevent CVD
events remains unclear. Systematic reviews, albeit with few studies, determined that
absolute CVD risk assessment, in combination with clinical consultation, elicits
favourable but modest improvements in patient knowledge, GP prescribing behaviour, and
risk factor management. [120,121] Further, a 2016 Cochrane reviewed determined there
was insufficient evidence by randomised controlled trial that medical management based
on absolute CVD risk scores affect CVD events.[122]
Nevertheless, clinical management based on absolute CVD risk has been shown to reduce
harm when compared to individual risk factor management. [7,36] Additionally, without
widespread adoption of absolute CVD risk assessment it is difficult to discern benefits to
CVD outcomes. A second Cochrane review identified that systematic absolute CVD risk
assessment may have favourable benefits for CVD risk factor management but that there
was insufficient data to determine effect on CVD events. [123] There is evidence to
suggest that absolute CVD risk is more cost-effective than single risk factor management,
reducing the number of medications required to reduce CVD risk and more precisely
identifying patients that benefit from preventive therapy. [6,86] It is clear that sufficiently
powered, large-scale, randomised controlled trial evaluation of absolute CVD risk is
required to definitively determine clinical utility for CVD primary prevention.

1.9 Limitations of absolute CVD risk assessment
Absolute CVD risk is often seen as a tool to provide personalised care delivery relative to
the patient’s risk factor profile. However, absolute CVD risk is an imperfect tool for
individual risk prediction. Absolute CVD risk is based on population averages to provide
an estimate of probability of an event based on epidemiological data. Consequently, for
those with a 20% chance of a CVD event within a given time period, there is also the
likelihood of no event occurring. This highlights the need to include the patient in shared
decision-making to weigh up the benefits and risks of treatment according to absolute
CVD risk. [124] However, importantly, absolute CVD risk has been shown to reduce
harms and increase the risk to benefit ratio and cost-effectiveness of treatment to prevent
CVD compared to single risk factor management. [6,7]
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Absolute CVD risk prediction algorithms have typically been derived and validated in
large cohort samples, which are predominantly white. Therefore, absolute CVD risk
prediction models developed in a particular cohort, population or region will likely
overestimate or underestimate risk in other populations where baseline risk is different.
[125] To increase generalisability, such equations are either externally validated or
calibrated for use in other populations to determine utility.[126–128] The ease of
recalibration is influenced by the CVD end point used in the model, the age range and the
interaction between variables. [129] Typically, performance is assessed by discrimination
of the risk prediction model to appropriately identify those who will develop CVD from
those that won’t, and calibration of how well the predicted outcome agrees with actual
outcomes. [129] Discrimination reporting should include absolute CVD risk thresholds to
identify performance at clinically meaningful cut points for low and high risk. [130]
There have been calls to update the approach to risk score derivation to increase
generalisability and accessibility. [129] One suggestion is to simplify risk estimation
systems to reduce the number of risk factors and increase accessibility. The requirement of
laboratory measurement of cholesterol is a barrier to uptake in low-resource settings. Body
mass index has been shown to be only slightly different to cholesterol in absolute CVD
risk estimation. [131] For this reason, the World Health Organisation developed risk charts
that do not include cholesterol measurement. [2]
To increase the generalisability of absolute CVD risk, an iterative approach focused on
contemporary data in real-world patients by using electronic health records and “big data”
has been suggested. [126] This method has been adopted for the derivation of the QRISK
absolute CVD risk prediction algorithm in the United Kingdom and was recently used in
New Zealand to derive an absolute CVD risk prediction algorithm in 400,000
participants.[71,73,132] While the size and contemporary nature of electronic health
record data is appealing, it too is an imperfect solution. Electronic health record data poses
challenges, such as bias from restrictive selection criteria and missing data, and the
generalisability of risk prediction tools derived within specific sites or centre environments
without external validation.[133,134]
An interesting point to consider for the derivation of absolute CVD risk is, whether or not
it needs to be generalisable outside of the derivation and validation sample or should it
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rather seek to optimally predict risk in a specific population. Indeed, for countries with
well-established electronic health record systems, this latter may be preferred. However,
safeguards must be in place to embed quality methods for analysis and design to ensure
rigour when using such data to overcome challenges that could reduce quality and further
inequity in primary care. [135] Until such time as this is achievable, the best way to
deliver appropriate care to those most at risk of CVD is by better implementation and
increased uptake of absolute CVD risk assessment and guideline-recommended care.

1.10 Absolute CVD risk management in practice
GPs are the foundation of primary care delivery, with more than 80% of Australians
seeing a GP at least once per year. [124] Consequently, GPs are at the frontline of CVD
prevention and absolute CVD risk assessment and management. Previous research has
typically reported on the barriers, enablers, and gaps in guideline-recommended care
delivery for CVD prevention. [8–10] In order to identify areas for improvement, it is
critical to understand the workflow for CVD risk assessment. The actions GPs are required
to undertake as part of absolute CVD risk assessment are: 1) clinical history, including
smoking and diabetes status; 2) BP measurement; 3) referral for diagnostic measurement
of cholesterol and glucose; 4) review of diagnostic results; 5) patient follow-up to discuss
results; 6) collation of risk factors and entry into dedicated software to estimate absolute
CVD risk; and 7) management of risk factors by lifestyle advice or medications. [5] These
steps are illustrated in Figure 1.3.
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Figure 1.3. Example workflow of risk factor collection and absolute CVD risk
assessment undertaken by GPs.
* Cholesterol referral may occur at step 1 or 2 depending on GP and patient rapport.
It is likely that BP measurement would occur on a separate visit due to time
constraints.
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Data from last decade indicate GPs spend 14-15 minutes on average per patient
consultation. [136] Management of chronic disease tends to increase consultation time and
requires unpaid time. [137,138] Despite availability of a dedicated billable item number
for preventive health screening in adults aged 45-49 years, uptake has been limited and
systematic recall or dedicated screening rarely implemented. [139,140] Subsequently, the
challenge of preventive healthcare is exacerbated as screening is undertaken
opportunistically at the end of consultations for other clinical matters, when time permits.
[26]
Wan and colleagues, highlighted that GPs struggle to identify an ideal time to start the risk
assessment process, and that it most often occurs on an ad-hoc basis in existing patients
with established rapport and known CVD risk factors. [26] There are clear limitations to
this approach. Not only does opportunistic screening depend on available time within the
busy clinic environment, it also has the potential to miss patients with unknown risk
factors. Conversely, patients have indicated that they depend on GPs to start the process of
CVD risk assessment. [26] Many eligible patients are likely unaware of their CVD risk, as
many risk factors, such as high BP, are asymptomatic. The current approach leaves CVD
risk assessment to chance and loads the burden of initiating risk assessment onto GPs.
There is a clear need to ensure systematic screening and provide opportunity to all eligible
patients for absolute CVD risk assessment. Rather than further exacerbate the workload
burden for GPs, other primary care providers could facilitate absolute CVD risk
assessment and engage patients. Indeed, GPs have been shown to be amenable to this
approach. [20,25,26]

1.11 Barriers to absolute CVD risk assessment in practice
There are evident gaps in the delivery of absolute CVD risk management in practice. As a
result, there can be undertreatment of high risk patients and unnecessary treatment of
people at low risk. [9,10,14] This provides a strong rationale for exploring the barriers to
uptake of absolute CVD risk in practice, in order to identify opportunities for addressing
these gaps. There are many known barriers to implementation of absolute CVD risk
including: lack of time, [15] inadequate documentation of CVD risk factors, [16] low use
of software tools to estimate absolute CVD risk, [17] poor knowledge or trust in absolute
CVCD risk, [141] confusion over guideline recommendations, [8] and a focus on single
risk factor management.[19]
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As outlined above, GPs adopt an opportunistic approach to screening. With no dedicated
time allocated to absolute CVD risk assessment, the amount of time available is far less
than a booked consultation. If we consider the average consultation time of <15 minutes as
a reference point, [136] it is understandably challenging to assess and collate risk factors,
input them into a risk estimation tool and then communicate risk of CVD based on the risk
score. Just to measure BP according to guidelines has been shown to be impractical within
the time constraints of clinical practice. [23] Indeed, a study investigated the time required
to estimate absolute CVD risk, when all other information was to hand, and found this
required 2 minutes of clinician time, without accounting for reading the patient
information before entering the risk factor data. [22] Considering the study design
intended to test the “best case workflow” it highlights why so few GPs use absolute CVD
risk assessment in practice. It is impractical to depend on opportunistic screening at the
end of a consultation to implement absolute CVD risk assessment, and relies on one of the
most valuable, and scarce, resources in clinical care: time.
In addition to insufficient time there is poor use of absolute CVD risk assessment tools or
“calculators”, with reports use is as low as 20% in clinical practice. [8,142] Low use of
absolute CVD risk assessment tools is influenced by inadequate documentation of CVD
risk factors, [10,19,20] failure of the electronic health record to automatically populate the
risk assessment tool, [143] lack of an external prompt to use the tool and low confidence
in absolute CVD risk estimation. Despites GPs having high awareness of absolute CVD
risk tools and the potential benefit, there is poor uptake, which demonstrates that education
alone is unlikely to facilitate increased uptake. [122] Rather, addressing the infrastructure
and resource barriers is required. In April 2019, a new Medicare Benefit Schedule (MBS)
item number was introduced to promote uptake of CVD risk assessment. [145] However,
the item number does not allow sufficient time to measure and input risk factors nor
stipulate a requirement for absolute CVD risk assessment. Therefore, it is unlikely such an
item number would offer sufficient incentive to promote redress known challenges of
absolute CVD risk assessment.
Bonner and colleagues, identified GPs use absolute CVD risk assessment according to five
strategies. [18] The strategies ranged from a focus on absolute CVD risk assessment as it
was deemed useful, to total disregard for absolute CVD risk as it was considered
inappropriate. Several factors influenced the strategies. Low use was associated with
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concerns about costs or over-servicing patients, a view that clinical judgement was as
good or better than absolute CVD risk and that guidelines did not adequately consider
other factors such as lifestyle of family history of CVD. [18] Older GPs and those with
solo practices, have been shown to rate clinical judgement as more effective than absolute
CVD risk and use single risk factor management more frequently. [146,147] Those that
disregarded absolute CVD risk defer to more familiar areas of management with a focus
on individual risk factor management. [18,146,147]
Several studies have demonstrated that GPs typically default to single risk factor
management. [8–10] Even when presented with absolute CVD risk example vignettes,
GPs have been shown to implement single risk factor management rather than
management according to absolute CVD risk. [19] GPs have a strong understanding of
individual risk factors and confidence in their ability to estimate CVD risk, yet GP
assessment of CVD risk by clinical judgement is imprecise and error prone, compared to
absolute CVD risk assessment. [9,20,148–151] The results demonstrate that unnecessary
treatment is likely in low risk patients (<15% absolute CVD risk) who have mildly
elevated BP and cholesterol. Similarly, there is a missed opportunity to identify those with
greatest risk and most likely to benefit from treatment.
Several reasons have been proposed for the sustained focus on single risk factor
management. Fundamentally, there is a lack of trust in risk prediction tools. GPs do not
believe that absolute CVD risk prediction adds value beyond clinical judgement.
[8,15,141] A key area of concern is the lack of lifestyle factors in the multivariate risk
prediction tools, particularly for factors pertinent to modifying risk, such as obesity, or
those deemed important for risk stratification, such as family history. [141,152]
Additionally, complicated guidelines and a lack of clear government health policy for
CVD prevention have been highlighted as barriers. [153,154] This poses a challenge for
guideline authors to develop coherent, overarching guidelines for CVD prevention that
embed absolute CVD risk assessment to identify those at greatest risk and determine
appropriate treatment.
In summary, GPs lack the resources to effectively implement absolute CVD risk
assessment, causing them to default to single risk factor management. Clinical judgement
alone does not systematically identify patients likely to benefit from absolute CVD risk
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assessment nor adequately estimate patient CVD risk. Poor clinician discrimination
between high and low risk patients may contribute to suboptimal care delivery, as well as
missed opportunities to identify those likely to benefit from treatment. Guidelines and
interventions that address resource barriers and embed absolute CVD risk to guide
treatment are required to address this deficit in practice.

1.12 Previous interventions to improve uptake of absolute CVD risk
management in practice
Previous interventions to improve absolute CVD risk assessment in primary care have
focused on using electronic health record data and medical software to encourage uptake
(Table 1.2). Such interventions include: streamlined or automated absolute CVD risk
assessment; prompted risk factor collection and entry into risk assessment tools; audit and
feedback based on the proportion of eligible patients screened by absolute CVD risk
assessment; and electronic decision support tools. [11,12,155–164] Additionally, many of
these interventions have included dedicated CVD risk consultations with patients.
Altogether, streamlining absolute CVD risk assessment by auto-populating the required
software would only yield minimal improvements in GP workload. GPs would still be
required to measure and record risk factors, undertake training to use such electronic tools
and, on top of this, provide a dedicated consultation. As previously demonstrated, the bestcase workflow for absolute CVD risk assessment (without auto-population of risk factors)
required 2 minutes of GP time. [22] Comparatively, appropriate measurement of BP
according to guideline protocol would require more time than a typical 14-15 minute
patient consultation. [23,136] Thus, greater gains could be made from alleviating GP
burden required to collect risk factors and provision of absolute CVD risk assessment than
focusing on automatic absolute CVD risk assessment alone.
While the provision of the electronic health record provides an opportunity to integrate
absolute CVD risk assessment, this alone does not address all of the barriers to absolute
CVD risk assessment in practice. As shown in Table 1.5, such interventions still require
GP activity to measure CVD risk factors and document these risk factors in the electronic
health record. As previously discussed in this review, there is poor documentation of CVD
risk factors in practice and in electronic health records. [20] Additionally, such
interventions do not address the resource and infrastructure challenges associated with
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absolute CVD risk assessment; several consultations would still be required to measure the
required risk factors. Moreover, GP training must be undertaken to use electronic tools
that automatically populate risk factors and estimate absolute CVD risk. Indeed, 11 out of
the 12 trials presented in Table 1.3 detailed GP or nurse training as part of the
intervention. Despite this resource-intensive approach, several studies reported no
improvement in absolute CVD risk assessment or guideline-recommended treatment
compared to usual care. [156,157,159–163]
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Table 1.2. Summary of intervention, requirements of general practitioners, outcomes and results for previous randomised controlled trials in a
general population that included absolute cardiovascular disease risk as an intervention in primary care delivery.
Reference

Intervention

GP activity

Outcome

Result

Benner et

GP training, computer-based risk

Measurement and

Modification to

Improvement in modifiable RFs and

al., 2008

assessment and 3 x education sessions

documentation of

RFs and absolute

lower absolute CVD risk compared to

[155]

with patients.

CVD RFs.

CVD risk.

usual care.

Bertoni et

GP training and electronic decision-

Measurement and

Absolute CVD risk Increase in absolute CVD risk

al., 2009

support tool, 4 x GP education sessions

documentation of

assessment

assessment and guideline-

[12]

including audit and feedback on

CVD RFs.

screening and

recommended treatment in the

guideline-

intervention group compared to usual

recommended

care.

screening.

treatment.
Cobos et al.,

Computer-based absolute CVD risk

Measurement and

Cost-effectiveness

No differences between intervention

2005 [156]

assessment and electronic decision-

documentation of

and guideline-

and control for guideline-

support tool.

CVD RFs.

recommended

recommended treatment. Intervention

treatment.

was more cost-effective.

Eaton et al.,

1 x GP training, patient education

Measurement of

Guideline-

No differences between intervention

2011 [157]

toolkit, compute-based patient self-

CVD RFs.

recommend

and control for guideline-

assessment for absolute CVD risk* and

treatment and

recommended treatment.

electronic decision-support tool.

increased absolute
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CVD risk
assessment.
Holt et al.,

Electronic prompts to input CVD RFs

Measurement and

CVD diagnosis or

No reduction in CVD events between

2010 [158]

and estimate absolute CVD risk based

documentation of

event.

intervention and usual care.

on EHR.

CVD RFs.

Intervention had greater
documentation of CVD RFs.

Koelewijin-

Nurse training, assessment and

NA – undertaken

Improvement in

van Loon et

communication of absolute CVD risk

by nurse.

modifiable RFs.

al., 2010

and patient follow-up.

No improvement in modifiable RFs.

[159]
Keller et al.,

2 x GP education sessions on absolute

Measurement and

Guideline-

No improvement in guideline-

2012 [160]

CVD risk assessment.

documentation of

recommended

recommended treatment between

CVD RFs.

treatment.

intervention and usual care.

Montgomery GP training. absolute CVD risk

Measurement and

Absolute CVD risk No differences in absolute CVD risk or

et al., 2000

assessment chart and electronic

documentation of

score reduction

BP control between intervention and

[161]

decision-support tool.

CVD RFs.

and BP control.

usual care.

Peiris et al.,

GP training, audit and feedback,

Measurement and

Absolute CVD risk Increased absolute CVD risk

2015 [11]

computer-based absolute CVD risk

documentation of

and RFs screened

assessment in intervention but no

assessment electronic decision-support

CVD RFs.

and guideline-

improvement in guideline-
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tool, staff training, patient education

recommended

recommended treatment compared to

tools.

treatment.

usual care.

Vagholkar et GP training, computer-based absolute

Measurement and

BP and cholesterol

No difference in BP and cholesterol

al., 2014

CVD risk assessment in a dedicated

documentation of

lowering

lowering treatment between

[162]

consultation with patients.

CVD RFs.

treatment.

intervention and usual care.

van

GP training, electronic decision-support Measurement and

Increased absolute

No improvement in absolute CVD risk

Steenkiste et

tool, two dedicated patient

documentation of

CVD risk

or patient risk perception between

al., 2016

consultations.

CVD RFs.

screening and

intervention and control.

[163]

patient risk
perception.

Wells et al.,

GP training and on-going support, web-

Measurement and

RFs and absolute

Four-fold increase (from <3%) in

2008 [164]

based programme integrated with

documentation of

CVD risk

patients with documented CVD risk.

patient management software and EHR

CVD RFs.

documented.

Two-fold increase in documented

to generate absolute CVD risk.

CVD RFs.

Abbreviations: EHR, electronic health record; CVD, cardiovascular disease; GP, general practitioner; RFs, risk factors; BP, blood
pressure.
*Absolute CVD risk according to Framingham Risk Equation was provided and converted to a corresponding HeartAge value e.g. a
male patient aged 56 years with a 25% absolute CVD risk score had a HeartAge of 80 years.
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Bertoni et al. observed increases in both absolute CVD risk assessment and guidelinerecommended treatment following their intervention. This intervention comprised
intensive educational sessions on a 6-monthly basis to audit performance and reinforce
guideline recommendations. [12] Similarly, frequent prompts to measure and document
risk factors and estimate absolute CVD risk, based on electronic health record data,
demonstrated increases in absolute CVD risk assessment and guideline-recommended
treatment. [158] Wells and colleagues also observed increases in absolute CVD risk and
associated risk factor documentation using audit and feedback. However, the observed
increase from 2.8% to 10.7% demonstrates that the baseline of such activity was low and
the improvement, while significant, was still a low rate of documentation. [164] While
auditing and feedback may lead to improvement in primary care by benchmarking and
setting targets for service delivery, [165] it does not address the resourcing issue faced by
GPs. Future interventions should aim to utilise existing primary care structures to address
resource challenges to facilitate uptake of absolute CVD risk assessment by GPs.
Recent work has focused on absolute CVD risk reported to the GP as part of routine care
delivery or a complimentary service when an appointment is already scheduled. A qualityimprovement study in Canada found absolute CVD risk reported via pathology
laboratories, in patients presenting for cholesterol measurement, was feasible and observed
a relative increase of 26% in statin prescriptions. [166] As a pilot study, there is no control
group to compare statin prescriptions against and such increases may have occurred within
routine management of the requested cholesterol result. Additionally, this intervention
required GPs to measure and document absolute CVD risk factors at the time of referral,
thus not substantially alleviating GP workload. Karmali and colleagues, investigated
assessment prior to GP consultation and observed that absolute CVD risk was discussed
with 83% of patients and 47% were recommended statin treatment. However, this study
was a small pilot (n=18) and labour-intensive: prior to GP consultation, research staff
measured all required CVD risk factors on a separate visit including capillary blood
sampling to measure cholesterol, which is not recommended in guidelines. However, it
does confirm previous research indicating that there is appetite among GPs for support to
assess absolute CVD risk. [20,25,26]
Altogether, previous interventions demonstrate it is feasible to use the electronic health
record and decision-support tools to streamline absolute CVD risk assessment. Yet such
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interventions have had limited improvements in absolute CVD risk assessment and
guideline-recommended treatment activity. Sustained education components that include
audit and feedback may increase such activity and could be considered worthwhile
components for future interventions. Additionally, recent feasibility studies highlight that
absolute CVD risk assessment before routine GP consultation may result in greater
documentation of CVD risk in patient clinical records and increased guidelinerecommended treatment. [166]

1.13 Patients and absolute CVD risk assessment and management
The primary focus of this thesis and literature review is interventions in primary care
delivery by service providers to increase absolute CVD risk assessment. However, it
would be inappropriate not to consider the role of the patient in CVD prevention.
Guideline recommendations include lifestyle modifications and treatment to reduce CVD
risk for high risk patients. However, the relationship between absolute CVD risk,
individual risk factors, lifestyle changes or medication and CVD outcomes is challenging
to communicate. [167] Failure to communicate this information effectively could leave
patients unaware of their risk of CVD and the importance of lifestyle or medication
recommendations. This may contribute to low adoption of health behaviour changes to
improve lifestyle or low adherence to prescribed medications.
Recently, guidelines have emphasised the importance of shared decision-making between
GPs and patients and the role of the patient in preventive medicine. [3,4,168] Shared
decision-making for CVD prevention should support autonomous and informed decisionmaking by patients through guideline-recommended expert advice provided by GPs. [169]
Including patients in decision-making has been shown to improve patient satisfaction and
understanding, lifestyle changes and outcomes. [170–172] Additionally, patient increased
self-efficacy and risk perception promote adherence to lifestyle modification and
medication regimens and can be achieved through shared decision-making,. [173,174] It is
unrealistic for guidelines to encompass patient preferences and communicate personalised
approaches effectively. Therefore, GPs are the primary drivers of dialogue on risk and
informed decision-making aligned with patient preferences. [175,176] However, there are
challenges associated with achieving this approach in practice.

26

Even after a consultation on CVD prevention, patient understanding has been shown to be
insufficient and risk perception unrealistic. [167,177] Decision aids used by GPs to
facilitate shared decision-making with patients have been suggested to facilitate this
approach in practice. [178] However, decision aids focus on knowledge transfer rather
than equipping patients with the ability to apply such information. Consequently, their use
for shared decision-making is limited. [179] Moreover, a patient’s ability to use decision
aids is determined by their level of health literacy. [180]
Recent policy in Australia explicitly supports shared decision-making and addressing
health literacy deficits. [124] Health literacy is the ability to obtain, interpret and use
information to make choices related to one’s health. [181] Health literacy varies across the
population with almost half having inadequate health literacy to navigate healthcare and
health related information. [182,183] Low health literacy is associated with poor use of
healthcare services, low uptake of lifestyle modification, poor medication adherence and
worse health outcomes. [184] However, evidence-based strategies can support patient
education to address health literacy challenges and subsequently, improve health
outcomes. [185,186] Healthcare providers are instrumental in providing support to patients
that is suitable for all levels of health literacy. [187] However, GPs typically overestimate
patient health literacy. [188]
Providing absolute CVD risk information to patients has been shown to increase risk
perception and intention to start preventive therapy. [121] Others have found that patients
struggle to understand absolute CVD risk information and lack a tangible reference point
to understand the meaning of their risk relative to others. [189] In an era with vast amounts
of health information publicly available on the internet, patients may seek alternative
sources of information if unsure of a GP explanation. Previous work demonstrated
publicly available online CVD risk calculators are not user-friendly or understandable to
patients, particularly those with low health literacy. [190] The clinical validity of such
tools is also questionable as the same high risk profile may produce vastly different CVD
risk estimates across CVD risk tools. [191] Thus, patients may receive conflicting advice
or estimates by seeking further information from publicly available sources.
Due to challenges associated with communicating absolute CVD risk, there have been
suggestions that Heart Age should be used in its place to motivate patients and improve
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patient understanding of CVD risk. Similar to absolute CVD risk, Heart Age provides a
global estimate of CVD risk based on several risk factors (age, sex, smoking status,
diabetes status, BP and cholesterol) . [192] The model predicts life expectancy based on an
individual’s risk factor profile to determine CVD risk and compare it with the average life
expectancy of individuals of the same age and sex. The difference between individual
predicted life expectancy and the age-standardised average is then added to the
individual’s chronological age to provide a Heart Age. [192] A Heart Age greater than the
individual’s chronological age indicates higher CVD risk. A comparison of both methods
found no evidence that Heart Age motivates patients more than absolute CVD risk.
[193,194] Introducing yet another CVD risk prediction tool among the plethora already
available is unlikely to elicit benefits and may unnecessarily increase GP burden.
[184,185] Instead, communication tools to promote patient understanding of absolute
CVD risk should be developed to support evidence-based decisions.
Shared decision-making and health literacy are essential components to support patient
engagement with lifestyle modifications and treatment regimens for CVD prevention.
Thus, primary care interventions that aim to increase absolute CVD risk assessment should
support shared decision-making between GPs and patients. Increasing GP time for
discussion of CVD risk results by reducing the time required to collect risk factors and
estimate absolute CVD risk is a possible means to support shared decision-making.
Alternatively, interventions could embed patient education and decision support tools to
facilitate CVD risk dialogue between GPs and patients. Bonner et al. recently co-designed
a web-based patient decision aid to support discussion of benefits and harms of treatment
between GPs and patients. Feasibility testing indicated the tool supported correct
identification of CVD risk category. However, at 1-month follow-up, while GPs selfreported using the website (73%), there were no increases in absolute CVD risk
assessment or GP self-efficacy in conducting or explaining absolute CVD risk. [195] GPs
and patients identified ways in which such a tool could be improved including: providing
the absolute CVD risk assessment and decision aid prior to the consultation; saving GP
time by auto-population of CVD risk factors from the electronic health record and
improving the tool to address the needs of those with low health literacy. These findings
highlight that GPs see value in tools that support shared decision-making and
communication of absolute CVD risk but that such interventions need to address the
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systemic barriers to absolute CVD risk assessment to facilitate uptake in a busy clinical
environment.
The patient is an integral part of CVD prevention. Interventions should aim to facilitate
GP and patient dialogue about CVD risk, and harms and benefits of lifestyle changes and
medications. Tools to facilitate this process should aim to address GP barriers to absolute
CVD risk assessment by streamlining the process and making more time available for
discussion which can be tailored to individual patient needs and health literacy levels.

1.14 Opportunities to increase absolute CVD risk assessment in practice
As detailed in this literature review, GPs face several barriers to absolute CVD risk
assessment, including lack of time to measure and input risk factors into dedicated
absolute CVD risk assessment tools. Several interventions have aimed to increase absolute
CVD risk assessment in practice by streamlining the input process and educating GPs
about absolute CVD risk and CVD prevention guidelines. These interventions failed to
address the foremost barrier to absolute CVD risk assessment – a lack of time.
Consequently, future interventions need to investigate opportunities that alleviate, rather
than add to, GP workload and embed absolute CVD risk assessment into routine care
delivery.
Naugler and colleagues tested the use of pathology services for reporting absolute CVD
risk assessment in patients attending for cholesterol measurement as part of routine care
delivery. [166] The service proved feasible, however it required GPs to document and
report the required risk factors at the time of referral for cholesterol measurement.
Although this service may introduce systematic screening of absolute CVD risk, it would
only alleviate the time required to estimate CVD risk and not to measure CVD risk factors.
Therefore, it is likely that the service could encounter a bottleneck where GPs lack time to
provide the necessary risk factors at the time of referral. Digital technology presents an
opportunity to build on this model and collect risk factors via patient self-assessment to
embed absolute CVD risk assessment in primary care settings. Furthermore, 92% of
Australians aged 50 years or older have been shown to competently engage with digital
technology suggesting there is capacity to increase electronic health services in primary
care. [196]
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Previous qualitative work investigating the role of a patient CVD risk self-assessment
form, completed in the waiting room, found this was acceptable and a useful way to pass
the time while waiting. [197] GPs and patients have highlighted that a shared approach to
absolute CVD risk among patients and other primary health settings (e.g. pharmacists or
pathology services) could increase CVD risk assessment and management. [26] Given the
intensive workload and time constraints on GPs, a shared approach, utilising existing
primary care infrastructure, could support a systematic approach to absolute CVD risk
assessment to reduce GP load. GPs have been shown to value access to absolute CVD risk
assessment pre-consultation, undertaken in alternative primary care settings or by patient
self-assessment, to increase screening and address challenges. [195] Additionally, patient
self-assessment of absolute CVD risk may promote self-management and engagement
with CVD risk. Although there are other ways to collect such information (e.g. electronic
health record), self-assessment has been reported as particularly useful among GPs for
initiating patient engagement. [198] Such an approach would also address the low levels
of risk factor documentation in the electronic health record and make such a service
available to more patients. Indeed, a simple patient risk assessment tool has been shown to
effectively increase patient compliance in the CVD risk assessment process. However, this
tool required 18 minutes of GP time to explain it to patients and discuss results, which is a
significant time burden and unlikely to work in practice. [199]
In Australia, the referral of patients for cholesterol measurement accounts for
approximately 6% of all GP pathology requests. [24] As a result, patient presentation to
pathology services for cholesterol measurement potentially offers an ideal setting to
establish systematic assessment and reporting of absolute CVD risk within routine care
delivery. A computer-based patient self-assessment tool could facilitate the measurement
of requisite risk factors by self-report (e.g. smoking and diabetes status) and BP
measurement using a validated BP device controlled by the computer. The computer
assessment tool could then securely transfer risk factor data to the pathology laboratory
where it is matched with the cholesterol result and absolute CVD risk estimated. Absolute
CVD risk, associated risk factors and guideline-recommended treatment advice can be
provided on the pathology report alongside the cholesterol result and returned to the
referring GP via established and heavily utilised reporting mechanisms.
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Such a service could embed systematic screening to the guideline-recommended target
population and address barriers to absolute CVD risk assessment in practice (Table 1.3).
Patient self-assessment of CVD risk factors via a computer-based tool requires no
additional time from GPs and may promote patient engagement in CVD risk. The
measurement of CVD risk factors via a computer-based tool would standardise risk factor
collection and reporting. Standardised measurement may be particularly beneficial for BP
which has many known challenges associated with measurement in practice. [97]
As the risk assessment is predominantly self-directed by the patient, minimal input is
required from pathology services staff. Indeed, staff would merely need to provide brief
instructions and a demonstration, fit the BP cuff and then resume normal duties.
Additionally, such activity would require minimal training for staff. Absolute CVD risk
reported via pathology services could support treatment according to CVD prevention
guidelines, as high risk patients can be highlighted in red, with guideline-recommended
treatment provided to prompt GP action. Moreover, there is established trust between GPs
and pathology services and well-established recall pathways to respond to abnormal
results.
Large-scale implementation of such a service would embed absolute CVD risk assessment
and data collection, with the potential to support high-quality research integrated within
clinical care delivery. As indicated in the McKeon review, there is an urgent need for such
interventions to improve healthcare delivery and develop contemporary evidence-based
practice. [200] Subsequently, in the long term such a service could be used to: provide
audit and feedback to GPs on performance of the service; to evaluate the absolute CVD
risk approach for guideline-recommended treatment; to determine the clinical utility of
absolute CVD risk via large-scale randomised controlled trial; and the derivation of a
contemporary absolute CVD risk prediction model within an Australian population.
The aims of Chapters 1, 2, 3, 4 and 5 of this thesis are to determine components of the
feasibility of absolute CVD risk assessed and reported via pathology services. Chapter 2
was a pilot study of such a service at pathology services to determine feasibility and
patient acceptability. Chapter 2 determined the usability and acceptability of a selfdirected multimedia consent process to deliver consent at pathology services without the
presence of dedicated staff. Chapters 3 and 4 explored GP attitudes of absolute CVD risk
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assessed and reported via pathology services. Chapter 5 investigated the effect of blood
collection on BP and absolute CVD risk assessment as blood samples would be drawn
before BP measurement for the assessment of absolute CVD risk at pathology services.
Table 1.3. Barriers to absolute CVD risk assessment addressed by absolute CVD risk
assessment and reporting via pathology services. The service is conducted in accordance
with NVPDA CVD primary prevention guidelines. [5]
Barrier to absolute CVD

Addressed by absolute CVD risk assessment and

risk assessment identified reporting via pathology services:
in literature:
Lack of time to collect risk

As patients complete a computer-based self-directed CVD

factors and assess absolute

risk assessment and absolute CVD risk is assessed and

CVD risk [15]

reported via pathology services there is no additional
activity required from the GP other than the routine
cholesterol referral.

Opportunistic assessment

Absolute CVD risk assessment would be offered to all

of absolute CVD risk. [26]

patients, within the guideline-recommended target
population, attending pathology services for cholesterol
measurement. Consequently, a systematic approach to
absolute CVD risk assessment would be implemented
during risk factor collection because cholesterol
measurement is required for a typical CVD risk workup.

Inadequate documentation

All risk factors would be systematically collected via a

of CVD risk factors [16]

computer-based patient self-directed CVD risk assessment
program and provided to GPs on the pathology report.
Thus, reported risk factors can be documented in a manner
congruent with current documentation process for
pathology results.

Inaccurate BP

Absolute CVD risk assessment at pathology services

measurement [97]

includes high-quality AOBP measurement using a
validated device operated by the computer. This allows for
BP measurement guideline recommendations to be
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followed including sufficient patient rest, for the patient to
be alone and for multiple measurements to be taken. [99]
Low use of software tools

Absolute CVD risk reported via pathology services

to estimate absolute CVD

removes the need for GPs to undertake estimation of

risk [17]

absolute CVD risk via software tools.

Poor knowledge or trust in

Treatment recommendations in accordance with guidelines

absolute CVD risk [141]

and specific to the patient’s level of absolute CVD risk can
be provided on the pathology report to facilitate
knowledge-transfer of guideline recommendations. GP
education may be required to increase trust in absolute
CVD risk. Large-scale implementation of such a service
linked to CVD outcomes could facilitate the derivation of
a contemporary absolute CVD risk prediction model
within an Australian population which may further
improve GP trust.

Confusion over guideline

Treatment recommendations in accordance with guidelines

recommendations [8]

and specific to the patient’s level of absolute CVD risk can
be provided on the pathology report to facilitate clarity on
guideline recommendations.

Focus on single risk factor

Treatment recommendations in accordance with guidelines

management.[19]

and specific to the patient’s level of absolute CVD risk can
be provided on the pathology report to facilitate
management according to absolute CVD risk and CVD
primary prevention guidelines.

Difficulty communicating

Patients may be primed to discuss absolute CVD risk after

absolute CVD risk to

completing the self-directed CVD risk assessment at

patients [167]

pathology services. Additionally, the pathology report
would provide an external, objective report that patients
could refer to and GPs can use to communicate the
importance of CVD risk management.

Abbreviations: CVD; cardiovascular disease; BP, blood pressure, AOBP, automated
unobserved blood pressure; GP, general practitioner.
33

1.15 Summary
This review of literature has covered the issues pertinent to absolute CVD risk and its use
in primary care for the prevention of CVD. Decades of evidence highlights the potential
benefit of CVD risk for identifying those at greatest risk of CVD and most likely to benefit
for preventive strategies including lifestyle modification and treatment. However, it is
evident that there are substantial infrastructure and resource barriers to absolute CVD risk
assessment and management in practice. While previous interventions have endeavoured
to streamline the assessment of absolute CVD risk in order to increase uptake, they
experienced limited success as they failed to adequately address resourcing issues. The
widespread use of digital technology provides an opportunity to embed absolute CVD risk
assessment in other primary care settings to reduce GP workload and to engage patients in
the process. There is a need for the development and evaluation of such interventions in
primary care to determine the impact on absolute CVD risk assessment and guidelinerecommended treatment in practice. The studies in this thesis seek to determine the
feasibility and acceptability of absolute CVD risk assessment and reporting via pathology
services and explore GP perceptions of such a service. This thesis also aims to investigate
the agreement in treatment recommendations between CVD primary prevention guidelines
from Australia, England and the United States, which in substantial differences in those
targeted for preventive therapy.
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2.1 Abstract
Background. Absolute cardiovascular disease (CVD) risk assessment is recommended for
primary prevention of CVD, yet uptake in general practice is limited. Cholesterol requests
at pathology services provides an opportunity to improve uptake by integrating absolute
CVD risk assessment with this service. This study aimed to assess the feasibility of such
an additional service.
Methods. Two-hundred and ninety-nine patients (45-74 years) referred to pathology
services for blood cholesterol had measurement of all variables required to determine
absolute CVD risk according to Framingham calculator (blood pressure (BP), age, sex,
smoking and diabetes status via self-report). Data were recorded via computer-based
application. The absolute risk score was communicated via the report sent to the referring
medical practitioner as per usual practice. Evaluation questionnaires were completed
immediately post visit and at 1-, 3- and 6-month follow-up via telephone (n=262).
Results. Absolute CVD risk reports were issued for 90% of patients. Most patients (95%)
reported that the length of time for the pathology service assessment was acceptable, and
91% that the self-directed computer-based application was easy to use. 78% reported a
preference for pathology services to conduct absolute CVD risk assessment. Only 2%
preferred a medical practitioner. Of follow-up patients, 202 (75%) had a consultation with
a medical practitioner, during which, aspects of CVD risk prevention were discussed
(cholesterol and BP 74% and 69% of the time, respectively).
Conclusion. Measurement of absolute CVD risk in pathology services is feasible, highly
acceptable among middle-to-older adults and may increase uptake of guideline-directed
care in general practice.
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2.2 Introduction
Cardiovascular disease (CVD) is the leading cause of death and disability worldwide and
carries the greatest annual cost of all disease in Australia.[30,35] International and
Australian guidelines for the primary prevention of CVD recommend estimating the risk
of CVD based on an individual’s risk factor profile; known as absolute CVD risk
estimation.[3,168,201] In Australia, this is based on age, sex, smoking status, diabetes
status, systolic BP and cholesterol.[109] Absolute CVD risk is recommended to guide
treatment as drug therapy has been shown to be most effective for those with higher
absolute CVD risk compared with focussing on individual risk factors.[83,84,202]
The assessment and management of CVD risk is predominantly carried out by general
practitioners (GPs). In practice, absolute CVD risk is calculated by GPs who measure and
input risk factors into an absolute CVD risk calculator to determine the likelihood of a
cardiovascular event.[168] However, several barriers to uptake of absolute CVD risk in
primary care have been documented including low use of risk calculators,[17] inadequate
documentation of CVD risk factors,[16] focus on single risk factor management,
suboptimal control of CVD risk factors,[10] and undertreatment of patients at high
risk.[9,203] Consequently, the opportunity to identify those most at risk may be missed
and many people remain at high risk without intervention to prevent adverse CVD events.
Calculation of absolute CVD risk by GPs occurs more often when automated calculators
are integrated with electronic patient records,[204] so that collation of risk factors and
reporting absolute CVD risk is streamlined. An essential component for the assessment of
absolute CVD risk is a referral for cholesterol measurement. In Australia, GPs issue about
2 million annual referrals to pathology service for cholesterol measurement, which
accounts for ≈6% of all GP pathology requests.[24] Thus, the presentation of patients
referred to pathology services for cholesterol measurement offers an opportunity to assess
and report absolute CVD risk to address this deficit in CVD prevention. The aim of this
research was to determine the feasibility and acceptability of a novel method to assess
absolute CVD risk by integration within existing pathology services.

2.3 Methods
Study protocol. This was a pilot study undertaken at a pathology services clinic in
Hobart, Tasmania. Patients referred to pathology services for cholesterol measurement
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were recruited to test the use of a computer-based application (app) for assessment of
absolute CVD risk and transfer of results to GPs (Figure 2.1). The absolute CVD risk
assessment was conducted within a booth purpose-built for pathology services waiting
rooms. Patients were screened for eligibility by the pathology services receptionist and
directed to the booth after having their blood sample taken. Pathology staff fitted an
appropriately sized BP cuff, with their arm supported at heart level. A short demonstration
on how to use the app was delivered to mimic ‘time-poor’ conditions experienced by
pathology staff whereby information had to be delivered in under a minute to then resume
normal clinical duties. Patients were advised that while the service was intended to
minimally utilise staff, assistance was available should it be required to complete the
assessment. All patients provided signed consent using their finger via the app prior to the
absolute CVD risk assessment.[205] A short health questionnaire was delivered, and BP
recorded. All data collected by the app was securely transferred to the pathology
laboratory, matched with the patients’ cholesterol result and used to estimate absolute
CVD risk. The information on single risk factors, absolute CVD risk score and
corresponding risk category (low, moderate, high) were added to the pathology report and
sent to the referring GP via the established pathology reporting systems.
Immediately after the app-guided CVD risk assessment patients completed an evaluation
questionnaire on feasibility and acceptability of the service with a researcher. Patients
were then phoned at 1, 3 and 6 months to evaluate follow-up care in response to the
absolute CVD risk information provided to their GP on the pathology report. The study
was ethically approved [H0015648].
Study patients. Recruitment ran for a 12-week period with all eligible patients
included. Inclusion criteria included those with a referral for a full cholesterol profile
aged between 45-74 years.[168] Guidelines recommend that absolute CVD risk
assessment is undertaken in Aboriginal and Torres Strait Islander people from 35 years
of age. However, it was not possible to determine ethnicity at reception prior to
participation, as such, some people aged between 35 and 44 years may have been
missed from invitation to the study. Patients that had BP measured at ≥180 mmHg
systolic or ≥110 mmHg diastolic were advised that their BP was elevated and to seek
medical advice, and were excluded from the analysis.
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Figure 2.1 Flow of study service for absolute cardiovascular disease risk assessment and reporting via pathology services.
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Risk factor data collection and assessment of absolute CVD risk at pathology services:
App development. The app was custom-made under guidance from research staff and
community members. The app was designed to be user-friendly for individuals with
limited computer skills and deliver the following: video and audio information; fingersigned informed consent; questionnaire and; BP measurement (Supplement 5 provides
example screenshots from the computer-based app).
Collection of CVD risk factor information via health questionnaire. A 14-item health
questionnaire was delivered via the app. The questionnaire included risk factors to
estimate absolute CVD risk; age; sex (responses: male, female); diabetes status (responses,
yes type 1, yes type 2, no, not sure); and smoking status (responses: yes, quit have not
smoked in 12 months or longer, quit, have smoked in the last 12 months, no, I have never
smoked). Additional health questions included ethnicity (responses: Aboriginal or Torres
Strait Islander, white, North African or Middle Easter, South Asian, East Asian, SouthEast Asian, Black, Other); chronic kidney disease (responses: yes, no, not sure); familial
hypercholesterolaemia (responses: yes, no, not sure); family history of CVD and risk
factors (responses: heart attack, stroke, high blood pressure, high cholesterol, diabetes, not
sure); previous heart attack or stroke (responses: yes, no, not sure); current medications
(responses: no, high cholesterol, heart disease, diabetes, high blood pressure, other, not
sure); and self-reported height (cm/feet inches) and weight (kg/stone) (for comparison
with measured values).
BP measurement. After completion of the health questionnaire, three BP measurements
were recorded with one-minute rest between each measurement using a validated BP
device (Atcor Medical, Sphygmocor Xcel). The operation of the BP device was controlled
by the app. Patients were provided with video instructions including prompts to have feet
flat on the floor and to avoid talking or movement. The average of the second and third
measurements was used for the estimation of absolute CVD risk.[79]
Height and weight. Height and weight were measured (by stadiometer and calibrated
scales) after completion of all activities in the booth, including self-reported height and
weight.
Absolute CVD risk assessment. Risk factor data were transferred to the pathology
laboratory, whereupon data were matched with the patient’s cholesterol result. Absolute
CVD risk scores were generated by pathology services using the adjusted-Framingham
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risk equation (https://www.cvdcheck.org.au/calculator/).[109] Systolic BP, diabetes and
smoking status, and absolute CVD risk score, category and treatment guideline advice
were added to the pathology report alongside the requested test results including
cholesterol, and sent to the referring GP via established reporting systems within
pathology services. High risk scores (>15%) were highlighted in red.
Evaluation of absolute CVD risk assessment at pathology services:
Feasibility of absolute CVD risk assessment at pathology services. Feasibility included if
the app was technically fit-for-purpose and user-friendly for participants to complete the
CVD risk assessment at pathology services. Feasibility was assessed by several methods,
including the successful completion of absolute CVD risk assessment and subsequent
report to the referring GP and the time taken to complete the risk assessment (recorded by
the app). A 5-item evaluation questionnaire was delivered by research staff immediately
after completing activities in the booth focused on usability of the assessment for
participants. The questionnaire included dichotomous and multiple-choice, with open
responses for comments after each question. Feasibility questions focused on: 1) ease of
use of the app; 2) quality of audio and video instructions; 3) ease of BP measurement
instructions; 4) discomfort experienced during BP measurement, and; 5) suitability of the
booth regarding fitness-for-purpose and comfort.
Acceptability of absolute CVD risk assessment at pathology services. Acceptability
focused on participant preferences and was assessed by a 5-item evaluation questionnaire
delivered after completing all activities in the booth. The questions focused on: 1)
acceptability of the time taken to complete the absolute CVD risk assessment; 2)
appearance of the app; 3) quality of video providing information during BP measurement;
4) acceptability of not receiving BP results, and; 5) preferences for the setting of the
service (i.e. within the study booth or in a private room at pathology services or with a
GP).
Follow-up measures to determine utility of absolute CVD risk reported via pathology
services:
Patients were not advised to visit their GP, regardless of level of absolute CVD risk.
Research staff phoned patients to conduct an evaluation questionnaire at 1, 3 and 6 months
post absolute CVD risk assessment at pathology services to determine the utility of the
new service. This included questions to determine if follow-up GP appointment(s) had
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occurred, the discussion topics of follow-up appointment(s) as an indicator of GP
management, and current medications (to indicate changes in medication from baseline)
and any health-behaviour changes since attending pathology services and completing the
absolute CVD risk assessment. These data were collected to characterise follow-up
pathways of care in response to GPs receiving absolute CVD risk information via
pathology services.
Statistical analysis. Data are presented as number and percentage of the total sample or
mean and standard deviation. Comparison of percentage differences in categorical
variables were assessed using Chi2 tests. A P value of <0.05 was considered statistically
significant. Analyses were performed in Stata version 16.1 (StataCorp, USA).

2.4 Results
Patient characteristics. Those that participated in the study accounted for 30% of all
eligible patients that attended pathology services for a cholesterol test during the study
period. Patients were predominantly white, middle-to-older aged and overweight (Table
2.1). A third of patients were taking either cholesterol or blood lowering pressure lowering
medications; 15% were taking both and 17% of patients were classified as high risk. The
measured and self-reported height and weight are reported in Table 1 (n=259, mean
difference 1cm, and 1kg, respectively). Two patients were excluded due to BP exceeding
≥180 mmHg systolic and/or ≥110 mmHg diastolic.
Feasibility of absolute CVD risk assessment via computer-based app at pathology
services. Completion of absolute CVD risk assessment and subsequent reporting to the
referring GP was achieved in 269 (90%) of patients (Supplement 4). Failure to complete
the absolute CVD risk assessment was due to either technological issues with the app or
staff error in patient recruitment. Feasibility of the service is reported in table 2.2. On
average, patients took <17 minutes to complete the absolute CVD risk assessment,
including fitting the BP cuff, consent process, health questionnaire and BP measurement.
Most patients reported the app was easy to use. Of the patients that reported the app could
be improved, comments focused on improving input processes for reporting height, weight
and date of birth. Most patients reported that the video instructions to guide BP
measurement were easy to follow. 98% of patients reported that the booth was
comfortable or very comfortable for the risk assessment.
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Acceptability of absolute CVD risk assessment via computer-based app at pathology
services. Table 2.3 provides data on service acceptability. Almost all patients reported that
the length of time was acceptable and that sufficient information was provided during BP
measurement. 20% of patients preferred receiving their BP measurement results on the
assessment day instead of via their referring doctor. 78% preferred the booth to complete
the risk assessment compared with 7% who preferred to use the app in a private room.
Only 2% of patients reported preference for completing the risk assessment with a medical
practitioner rather than the self-guided approach.
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Table 2.1. Clinical characteristics of study patients that completed absolute cardiovascular
disease risk assessment via computer-based application in the setting of pathology services
between July-October 2018 (n = 269).
Variable

Mean±SD sd or N (%)

Age (years)

63±8

Sex (% male)

132 (49)

Self-reported height (cm)

170±14

Measured height (cm)*

171±9

Self-reported weight (cm)

79±17

Measured weight (cm)*

80±16

Body mass index (kg/m2)*

27.3±5.1

Ethnicity n (%):
White

250 (95)

Aboriginal or Torres Strait Islander

3 (1)

Asian

6 (2)

Other

3 (1)

Current smoker n (%)

15 (6)

Type-2 diabetes n (%)

29 (11)

Medications n (%):
Anti-hypertensives

87 (32)

Statin

74 (28)

Previous cardiovascular event n (%)

6 (2)

Familial hypercholesterolaemia n (%)

9 (3)

Moderate or severe chronic kidney disease n (%)

6 (2)

Total cholesterol (mmol/L)

5.2±1.1

High-density lipoprotein cholesterol (mmol/L)

1.7±0.5

Systolic blood pressure (mmHg)

132±14

Diastolic blood pressure (mmHg)

80±9

Absolute cardiovascular risk category n (%):
Low (<10%)

196 (73)

Moderate (10 - 15%)

28 (10)

High (>15%)

45 (17)

*n=259 as 13 patients declined to have height and weight measured.
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Table 2.2. Feasibility of absolute cardiovascular disease risk assessment via computer-based
application at pathology services between July-October 2018 (n=282)*.
Variable

Mean or N (%)

Completion of absolute CVD risk assessment and report to

269 (90%)

referring GP
Time taken to complete the risk assessment
(minutes (range))

16:52
(7:31 – 38:23)

Computer based app was easy to use:
Yes

255 (91)

Could be improved

24 (8)

Not at all

3 (1)

The audio and video instructions were easy to hear:
Yes

279 (99)

No

3 (1)

Blood pressure measurement instructions were easy to
follow:
Yes

281 (99)

No

1 (0.4)

Experienced discomfort during blood pressure
measurement:
Yes

22 (8)

No

260 (92)

Comfort of the risk assessment booth:
Very comfortable

172 (61)

Comfortable

105 (37)

Neither comfortable or uncomfortable

5 (2)

*Evaluation responses from all patients, including those where an absolute CVD risk
report was not generated, were available for analyses.
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Table 2.3. Acceptability of absolute cardiovascular disease risk assessment service via
computer-based application at pathology services between July-October 2018 (n=282)*.
Variable

N (%)

The length of time to complete the assessment was acceptable:
Yes

268 (95)

No, it was too long

13 (4)

No, it was too short

1 (0.4)

The appearance of the app was appealing:
Yes

269 (95)

No

13 (5)

Sufficient information was provided during blood pressure measurement:
Yes

279 (99)

No

3 (1)

Not receiving immediate blood pressure results was acceptable:
Yes

225 (80)

No

57 (20)

Preferred setting to complete the assessment:
In the study booth

220 (78)

In a private room

20 (7)

With a medical practitioner

7 (2)

No preference

35 (12)

*Evaluation responses from all patients, including those where an absolute CVD risk
report was not generated, were available for analyses.
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Evaluation of follow-up care by medical practitioner in response to absolute CVD
risk information. 75% of patients had an appointment with their referring GP after
undertaking absolute CVD risk assessment at pathology services (Table 2.4). Cholesterol
and BP were discussed with similar proportions of patients (74% and 69%, respectively);
cardiovascular disease was specifically discussed with 40% of patients. The 1-month
period had the greatest proportion of follow-up appointments (69%), which declined at 3
and 6 months (37% and 12%, respectively). Patients with high absolute CVD risk were
more likely to have diabetes and have diabetes discussed in a follow-up appointment. Of
those that had diabetes discussed, 7 (44%) reported they had diabetes during the absolute
CVD risk assessment. Of those who had smoking discussed during follow-up, none had
reported they currently smoked during the absolute CVD risk assessment (see supplement
5).
Self-reported health-related changes post absolute CVD risk assessment. A large
proportion of patients (65%) reported a health behaviour change over the follow-up
period. Of those who reported a health-related change, most reported a lifestyle change;
greater awareness of diet and increases in incidental activity were commonly cited. This
included those that reported better understanding of CVD, increased awareness of diet and
exercise and readiness to change without adoption, which accounted for 20% of these
changes.
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Table 2.4. Follow-up appointment discussion topics by absolute cardiovascular disease
risk category between August 2018-May 2019.
n (%)
Had an appointment

Low

Moderate

High

Total

(n= 191)

(n = 26)

(n = 45)

(n = 262)

146 (74)

21 (75)

35 (78)

202 (75)

Appointment discussion topics:
Cholesterol

103 (71)

15 (71)

31 (89)

149 (74)

Blood pressure

96 (66)

17 (81)

27 (77)

140 (69)

Cardiovascular disease

55 (38)

6 (29)

19 (54)

80 (40)

Smoking N (%)

2 (1)

1 (5)

1 (3)

4 (2)

Diabetes N (%)

38 (26)

5 (24)

17 (49)

60 (30)

Health-related changes

122 (64)

16 (62)

32 (71)

170 (65)

Lifestyle

110 (90)

14 (88)

31 (97)

155 (91)

Smoking cessation

5 (5)

1 (7)

0

6 (4)

Diet change

63 (57)

6 (43)

19 (61)

88 (34)

Increased physical activity

64 (58)

6 (43)

16 (52)

86 (55)

Weight loss

34 (31)

8 (57)

13 (42)

55 (35)

Medical

32 (26)

1 (6)

15 (47)

48 (28)

Medication change

12 (36)

0

6 (40)

18 (36)

Specialist care

9 (28)

1 (100)

3 (20)

13 (27)

GP management

24 (75)

1 (100)

10 (67)

35 (73)

Both lifestyle and medical

25 (20)

1 (6)

14 (44)

41 (24)

Explanatory note: medication change refers to all patients that report that a medication
related to cardiovascular risk management was commenced or ceased during the followup period; GP management refers to the patient receiving on-going care by a general
practitioner.
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2.5 Discussion
This study determined the feasibility of a health service integrated within existing
pathology services to assess absolute CVD risk using a computer-based app. This pilot
work demonstrates proof of principle that assessment of absolute CVD risk is feasible in
the setting of pathology services and highly acceptable among patients. The findings
suggest that this model could increase uptake of guideline-directed care in general practice
and ultimately help improve primary prevention of CVD in Australia.
Previous work to improve the uptake of guideline management of absolute CVD risk in
primary care has focused on electronic clinical software and decision support
systems.[161,164,206–208] In New Zealand, an audit following the integration of a
decision support tool within existing clinical software showed a four-fold increase in the
documentation of absolute CVD risk, albeit starting from a very low prevalence of such
activity (<3%).[164] In Australia, software tools aimed at improving absolute CVD risk
management have been shown firstly, to increase risk factor documentation,[11] and
secondly, to increase treatment in accordance with guidelines.[37,209] However, these
tools rely on doctors adopting additional activity beyond routine practice to estimate
absolute CVD risk based on risk factor data documented in the patient record.[196]
Consequently, specific training must be undertaken by GPs to use the new tools and
practices must lead the adoption of additional activities, key barriers to uptake of such
tools.[210] Conversely, solutions that are incorporated into routine workflow and report
guideline-directed treatment recommendations have been shown to increase uptake of
computer-based healthcare tools.[211] The major point of difference of this present study
from previous initiatives, is that the new service integrates directly into existing referral
and reporting systems, and doctors are not required to undertake any extra activities or
training. Furthermore, the new service requires minimum training of pathology staff, nor
promotion for uptake by patients. Alleviating the burden of assessing absolute CVD risk
from GPs and transferring this to a standardised, high-throughput, computer-based system
operated by pathology services is expected to have significant cost savings, but this
analysis is yet to be undertaken and would need to be conducted alongside assessing the
clinical value of such a service.
As shown in the United Kingdom and New Zealand, strong nationwide promotion of
absolute CVD risk screening and management can achieve increased guidelinerecommended therapy [212] and CVD risk reduction.[213] Yet, in Australia the gap
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between guideline recommendations and practice for absolute CVD risk management is
evident.[9,10,18] Barriers to absolute CVD risk assessment in primary healthcare settings
include lack of time to document and collate risk factors, difficulty interpreting guideline
recommendations, including patient selection for screening, and difficulty using absolute
CVD risk assessment software.[8,26,152] Even when presented with absolute CVD risk
reports, GPs tend to adopt single risk factor management strategies, that may include
unnecessarily prescribing BP or cholesterol lowering medications to low risk patients, or
missing opportunities to treat high risk patients.[19] The service developed in this present
study addresses the aforementioned barriers by out-sourcing the measurement of absolute
CVD risk assessment to pathology services, thus implementing a systematic approach to
appropriately selecting patients that decreases burden on GPs and provides guidelinerecommended treatment suggestions on the pathology report. Yet, single risk factor
management was evident in our findings; cholesterol and BP were discussed with 30%
more patients than CVD. Treatment and management of cholesterol and BP are important
aspects of CVD prevention and implementation of guideline recommendations. However,
the focus on single risk factors during follow-up, coupled with the fact most patients were
not receiving management appropriate to their level of absolute CVD risk, suggests that
global CVD risk management was not being adopted. Altogether, while it is promising
that the information provided by this service was discussed, future work is needed to
understand the true clinical value.
A limitation of the current approach to assessing absolute CVD risk, and of the protocol
used in this study, is that the sample was limited to those attending pathology services
with a referral for blood cholesterol. Subsequently, only those attending can access the
service, while others that could benefit may be overlooked. This issue needs addressing in
future system refinements. It was not feasible to obtain consent for those that declined to
participate in the study within the usual practice at pathology services. Therefore, it is
possible that there were differences between those that participated in the study and those
that declined. As this was a pilot study and the primary aim was to determine feasibility; in
the next phase of this research this data will need to be captured. The use of patient selfreport data for follow-up care is a limitation of this study and should be interpreted as
hypothesis generating. The clinical utility of absolute CVD risk assessment and reporting
via pathology services will be assessed via randomised control trial to determine the effect
on medications prescribed and medical services rendered.
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Patients with high absolute CVD risk were mostly older than 60 years with type-2
diabetes, which could be regarded as an inappropriate study population as this patient
group are high risk without formal estimation of absolute CVD risk. As high-risk patients
do not necessarily receive appropriate care, [214,215] reporting of absolute CVD risk via
pathology services remains important in this patient group as it may stimulate guidelinedirected care.
As demonstrated in New Zealand, electronic health services can integrate research and
healthcare delivery and facilitate refinement of absolute CVD risk assessment
approaches.[216] With up to 92% of Australians aged 50 years or older competently using
digital technology,[196] there is ample capacity to increase electronic health services in
primary care to support an embedded research approach to healthcare delivery.[200]
Additionally, height and weight were self-reported to estimate BMI, and there was little
difference compared to measured height and weight. In the future, this protocol may be
used if required equipment or staff resources are not available to permit measurement.
This study highlights that computer-based services in primary care settings are highly
acceptable to middle-to-older aged patients. Further work is needed in more ethnically and
literacy diverse populations to determine the generalisability of this service alongside
evaluating the clinical value of the service.
In summary, this pilot work has demonstrated that an integrated health service for the
measurement of absolute CVD risk at pathology services is feasible and highly acceptable
among middle-to-older aged adults. While further work is needed to determine the clinical
utility of this service, the findings suggest that the information reported to GPs is clinically
useful and may support absolute CVD risk guideline-directed care in general practice.

2.6 Contribution of Chapter 2 to thesis aims.
Aim 1: To determine the feasibility and acceptability of absolute CVD risk assessment and
reporting via pathology services.
Absolute CVD risk assessment and reporting via pathology services has been shown
feasible in a real-world practice setting. Patients attending pathology services for
cholesterol measurement found the computer-based self-directed CVD risk assessment
acceptable and user-friendly. The 6-month follow-up demonstrated absolute CVD risk
results sent to referring GPs were discussed with patients. Chapter 2 represents an example
of research embedded within clinical practice to address barriers to absolute CVD risk
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assessment and CVD prevention. However, the service must be assessed on a larger scale
by randomised-controlled trial to determine the clinical efficacy on patient management
and CVD outcomes. To undertake such a trial, it would be necessary to deliver participant
informed consent without the need for dedicated research staff. It would be impractical
and cost prohibitive to have dedicated research staff at multiple pathology sites for the
purposes of informed consent. Therefore, in the next chapter, the usability, acceptability
and efficacy of a self-directed multimedia consent process was compared to the traditional
paper-based consent process.
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3.1 Abstract
Objective. Obtaining informed consent is a cornerstone requirement of conducting ethical
research. Traditional paper-based consent is often excessively lengthy and may fail to
achieve desired participant understanding of study requirements. Multimedia tools
including video and audio may be a useful alternative. This study aimed to determine the
efficacy, usability and acceptability of self-directed multimedia delivery of participant
consent.
Design. A single-centre, randomised, study to determine the efficacy, usability and
acceptability of a self-directed multimedia consent process (intervention) compared with
the traditional paper-based approach (control). Intervention was free of research staff, with
computer-based finger-signed consent.
Setting. Pathology blood collection services in Tasmania, Australia.
Participants. 298 participants (63±8 years; 51% female) referred from general practice
were randomised to intervention (n=146) and control (n=152).
Outcome measures. Efficacy, usability and acceptability of the allocated consent process
were assessed by questionnaire.
Results. All participants successfully completed allocated interventions. Efficacy
parameters were higher among intervention participants, including better understanding of
the follow-up study requirements and data sharing practices compared with controls
(P<0.001 and P = 0.025, respectively). Intervention participants were more likely to
engage with the study information and spend more time on the consent process (70%
compared to 80%, P=0.038 and 8.4 minutes compared to 9.6 minutes P=0.007,
respectively). Both groups reported similar levels of acceptability, although more control
participants reported that the study information was too long (24% versus 14%; P=0.020).
Conclusion. A self-directed multimedia consent process is effective for achieving
participant understanding and obtaining consent free of research staff. Thus, multimedia
represents a viable method to reduce the burden on researchers, meet participant needs,
and achieve informed consent in clinical research.
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3.2

Introduction

Informed consent is a cornerstone procedure of ethically conducted medical research.
Consent processes aim to ensure potential participants are fully informed prior to deciding
to take part in research. Guidelines emphasise the need for full disclosure of study
information including the aims, requirements, risks, benefits, funding and conflicts of
interest, with the view that more information facilitates better informed decision-making.
[217–219] However, this has resulted in lengthy consent processes that are burdensome
for both researchers and participants, while often failing to achieve the desired level of
participant understanding. [220–227] Indeed, as few as 50% of participants understand
study information, including associated risks and that participation is voluntary.[221]
These shortcomings, as well as the emergence of complex contemporary methods,
including biobanking, gene sequencing, linked data, remote research and large-scale trials
often spanning multiple countries, have led to calls to update consent guidelines to more
appropriately reflect the modern research landscape.[228–231]
Self-directed multimedia delivery of information via video and audio platforms may offer
an effective alternative or complementary tool to traditional consent processes. Previous
reviews evaluating the efficacy of multimedia tools in the consent process have been
inconclusive.[220,232,233] This ambiguity may be due to heterogeneous study designs
and population characteristics. Moreover, previous research focused on using multimedia
to augment traditional research consent processes, with a researcher present, rather than
multimedia as a standalone and self-directed process, making it difficult to discern the
generalisability and utility of a self-directed multimedia process for consent. In any case,
there appears to be good acceptability and usability of multimedia tools used within the
consent process with respect to participant satisfaction and facilitating recruitment, but
also for understanding information in a non-research (clinical) setting.[232–234]
As far as we are aware, there has never been a study to determine if consent for
participation in research can be appropriately delivered in the absence of research staff
using a self-directed multimedia process compared to the traditional paper-based approach
in the presence of research staff. This study sought to determine this during the consent
process for people being recruited to participate in a clinical research project that focused
on cardiovascular risk assessment.
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3.3 Methods
STUDY PROTOCOL
This research was undertaken in the context of a study testing the use of a computer-based
application (app) to gather information for the assessment of absolute cardiovascular
disease risk within a clinical setting.[235] The study was performed in concordance with
ethical approval obtained from Tasmanian Human Research Ethics Committee
[H0015648]. Participants referred by a general practitioner to pathology services were
approached for involvement in the cardiovascular risk assessment study by the pathology
services receptionist. Inclusion criteria for participation included those with a referral for a
full lipid profile aged between 45 and 74 years in accordance with absolute cardiovascular
risk assessment guidelines. [168] Participants who were interested in involvement in the
cardiovascular risk assessment study were randomised to receive self-directed multimedia
consent (intervention) or traditional paper-based consent with a researcher (control)
(Figure 3.1). Due to the setting of the study, field notes were used to collect data on why
participants did not take part after initial eligibility screening.
Both groups received a short demonstration on how to use the app. The demonstration was
quick with rudimentary instructions provided as it was intended to be delivered by
pathology staff in under a minute who would then resume normal clinical duties. The
intervention group were shown how to play the study video and audio and advised to
engage with the information until they had decided if they wanted to take part, at which
point they could provide their consent or leave without taking part. The control group were
provided with the paper-based information sheet by a researcher, advised to read and
asked if they needed assistance or had any questions as per conventional consent
processes. Both groups provided signed consent using their finger on a touchscreen
monitor via the app to proceed to the cardiovascular assessment. Immediately after the app
cardiovascular risk assessment, each participant was asked to complete a questionnaire to
evaluate the efficacy, usability and acceptability of the consent process they had
undertaken.
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Figure 3.1. Flow diagram of study protocol.
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PARTICIPANT CHARACTERISTICS
Data on participant characteristics were collected via the app including age (years), sex
(male, female), education level (responses: primary, years 7, 8 or 9, year 10, year 11, year
12, trade/apprenticeship, certificate/diploma, university degree, higher university degree,
other); employment status (responses: full-time, part-time, not working but not retired,
home duties, student, retired, permanently unable to work, other).
RANDOMISATION
Referred patients that met the criteria for participation received a postcard that contained
basic information about the study and contact details for more information (Supplement 6,
Study Postcard). A total of 831 participants were identified as eligible for participation in
the cardiovascular risk assessment study, from these, 303 were randomised to participate
(Figure 3.2). Randomisation was determined by computer program on a 1:1 ratio prior to
recruitment. It was not possible to blind participants to their allocated interventions
because multimedia was obviously different to paper-based consent.
DELIVERY OF PAPER-BASED CONSENT PROCESS AS THE STUDY CONTROL
Control participants received a two-page paper-based study participant information sheet
compliant with the requirements of the National Health and Medical Research Council and
Australian Research Council, National Statement on Ethical Conduct in Human
Research.[217] The first page provided information on the aims, participation
requirements and why participants were invited to take part. The second page detailed the
risks, benefits, funding sources, ethical approval and privacy protections. The control
consent process involved the participant being asked to read the information sheet in the
presence of a researcher who provided further information and answered questions as
requeted (as per usual practice).
DELIVERY OF MULTIMEDIA CONSENT PROCESS AS THE STUDY
INTERVENTION
Intervention participants received study participation information via multimedia approach
using a three-minute animated video and separate audio content using the same
terminology and content as the paper-based study participant information sheet. The study
video was congruent with the first page of the information sheet and focused on the aims
and requirements of the study (Supplement 7. Study Video). The separate audio content
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was congruent with the second page of the information sheet and provided information on
study funding, ethical approval, risks and benefits associated with participation and
privacy protection, which was clearly labelled. Each audio segment was approximately 30
seconds in duration. Participants were shown how to play the audio content as part of the
app demonstration. A multidisciplinary team of research staff, graphic designers and
communications staff developed the study video through an iterative approach including
feedback from community members typical of the target demographic.
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Figure 3.2. Participant flow diagram.
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PATIENT AND PUBLIC INVOLVEMENT
Community members reviewed and contributed to all aspects of study materials including
the questionnaires, multimedia and paper-based study information and advised on the
content that was included in the final version. An iterative process was undertaken with
community advisors to develop consent materials, with initial drafts completed by
researchers. Community advisors provided several rounds of feedback (and final approval)
on all consent materials, including the information sheet, postcard, video and audio
recordings.
SETTING AND CONSENT ENVIRONMENT
All study procedures took place on the premises of pathology services. A purpose-built
booth was designed for the study (Figure 3.1). The study booth provided a private
environment for the consent process and clinical data collection. The booth contained a
bench with the computer that delivered the study app, a chair and a curtain for privacy.
ASSESSMENT OF CONSENT PROCESS
The evaluation questionnaire was delivered by a researcher at a separate workstation after
participants completed all study processes in the booth. A 12-item questionnaire was used
to assess efficacy, usability and acceptability of the consent process. The questionnaire
was mixed methods with dichotomous and multiple-choice questions, each with a
comment box for open-ended responses.
Efficacy and usability of the consent process.
The effectiveness of the allocated consent processes to inform participants about the study
was assessed via two measures: 1) the extent to which participants understood specific
aspects of study participation by true or false questions. Four measures were used to
indicate usability: 1) participant engagement with the study information by reading,
watching or listening, 2) participant perceived understanding of the study could be
improved, 3) successful completion of the consent process and 4) the time taken to
complete the consent process. The app automatically recorded the time for both groups as
the app set-up and demonstration took place before the consent process. The time included
the set-up, the consent process and the cardiovascular assessment questionnaire. All other
parameters were measured by self-report questionnaire.
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Acceptability of the consent process.
Three indicators of acceptability of the consent process were used: 1) was there sufficient
information available to provide consent 2) were participants satisfied with the length of
the study information; and 3) the preferred method of information delivery for deciding to
take part in research.
DATA ANALYSIS
Data are presented as mean and standard deviation or percentage of the total sample. For
comparison of categorical variables, percentage differences were tested using the Chisquared test; t test was used for continuous variables. For all statistical tests, a P value of
<0.05 was considered significant. Analysis was conducted by a researcher blinded to
allocation. Analyses were performed using Stata version 16.1 (StataCorp, USA).

3.4 Results
PARTICIPANT CHARACTERISTICS
There were no differences in sociodemographic characteristics between the intervention
and control groups (Table 3.1). Participants were predominantly white and middle-older
aged. Half of participants had completed an undergraduate degree or higher, and a quarter
were in full-time employment. From field notes, the main reason participants did not
progress from eligibility screening to study participation was due to time constraints as
many were attending pathology services before going to work.
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Table 3.1. Sociodemographic and clinical characteristics of study participants randomised
to multimedia intervention or control delivery of study information and informed consent.
Variable

Control

Intervention

(n=152)

(n=146)

Age (years)

63±8

63±7

Male n (%)

76 (50)

70 (48)

High school

37 (24)

31 (21)

Certificate, diploma or apprenticeship

24 (16)

31 (21)

University degree or higher

81 (53)

76 (52)

Employed

67 (44)

64 (44)

Retired

56 (37)

58 (37)

Other

18 (12)

13 (9)

131 (86)

131 (90)

Aboriginal or Torres Strait Islander

1 (1)

2 (1)

Asian

3 (2)

4 (3)

Other

3 (1)

1 (1)

Education n (%)

Employment n (%)

Ethnicity n (%)
White

Data are expressed as percentage of the total the sample size or mean ± standard
deviation. Response rates varied from 135 - 152 for Control and 133 - 146 for
Intervention. Percentage is provided from the total sample for each group, 152 control
participants and 146 intervention participants. No significant differences were
observed between the groups.
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EFFICACY AND USABILITY OF MULTIMEDIA INTERVENTION VERSUS
CONTROL
Intervention participants demonstrated better understanding of the follow-up requirements
and data sharing practices of the study compared with control participants (Table 3.2,
P<0.001 and P = 0.025, respectively). Intervention participants were more likely to spend
more time on the consent process and study questionnaire (P = 0.006). Altogether, more
intervention participants engaged with any form of study information compared to control
participants. However, when the section of the information sheet that was congruent with
the audio component were compared, only 9% of intervention participants listened to the
separate audio and 35% of control participants read the second page of the information
sheet.
Thirty-seven participants (15 intervention, 22 control) commented on ways to improve
their understanding of the study. The themes of these comments focused on simplifying
the study information sheet, adding more information to the study postcard, providing a
variety of information delivery options for participants to choose from and providing
participants with updates on the research outcomes of the study. Four participants in the
control group requested assistance with the consent process as they did not have their
reading glasses to read the information sheet. No participants in the intervention group
requested assistance.
ACCEPTABILITY OF MULTIMEDIA INTERVENTION VERSUS CONTROL
Both groups reported similar levels of acceptability (Table 3.3), although more control
participants reported the study information was too long and had a greater preference for
paper-based information delivery (P = 0.020 for both). Overall, both participant groups
had a greater preference for paper-based than multimedia information delivery. Only 4%
of participants reported that a researcher must be present for the consent process and there
was no difference between groups.
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Table 3.2. Efficacy and usability of informed consent process of study participants randomised to multimedia intervention or control delivery
of study information and informed consent.
Variable

Control (n = 152)

Intervention (n = 146)

P value

Taking part was completely voluntary n (% yes)

150 (99)

144 (99)

0.167

The right to withdraw from the study at any time n (% correct)

143 (94)

136 (93)

0.893

Baseline participation requirements n (% correct)

149 (98)

144 (99)

0.090

Follow-up participation requirements n (% correct)

82 (54)

118 (87)

<0.001

Data sharing with referring practitioner n (% correct)

132 (87)

136 (93)

0.025

Engaged with the study information n (%)

106 (70)

117 (80)

<0.001

Perceived understanding of the study could be improved n (%)

28 (18)

16 (11)

0.077

152 (100)

146 (100)

>0.999

8.4 (2.1 – 30.5)

9.6 (3.3 – 17.3)

0.006

Efficacy, participants understood:

Usability:

Successfully completed the consent process n (%)
Total duration (minutes (range))

Data are expressed as percentages of the group total, 152 control participants and 146 intervention participants. P values relate to the
chi-squared test used for comparison of categorical variables and t test was used for continuous variables.
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Table 3.3. Acceptability of participant information and informed consent process of study participants randomised to multimedia intervention
or control delivery of participant information and informed consent.
Variable

Control (n = 152)

Intervention (n = 146)

Sufficient information was available to provide consent: n (%)

P value

0.558

Yes

145 (95)

138 (95)

There was too much

1 (1)

1 (1)

There was not enough

4 (3)

5 (3)

Not sure

2 (1)

0

37 (24)

21 (14)

The study information was too long n (%)
Preferred method of information delivery: n (%)

0.020
0.020

Paper-based written document

88 (58)

60 (41)

Multimedia

31 (18)

47 (28)

7 (5)

4 (3)

24 (16)

30 (21)

A researcher must be present
No preference

Data are expressed as percentages of the group total, 152 control participants and 146 intervention participants. Responses ranged
from 150 (control) and 141 (intervention). The chi-squared test was used for comparison of categorical variables.
66

3.5 Discussion
The key finding from this study is that a self-directed multimedia consent process free
from research staff was a suitable mode for delivering study information and obtaining
informed consent for a clinical research study. Additionally, multimedia delivery of study
information improved participant understanding of aspects of study involvement. High
acceptability of both consent processes was reported in this population of middle-to-older
aged, community dwelling adults. These findings suggest that multimedia is an acceptable
and effective alternative to traditional consent processes in medical research.
The evidence on using multimedia to enhance the traditional consent process has
concentrated on participants with additional support needs such as low literacy, mental
health issues or children. [236–239] Moreover, previous work focused on augmenting the
traditional consent approach with multimedia tools, rather than comparing a truly selfdirected, multimedia consent process, as we have done in this current study. Our study
design fulfils an identified research gap on the need for high-quality comparisons of selfdirected multimedia delivery of consent compared with the traditional approach for
research. [233] One small study assessed the effectiveness of self-directed multimedia
information delivery, but this was in the setting of consent for surgery rather than research
participation. In that study, they found that 98% of multimedia participants understood the
information provided compared to 88% that received conventional verbal consent. [234]
Our findings, in a middle-to-older population without specific support needs, further
develop this knowledge beyond a special population and in a larger sample to confirm that
a self-directed multimedia platform may be useful among populations without special
needs, such as community dwelling, older adults (i.e. average age 63 years). With the
potential to enhance current consent processes, further work is needed in diverse
populations to investigate the generalisability of multimedia consent processes.
Ethical conduct is paramount in medical research, and consent processes need to adapt to
adequately reflect modern attitudes and contemporary research practices.[229–231] This
current study is relevant to the calls to update consent guidelines to better support
participant autonomy and move away from an unwieldy approach of full-disclosure, to one
that supports values-based decision making for participants.[229,240,241] As few as 4%
of participants reported research staff must be present during the consent process.
Importantly, we observed starkly different levels of participant engagement with study
information, with only 9% of participants in the multimedia group choosing to listen to the
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separate audio segments on the more technical aspects of research governance. This
indicates engaging with all study information, by reading, watching or listening, is not
necessarily a priority for making an autonomous choice for most participants and is highly
individual. Accordingly, consent processes, such as we have provided, using self-directed
multimedia, should support participant autonomy by providing options to engage with
study information relevant to their values to aid decision-making processes. In addition,
both participant groups had a greater preference for paper-based information delivery so
using a variety of information delivery formats may best support decision-making for
informed consent.
IMPLICATIONS FOR RESEARCH AND PRACTICE
A key benefit of the self-directed consent process evaluated in this research, is its potential
to improve participant understanding of study information while reducing the burden of
consent for research staff. Another key advantage is the possible economic benefit.
Current healthcare consumers and research participants are highly ‘information-savvy’ and
may seek the delivery of information from different platforms or prefer diverse options for
information delivery such as multimedia.[242] We suggest that the benefits of better
delivery of consent information will drive cost savings both in the short and longer terms.
Short term savings include the cost of time and the uptake of information that is more
beneficial (and better understood) by the participant including understanding participation
requirements. Longer term savings could include cost savings through widespread uptake
of self-directed multimedia consent processes to reduce staff burden (noting that only 4
participants asked for staff assistance in our study).
Although attempts at standardisation of conventional paper-based consent processes have
been made, achieving standardised consent delivery by study personnel is
challenging.[217,218,243] Multimedia tools offer an inherently standardised method of
information delivery, as the delivery is predetermined, that would otherwise be difficult to
achieve in standard consent processes undertaken in multi-site research projects with large
staff teams. As demonstrated in this study, a self-directed multimedia consent process
allows flexibility to engage with study information relevant to support participant decision
making while also ensuring the delivery of that information is standardised for each
participant. Several publicly available software packages support the development and/or
delivery of self-directed multimedia consent processes and many can also be used to
68

collect data as we did in this study (e.g. Research Electronic Data Capture; REDCap).
[244] Posing an attractive alternative to current consent processes. The findings of this
present study highlight that self-directed multimedia information delivery achieves desired
levels of participant understanding and is as appropriate as the traditional paper-based
approach for obtaining participant consent. Indeed, in a number of settings it may be more
desirable, such as large-scale multisite clinical trials.[245,246]
STRENGTHS AND LIMITATIONS
A key strength of this work is the randomised evaluation design among a sizeable study
sample, conducted in a real clinical setting, and demonstrates the value of this approach in
a minimal or low risk research protocol. Further work is needed to explore the
acceptability and appropriateness of consent processes independent of research staff
before it is implemented for more complex research with higher levels of participant risk.
Potential limitations include the possibility of selection bias as participation in the study
was by self-selection after initial eligibility screening. We cannot be sure whether the
findings will be generalisable beyond our study population of middle-to-older aged,
mostly white adults with high levels of education attainment, and this will need to be
tested in future. Additionally, it was not possible to use validated evaluation tools to assess
the efficacy, usability and acceptability of the consent process due to time constraints of
undertaking a research protocol within a pathology services setting. It was not feasible to
notify participants about the research prior to presenting at pathology services and all
participants had to take part on the same day their blood sample was collected. For this
reason, the entire process had to be shorter than 20 minutes to minimise disruption to
participants and pathology services. Efficacy, usability and acceptability were assessed of
the consent process as a whole and not specifically of the information provided on the
second page of the information sheet or the separate audio in the multimedia consent
process. Consequently, we cannot draw definitive conclusions on these different aspects of
the consent process. Additionally, the duration of video and audio content was not visible
to participants before selection, which may have deterred some participants from engaging
with this information and should be rectified in the future.
CONCLUSION
A self-directed, multimedia consent process free from research staff was effective and
acceptable to deliver participant information and receive informed consent in a middle-to69

older age population. Our findings suggest that multimedia consent processes may be
suitable for reducing the burden on research staff and improving the delivery of consent
for research.

3.6 Contribution of Chapter 3 to thesis aims.
Aim 2: To determine the usability, acceptability and efficacy of a self-directed multimedia
consent process compared to the traditional paper-based approach.
A self-directed multimedia consent process was user-friendly, acceptable and effective
among participants when compared to the traditional paper-based approach. A selfdirected multimedia consent process, free from research staff, proved a suitable method
for delivery study information obtaining informed consent for research as part of absolute
CVD risk assessment at pathology services. Moreover, participants in the multimedia
consent group had better understanding of the study participation requirements which
suggests that multimedia may be more effective than the traditional approach for obtaining
participant informed consent. However, the study population was mostly white and highly
educated, further work is needed in diverse populations to investigate the generalisability
of the findings from chapter 3. For the purposes of this research programme, the findings
demonstrate that a self-directed multimedia consent process achieves desired levels of
participant understanding and is appropriate in the setting of pathology services. Now that
this research has determined feasibility and acceptability of absolute CVD risk assessment
at pathology services among patients, it is critical to explore practitioner (GP) attitudes of
such a service.
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Chapter 4 General practitioner perceptions of assessment
and reporting of absolute cardiovascular disease risk via
pathology services: a qualitative study.
This thesis chapter has been published and formatted according to the author guidelines
for Family Practice. Cmaa107. Minor changes have been made throughout the thesis
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Nelson, James E. Sharman.
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4.1 Abstract
Background. Guidelines for cardiovascular disease (CVD) prevention recommend
assessment of absolute CVD risk to guide clinical management. Despite this, use among
general practitioners (GPs) remains limited. Pathology services may provide an
appropriate setting to assess and report absolute CVD risk in patients attending for
cholesterol measurement. This study aimed to explore GPs perceptions of such a service.
Methods. A focus group and semi-structured interviews were conducted with GPs (n=18)
in Tasmania, Australia, to identify perceptions of assessment and reporting of absolute
cardiovascular disease risk via pathology services. An example pathology report including
absolute CVD risk was provided and discussed. Audio-recordings were transcribed and
thematically coded by two researchers.
Results. Almost all GPs identified that absolute CVD risk assessed and reported via
pathology services could address deficits in practice. First, by reducing the number of
appointments required to collect risk factors. Second, by providing a systematic (rather
than opportunistic) approach for assessment of absolute CVD risk. Third, by reducing
misclassification of patient CVD risk caused by overreliance on clinical intuition. All GPs
reported they would order absolute CVD risk when issuing a cholesterol referral if such a
service were offered. GPs recommended improving the service by providing information
on methods used to measure risk factors on the pathology report.
Conclusion. Absolute CVD risk assessed and reported via pathology services may address
challenges of screening CVD risk experienced by GPs in practice and encourage dedicated
follow-up care for CVD prevention.
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4.2 Introduction
Cardiovascular disease (CVD) prevention guidelines recommend the use of absolute risk,
based on multiple risk factors, to guide clinical management.[3,168,201] Australian
guidelines recommend using a 5-year Framingham risk equation based on age, sex,
smoking status, diabetes, systolic blood pressure (BP) and cholesterol to predict absolute
CVD risk.[109,168] Patients with a score >15% are classified as high risk and
recommended for simultaneous BP and cholesterol lowering therapy in addition to
lifestyle modification.[168] Absolute CVD risk management has a favourable risk-benefit
ratio for preventing CVD events compared to single risk factor
management.[83,84,202,247] Despite this, there is poor implementation of guidelines,
with limited screening of absolute CVD risk and a focus on single risk factor management
(e.g. only focussed on lipids or blood pressure), resulting in missed opportunity to
effectively manage CVD risk in primary care.[9,10,18,152]
Previous attempts to improve implementation of absolute CVD risk in Australia focused
on electronic tools, such as CVD risk calculators integrated with existing medical software
and decision aids to support management.[11,37,195,204] These interventions have had
limited success, perhaps due to barriers including lack of time to conduct absolute CVD
risk assessment, lack of motivation to engage with absolute CVD risk or lack of
knowledge of CVD prevention guidelines.[8,15,248]
Pathology services offers an ideal setting to assess and report absolute CVD risk to
address barriers and increase guideline-directed care.[166] Referral to pathology services
for cholesterol measurement is an essential component of risk factor collection for
absolute CVD risk assessment and accounts for approximately 6% of all GP pathology
requests.[24] This patient cohort offers an opportunity to integrate absolute CVD risk
assessment and reporting to GPs via pathology services and value-add to routine care. This
study aimed to explore GP perceptions of such a service in the context of current
challenges in screening and management of CVD risk.

4.3 Methods
Study protocol. This was a qualitative study to determine GP attitudes to absolute CVD
risk assessment and reporting via pathology services. Currently practising GPs (n=18)
participated either in a focus group (n=8) or semi-structured interview (n=10). First, a
questionnaire was delivered to determine demographic information and CVD risk
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management used in practice. Next, GPs were interviewed about current CVD risk
screening and management practice. Lastly, GPs were advised on how absolute CVD risk
would be assessed and reported via pathology services and shown an example pathology
report with hypothetical absolute CVD risk information to discuss (Figure 4.1). The focus
group and interviews lasted between 18 and 39 minutes, conducted in person, audio
recorded, transcribed verbatim and independently coded by two researchers. Participants
provided written informed consent and the research was undertaken in accordance with
ethical approval [H0015648].

Figure 4.1. Example pathology report with hypothetical risk factor and absolute
cardiovascular disease risk information used as a discussion aid with general
practitioners.

74

Participant recruitment: Focus group participants were recruited from a local practice as
a convenience sample to pilot interview questions. Focus group discussion was used to
pilot the discussion guide as this format was likely to result in different opinions and/or
follow-up questions among colleagues that could inform future probing questions for
interviews. Interview participants were purposively sampled to include practices from
North and South Tasmania and diversity of characteristics known to influence CVD risk
management including gender, age and years of practice.[146,147,249] Invitations to
participate were sent to Practice Managers in each locality to disseminate to GPs between
June – December 2018. GPs received a $150 gift card for their time. Recruitment was
conducted until data saturation had been reached.[250]
Data collection. A semi-structured interview guide was developed by the research team
covering: 1) current practice for CVD risk assessment and management; 2) barriers to
CVD risk assessment in practice; and 3) attitudes towards absolute CVD risk assessment
and reporting via pathology services (see Supplement 8). First, participants completed a
questionnaire to collect gender (male, female, other); age range (years: <40, 40-49, 50-59,
60+); years of practice experience (<5, 5-9, 10-19, 20-29, 30+); use of individual risk
factor and absolute CVD risk management in practice (almost always, most often,
sometimes, not very often, not at all, not sure) and the likelihood of using absolute CVD
risk assessed and reported from pathology services ( extremely, fairly, somewhat, not
very, not at all, not sure. Once the survey was completed, interviews commenced with
questions focused on current practice and barriers for CVD risk assessment and
management. Lastly, GPs were shown an example pathology report (Figure 4.1)
illustrating how absolute CVD risk information assessed and reported via pathology
services would be presented.
GPs were advised that the service would work as follows: 1) patients aged 45-74 years
referred to pathology services for cholesterol measurement would be eligible for absolute
CVD risk assessment via a computer-based app; 2) the app would measure risk factors
such as smoking status, diabetes status and BP via a validated cuff-based device; 3) risk
factor data would be sent to the pathology laboratory, matched with the patient’s
cholesterol result and used to estimate absolute CVD risk; 4) risk factors, absolute CVD
risk score, category and guideline-directed treatment recommendations would be reported
alongside the requested results as shown in the example Figure 4.1.[235] GPs were then
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asked questions to ascertain attitudes towards absolute CVD risk assessed and reported via
pathology services and hypothetical management responses to receiving such a report.
Data analysis. To support research reflexivity, two researchers (NC and RM)
independently coded the data, one with expertise in BP and CVD prevention research
(NC) and one outside the field (RM). The framework analysis method was applied to
determine themes under the guidance of an experienced qualitative researcher (NC and
RM) using line-by-line coding based on a positivist approach. Data were organised into
themes based on the framework analysis method:[251,252] 1) a thematic framework was
developed by independently identifying and discussing themes in the focus group
transcript as a subset of the data; 2) the thematic framework was independently applied to
two interview transcripts with further discussion and revision by comparing quotes
categorised into themes; 3) remaining transcripts were analysed according to the
framework with constant comparison; and 4) themes were reviewed by and discussed with
a third investigator (JS). Data were organised, grouped and annotated in the qualitative
data management tool NVivo 10 (QSR International).

4.4 Results
Participants characteristics. GP characteristics are presented in Table 4.1. According to
survey responses, individual risk factors were used most often (67%) for CVD risk
management in daily practice. Absolute CVD risk management was used almost always or
most often in daily practice among 28% and 33% of GPs, respectively. Most GPs reported
that it was extremely likely (56%) or fairly likely (28%) they would use absolute CVD risk
reported via pathology services to manage patients.
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Table 4.1. General Practitioners interviewee characteristics and cardiovascular risk
assessment practices (n=18).
Variable

n (%)

Female

9 (50)

Age range (n=10):
<40 years

4 (40)

40-49 years

2 (20)

50-59 years

2 (20)

>60 years

2 (20)

Years of practice (n=10):
<5 years

2 (20)

5-9 years

4 (40)

10-19 years

2 (20)

>20-29 years

2 (20)

Patient management according to individual risk factors in daily practice:
Almost always

0

Most often

12 (67)

Occasionally

4 (22)

Rarely

2 (11)

Never

0

Patient management according to absolute CVD risk in daily practice:
Almost always

5 (28)

Most often

6 (33)

Occasionally

5 (28)

Rarely

2 (11)

Never

0

Likelihood of using absolute cardiovascular risk information assessed and
reported from pathology services in clinical management of patients:
Extremely

10 (56)

Fairly

6 (28)

Somewhat

3 (17)

Not very or not at all

0
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Absolute CVD risk assessment themes. Three themes were identified: 1) barriers to
screening CVD risk; 2) barriers to management of CVD risk; and 3) patient-centred
practice for CVD prevention. These themes are discussed in the context of perceptions
towards absolute CVD risk assessment and reporting via pathology services. Table 4.2
provides a summary of the themes discussed with quotations to illustrate the data.
1) Barriers to screening CVD risk
GPs reported screening was undertaken opportunistically to value-add at the end of
consultations if time permitted. For example, GP9 “It’s a bit random, because it depends
what the patient has come in for, but I do opportunistic screening”. GPs typically
conducted CVD risk assessment with new patients over several visits and after rapport had
been established. Only one GP reported patients were proactively invited for preventive
screening where CVD risk factors would be measured and absolute CVD risk assessed.
Clinical intuition was the main tool for determining cardiovascular risk for many GPs,
either based on “gut instinct” or an estimate of the absolute CVD risk score based on
experience rather than using the calculator. For example, GP 3 “you look at them and go
‘you are high risk’, like there’s just something about you that makes me feel like you’re at
high risk”. Barriers to screening included: lack of time; an opportunistic approach when
the patient attended for something else; the need for several consultations to collect risk
factors; and misclassification of patient risk by clinical intuition.
Almost all GPs identified ways absolute CVD risk assessment via pathology services
could alleviate deficits in practice by providing a systematic (rather than opportunistic)
mechanism for CVD risk screening, reducing the number of appointments required to
collect risk factors, and reducing misclassification of patients caused by overreliance on
clinical intuition. As said by GP5 “It would be easier if, with this sort of calculation if it
could be done before […] then you can really work on the management side of things”.
When asked specifically, all GPs reported they would order absolute CVD risk when
issuing a cholesterol referral if such a service was offered.
There was discrepancy regarding the utility of existing absolute CVD risk assessment
software. Several GPs rarely used it or use was inconsistent as it required an extra step to
proceed to the absolute CVD risk tool within the GP management software, even when
data imported automatically. Deficiencies in the current absolute CVD risk assessment
model raised concerns for GPs, which engendered a lack of trust. Specifically, family
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history contributed greatly to clinical decision making and risk classification with many
reporting they would adjust risk upwards or “give extra points” for family history. Chronic
kidney disease was an important risk factor; most GPs expressed confusion over current
guidelines, while others reported it should be formally included in the risk estimation
model. Additionally, several said ethnicity – especially Aboriginal and Torres Strait
Islander status – was not adequately considered in the current tools. The use of left
ventricular hypertrophy by electrography in the absolute CVD risk assessment model was
described as ‘pointless’ by many participants.
2) Barriers to management of CVD risk
GPs reported absolute CVD risk was used most often as a communication tool to motivate
patients rather than to guide clinical management. When shown a sample pathology report,
GPs commented that high absolute CVD risk, highlighted in red, reported via pathology
services would prompt a dedicated session for CVD prevention, even if the requested
cholesterol was normal. A said by GP6 “I’d bring them back for a specific consult to
discuss cardiovascular risk. Because it’s red and it’s highlighted”. All GPs reported
guideline-directed treatment recommendations on the report were useful.
Self-reported risk factors such as smoking and diabetes status were viewed as useful to
confirm or challenge records and initiate discussion with patients. All GPs reported that
the BP measurement provided would be a useful trigger for discussion, but many would
repeat the measurement. After explanation of the BP measurement protocol, GPs
considered it a worthwhile, value-adding service and suggested that protocol information
be provided on the pathology report to inform GPs.
In relation to management strategies there was a tendency towards addressing single risk
factors rather than treating according to absolute CVD risk. All GPs indicated they would
start with BP lowering therapy. Several cited patient factors for this approach including
avoiding adverse side-effects, increasing compliance with therapy recommendations and
that patients were typically more receptive to BP lowering medications than statins. At
GPs attributed statin reluctance to the effect of an Australian Broadcasting Corporation
documentary on patient attitudes (Heart of the Matter, aired October 2013).[253] GPs
emphasised that lifestyle modification could achieve substantial reduction in CVD risk,
but most expressed a belief that inevitably high risk patients would end up on medications.
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Table 4.2. Summary of themes and illustrative quotations related to general practitioners’ current practice for the assessment and management
of cardiovascular risk and attitudes to awards automated absolute cardiovascular disease risk assessment and reporting via pathology services.
Theme

Illustrative quote (gender, age range, years of practice experience)

Barriers to screening CVD risk
Opportunistic

“It’s a bit random, because it depends what the patient has come in for, but I do opportunistic screening. So, if there’s a short
consultation about something or other that’s of not much value, I will value add and say let’s have a look at some of your other
health risks. So, we automatically start, the system flags us to put smoking history in, but we don’t always put it in. But, so I will
randomly screen.” (GP9, male, >60 years of age, 20-29 years practice experience)
“The main impediment is me just not thinking about it in everybody. Because I’m doing other stuff with them, so, that kind of comes
as a fourth or fifth problem, I may or may not think about it on the day.”
(GP4, male, aged >60 years, >30 years practice experience)

Clinical intuition “I guess sometimes you see the patient, and you look at them and go ‘you are high risk’, like there’s just something about you that
makes me feel like you’re at high risk. This calculator might, I don’t know, tell me that you’re not. But I still want to treat that.
Because in my gut, I don’t know, that little medical instinct is saying ‘you’re going to have an event’.”
(GP3, female, aged <40 years, 5-years practice experience)
“There are a significant number of people, who I glance at their cholesterol, and if I don’t happen to put it into the machine, and
work out, you guess wrong. I mean, there’s no doubt about it. But the risk calculator gives you surprises, because the HDL’s a little
low, the LDL’s a little low, the total’s a little high. You think oh yeah close enough. But when you put it into the machine, out comes
this number saying 15 percent risk or something. And you think I’d have never guessed that.”
(GP4, male, aged >60 years, >30 years practice experience)
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Absolute CVD

“our software has got calculators in there, but I’d be surprised if many practices use them. Because once you’ve been at it for a

risk software

while, its intuitive. You can just weigh it up in your head, roughly.”

and

(GP8, male, 50-59 years of age, 5-9 years practice experience)

improvement
“I actually must admit I’m pretty inconsistent with the use [of the absolute CVD risk software]. I use it when I think it’s going to be
useful. So, yeah, we’ve talked about this in the practice from time to time, and I think it’s use varies with how long it is since we’ve
had some service on it, or stuff like that.” (GP8, male, 50-59 years of age, 5-9 years practice experience)
“I guess, the calculators as well. I don’t know how much trust I have in their ability to really assess the risk and take all those risk
factors in. I mean the one I use on Best Practice doesn’t even take family history, or BMI, or that sort of thing and ethnicity isn’t
included. And I always think that that’s quite a big risk.” (GP3, female, aged <40 years, 5-years practice experience)
Assessment of

“To have it all done, every time, automatically [at pathology services], would be a great reminder for me to say, well somebody who

CVD

you thought was ok, because you didn’t put it the numbers into [the calculator] because you just glanced at it. This would be great.”
(GP4, male, aged >60 years, >30 years practice experience)
“It would be easier if, with this sort of calculation if it could be done before [at pathology services], then they come in and it spits
out a number, and then you can really work on the management side of things. As opposed to having to gather all the data in four
consultations, where you might actually lose patients along the way, because they kind of get sick of coming back to you and lose
motivation.” “this stuff I am ordering, and I am doing every day on patients, so, this stuff I would be happy to receive because it
just makes my life easier. And for some patients it might just be having a look and seeing the high there is enough to make them stop
smoking” (GP5, female, aged <40 years, 5-9 years practice experience)
“you know, sometimes people don’t want to tell you about their smoking, or whatever else because they’re worried that you’ll judge
them or lecture them about smoking because that’s the classic line. So, maybe if its in a space where it’s neutral […] So, it’s like ‘I
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know that you smoke’ or ‘you told someone else that you smoke’, but my records say that you’re an ex-smoker. Tell me about this’.”
(GP1, Female, Age<40, <5 years practice experience)

Barriers to management of CVD risk
Recall

“Often I don’t have time to ask these questions, but if I saw a red ‘high’ risk [on the pathology report], I’d definitely bring that back
and talk to the patient about it. So, yes it would change my practice. I’d bring them back for a specific consult to discuss
cardiovascular risk. Because it’s red and it’s highlighted, and say ‘look, you’re high risk’, it just saves us a step.”
(GP6, female, <40 years of age, <10 years practice experience)

Urgency

“I mean if I saw that [absolute CVD risk score on the pathology report] coming in as high then I would tick that as a return urgent,
which just means the girls would ring them in the next day or two, and that we want to see you in the next couple of weeks. We just
like to say ‘recall, doctor wants to see you in the next fortnight’. Whereas on that one [cholesterol result] I probably wouldn’t do
that.” (GP7, female, 50-59 years of age, 10-19 years practice experience)

Treatment

“It [absolute CVD risk] guides my treatment, but in terms of being the whole sole focus of whether to start a medication or not, I
guess for high cholesterol it’s something that’s a bit more specific. Hypertension, it’s something that’s a little more variable, and I
like to keep an eye on over time. But, having said that, cholesterol levels can drop quite a bit as well with some dietary and lifestyle
modifications. So, yeah, it definitely, I use it as a guide, but I don’t use it as a strict indicator in thinking I’m going to start this
person on this medication now, straight away.” (GP2, male, 40-49 years of age, 5-9 years practice experience)
“I know we can use this, and it’s easy for our work, apart from explaining long term things and a patient will be aware, then it’s
easy to initiate cholesterol medication and stuff.” (GP10, male, 40-49 years of age, 10-19 years practice experience)

Patient-centred practice for CVD prevention
Patient

“I don’t find that patients understand numbers that well. So, you know. I often say in five years you’ve got this chance of having a

understanding

cardiovascular event, but that’s very easy to brush off. So, sometimes I use, there’s a website with the little smiley faces, and then
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the sad faces if there’s a risk. And like, maybe some kind of visual representation is a little bit better. But I still don’t always feel
like they grasp the risk that they’re at, and how they could modify it as well.”
(GP3, female, aged <40 years, 5-years practice experience)
“I’d prefer this as a patient, having something I can actually see. And it allows them to walk out of the room with something that
they can hold onto, because there’s so much that goes on in that 15 minutes, they can sometimes walk out and go ‘I don’t know
what she talked about, and now I’ve got these medications, and I don’t really know what to do with it. Why am I taking them again?
I don’t want to do it, and I’m not going to go and see her’. But if they went out with that [blood test report], they’d be like ‘oh yeah,
that’s right. I think I will take my medication, maybe I will go back and see her’.”
(GP5, female, aged <40 years, 5-9 years practice experience)
“the nice thing about the calculator is that I can fiddle with the numbers. I can go ‘look this is what happens if I bring your blood
pressure down, this is what happens if I bring your cholesterol down’, and you can see the change in the risk. ‘This is what happens
if you stop smoking, you know if we get your diabetes under control’. And so that’s, I find that really useful with people. Because
they can kind of go ‘oh, ok, yeah I can see I halve my risk by stopping smoking. Well that’s a simple thing to do, let’s give that a
crack’. Rather than take a statin or something.”
(GP8, male, 50-59 years of age, 5-9 years practice experience)
Family practice

“plus knowing their family. As a general practitioner I like the idea of knowing the whole family. If you know grandma or grandpa
has just had a heart attack then you’d think about looking into the grandkids.” (GP6, female, <40 years of age, <10 years practice
experience)

Abbreviations: CVD; cardiovascular disease; GP, General Practitioner.

83

3) Patient-centred practice for CVD prevention
GPs recognised the importance of patient preferences, motivation and comprehension in
their practice, and adapted their care to individual patients. Many GPs were concerned
about changes in GP-patient relationships, and a decline in GPs as the “family doctor”
with long-standing relationships with the patient and their family. A shortage of GPs, GPs
working part-time and patients visiting multiple GPs rather than one regular GP were all
viewed as detrimental to building rapport with patients that is essential for preventive
medicine. This posed a challenge for responding effectively to the absolute CVD risk
reported by pathology services for two reasons: the patient may wish to discuss the results
with a specific doctor; or the GP may not feel there is sufficient rapport to implement a
prevention strategy.
GPs reported using absolute CVD risk tools predominantly for risk communication: for
populations with low health literacy, to motivate high risk patients, or increase patient selfefficacy by demonstrating how changing risk factors modifies risk. Most GPs reported that
a pathology report containing absolute CVD risk results would strengthen this approach,
observing that the report would be a useful discussion piece and provide something
tangible for the patient to take away. For example, GP3 “I’d prefer this as a patient,
having something I can actually see. […] because there’s so much that goes on in that 15
minutes, they can sometimes walk out and go ‘I don’t know what she talked about”.
Additionally, patient complacency towards preventive medicine was highlighted as a
concern that may be ameliorated by a high result from pathology services, reinforcing
CVD risk as an objective result from a reputable third party.

4.5 Discussion
This study identified that absolute CVD risk assessment via pathology services may
address barriers in practice by: providing a systematic approach to assessment; reducing
the number of clinical consultations required to collect risk factors; and reducing risk
misclassification by clinical intuition. Additionally, GPs commented that high absolute
CVD risk reported via pathology services would prompt a dedicated consultation for CVD
prevention that may otherwise not occur. GPs identified risk factor assessment methods at
pathology services should be reported alongside test results to inform GPs and aid uptake
of such a service. Altogether, these findings suggest absolute CVD risk assessed and
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reported via pathology services may address barriers and support guideline-directed care
in primary practice.
In Australia, 20% of adults aged 45-74 years are at high risk according to absolute CVD
risk assessment and 75% are not receiving recommended prevention therapy.[14] As
highlighted in this study, there are many challenges to absolute CVD risk assessment in
practice. Risk factor collection requires multiple clinical consultations. GPs implement an
opportunistic approach at the end of consultations if time permits undoubtedly challenging
to achieve in a busy primary care environment. Additionally, use of electronic tools for
absolute CVD risk assessment is low. Subsequently, GPs defer to using clinical intuition,
rather than validated, evidence-based tools to estimate CVD risk. Indeed, previous
interventions to increase absolute CVD risk assessment using electronic tools have had
limited success.[11,37,195,204] Thus, alternative solutions, such as that presented in this
study, are needed to embed absolute CVD risk into existing care delivery.
GPs highlighted the aforementioned challenges would likely be addressed by assessing
and reporting absolute CVD risk via pathology services. Previous work highlighted that
this referral point is an opportune setting to embed absolute CVD risk assessment.[166]
The assessment of absolute CVD risk at pathology services builds on these findings, as
patients undertake a self-directed risk factor assessment rather than relying on GPs to
provide this information at the time of referral for cholesterol measurement. Subsequently,
absolute CVD risk assessed and reported via pathology services provides a standardized
and systematic approach, rather than relying on fragmented opportunities within a busy
clinical environment and clinical intuition. Secondly, as highlighted in previous work, GPs
support patient self-assessment either independently or assisted by practice staff to
alleviate time and resource constraints as barriers to absolute CVD risk assessment.[197]
Absolute CVD risk assessed and reported via pathology services provides such a service.
Moreover, such a service could reduce the number of appointments required to collect risk
factors, with the potential to reduce burden for patients and GPs. To facilitate uptake of a
new service it must be acceptable to all relevant parties. including GPs and patients.
Previous work demonstrated that absolute CVD risk assessment via pathology services
was acceptable to patients.
When shown an example pathology report with absolute CVD risk factors, score, category
and guideline-directed treatment recommendations, GPs advised a high-risk result would
85

prompt a dedicated session to CVD prevention which would otherwise not occur.
However, in keeping with previous evidence, GPs still preferred a single risk factor
management approach.[19] Previous work identified barriers to GP use of absolute CVD
risk for patient management including: conflicting or complicated guidelines,[8] difficulty
explaining absolute CVD risk,[197] low knowledge of or trust in absolute CVD risk
models and that absolute CVD risk is limited due to the risk factors included in the
model.[141,254] This latter reason contributed to lack of trust in absolute CVD risk
assessment among GPs in this current study. Particularly as risk factors that GPs deemed
clinically important for CVD, such as family history of CVD, are not included in the
absolute CVD risk prediction model. Additionally, GPs lacked knowledge of the benefits
of absolute CVD risk compared to individual risk factors management.
Despite focusing on single risk factor management strategies, GPs stated they would
request absolute CVD risk assessment when referring patients to pathology services if
such a service was available. Furthermore, GPs stated that high absolute CVD risk,
highlighted in red on the pathology report, would prompt a follow-up response even if the
requested cholesterol result was normal. These findings highlight that several factors
influence use of absolute CVD risk among GPs. Previous work identified GP use of
absolute CVD risk falls under five key approaches, ranging from a focus on absolute CVD
risk as it is deemed useful, to total disregard for absolute CVD risk as it was considered
inappropriate.[18] To support use of absolute CVD risk reported via pathology services,
clear treatment recommendations specific to the patient’s absolute CVD risk level need to
be provided on the pathology report, rather than treatment advice for all risk categories.
Additionally, GPs had concerns regarding the absolute CVD risk factor collection
methods, and so providing this information on the pathology report would be essential to
inform GPs and develop trust in measurement methods. Further, engagement with GPs as
stakeholders of such a service is required to identify information that needs to be included
on the pathology report to prompt GPs to act according to absolute CVD risk.
Strengths and limitations
While the recruitment strategy aimed to include diverse views, the findings may not be
generalisable as the sample is limited to GPs in Tasmania and as recruitment was by selfselection there may be selection bias. As standard with qualitative research, recruitment of
participants was conducted until data saturation had been reached, and this led to a small
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sample. Thus, the generalizability of the findings cannot be assured and future research in
larger quantitative studies is needed. Self-report may differ from reality in practice and the
clinical utility of absolute CVD risk assessment and reporting via pathology services needs
to be determined by a randomised control trial. A rigorous analysis process was
undertaken by two researchers, one with BP expertise and the other outside BP, to provide
different perspectives. The findings from this study may be limited due to the use of the
example report featured a very high BP measurement which limits the range of responses
which may have occurred had more example reports been used. Nevertheless, this work
provides critical insight to refine and improve such a service.
Conclusion. This study identified ways that absolute CVD risk assessed and reported via
pathology services may alleviate deficits in practice. Pathology services could embed
systematic screening, streamline risk factor collection and appropriate CVD risk
classification into routine care. Absolute CVD risk reported via pathology services must
include education on risk assessment methods to promote uptake of such a service.

4.6 Contribution of Chapter 4 to thesis aims.
Aim 3: To explore GP perspectives of absolute CVD risk assessment and reporting via
pathology services.
This study demonstrated GPs experience several barriers to absolute CVD risk assessment
in practice that may be addressed by absolute CVD risk assessment and reporting via
pathology services. Such a service could embed systematic screening among guideline
recommended patient populations, alleviate GP burden associated with CVD risk factor
collection and absolute CVD risk assessment, and result in dedicated follow-up for CVD
prevention that would otherwise not occur. However, when presented with an example
absolute CVD risk pathology report, GPs maintained a focus on single risk factor
management and had concerns regarding BP measurement at pathology services. BP
primacy in the context of absolute CVD risk assessed and reported via pathology services
may limit uptake of guideline-recommended care and is discussed in detail in chapter 5.
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Chapter 5 Blood pressure primacy is an impediment to
absolute cardiovascular disease risk management: a
mixed-methods study.
This thesis chapter is under review and formatted according to author guidelines for the
Australian Journal of General Practice. Minor changes have been made throughout the
thesis examination.
Niamh Chapman, Rebekah E McWhirter, Martin G. Schultz, Douglas Ezzy, Mark R.
Nelson, James E. Sharman.
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5.1 Abstract
Background. Absolute cardiovascular disease (aCVD) risk assessment is recommended in
CVD prevention guidelines, yet uptake is limited. GPs often focus on single risk factor
management, including blood pressure (BP). Pathology services may be suitable to
undertake automated unobserved BP (AOBP) measurement and aCVD risk assessment.
This study explored GP (n=18) attitudes towards this service and the role of BP in aCVD
risk management.
Methods. A brief survey was completed, after which interviews explored attitudes to
AOBP and aCVD risk assessed via pathology services with an example report discussed.
Results. GPs favoured single risk factor management strategies. Pathology reported high
AOBP and aCVD risk, should have prompted clinical action. However, GPs were
concerned about AOBP equivalency to routine BP measurements. After AOBP protocol
explanation, GPs reported AOBP could value-add to care delivery.
Conclusion. BP primacy may impede guideline implementation. Improvements are
needed to address GP concerns and embed guideline-directed care in practice. Further
information on the AOBP measurement protocol is required on the pathology report.
Key words: cardiovascular prevention, guideline development, risk factor management,
primary care delivery, hypertension.

89

5.2 Introduction
As the leading cause of death and disability worldwide, cardiovascular disease (CVD)
remains a major public health priority.[30] Estimation of absolute CVD risk, as the total
risk over a given time period based on multiple risk factors, is recommended in CVD
prevention guidelines.[5,63] Yet uptake in practice is low and blood pressure (BP) takes
primacy over absolute CVD risk management.[9,10,17]
BP remains a cornerstone of medical practice but has many known challenges,[256]
including: lack of time to obtain high-quality BP readings; the white-coat effect; [95]
inadequate number of measurements taken; inappropriate cuff size used; and poor patient
posture or talking during measurement.[23,94,96] In addition, absolute CVD risk
algorithms were derived and validated using high quality BP measurements recorded after
10 minutes seated rest, with multiple readings taken and averaged.[66] Yet, due to the
many challenges associated with BP measurement, it is unlikely that clinic BP
measurement is of the quality expected in guidelines.
Automated unobserved BP (AOBP) measurement has been recommended to overcome
challenges in practice by standardising measurement conditions with the patient resting,
no doctor or nurse present, and multiple readings taken.[102] Despite this, use of AOBP in
practice is limited. The referral of patients to pathology services for cholesterol
measurement presents an opportunity to embed high-quality AOBP measurement and
absolute CVD risk assessment into existing care pathways and promote guideline-directed
care.[235,257] For successful implementation and uptake in primary care, it is important
to ascertain GP attitudes towards AOBP measurement via pathology services, as well as
the role of BP in the management of absolute CVD risk. These were the study aims.

5.3 Methods
Study protocol. This was a mixed-methods study involving one focus group (n=8)
followed by one-to-one interviews (n=10) with currently practising GPs as part of a larger
pilot program investigating a new approach to absolute CVD risk assessment via
pathology services.[235,257] Participants completed a brief questionnaire, followed by
semi-structured interviews where participants were presented with the new approach to
absolute CVD risk assessment and BP measurement at pathology services and asked for
their thoughts and reflections. The focus group and interviews were conducted in person,
audio-recorded and transcribed verbatim. Two researchers independently analysed the data
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to determine themes. All participants provided written informed consent and research was
conducted in accordance with ethical approval [H0015648].
Participant recruitment. Focus group participants were a convenience sample to inform
the development of interview questions. This was undertaken as the focus group format
was expected to result in different opinions and/or follow-up questions among colleagues
that could inform questioning during interviews. Interview participants were a purposive
sample to ensure coverage of characteristics known to influence CVD management
including gender, age and years of practice.[147] Interviewees were recruited between
June - December 2018 in Tasmania and received a $150 gift card for their time.
Recruitment was conducted until data saturation was reached.
Data collection. First, GPs completed a questionnaire to determine gender (male, female,
other); age range (years: <40, 40-49, 50-59, 60+); years of practice experience (<5, 5-9,
10-19, 20-29, 30+); method of BP measurement undertaken at practice (doctor, nurse, 7day home, 24-hour and automated unobserved); and confidence in each mode of BP
measurement (extremely, fairly, somewhat, not very, not at all). Only the GPs
participating in individual interviews completed questions on gender, age range and years
of practice experience. Participant demographic data was not collected among focus group
participants. Next, semi-structured interviews commenced according to a brief interview
guide (supplement 1). Following preliminary discussion on current approaches to BP
measurement and CVD risk management, interviews focused on capturing participant
attitudes towards the proposed new approach to absolute CVD risk assessment. To do this,
the new approach was explained and GPs were shown an example pathology report with
hypothetical absolute CVD risk information, including AOBP (Figure 1. Pathology
Report), and asked questions to ascertain attitudes towards management responses to
absolute CVD risk reported via pathology services. A short interview guide was used to
conduct targeted interviews with probing questions for depth and richness of discussion.
All interviews lasted 18 to 39 minutes including the interview guide and discussion of the
pathology report.
Data analysis. To support research reflexivity, two researchers (NC and RM)
independently coded the data, one with expertise in BP and CVD prevention research
(NC) and one outside the field (RM). The framework analysis method was applied to
determine themes under the guidance of an experienced qualitative researcher.[258] First,
91

researchers (NC and RM) developed a thematic framework by independent line-by-line
coding and discussion of themes in the focus group transcript. The thematic framework
was then applied to two interview transcripts and revised by comparing coded data. The
remaining transcripts were independently analysed according to the framework with
constant comparison and discussion of coded data. Finally, themes were discussed and
refined with the principal investigator (JS). Data were organised, grouped and annotated in
the qualitative data management tool NVivo 10 (QSR International).

5.4 Results
Participant characteristics and survey responses. Participant characteristics are
reported in Table 5.1. GPs reported doctor-measured BP was most common in practice
(Table 5.2). GPs were least confident (‘not very’ or ‘not at all’) in doctor and nurse
measured BP. There were relatively high levels of confidence in 24-hour and home BP
measurement but only a quarter of the GPs used these measurements in routine practice.
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Table 5.1. Characteristics and cardiovascular assessment practices of general practitioners
(n=10) interviewed in Tasmania between June-December 2018.
Variable

n

Female

5

Age range*:
<40 years

4

40-49 years

2

50-59 years

2

>60 years

2

Years of practice*:
<10 years

6

10-19 years

2

>20-29 years

2

* Responses only available in GPs interviewed (n=10), not available in focus group
participants.
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Table 5.2. Type and confidence of blood pressure measurement offered at practices of general practitioners (n=18) interviewed in Tasmania
between June-December 2018.
Doctor

Nurse

24-hour

7-day home

Automated

measured

measured

ambulatory

measurement

unobserved

measurement
Type of blood pressure measurement routinely

14 (78)

4 (22)

5 (28)

measurement
4 (22)

7 (39)

undertaken at practice n (%)
General practitioner levels of confidence in different blood pressure measurement methods: n (%)
Extremely

2 (11)

1 (6)

7 (39)

3 (17)

1 (6)

Fairly

5 (28)

6 (33)

7 (39)

10 (56)

6 (33)

Somewhat

4 (22)

5 (28)

3 (17)

4 (22)

8 (44)

Not very

5 (28)

5 (28)

0

0

2 (11)

Not at all

1 (6)

0

0

0

0

Not sure

1 (6)

1 (6)

1 (6)

1 (6)

1 (6)

Automated unobserved blood pressure measurement: refers to the measurement of blood pressure by a device that can take several readings
automatically with the patient at rest without staff present.[107,259]
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BP in the context of absolute CVD risk themes. Three themes were identified: 1)
concerns regarding the accuracy of BP measurement performed using AOBP as part of
absolute CVD risk assessment at pathology services; 2) repeated measurement is required
to confirm BP, even after having received the AOBP values; and 3) a focus on
management and treatment of BP rather than absolute CVD risk. Table 5.3 provides an
overview of the themes with illustrative quotations.
1) Concerns regarding accuracy of BP measurement performed at pathology services
All GPs reported they would use absolute CVD risk information assessed and reported via
pathology services. Most GPs specifically stated that AOBP, provided on the pathology
services report as a component of the overall risk assessment, would provide a useful
trigger that would prompt a follow-up response in practice if AOBP was high GPs raised
concerns over the accuracy of the AOBP measurement obtained at pathology services as
part of the assessment of absolute CVD risk. Specifically, GPs were concerned about
pathology measured AOBP equivalency and subsequent interpretation compared to other
BP measurements routinely used in practice such as doctor-measured, home-BP and 24hour BP. For example, GP4 “I’m not sure whether your machine, in an automated booth
would be more equivalent to what’s at home, or more equivalent to what’s in my surgery”.
Contributing factors to these concerns included: the training of staff to conduct AOBP
measurement (e.g. fitting the right size cuff); the appropriateness of the AOBP device; and
whether or not it was a “traditional” BP device with a cuff and not a wrist-based or rigid
tube device that patients insert the arm into. After explanation of the AOBP protocol, all
GPs reported that the measurement was appropriate and could value-add to routine care
delivery. One GP reported that it may improve BP measurement in practice by embedding
an accessible and high-quality measurement at pathology services without the cost
associated for home or 24-hour BP monitoring.
2) Repeated measurement is required to confirm BP
Most GPs commented that home BP monitoring was common for confirming high doctormeasured BP in routine care. If home BP monitoring was not an option, some GPs stated
they would refer the patient for 24-hour BP monitoring. As said by GP6
“before I start an antihypertensive, […] I would get them to take ten or 20 readings and
take the average. So, if they haven’t got their own blood pressure machine […] I’d
organise a 24-hour monitor”. Two GPs stated that 24-hour BP was offered at their
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practice while the others noted 24-hour BP was offered via pathology services and that
cost (~$60) presented a barrier for some patients, as it was an out-of-pocket expense.
Almost all GPs indicated they would confirm the AOBP measured at pathology services
by repeated measurement within practice to compare readings. Consistent with current
practice, GPs stated they would confirm a high reading of pathology-measured AOBP
with home or 24-hour BP monitoring before initiating therapy. For all GPs, the frequency
of BP measurement – over multiple visits or in multiple settings – was of greatest
importance for clinical decision making. No GPs stated they would use the repeated BP
measurement to re-estimate absolute CVD risk.
3) Focus on management and treatment of BP rather than absolute CVD risk
When provided with absolute CVD risk information, all GPs preferred the use of single
risk factor management strategies. As stated by GP3 “we need to check this blood pressure
before we go on about all this other cardiovascular risk.” None of the GPs would start
both BP and cholesterol lowering medications at the same time regardless of absolute
CVD risk level. One GP stated that a patient “would have to be having an acute event”
before they would consider starting both BP and cholesterol lowering therapy at once.
Typically, GPs preferred to start with BP treatment instead of cholesterol lowering
therapy. GPs attributed their preference for this approach to increasing patient adherence
with therapy recommendations and managing side-effects. GPs advised they would start
with lifestyle therapy, but exhibited a view that drug therapy was inevitable in patients that
were moderate to high absolute CVD risk or had elevated cholesterol or BP.
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Table 5.3. Summary of themes with illustrative quotes related to blood pressure measurement, management and treatment in the context of
assessment and reporting of absolute cardiovascular disease risk via pathology services.
Theme

Illustrative quote (gender, age range, years of practice experience)

Accuracy of BP measurement:
Trust

“I’m not sure whether your machine, in an automated booth would be more equivalent to what’s at home, or more equivalent to what’s
in my surgery. I’ve got no knowledge of that sort of set up. Is it the thing that you stick your arm in, is it?”
(GP4, male, aged >60 years, >30 years practice experience)
“I guess the barrier is are they actually going to hook themselves up, and do their blood pressure via the app, or have- that have to do
that, don’t they?” (GP5, female, aged <40 years, 5-9 years practice experience)
“Yeah, I suppose my only concern with the credibility is that the right size cuff? You know, that they’ve sat down, and all that. I mean
people still buy those wrist ones, and yeah. That would be my only [concern].”
(GP7, female, 50-59 years of age, 10-19 years practice experience)
“That’s the other issue I have in general practice, is we do blood pressure really badly. You know, we’re time poor, we get people in,
they’ve got, they’ll be having a conversation with us while we take their blood pressure because they’ll be wanting to tell us about
whatever other issue brought them in. We sometimes do it a second time but generally not. And we’ve got no idea what that blood
pressure reading really means. So yeah, the opportunity [for blood pressure measurement], for me, that would be one of the most
useful things.” (GP8, male, 50-59 years of age, 5-9 years practice experience)

BP variability

“The tricky thing is what if they were just stressed on the day? Or they just had a cigarette and we took their blood pressure.
Especially if it’s just a one-off reading, then I’d be worrying.”(GP1, Female, Age<40, <5 years practice experience)
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“My only thought is that BPs are quite variable, aren’t they? There’s the people with the white coat syndrome. Whether you say if its
higher there, you need to come back there or here. […] But, I mean, that is better than nothing, isn’t it?”
(GP7, female, 50-59 years of age, 10-19 years practice experience)
Repeat measurement of BP
Out of clinic

“anyone that has a suspicion of high blood pressure, I would always encourage them to get their own blood pressure machine. I would

BP

say ‘look, if you go to the booth and it records you with high blood pressure, I’d be interested to see if you just take your own blood

monitoring

pressure with your machine, just to cross-compare and see how things are’. Just so we can get some consistency.” (GP2, male, 40-49
years of age, 5-9 years practice experience)
“I probably would call them in, I don’t know if it would change what I would do. Especially taking things off a one-off blood pressure.
White coat is definitely a thing, and a lot of my patients have high blood pressure, and then I get them to go to the chemist, or go home,
and so it’s just plum normal at home.”
(GP3, female, aged <40 years, 5-9 years practice experience)
“I guess I don’t know what would happen with your sort of measurement truly, because I know that the measurements I do are of
variable usefulness. And the best ones are simply what the patient does at home.”
(GP4, male, aged >60 years, >30 years practice experience)
“before I start an antihypertensive, unless I’m seeing them quite often and I’ve got ten readings, if it’s just a one off high reading, I
would get them to take ten or 20 readings and take the average. So, if they haven’t got their own blood pressure machine, I’d get them
to pop into the rooms and see the nurse or go to the chemist. But I usually try or I’d organise a 24-hour monitor, but sometimes that
has costs associated with it. Which people don’t want to pay. Or I’d tell them if they have private health insurance to just buy a
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machine. Because often the home readings are low, and they don’t need a treatment, they’re just high in the room.” (GP6, female, <40
years of age, 5-9 years practice experience)
In clinic

“The blood pressure, I’d still do the blood pressure in my room anyway. And me doing an assessment as an individual, that’s not

repeat BP

perfect either. So, I think it’s still, you still have to use your clinical judgement in how you manage this number, this output. And it’s

measurement

not forcing anyone to start medication, or do anything, it’s just a guide.”
(GP5, female, aged <40 years, 5-9 years practice experience)
“Yeah, I’m a bit aggressive with blood pressure. Not necessarily treating, but trying to get to the right diagnosis.”
(GP9, male, >60 years of age, 20-29 years practice experience)
“if there’s a big discrepancy [between clinic and home BP], we will allow them to rest in a room for a couple of, probably half an
hour, then we will recheck with the nurse or someone else, then we will compare the discrepancy.”
(GP10, male, 40-49 years of age, 10-19 years practice experience)

Multiple

“I think it almost comes down to your frequency of measurement. Are you basing it off a one-off measurement? Are you basing it on six

readings

measurements? Are you basing it on ten? What gives you reliable indication that that person may have hypertension? Therein lies the
challenge, I think.” (GP2, male, 40-49 years of age, 5-9 years practice experience)
“I don’t like to put a lot of emphasis on just a one-off reading. But I think it being high definitely is a trigger that maybe they’re at
higher risk, like that I identify they’re at higher risk as well. Not just the patient knows that they’re at higher risk. So, I think it would
be useful, I don’t know how much it would change my management though.”
(GP3, female, aged <40 years, 5-9 years practice experience)

Treatment in response to BP measurement and absolute CVD risk

99

Starting

“we need to check this blood pressure before we go on about all this other cardiovascular risk. So, I would have my doubts, I guess. On

therapy

a one-off reading.” (GP3, female, aged <40 years, 5-9 years practice experience)
“it’s something that you have to be careful with, in terms of putting these people on medications. Especially for their blood pressure,
because, like I said, over a period of time lifestyle intervention can make a big change.”
(GP2, male, 40-49 years of age, 5-9 years practice experience)
“I tend to treat blood pressure. I try to get them to lose weight, have a low salt diet, quit smoking first. And monitor at home, because
its often lower at home. But I think, if on average it’s above 140 on 90 and they’re starting to get a few other risk factors, I’d treat it.”
(GP6, female, <40 years of age, 5-9 years practice experience)
“We will try to modify lifestyle. If we cannot manage with lifestyle, four or five weeks, we will have to start some blood pressure
medication.” (GP10, male, 40-49 years of age, 10-19 years practice experience)

Absolute CVD

“because when we look at degrees of hypertension, we’re basing it on diastolic blood pressure as well. And that’s really not considered

risk

from what I can gather. It’s more based on systolic blood pressure. And someone with white coat hypertension may be cruising
around, day in, day out, with a perfectly normal systolic blood pressure. But when they come into my office they might shoot up, and
you might think ‘oh, they’ve got severe hypertension according to the Framingham study’, but it’s not always the case. So, that is a
short-fall actually. Because I don’t think it asks for diastolic blood pressure, does it? In the risk calculator.”
(GP2, male, 40-49 years of age, 5-9 years practice experience)
“That, yes, it’s [absolute CVD risk] high and what we need to do now is break it down into its elements and then tackle one by one. So,
today perhaps we can talk about these blood pressures, as they’re the most serious thing, since its 181. And perhaps start a blood
pressure medication. And then, you don’t have diabetes so, yes your cholesterol probably does need some management but it’s not
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critical that that’s attended to immediately. I’d probably touch on their smoking as well, that can help bring down their blood pressure,
and start with those things.”
(GP5, female, aged <40 years, 5-9 years practice experience)
Patient

“Sometimes blood pressure pills can give you a dry cough, and sometimes statins can give you the muscle ache, as the two most

attitudes

common things, and if you sort of give a patient two new tablets and they get all the side effects, then they’re less likely to be
compliant. Cost, and side effects. And, I suppose particularly with statins, you know, has it all been, is it, there’s been so much
controversy about them, so then that probably puts doubt in their minds about all medications.”
(GP6, female, <40 years of age, 5-9 years practice experience)
“It’s really variable. Some people like medications, and sometimes I feel like that’s a way to avoid doing the hard work, which is no
exercise, and diet, and lifestyle change. Much easier to take a tablet. And other people really hate tablets. They really kind of don’t
want to be on them.” (GP8, male, 50-59 years of age, 5-9 years practice experience)
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5.5 Discussion
This study supports previous evidence that BP measurement challenges remain a concern
in general practice. GPs hold low confidence in doctor-measured BP, yet it remains the
most common method of BP measurement. GPs continue to prefer single risk factor
management rather an absolute CVD risk approach. When presented with an alternative
that could address these challenges, including high-quality AOBP and absolute CVD risk
via pathology services, GPs lacked confidence in the AOBP and had limited knowledge of
AOBP overall. Once the AOBP measurement protocol at pathology services, and AOBP
more broadly, were explained, GPs indicated that AOBP and absolute CVD risk reported
via pathology services would add-value to existing care delivery. Overall, these findings
highlight that GP engagement and education is required for the measurement of AOBP
and subsequent assessment and reporting of absolute CVD risk via pathology services to
be successful.
Comparison with existing literature
Although GPs reported low confidence in BP measurements routinely used in clinical
practice, there is low use of higher quality BP measurements including home, 24-hour and
AOBP, as well as lack knowledge of AOBP. AOBP measurement has been recommended
in guidelines to overcome known challenges of BP measurement,[79] but does not appear
to have been widely taken up in practice. Cost of the specialist devices and the
requirement of a consulting room for a longer period of time have been previously
highlighted as barriers to uptake of AOBP.[107] However, previous work has shown that
other locations including waiting rooms and pharmacies, which would be similar to the
setting of pathology services, are suitable for AOBP measurement.[108] Thus, innovative
solutions, such as the one proposed in this study,[235] may help embed AOBP
measurement in practice using existing community healthcare settings used by GPs, .
This present study demonstrated that while GPs were initially sceptical of AOBP
measured via pathology services, once the AOBP protocol and underlying concept were
explained, GPs reported that this service would add value to existing care delivery. This
finding highlights the need to address the lack of understanding of AOBP, particularly for
broader uptake of AOBP and absolute CVD risk assessment via pathology services.
Otherwise, poor understanding may result in extra, unnecessary workload for GPs
performing repeat BP measurements. Not only is AOBP a high-quality measurement but
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absolute CVD risk has been shown to be minimally affected by using different BP
measurement methods.[113,114,260] This reiterates that repeat measurement of BP is
unnecessary to guide treatment according to best practice guidelines based on absolute
CVD risk. Despite GPs stating they would remeasure BP, they also indicated that they
would not use these BP values to recalculate absolute CVD risk. This suggests a sustained
focus on BP primacy as a single risk factor over absolute CVD risk. Therefore, as the
leading single risk factor for cardiovascular disease and the primary focus for GPs
accurate BP monitoring such as AOBP is necessary. Clear explanation of the AOBP
measurement protocol undertaken at pathology services and guideline-directed care
recommendations for each absolute CVD risk category are required on the pathology
report to develop trust in AOBP, avoid unnecessary repeat BP measurement and promote
treatment decisions according to absolute CVD risk.
Implications for research and clinical practice
Perhaps understandably, emphasis on the importance of BP and challenges of BP
measurement in guidelines have ingrained BP primacy and single risk factor management
in practice.[79,261] While CVD primary prevention guidelines recommend high risk
patients receive both BP and cholesterol lowering treatment,[5] BP guidelines maintain a
focus on grades of hypertension, recommend multiple BP measurements to confirm BP,
have additional clinical criteria that indicate high risk based on BP and other comorbidities, while simultaneously recommending absolute CVD risk to guide
therapy.[76,77,261] Thus, GPs are faced with competing advice on therapeutic approaches
to management. For this reason there have been calls for BP guidelines to focus on an
absolute CVD risk approach.[82,262] In this present study, GPs not only focused on risk
factors in isolation for management decisions but all GPs said they would not initiate both
BP and cholesterol lowering therapy for high risk patients. GPs indicated this treatment
decision was to support patient-centred care, including increased medication adherence
and avoiding adverse side-effects. In summary, perhaps greater alignment of BP and
cholesterol management within one CVD prevention guideline could support management
according to absolute CVD risk rather than single risk factors.
Strengths and limitations
Qualitative research provides data about the processes that may be operating, but not their
extent or distribution. A rigorous analysis process was undertaken by two researchers, one
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with BP expertise and the other outside BP, to provide different perspectives. This gives
confidence that the issues identified are indeed central to the data. The findings from this
study may be limited due to the use of the example report featured a very high AOBP
measurement which limits the range of responses which may have occurred had more
example reports been used. The report used featured a risk profile that was high absolute
CVD risk due to very high AOBP, which may have influenced GP responses and further
discussion is needed on different CVD risk profiles. Therefore, further research into the
clinical utility and use of AOBP and absolute CVD risk reported via pathology services is
needed to ascertain GP response in practice.
Conclusion:
This study highlights that BP primacy may be a major impediment to the uptake of
absolute CVD risk assessment and management. Clear explanation of the AOBP protocol
for AOBP measurement and absolute CVD risk assessment via pathology services is
needed to successfully address GP concerns and embed guideline-directed care in practice.
Guideline developers may need to consider a set of overarching CVD prevention
guidelines that encompass BP management to support absolute CVD risk guidelinedirected care in practice.
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5.6 Contribution of Chapter 5 to thesis aims.
Aim 4: To ascertain GP attitudes towards BP management in the context of absolute CVD
risk assessment and reporting via pathology services.
BP primacy among GPs may be an impediment to clinical management according to
absolute CVD risk assessment and CVD prevention guidelines. Chapter 5 identified
important areas for improvement of absolute CVD risk assessment and reporting via
pathology services. Namely, protocol information for AOBP measurement and absolute
CVD risk assessment at pathology services must be provided on the pathology report to
address GP concerns and facilitate uptake of guideline-recommended care in practice. GPs
had concerns regarding accuracy of BP measurement at pathology services including the
measurement of BP after blood collection. The aim of chapter 6 was to determine the
effect of blood collection on BP and subsequent estimation of absolute CVD risk.
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Chapter 6 Blood pressure during blood collection and the
implication for absolute cardiovascular risk assessment:
an observational study.
This thesis chapter is in press and formatted according to the author guidelines for Pulse.
Minor changes have been made throughout the thesis examination.
Niamh Chapman, Dean S. Picone, Rachel E. Climie, Martin G. Schultz, Mark R. Nelson,
James E. Sharman.
Presentations at scientific conferences:
High Blood Pressure Research Council of Australia, annual scientific meeting, oral
presentation, Melbourne, December 2017.
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6.1 Abstract
Background: Blood collection and blood pressure (BP) measurements are routinely
performed during the same consultation to assess absolute cardiovascular disease (CVD)
risk. This study aimed to determine the effect of blood collection on BP and subsequent
calculation of absolute CVD risk.
Methods: Forty-five participants aged 58±9 years (53% male) had systolic BP (SBP)
measured using clinical guideline methods (clinic SBP), as well as on a separate visit
immediately before, during and after blood collection. Absolute CVD risk scores (by
Framingham Equation) calculated using SBP values from the different measurement
conditions were then compared.
Results: The prevalence of low (<10%), moderate (10-15%) and high (>15%) absolute
CVD risk among participants was 67%, 22% and 11%, respectively, using clinic SBP. For
SBP, before and during blood collection were significantly higher compared to after blood
collection (130±18mmHg, 132±19mmHg vs 126±18mmHg; P=0.010 and P=0.003,
respectively). However, there were no significant differences between clinic SBP
(128±18mmHg) and blood collection SBPs (P=0.99); nor absolute CVD risk calculated
from these SBPs (7.3±6.5%, 7.6±5.9%, 7.7±6.1%, 7.1±5.7, respectively; P=0.995 for all).
The mean intraclass correlation (95% confidence interval) indicated good agreement
between absolute CVD risk scores calculated with clinic SBP and each of the blood
collection SBPs (0.86 (0.74 – 0.92), 0.85 (0.71 – 0.91) and 0.87 (0.76 – 0.93),
respectively, P<0.001, for all).
Conclusion: Absolute CVD risk calculation is not affected by using SBP measurements
recorded at the time of blood collection. Therefore, it is acceptable to collect blood and
measure BP during the same consultation for absolute CVD risk assessment.

107

6.2 Introduction
Cardiovascular disease (CVD) is the leading cause of death and disability worldwide. [31]
The aetiology of CVD is attributed to several non-modifiable and modifiable risk factors,
such as age, sex, systolic blood pressure (SBP), cholesterol, smoking and diabetes status.
These factors can be entered into risk prediction algorithms to estimate the probability of
developing CVD over a defined time. [7,30,263] Indeed, many clinical guidelines
recommend absolute CVD risk assessment to identify high risk individuals for treatment
and management. [4,5,115] Collecting complete CVD risk factor information may involve
both the recording of BP and collection of blood during the same consultation period.
[21,264,265] However, the accuracy of BP is affected by situational anxiety, [27–29] and
there is some evidence that BP may increase in anticipation of a blood test. [266] Thus, the
act of blood collection could elevate SBP to such an extent as to change the estimation of
absolute CVD risk and potentially affect clinical decision making. Therefore, the aim of
this study was to assess the effect of blood collection on BP and subsequent absolute CVD
risk estimation by comparison to BP measured on a separate clinic visit.

6.3 Methods
Protocol. Participants attended the Menzies Institute for Medical Research, Tasmania, and
had their BP measured on two separate occasions. At the first visit, BP measurements
(clinic BP) were taken during an assessment that did not involve blood collection. At the
second visit, which occurred within a month of the initial visit, BP measurements were
recorded immediately before, during and after blood collection. Participants were asked to
refrain from caffeine, smoking and consuming alcohol and heavy meals three hours prior
to their assessments. All BP readings were performed according to guidelines with respect
to subject positioning (e.g. feet flat on the floor, back supported, arm supported at heart
level). Cholesterol levels were obtained from blood test reports from accredited pathology
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services (Diagnostic Services Pty Ltd and Royal Hobart Hospital). Additional CVD risk
factors and medications were assessed via self-report questionnaire. Participants on
medications maintained their normal treatment schedule during the study. Four separate
absolute CVD risk scores were calculated using the SBPs recorded at each of the four BP
measurement conditions (clinic, before, during and after blood collection). Anxiety and
pain levels were measured before and after blood collection, respectively, using an
adapted five-point Likert scale. [267] Standard anthropometric measurements (including
height and weight) were recorded at the first clinic visit. All participants provided written
informed consent and ethical approval was obtained from the Tasmania Health and
Medical Human Research Ethics Committee.
Participants. Sixty-three participants were screened for inclusion. This comprised 42
patients referred by their general practitioner (GP) to a specialist academic BP clinic and
21 participants recruited from the general population. In accordance with the Australian
absolute CVD risk guidelines, all adults aged 45 to 74 years were eligible for inclusion in
the study. [5] Of the 63 participants recruited, 18 were excluded from final analyses;
participants were excluded due to unsuccessful blood collection or venepuncture (n = 5),
unsuccessful BP measurement (n = 6), no available cholesterol results (n = 4) or aged less
than 45 years (n = 3); leaving 45 participants for inclusion in the analyses.
Clinic BP. Clinic BP was recorded as the average of two readings after 10 minutes of
seated rest with one minute between measurements, as per guidelines. [268] Validated
oscillometric devices were used for all measures (either Mobil-O-Graph, IEM; [269] n=42
or OMRON, HEM-907; [270] n=21 monitors).
Blood collection BP. A trained phlebotomist identified the preferred arm for venepuncture
at the antecubital fossa and a BP cuff was applied to the opposite arm. Three BP
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measurements were taken both immediately before and after blood collection, and one BP
measurement was obtained during blood collection starting from the time blood flow
began from the vein. The average of the second and third before and after blood collection
measurements was used for analyses. The same BP device was used for all blood
collection BP measurements (Mobil-O-Graph, IEM). Participants were not informed of
their BP values until the conclusion of the protocol.
Blood biochemistry. For participants recruited from the BP clinic, cholesterol profiles
were obtained from previous blood test results by accredited pathology services on referral
by their GP. Those participants who did not have recent cholesterol results had a sample of
blood drawn for analysis at the Royal Hobart Hospital pathology laboratory.
Assessment of additional CVD risk factors. A self-report health questionnaire was
administered by research staff at the initial assessment to confirm age, sex, smoking status,
diabetes status and medications including anti-hypertensive and statin therapy. Diabetes
status was defined as previous diagnosis from a medical professional and smoking status
was defined as current smoker within the last 12 months.
Absolute CVD risk assessment. Absolute CVD risk scores were calculated using the
adjusted 5-year Framingham Risk Equation according to the National Vascular Disease
Prevention Alliance guidelines. [5] Age, SBP, total cholesterol and high-density
lipoprotein cholesterol were entered as continuous variables and sex, diabetes status and
smoking status were entered as dichotomous variables to produce a risk score for each
participant. Low, moderate and high absolute CVD risk were defined as <10%, 10-15%
and >15%, respectively, as per guidelines. [5]
Anxiety and pain during blood collection. Anxiety was assessed prior to blood
collection using a five-point Likert scale. Participants were shown a scale from 1, not
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anxious at all, to 5, very anxious and asked to self-select their level of anxiety. Pain was
assessed after blood collection, once the needle had been removed, using a five-point
Likert scale ranging from 1, no pain at all, to 5, severe pain.
Statistical analysis. All data were analysed using SPSS for Windows software version 24
(SPSS, Chicago, IL). Repeated measures analysis of variance (ANOVA) was used to
compare clinic and blood collection BP measures and subsequent absolute CVD risk
scores with adjustment for gender, antihypertensive medication and BP device. Intraclass
correlation coefficients (ICC) were used to assess the agreement between BP measures
and absolute CVD risk scores using a single-rater, two-way mixed-effects, absolute
agreement model. The mean ICC together with the 95% confidence intervals were used to
define the strength of agreement between measurement conditions as poor (<0.50),
moderate (0.50 to 0.75), good (0.75 to 0.90) and excellent (>0.90). [271] Chi-squared
pairwise comparison was used to investigate differences in risk category classification
between clinic and before, during and after blood collection absolute CVD risk using the
McNemar test.

6.4 Results
Participant characteristics. Participant characteristics are shown in Table 6.1. On
average participants were middle-aged and normotensive, and most were classified as low
absolute CVD risk. Approximately half the study sample reported taking anti-hypertensive
medications and there were 10 participants with type 2 diabetes.
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Table 6.1 Demographic and clinical characteristics of study participants (n = 45).
Variable

Value

Age (years)

58±9

Male n (%)

24 (53)

Height (cm)

170±11

Weight (kg)

84±18

Body mass index (kg/m2)

29.1±5.9

Current smokers, n (%)

10 (22)

Type-2 diabetes, n (%)

10 (22)

Total cholesterol (mmol/l)

5.3±1.1

High density lipoprotein cholesterol (mmol/l)

1.8±1.9

Clinic systolic blood pressure (mmHg)

128±18

Clinic diastolic blood pressure (mmHg)

74±15

Clinic absolute cardiovascular disease risk (%)

7±6

Low risk n (%)

30(67)

Moderate risk n (%)

10 (22)

High risk n (%)

5 (11)

Medications:
Anti-hypertensive medication n (%)

25 (56)

Statin medication n (%)

12 (27)

Both n (%)

9 (19)

Amount of blood drawn (mL)

24±7

Data are expressed as mean ± standard deviation or number (%).

BP during blood collection. Differences in BP measures are reported in Table 6.2. Clinic
SBP was not different compared to SBP measured before, during and after blood
collection (P>0.05 for all). However, there were differences observed for the ANOVA
model; before and during blood collection SBP were higher than after blood collection
SBP (P = 0.010 and P = 0.003, respectively). Clinic and after blood collection diastolic BP
were lower than before and during blood collection diastolic BP. Before and during blood
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collection DBP were higher than after blood collection DBP, P = 0.048 and P = 0.001,
respectively. Absolute agreement between clinic and before, during and after blood
collection BP was poor as indicated by the ICCs (Table 6.2). There were no differences in
BP response to blood collection based on the BP device or antihypertensive agents.
Participants reported little to no anxiety or pain from blood collection (median
(interquartile range) were 1(1 to 2) and 1 (1 to 1.5), respectively). Anxiety and pain had no
effect on BP measured at the time of blood collection.
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Table 6.2. Differences between clinic blood pressure and blood pressure measured pre-, during- and post-blood collection (n = 45).
Blood pressure variable

Mean±SD

Mean difference from

P value*

Intraclass correlation

P value

clinic BP (95% CI)

coefficient (95% CI)

128±18

REF

REF

<0.001

Before SBP (mmHg)

130±18

3 (-7– 12)

0.999

0.39 (-1.12 – 0.66)

0.055

During SBP (mmHg)

132±19

4 (-6 – 14)

0.999

0.36 (-0.16 – 0.65)

0.071

After SBP (mmHg)

126±18

-2 (-11 – 7)

0.999

0.42 (-0.07 – 0.68)

0.040

Clinic-DBP (mmHg)

74±15

REF

REF

<0.001

Before DBP (mmHg)

83±12

9 (3 – 16)

0.002

0.42 (-0.02 – 0.67)

0.015

During DBP (mmHg)

85±12

11 (5 – 17)

<0.001

0.41 (-0.05 – 0.68)

0.009

After DBP (mmHg)

80±12

7 (1 – 13)

0.022

0.52 (0.14 – 0.73)

0.004

Clinic SBP (mmHg)
Blood collection SBP:

Blood collection DBP

REF: Reference measure used for comparison. Abbreviations: SD, standard deviation, CI, confidence interval; SBP, systolic blood
pressure; DBP, diastolic blood pressure.
*P values represent the comparison with clinic BP values by ANOVA.
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Blood collection BP and absolute CVD risk calculation. There were no differences in
absolute CVD risk scores calculated using clinic SBP compared with SBP values
measured at the time of blood collection. This was despite before and during blood
collection absolute CVD risk values being higher compared to after blood collection
absolute CVD risk (P = 0.014 and P = 0.004, respectively) (Table 6.3). After adjusting for
gender, there was no difference to the results. The mean ICC indicated good agreement
between absolute CVD risk scores calculated with clinic SBP and each of the blood
collection SBPs, but the range for the 95% confidence intervals varied from good to
excellent. There were no differences in absolute CVD risk scores between patients referred
by their GP and participants recruited from the general population. Due to a small number
of participants in the moderate and high absolute CVD risk categories, these were
combined to determine the potential for risk reclassification and significance for clinical
management. There were minimal changes in the distribution of risk between all BP
measurement conditions, with only three participants reclassified. Two participants were
reclassified from low to moderate risk from clinic to before and during blood collection
and one was reclassified from moderate to low risk from clinic to after blood collection.
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Table 6.3. Differences between absolute CVD risk scores calculated using research-grade SBP measured at a separate clinic visit and SBP
measured pre-, during- and post-blood collection (n = 45).
SBPs used to calculate

Mean±SD (%)

absolute CVD risk

Mean difference

P value*

from clinic absolute

Intraclass correlation

P value

coefficient (95% CI)

CVD risk
(95% CI)
Clinic

7.3±6.5

REF

REF

<0.001

Before blood collection

7.6±5.9

0.3 (-1.5 – 2.1)

0.999

0.86 (0.74 – 0.92)

<0.001

During blood collection

7.7±6.1

0.4 (-1.5 – 2.4)

0.999

0.84 (0.71 – 0.91)

<0.001

After blood collection

7.1±5.7

-0.2 (-1.9 – 1.5)

0.999

0.87 (0.76 – 0.93)

<0.001

REF: Reference measure used for comparison. Abbreviations: CVD, cardiovascular disease; SBP, systolic blood pressure; SD, standard
deviation.
*P values represent the comparison with clinic absolute CVD risk scores by ANOVA.
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6.5 Discussion
The prinicipal findings of this study were that absolute CVD risk scores calculated using a
reference SBP were not different from absolute CVD risk scores calculated using SBP
measured at the time of blood collection. Although there were small differences in SBP
between before, during and after blood collection, these did not result in absolute CVD
risk reclassification and therefore, would be unlikely to change subsequent clinical
decisions. These findings are of clinical importance as BP measurement and blood
collection may occur during the same consultation for the asssessment of absolute CVD
risk.
Before and during blood collection SBP were 4 mmHg and 6 mmHg higher than after
blood collection SBP, respectively. To our knowledge, only one other study has sought to
determine the potential effect of blood collection on BP and this was in young people
(mean age 20±2 years). [266] However, in that study there was no actual collection of
blood, and instead investigators were interested in the BP response to people simply being
informed that a blood sample would be collected. This alone caused a small increase in
SBP (3 mmHg) on average, suggesting that anxiety associated with the collection of blood
in itself could lead to minor BP increases, at least in this specific population of young
people. [266] These investigators did not measure anxiety, whereas our work extends this
knowledge by measuring both perceived anxiety and pain, before and after blood
collection. Interestingly, our participants reported little to no anxiety or pain and there was
no association between anxiety or pain and the SBPs measured around the time of blood
collection. The low self-reported levels of anxiety and pain may be explained by our
participants being middle-to-older age and familiar with routine clinical blood collection.
Numerous factors can affect the quality of SBP recorded in clinical practice, but the extent
to which different SBP values may influence the assessment of absolute CVD risk is
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poorly understood. One study in 607 participants compared the absolute CVD risk scores
derived from three established calculators (Framingham, QRISK2 and SCORE) [66,72,73]
using SBP values from either clinic BP, 7-day home BP or 24 hour ambulatory BP
measurements. [113] The method of BP measurement did not markedly change absolute
CVD risk estimations, with less than 10% of participants being reclassified into a different
risk category. Similar to the findings of our study, those that were reclassified tended to
have absolute CVD risk scores on the borderline between risk category thresholds. In our
study the participant with the largest difference in SBP (19 mmHg, clinic SBP 149 mmHg)
during blood collection had a change in absolute CVD risk of only 1%, moving them from
low to moderate risk (from 9 to 10%).
Broad et al. observed comparable findings in a large study of 23,676 participants
investigating the difference between absolute CVD risk scores estimated with either the
exact doctor (or nurse) measured SBP or the SBP rounded to the nearest whole number
(digit preference), which is likely to occur in clinical practice. [114] Overall, less than 3%
of participants were misclassifed to receive treatment based on absolute CVD risk
approach due to digit preference. However, less than 1% of participants were misclassified
based on absolute CVD risk approach after taking into account those participants with an
exact BP reading ending in zero. Altogether, the findings suggest that absolute CVD risk
algorithms are not highly sensitive to acute differences in BP that may arise within the
vicissitudes of cinical practice. Furthermore, these findings highlight the additional value
of absolute CVD risk management for appropriately identifying high risk patients and
guiding treatment decisions, because the CVD risk score is less likely to be significantly
influenced compared with single risk factors, especially BP.
To our knowledge, this study is the first to use an experimental design to investigate the
effect of blood collection on the estimation of absolute CVD risk. A limitation of this
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study was the relatively low number of participants across the CVD risk categories and the
lack of prior data with which to estimate study power. As such the findings should be
regarded as hypothesis generating. Although both BP devices used were validated, and no
significant differences were observed based on the BP device used, there remains the
possibility of device-related bias in the clinic BP measurement. It was only feasible to
obtain one BP reading during blood collection which may introduce bias when compared
to before and after blood collection which were the average of the second and third of
three readings. It is unlikely BP would be taken during blood collection at a clinical
consultation but may occur within a few minutes before or after. However, SBP during
blood collection may overestimate SBP, as both before and after blood collection SBPs
were lower than SBP during blood collection. Therefore, it is unlikely that any bias
introduced by only having one BP reading during blood collection would change the
findings of this research.
In conclusion, absolute CVD risk calculation is not affected by using SBP measured
during the same consultation as blood collection compared to research-grade SBP.
Therefore, in clinical practice, BP measurement and blood collection could occur in the
same consultation for subsequent calculation of absolute CVD risk.

6.6 Contribution of chapter 6 to thesis aims
Aim 5: To determine the effect of blood collection on BP and subsequent estimation of
absolute CVD risk.
The findings from this chapter indicate BP taken after blood collection is acceptable to use
for absolute CVD risk assessment. Therefore, it is acceptable to measure BP after blood
collection at pathology services for absolute CVD risk assessment. Moreover, this study
examined the effect of BP taken immediately before, during and after blood collection,
and found little effect on absolute CVD risk when compared to a reference BP taken under
research-grade conditions. BP measured after blood collection at pathology services would
most likely occur after at least 10 minutes of seated rest while the participant completes
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the self-directed multimedia informed consent process and CVD risk questionnaire.
Additionally, automated unobserved BP, a high-quality BP measurement method, would
be used which may further reduce any potential effect of blood collection on BP at
pathology services. Thus, it is likely that there would be almost no effect of blood
collection at pathology services on BP or subsequent absolute CVD risk assessment. The
findings from this chapter may alleviate GP concerns identified in chapters 4 and 5 and
support the method of BP measurement for absolute CVD risk assessment and reporting
via pathology services.
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Chapter 7 Comparison of cardiovascular disease primary
prevention guidelines between Australia, England and the
United States: a cross-sectional study.
This thesis chapter has been submitted and is formatted according to the author guidelines
for Journal of American College of Cardiology. Minor changes have been made
throughout the thesis examination.
Niamh Chapman, Monique Breslin, Sarah Lay-Flurrie, Zhen Zhou, James E. Sharman,
Mark R. Nelson, Richard J. McManus.
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7.1 Foreword to chapter 7
Chapters 2 to 6 of this thesis have demonstrated the feasibility and acceptability of a new
service to assess and report absolute CVD risk via pathology services. Such a service
could readily increase the proportion of patients that receive absolute CVD risk
assessment each year, which may promote uptake of treatment according to NVDPA
guideline recommendations among GPs. [5]
While promising for improving clinical outcomes the service also presents an opportunity
to embed research in clinical practice to rapidly assess the clinical utility of absolute CVD
risk algorithms, thresholds and overall guidelines. Guidelines for primary prevention of
CVD and recommendations for the use of absolute CVD risk algorithms varies
considerably between countries. Guidelines may vary in the algorithm recommended, the
associated threshold for the algorithm and the clinical criteria considered high risk without
the need to assess absolute CVD risk (often because absolute CVD risk may underestimate
risk in those population).
To understand the impact of differences in international guidelines and the consider the
potential future implication for this research program, the final study of this thesis sought
to compare the proportion of people eligible for BP and cholesterol lowering therapy
according to guidelines from countries with similar demographics and nationally
representative data freely available. For these reasons, a comparison between Australia,
the United Kingdom and the United States was undertaken. This study sought to simply
compare proportions in nationally representative data rather than compare the suitability of
each guideline for preventing CVD. The work does not make an indication of which
guideline is best as it was not possible with the data available.
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7.2 Abstract
Objective: Cardiovascular disease (CVD) primary prevention guidelines recommend
absolute CVD risk estimation to guide blood pressure (BP) and cholesterol therapy
recommendations but are inconsistent despite relying on similar evidence. This study
aimed to understand the effect of such inconsistencies on the populations recommended
for treatment according to guidelines in Australia, England and the United States.
Methods. Cross-sectional analysis of national health survey data drawn from Australian,
English and United States (n=4,056; n=2,994; n=2,943; respectively) adults aged ≥40
years. Participants were classified as recommended for therapy based on clinical
characteristics denoting high risk and absolute CVD risk stratification according to each
country’s guidelines. Agreement in therapy recommendation assessed by Kappa statistic.
Results: Agreement in therapy recommendation according to CVD primary prevention
guidelines was minimal to weak (κ range=0.35-0.54). Proportions recommended for either
BP or cholesterol lowering treatment ranged between 26-32%, 47-52% and 43-47% in
Australia, England and United States. There was minimal to strong agreement in therapy
recommendation according to clinical criteria (κ range=0.38-0.83) and minimal to
moderate agreement according to absolute CVD risk (κ range=0.28-0.64) across
guidelines.
Conclusion: Despite similar evidence apparently underpinning guidance, there is little
agreement in the populations targeted for CVD primary prevention between Australia,
England and United States due to differences in both clinical characteristics considered
high risk and absolute CVD risk stratification. Whilst different countries may adopt
different policies on the appropriate level of risk to target, these findings suggest a need to
develop international consensus definition for high CVD risk in primary prevention
guidelines.
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7.3 Introduction
Cardiovascular disease (CVD) is the leading cause of death and disability worldwide.[272]
International clinical guidelines recommend a multifactorial risk assessment approach to
identify individuals at high risk for the primary prevention of CVD, known as absolute
CVD risk.[5,80,76,273,77,3] Typically, guidelines recommend multivariable risk
prediction tools that incorporate multiple risk factors to estimate the risk of a cardiac event
over a given time period, often referred to as a ‘score’, and this is used in combination
with a therapy threshold to guide clinical management.[109] In addition, guidelines will
indicate evidence-based clinical criteria that denote individuals at high risk and
recommended for preventive therapy, irrespective of risk estimation.
Although superior to single risk factor management strategies, inaccurate absolute CVD
risk classification may result in under- or over-treating misclassified individuals.[274]
National CVD prevention guidelines differ in the prediction tools used, the target
population recommended for therapy, therapy thresholds and clinical characteristics that
denote high risk.[275] These differences are likely to result in different proportions of
individuals recommended for preventive therapy despite, the common objective to avert
CVD. Previous work has externally validated or compared the performance of CVD risk
algorithms but failed to compare the guidelines overall.[276–280] The aim of this study
was therefore to compare the proportion recommended for therapy according to the CVD
primary prevention guidelines of Australia, England and the United States.

7.4 Methods
STUDY PROTOCOL
Population data were drawn from national health surveys including CVD risk factors from
Australia, England and the United States. Each country’s CVD primary prevention
guidelines were applied to each population to determine the proportion recommended for
therapy and analyses were conducted separately in each sample.[3,5,76,201,273,281] In
each case, all participants aged over 40 years were included in the final sample.
Participants were excluded if no BP data were available or if they had previously had a
myocardial infarction or stroke (as these guidelines are for primary and not secondary
prevention). The approach used for other missing data is detailed below. Data
harmonisation was required for socioeconomic and ethnicity variables to estimate absolute
CVD risk according to the English National Institute for Health and Care Excellence
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(NICE) guidelines and is detailed below.[73] Therapy recommendations were applied
according to clinical characteristics denoting high risk and thresholds for absolute CVD
risk detailed within each guideline.
DATA SOURCES
The following nationally representative health surveys were used: the Australian National
Health Survey 2011-12, Health Survey for England 2011 and the United States National
Health and Nutrition Examination Survey (NHANES) 2011-2012.[282–284] These data
were selected due to their inclusion of cholesterol data, which is required for the
estimation of absolute CVD risk.[3,5,201] See Supplement 9 for final sample included for
analyses. Data were collected via interview and biomedical examinations. Data were
predominantly self-report (age, sex, smoking status, ethnicity, medications and disease
status). Height, weight, BP and cholesterol were measured during biomedical
examinations.
ESTIMATION OF ABSOLUTE CVD RISK
Absolute CVD risk scores were estimated using the risk prediction tool and recommended
threshold in each country-specific guideline within each population sample. The 2013
American College of Cardiology and American Heart Association (ACC/AHA) US
Pooled Cohort Equations;[3] the Australian National Vascular Disease Prevention
Alliance (NVDPA) recommend an adjusted 5-year Framingham Risk Equation (FRE);[5]
and the English NICE recommend QRISK2.[201] Absolute CVD risk estimation was
undertaken according to the age range stipulated in each guideline. The Australian
guidelines recommend that an age of 74 years is used for absolute CVD risk estimation in
those aged >74 years.[5] The variables required for each calculator are reported in Table
7.1. Common predictor variables for the estimation of absolute CVD risk included age,
sex, systolic BP, total cholesterol and high-density lipoprotein cholesterol. In addition,
QRISK2 required treated high BP, family history of CVD, rheumatoid arthritis, atrial
fibrillation, chronic kidney disease and body mass index. Systolic BP was defined as the
mean of the second and third of three sequential measurements. If both the second and
third BP reading were not available, any available reading was used in analyses.
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Table 7.1. Overview of the cardiovascular disease primary prevention guidelines in
Australia, England and the United States.
Australia
Guidelines

England

United States

Guidelines for the

Cardiovascular

Guidelines on the

management of

disease: risk

primary prevention

absolute

assessment and

of cardiovascular

cardiovascular risk

reduction including

disease (2019).[3]

(2012) [5]

lipid modification

Guidelines for the

Guideline for the

(2014) [273] [201]

Prevention,

diagnosis and

Hypertension in

Detection,

management of

adults: diagnosis and

Evaluation, and

hypertension in

management

Management of

adults (2016)[80]

(2019)[76]

High Blood Pressure
in Adults (2017)[77]

Age range

45 - 74

40 - 84

40 - 75

(years)
Predicted outcomes:
MI



CHD*







Stroke







TIA





Angina



Heart failure



PVD





Risk factors:
Traditional risk
factors×







Diabetes







Treated blood
pressure



Body mass index



Family history of
CVD
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Rheumatoid
arthritis



Atrial fibrillation



Chronic kidney
disease



Ethnicity





Socioeconomic
status



Clinical characteristics denoting high risk:
Diabetes
Blood pressure

Aged >60 years;

Aged <80 years

Aged 40-75 years

≥180/110 mmHg;

≥150/90 mmHg

BP ≥140/90 mmHg

≥140/90 mmHg and

aged >80 years;

and absolute CVD

absolute CVD risk

≥160/100 mmHg

risk <10%;

score 10-15%;

aged <80 years;

BP >130/80 mmHg

SBP ≥140 mmHg

BP ≥140/90 mmHg

and absolute CVD

and diabetes

and absolute CVD

risk >10%

risk ≥10%
CKD‡





FH





Cholesterol

Total >7.5 mmol/L

Age

>74 years absolute

BP ≥130/80 mmHg
LDL ≥190 mg/dl

>84 years

>75 years

FRE

QRISK-2

PCE

5-year

10-year

10-year

>15

10*

7.5

CVD risk >15%
Risk model
Risk estimation
range
Risk threshold
(%)
Abbreviations: FRE, Framingham Risk Equation; PCE, Pooled cohort equations; MI
myocardial infarction; CHD, coronary heart disease; TIA, transient ischaemic attack;
PVD, peripheral vascular disease; BP, blood pressure; CKD, chronic kidney disease;
FH, familial hypercholesterolaemia; LDL, low-density lipoprotein.
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*Refers to CHD death in Australian and United States guidelines and all CHD in
English guidelines.
×

Traditional risk factors: age, sex, total cholesterol, HDL cholesterol, systolic blood

pressure, smoking status.
‡

Moderate or severe chronic kidney disease (persistent proteinuria or estimated

glomerular filtration rate <60ml/min/1.73m2 (English and United States guidelines)
or <45mL/min/1.73m2 (Australian guidelines).

Ethnicity
Supplement 10 provides detailed information on ethnicity mapping for each dataset. The
specific ethnicities required for QRISK2 were not available in the NHANES sample. NonHispanic White, non-Hispanic Asian, non-Hispanic Black, Hispanic and other were the
only available ethnicity data. Therefore, non-Hispanic Asian was coded as ‘Other Asian’.
We also could not distinguish between non-Hispanic Black for either Black Caribbean or
Black African and as African American is a specific sub-population this, along with
Mexican and other Hispanic ethnicities, was coded as ‘Other’ for QRISK2. There were no
Aboriginal or Torres Strait Islander peoples in the Australian National Health Survey as
they were assessed separately in an Indigenous-specific health survey.
Social deprivation
Townsend scores, a measure of social deprivation, is used in QRISK2 absolute CVD risk
estimation. While in the United Kingdom Townsend scores are linked to area-based
measures via census data the scores can be estimated using the required four variables:
unemployment, overcrowding as a measure of material living conditions, owner occupied
accommodation and car ownership as an indicator of income.[285] Individual Townsend
scores were created for all participants in each dataset. Car ownership was not available in
the NHANES sample, income was used as a dichotomous variable above or below the
mean as a proxy. The component scores were standardised using the ᴢ-score technique and
the resultant scores were summed to provide a composite score with equal weight given to
each component.
THERAPY RECOMMENDATION CLASSIFICATION
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As per guidelines, participants were classified as recommended for treatment in the event
of either of two conditions being met: first, by satisfying specific clinical characteristics
that denote high risk and second, in the remaining “low risk” population, by absolute CVD
risk score reaching a specified threshold, as detailed in Table 7.1. The age range for each
guideline was applied for therapy recommendation, participants outside the guideline agerange and thus not recommended for guideline intervention were assigned “not
recommended” for therapy rather than excluded from analyses. Agreement in therapy
recommendation was assessed by head-to-head comparison of each guideline with respect
to the proportion overlap in therapy recommendation and the weighted agreement assessed
by Kappa statistic.
HANDLING OF MISSING DATA AND DATA IMPUTATION
For self-report disease status (e.g. chronic kidney disease, rheumatoid arthritis and family
history of CVD) missing data were coded as absence of disease.[73] Data imputation was
undertaken for missing total and high-density lipoprotein cholesterol data in the Health
Survey for England sample. Multiple imputation based on chained equations was used to
impute missing data.[286] Ten imputed datasets were generated using the sequential
regression method; complete data analysis was undertaken in each dataset to provide
effect estimates. Effect estimates were combined using Rubin’s rules to provide a single
imputed result.[287] Low-density lipoprotein (LDL) cholesterol is required for absolute
CVD risk classification according to the United States ACC/AHA guideline.[3] LDL
cholesterol and triglyceride data were unavailable in the Health Survey for England
dataset.[283] LDL cholesterol was estimated using the total and HDL cholesterol
according to the Friedewald equation.[288] Triglyceride values required for the Friedwald
equation were imputed matched by age, sex, diabetes status and body mass index from the
2003 Health Survey for England.
DATA ANALYSIS
For demographic characteristics, continuous variables were presented as mean (±SD) and
categorical variables were presented as counts and percentage using unweighted data.
Cohen’s Kappa statistic was used to test agreement in therapy recommendation between
guidelines, according to clinical characteristics denoting high risk and absolute CVD risk
therapy threshold based on therapy versus no therapy. A κ of 0 – 0.20, 0.21 – 0.39, 0.40 –
0.59, 0.60 – 0.79, 0.80 – 0.90 and >0.90 was considered none, minimal, weak, moderate,
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strong and almost perfect level of agreement.[289] This equates to 0-4%, 4-15%, 15-35%,
35-63%, 64-81% and 82-100% of data that are reliable for none, minimal, weak,
moderate, strong and almost perfect level of agreement, respectively. Data were weighted
to account for the sampling strategy and non-response in each sample. The only instance
where data were weighted was for the Kappa statistic. Population weights were calibrated
against population benchmarks to ensure survey estimates met to independently estimated
distributions of the population rather than to the distribution within the sample itself. Each
survey sample used provides sample weights to account for the sampling strategy, the
provided sample weights were used for each. In this case the weights affect the kappa
statistic by adjusting the proportions of observed and chance agreement: both the
numerator and denominator for each proportion are a weighted count of observations (that
is, each single observation is counted a number of times equal to its weight, for example,
twice if the weight was equal to two). This is achieved within the software package by
applying the weighting option to the kappa statistic function.

7.5 Results
PARTICIPANT CHARACTERISTICS
Participant characteristics were similar across the samples apart from notable differences
in ethnicity (Table 7.2). The Australian and English samples were predominantly white
(94% and 95%, respectively) compared to the more ethnically diverse United States
sample. By definition, participants were middle-aged, and the samples were evenly
distributed in gender and weight. Reported BP and cholesterol lowering medication use
varied across the three samples.
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Table 7.2. Participant characteristics in adults aged 40-84 years from national health
survey data from Australia, England and the United States.
Variable

Australia

England

United States

(n = 4,056)

(n = 2,994)

(n = 2,949)

59±12

59±13

59±12

40-54 n (%)

1,578 (39)

1,213 (41)

1,172 (40)

55-64 n (%)

1,179 (29)

808 (27)

783 (27)

65-74 n (%)

824 (20)

585 (20)

557 (19)

≥75 n (%)

475 (12)

388 (13)

431 (15)

1,875 (46)

1,273 (43)

1,467 (50)

Smoking status n (% yes)

510 (13)

351 (12)

461 (16)

Body mass index (kg/m2)

28±5

28±5

29±7

Total cholesterol (mmol/L)

5.3±1

5.7±1

5.1±1.1

1.4±0.4

1.6±0.5

1.4±0.4

Systolic blood pressure (mmHg)

128±20

130±17

128±19

Diastolic blood pressure (mmHg)

78±11

75±11

71±14

417 (10)

199 (7)

538(18)

BP lowering

450 (11)

684 (23)

1,314 (45)

Cholesterol lowering

235 (6)

508 (17)

859 (29)

White

3,794 (94)

2,828 (95)

1,151 (39)

Black

67 (2)

39 (1)

791 (27)

Asian

185 (5)

100 (3)

352 (12)

Other

10 (0.3)

27 (1)

649 (22)

5-year Framingham Risk Equation

7±6

7±6

8±7

10-year Framingham Risk Equation

15±11

15±12

16±12

10-year QRISK2

12±13

14±15

13±13

10-year Pooled Cohort Equation

11±12

12±15

13±15

Clinical characteristics
Age (years)

Male n (%)

High density lipoprotein cholesterol
(mmol/L)

Diabetes n (%)
Medications n (%)

Ethnicity n (%)

Absolute CVD risk score (%±SD)
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PROPORTION RECOMMENDED EITHER BP OR CHOLESTEROL LOWERING
THERAPY ACCORDING TO CVD PRIMARY PREVENTION GUIDELINES
The proportion recommended BP or cholesterol lowering therapy according to each
guideline is provided in Table 7.3. A breakdown of the proportion recommended therapy
according to clinical criteria that denote high risk and absolute CVD risk score and
threshold is provided in Supplement 12. The greatest proportion of the population
recommended for either BP or cholesterol lowering therapy was according to the English
guidelines ranging from 47-52% when applied to the Australian, English and United States
samples. The Australian guidelines had the lowest recommended for therapy across all
three samples ranging from 26-32%.
Overall, clinical criteria that denote high risk accounted for 15-27% of the population
recommended for therapy across the three guidelines. Diabetes status and BP were the
main contributing risk factors for therapy eligibility according to clinical criteria. Diabetes
status accounted for the following proportion classified as high risk according to clinical
criteria; 28-53% according to Australian guidelines, 45-69% according to English
guidelines and 31-62% according to United States guidelines. The United States
population had a higher prevalence of diabetes and subsequently, a higher proportion
classified as recommended for therapy according to diabetes status across all three
guidelines. BP accounted for the following proportion classified as high risk according to
clinical criteria; 29-42% according to Australian guidelines, 35-53% according to English
guidelines, and 33-63% according to United States guidelines.
The proportion recommended for either BP or cholesterol lowering therapy according to
clinical criteria that denoted high risk was similar across guidelines ranging from 15-27%
when applied to the Australian, English and United States samples. The English sample
had the lowest proportion recommended for therapy according to clinical criteria. The
English population had no data on chronic kidney disease status and a lower prevalence of
diabetes, which may explain why this population had the lowest proportion of
recommended therapy according to clinical criteria.
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Table 7.3. Proportion of participants recommended for cholesterol and blood pressure
lowering therapy according to cardiovascular disease primary prevention guidelines from
Australia, England and the United States in adults aged over 40 years.
Australia

England

United

(n=4,056)

(n=2,994)

States
(2,943)

Australian guidelines
Clinical criteria that denote high risk n (%):
Diabetes aged ≥60 years

298 (7)

122 (4)

351 (12)

BP ≥180/110 mmHg

75 (2)

34 (1)

39 (1)

Total cholesterol ≥7.5 mmol/L

85 (2)

149 (5)

69 (2)

Chronic kidney disease*

215 (5)

-

127 (4)

Familial hypercholesterolaemia+

-

4 (0.1)

3 (0.1)

Diabetes and SBP ≥140 mmHg

153 (4)

64 (2)

156 (5)

BP ≥160/100 mmHg

329 (8)

182 (6)

194 (7)

Chronic kidney disease* BP ≥140/90 mmHg

97 (8)

-

41(6)

811 (20)

434 (15)

667 (23)

204 (5)

123 (4)

118 (4)

5-year FRE >15% aged 45-74 years

302 (7)

176 (6)

227 (8)

5-year FRE >15% aged >74 years**

164 (4)

157 (5)

187 (6)

Total

670 (17)

456 (15)

532 (18)

1,068 (26)

780 (26)

937 (32)

799 (20)

507 (17)

703 (24)

1,068 (26)

780 (26)

937 (32)

77 (2)

83 (3)

0

417 (10)

199 (7)

538 (18)

82 (2)

54 (2)

81 (3)

Total
Absolute CVD risk score n (%):
5-year FRE 10-15% BP ≥140/90 aged 45-74
years

Total recommended therapy n (%):
BP
Cholesterol
Either BP or Cholesterol
English guidelines
Clinical criteria that denote high risk n (%):
Age ≥85 years
Diabetes
BP ≥150/90 mmHg aged ≥80 years
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BP ≥160/100 mmHg aged <80 years

283 (7)

182 (6)

194 (7)

Chronic kidney disease*

215 (5)

-

127 (4)

Type-1 diabetes

44 (1)

15 (1)

28 (1)

-

4 (0.1)

3 (0.1)

903 (22)

447 (15)

786 (27)

719 (18)

509 (17)

490 (17)

10-year QRISK2 >10%

1,673 (41)

1,326 (44)

1,363 (46)

Total

1,673 (41)

1,326 (44)

1,363 (46)

BP

1,201 (30)

782 (26)

984 (33)

Cholesterol

1,757 (44)

1,415 (47)

1,391 (47)

Either BP or cholesterol

1,910 (47)

1,482 (50)

1,521 (52)

Diabetes aged 40-75 years

332 (8)

162 (5)

429 (15)

BP ≥140/90 mmHg absolute CVD risk <10%

503 (12)

343 (11)

236 (8)

LDL cholesterol 190 mg/dl

27 (1)

44 (1)

30 (1)

Chronic kidney disease* BP ≥130/80 mmHg

138 (3)

-

67 (2)

Diabetes BP ≥130/80 mmHg

217 (5)

119 (4)

229 (8)

Total

955 (24)

548 (18)

710 (24)

756 (19)

520 (17)

496 (17)

10-year PCE >7.5%

1,354 (33)

931 (31)

1,000 (34)

Total

1,354 (33)

931 (31)

1,000 (34)

BP

1,377 (34)

898 (29)

795 (27)

Cholesterol

1,434 (35)

996 (32)

1,137 (39)

Either BP or cholesterol

1,901 (47)

1,278 (43)

1,340 (46)

Familial hypercholesterolaemia+
Total

Absolute CVD risk score aged 40-84 years n (%):
10-year QRISK2 >10% BP ≥140/90 mmHg

Total recommended therapy n (%):

United States guidelines
Clinical criteria that denote high risk n (%):

Absolute CVD risk score aged 40-75 years n (%):
10-year PCE >10% and BP ≥130/80 mmHg

Total recommended therapy n (%):

Abbreviations: BP, blood pressure; SBP, systolic blood pressure; FRE, Framingham
Risk Equation; BP, blood pressure; LDL, low-density lipoprotein; PCE, Pooled Cohort
Equation.
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Data are presented as the proportion of the sample high risk and eligible for therapy
according to each individual criterion (clinical criteria and absolute CVD risk with
associated threshold).
- Data unavailable in sample.
*All reported cases of chronic kidney disease were used as it was not possible to
distinguish whether or not cases were moderate or severe.
** As per guidelines, age was set at 74 years for absolute CVD risk assessment for
individuals >74 years old.
+

Diagnosed familial hypercholesterolaemia was not available, total cholesterol

≥9.5mmol/L was used as a proxy indicator.
AGREEMENT IN THERAPY RECOMMENDATION BETWEEN CVD PRIMARY
PREVENTION GUIDELINES
The agreement between guideline recommendations was compared for each population
sample testing: 1) the total proportion recommended for either BP or cholesterol lowering
therapy between guidelines; 2) therapy recommendations according to clinical criteria that
denote high risk and; 3) therapy recommendations according to absolute CVD risk
classification and associated threshold (Table 7.4).
Agreement in total recommended for either BP or cholesterol lowering therapy
Agreement in recommendation for either BP or cholesterol lowering therapy ranged from
minimal to weak. There was minimal to weak and weak agreement between the English
guidelines Australian and United States guidelines, respectively (κ = 0.37-0.54). There
was minimal agreement between the Australian and United States guidelines (κ = 0.350.37). Agreement in recommendation for BP, cholesterol or both therapies is provided in
Supplement 11.
Agreement in therapy eligibility according to clinical characteristics denoting high risk
The greatest level of agreement in therapy recommendation according to clinical criteria
denoting high risk was between the Australian and English guidelines ranging from
moderate to strong (κ = 0.68-0.83). There was minimal to weak agreement in therapy
recommendation according to clinical criteria denoting high risk between the Australian
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and United States guidelines and weak to moderate between the English and United States
guidelines.
Agreement in therapy eligibility based on clinical criteria was poorest in the English
sample across all three guidelines. Conversely, agreement in therapy eligibility based on
clinical criteria was highest in the United States sample. This discrepancy may be
explained by diabetes and accounting for 53-69% of those at high risk according to
clinical criteria in the United States sample compared to the English sample where
diabetes accounted for 28-45%. In the English population BP contributed more to therapy
eligibility, accounting for up to 63% compared to the United States sample where BP
accounted for up to 35% of high risk classification by clinical criteria.
Agreement in therapy recommendation according to absolute CVD risk classification
There was minimal agreement in therapy recommendation according to absolute CVD risk
classification between the Australian and both the English and United States guidelines
(Table 7.4). There was weak to moderate agreement in therapy recommendation according
to absolute CVD risk classification between English and United States guidelines (κ =
0.57-0.64). The Australian guidelines had the lowest proportion recommended therapy
based on absolute CVD risk classification ranging from 15-18%. The English guidelines
had the highest proportion recommended therapy according to absolute CVD risk
classification ranging from 41-46% (Table 7.3). When applied only to those in the sample
that do not satisfy any clinical criteria that denote high risk absolute CVD risk account for
the following proportion recommended for therapy: 6-9%, 26-35%, and 22-24% according
to Australian, English and United States guidelines, respectively. The higher absolute
CVD risk threshold for therapy eligibility in the Australian guidelines may account for
these differences.
Overall, these data demonstrate little agreement in therapy eligibility according to primary
prevention guidelines with disparate agreement in clinical criteria denoting high risk
between guidelines and absolute CVD risk and associated thresholds.
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Table 7.4 Proportion and agreement in recommendation for blood pressure and cholesterol
lowering therapy according to cardiovascular disease primary prevention guidelines from
Australia, England and the United States in adults aged over 40 years.

Australia

England

United States

(n=4,056)

(n = 2,994)

(n = 2,949)

n (%)

n (%)

n (%)

κ (95% CI)

κ (95% CI)

κ (95% CI)

Total recommended therapy for either blood pressure or cholesterol therapy:
Australian and English guidelines:
Proportion

1,006 (51)

658 (41)

839 (52)

Agreement

0.47 (0.44 – 0.50)

0.37 (0.33 – 0.40)

0.41 (0.37 – 0.44)

Australian and United States guidelines
Proportion

853 (40)

579 (39)

686 (43)

Agreement

0.35 (0.35 – 0.35)

0.36 (0.32 – 0.39)

0.37 (0.37 – 0.37)

English and United States guidelines
Proportion

1,389 (57)

1,025 (59)

1,052 (58)

Agreement

0.50 (0.50 – 0.50)

0.54 (0.50 – 0.58)

0.54 (0.54 – 0.54)

Recommended therapy according to clinical criteria denoting high risk:
Australian and English guidelines
Proportion

748 (77)

320 (57)

623 (75)

Agreement

0.83 (0.83 – 0.83)

0.68 (0.64 – 0.71)

0.78 (0.74 – 0.81)

Australian and United States guidelines
Proportion

486 (50)

235 (31)

413 (43)

Agreement

0.43 (0.43 – 0.46)

0.38 (0.34 – 0.43)

0.46 (0.46 – 0.46)

English and United States guidelines
Proportion

544 (41)

254 (34)

532 (55)

Agreement

0.48 (0.48 – 0.48)

0.42 (0.37 – 0.46)

0.60 (0.60 – 0.60)

Recommended therapy according to absolute CVD risk score and threshold:
Australian and English guidelines
Proportion

599 (34)

406 (30)

515 (37)

Agreement

0.33 (0.31 – 0.36)

0.29 (0.26 – 0.31)

0.33 (0.30 – 0.36)
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Australian and United States guidelines
Proportion

503 (33)

298 (27)

345 (29)

Agreement

0.35 (0.35 – 0.35)

0.28 (0.24 – 0.32)

0.28 (0.28 – 0.28)

English and United States guidelines
Proportion

1,108 (58)

866 (62)

827 (54)

Agreement

0.57 (0.57 – 0.57)

0.64 (0.60 – 0.68)

0.57 (0.57 – 0.57)

Agreement was assessed by Kappa statistic; κ of 0 – 0.20, 0.21 – 0.39, 0.40 – 0.59, 0.60 –
0.79, 0.80 – 0.90 and >0.90 was considered none, minimal, weak, moderate, strong and
almost perfect level of agreement.[289]. This equates to 0-4%, 4-15%, 15-35%, 35-63%,
64-81% and 82-100% of data that are reliable for none, minimal, weak, moderate, strong
and almost perfect level of agreement, respectively.
Percentage is of the total recommended therapy according to both guidelines.
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7.6 Discussion
DISCUSSION OF MAIN FINDINGS
The key finding of this study was that the classification of high risk and associated
recommendation for BP and cholesterol lowering therapy varies substantially between
CVD primary prevention guidelines in Australia, England and the United States. The
Australian guidelines had the lowest proportion recommended for either BP or cholesterol
lowering treatment. Furthermore, the findings demonstrate that the lack of agreement in
therapy recommendation between guidelines was due to both absolute CVD risk
estimation and clinical characteristics that denote high risk. Ultimately, these findings
highlight disparities between national CVD primary prevention guidelines. This indicates
a need for international consensus on several aspects of CVD prevention including, the
definition of CVD for primary prevention; the clinical characteristics that denote high risk;
and the role of absolute risk thresholds in CVD primary prevention guidelines.
There is a strong rationale for using absolute CVD risk estimation to identify high risk
patients as those with greatest risk benefit most from preventive therapy.[36,87] To date,
more than 360 CVD risk prediction equations have been published since the Framingham
Heart Study investigators first pioneered this approach.[67,290] As previously noted, there
is an excess of models to predict CVD risk but a need for external validation and crosscomparison of existing CVD models to determine generalisability and performance. [67]
However, as CVD risk prediction equations are used in conjunction with associated
thresholds and clinical criteria that denote high risk specified in guidelines future work
should consider these criteria. Comparing absolute CVD risk estimation equations without
associated thresholds does not adequately account for how such equations are used in
practice to identify high risk individuals. We have addressed this knowledge deficit and
observed poor agreement in therapy recommendation according to absolute CVD risk
estimation and threshold. Poor agreement may be due to differing thresholds associated
with high risk, which are more conservative according to Australian guidelines (>15%
using a 5-year absolute CVD risk score) by comparison to the English and United States
guidelines. Previous work in an Australian sample highlighted the United States score and
7.5% threshold may be too low given only a minority of those classified as high risk
experienced a CVD event (16% of men and 11% of women). [276] However, absolute
CVD risk classification is only one element of CVD primary prevention guidelines. As
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demonstrated in this study, the clinical characteristics denoting high risk play a key role in
patient eligibility for therapy.
Guidelines for the primary prevention of CVD typically include clinical characteristics
deemed to classify an individual as high risk without the need for absolute CVD risk
estimation.[3–5,76] Clinical characteristics that denote high risk for CVD are typically
decided by guideline developers based on consensus formed by interpreting available
evidence.[3–5,201] These characteristics may therefore bear little relationship to the
absolute CVD risk thresholds used elsewhere in the guidelines and indeed expert
consensus is in itself a weak form of evidence. [291] These criteria are influenced by the
risk factor and disease prevalence, and related outcome associations, in each population
which may limit generalisability of such criteria. Our data show that 2x as many
individuals could be recommended for either BP or cholesterol therapy based solely on
clinical criteria denoting high risk according to the Australian guidelines compared to
absolute CVD risk estimation. Whereas in the English and United States guidelines,
clinical criteria denoting high risk accounted for a similar proportion of therapy eligibility
when compared to absolute CVD risk estimation alone.
A clear disparity exists between the guidelines with the potential to result in the
inappropriate treatment of patients. With many national guidelines adopting an absolute
CVD risk assessment approach to guide therapy decision-making, perhaps now is the time
to develop international consensus on the definition of CVD for primary prevention,
clinical criteria that denote high risk, and align absolute CVD risk score thresholds. The
thresholds for absolute CVD risk estimation suggest that 2-3x as many individuals may be
recommended for therapy according to the English and United States guidelines compared
to the Australian guidelines. While absolute CVD risk thresholds are predominantly driven
by CVD prevalence and cost-effectiveness analyses to develop associated thresholds
relevant to each country, there is opportunity to develop international consensus on the
definition of CVD for primary prevention and identification of high-risk patients.
In this study, age was a key predictor of therapy eligibility, particularly according to the
English guidelines. The highest proportion of individuals recommended therapy was
according to the English guidelines which may be surprising given the higher absolute
CVD risk threshold when compared the United States guidelines. However, the age range
in the English guidelines is more inclusive – up to 85 years which contributes to the
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proportion eligible for therapy. There is strong rationale that benefit associated with
preventive therapy based on absolute CVD risk is applicable to the elderly as the absolute
benefit is higher due to the increases risk of CVD. [292–296] However, there is limited
evidence available to inform guidelines due to a lack of elderly participants in absolute
CVD risk derivation cohorts and randomised controlled trials assessing the clinical value
of CVD preventive therapy. [297–299] Although the pooled cohort equation was derived
in a cohort aged up to 79 years, guidelines do not recommend application in adults
aged >75 years due to insufficient evidence. [281] In addition, the approach is limited as
the same risk factor ꞵ-coefficients are used across all age groups.[129] Whereas QRISK2
incorporates the interaction between age and other risk factors and includes a broader age
range.[73] This approach may be too blunt to account for competing risks and limited life
expectancy within this cohort, which are not adequately addressed in guidelines or
absolute CVD risk assessment. CVD primary prevention cost-effectiveness and cost
savings would likely extend to the very elderly (>75 years) due to the high associated costs
of CVD in the aging population. [300] Therefore, with an aging population, clear CVD
prevention strategies for older patients within guidelines is warranted to inform clinical
decision making.
Although many guidelines now recommend absolute CVD assessment, implementation in
practice is limited.[8] Implemented CVD prevention strategies may differ regardless of
policy on prevention, with general practitioners (GPs )typically focusing on single risk
factor management rather than according to absolute CVD risk.[9,10] There have been
calls for countries to align BP and cholesterol management guidelines into a single,
overarching CVD prevention guideline to facilitate uptake among practitioners.[82]
Previous work has shown that GPs find guidelines complicated and difficult to use. 36 As
demonstrated in this study, combining two guidelines to determine recommendations for
CVD prevention therapy was required. Moreover, there were differences in the clinical
criteria used to denote high risk that are not assessed within current absolute CVD risk
models and may be missed in clinical practice. Perhaps there is an opportunity to develop
an overarching CVD prevention guideline that aligns absolute CVD risk and clinical
characteristics to rationalise recommendations and increase clinical utility.
STRENGTHS AND WEAKNESS
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This study compared CVD primary prevention guidelines rather than comparing absolute
CVD risk algorithms alone and a systematic approach was applied to compare BP and
cholesterol guidelines between each country. An additional strength of this study is the use
of large, nationally representative cohorts with independent data collection. A limitation of
this study is that we cannot draw conclusion on which guideline is best for CVD
prevention due to the empirical nature of the study and lack of outcome data. Given the
large differences in proportion of individuals recommended therapy and poor agreement
between guidelines observed in this study, further research, with clinical outcomes
including CVD events, is warranted to compare the performance of CVD prevention
guidelines. While a systematic approach to combining guidelines was undertaken,
guidelines include many caveats, which could not be accounted for within this analysis. In
addition, it is likely that the application of guidelines in practice varies from the theoretical
approach taken in this study. Both the Australian and English population samples were
predominantly white. Consequently, it was not possible to undertaken sub-analyses in
minority-ethnic populations by country. Missing data were only imputed for the English
sample due to the lack of cholesterol data. The extent to which missingness may impact
conclusions of this study is unknown but is unlikely to be meaningful given it was for one
variable as composite score and limited to only one sample. However, there remains a risk
of bias due to a systematic problem.
CONCLUSION
This study has shown there was minimal agreement in therapy recommendation between
international CVD primary prevention guidelines. This disparity is not limited to the
estimation of absolute CVD risk and associated therapy threshold, but extends to the
clinical characteristics that denote high risk irrespective of absolute CVD risk. Given that
CVD prevention is a common international policy imperative, these findings suggest there
is a need for global consensus on the most appropriate threshold of both clinical
characteristics and absolute risk to include in CVD primary prevention guidelines.

7.7 Contribution of chapter 7 to thesis aims
Aim 6: To compare CVD primary prevention guideline treatment recommendations
between Australian, England and the United States.
There was little agreement in the proportion recommended BP and cholesterol lowering
therapy between CVD primary prevention guidelines from Australia, England and the
142

United States. Poor agreement is due to both clinical criteria that denote high risk and
absolute CVD risk assessment models and thresholds. Moreover, there are differences
between BP and cholesterol guidelines with respect to clinical criteria that denote high risk
and therapy thresholds. Consequently, there is opportunity to align BP and cholesterol
guidelines into an overarching CVD primary prevention guideline to promote uptake in
practice and facilitate clinical management according to absolute CVD risk. The findings
from this chapter have implications for CVD primary prevention guidelines and policy.
Despite similar evidence apparently underpinning guidelines, there is disparity in clinical
criteria that denote high risk, absolute CVD risk assessment models and thresholds, and
the recommended target population within international CVD primary prevention
guidelines. This disparity results in different individuals targeted for preventive therapy
and is likely to have implications for CVD primary prevention in practice and population
health. These findings suggest a need to develop international consensus on clinical
criteria that denote high risk and appropriate absolute CVD risk thresholds for guideline
recommendations to facilitate optimal CVD prevention.
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Chapter 8

Conclusions and future directions

8.1 Key findings
This thesis provides important insights into the opportunity presented by digital
technology for improving implementation of absolute CVD risk and guidelinerecommended treatment in primary care. The research program represents a substantial
advance in understanding interventions to increase the uptake of absolute CVD risk
assessment in primary care. The 2013 McKeon report called for more high-quality
research embedded within clinical practice to create a symbiotic relationship between
research and clinical practice to accelerate the translation of research findings into
evidence-based care. [200] This research program is an example of research embedded
within routine care delivery that addresses a deficit in practice.
The practical benefit of increased absolute CVD risk assessment is that it results in better
identification of patients at high CVD risk and increased guideline-recommended care to
improve patient outcomes and reduce the burden of CVD. [33–35] Chapter 2 demonstrated
that absolute CVD risk assessed and reported via pathology services is feasible and the
results provided from such a service are discussed in subsequent GP-patient consultations.
The qualitative evidence in chapters 4 and 5 indicates that GPs would readily use such a
service and that high absolute CVD risk reported via pathology services would prompt
dedicated CVD prevention follow-up that would otherwise not occur. However, CVD
prevention guidelines vary considerably and such a service would only be as effective as
the guidelines to which it aligns.
In Chapter 7, a comparison of international CVD primary prevention guidelines was
undertaken and poor agreement was observed. Such poor agreement would result in
different individuals recommended therapy for CVD prevention depending on the
guideline used. The findings suggest a potential need for international consensus on the
definition of CVD within such guidelines, the clinical criteria that denote individuals as
high risk, and absolute CVD risk thresholds.
Assessment and reporting of absolute CVD risk at pathology services provides an
excellent platform to undertake research while also rapidly embedding and testing new
evidence in clinical practice. The findings from Chapter 7 provide international
comparators for CVD prevention guidelines and highlights potential areas to investigate to
improve CVD prevention. Such improvements could be readily embedded and evaluated
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via the platform tested in Chapter 2. Taken together, the studies in this thesis represent a
major advance in understanding of CVD primary prevention and potential interventions
that could facilitate increased uptake of absolute CVD risk in primary care.

8.2 Implications for clinical practice and population health
This thesis provides evidence that it is feasible and clinically useful to assess and report
absolute CVD risk assessment via pathology services. However, further work is needed to
determine the benefit of such a service for clinical management and patient outcomes. It is
likely that such a service would identify high risk individuals that would be missed by
reporting the requested cholesterol result alone. Consequently, it would be expected that
reporting CVD risk factors and absolute CVD risk would result in clinical management
that may otherwise not occur. Moreover, collecting CVD risk factors via a computer-based
patient self-assessment also reduces the need for clinician time, and may result in cost
savings to the health system.
A key benefit of absolute CVD risk assessed and reported by pathology services is the
relatively easy implementation into routine care delivery. Patient referral to pathology
services for cholesterol measurement accounts for approximately 6% of all GP referrals.
[24] GP response to pathology results is well established within practices. Although this
thesis assessed such a service at one site and provided only pilot data, with refinements it
could easily be scaled up and implemented within pathology services across Australia and
internationally. However, the sample was limited to one site where the participants
recruited were predominantly white and highly educated. Therefore, it is essential to
evaluate the service in more diverse populations to determine the generalisability of the
findings. The study partner, Diagnostic Services Pty Ltd, is established in several countries
with similar technical systems across each. This existing infrastructure means that absolute
CVD risk assessed and reported via pathology services has the potential to improve CVD
prevention by systematically identifying individuals at greatest risk and to improve patient
outcomes and decrease death and disability associated with CVD.
In 2019, the Australian government introduced a specific Medicare Benefit Scheme
billable item number (699) for “Heart Health Check” to increase CVD risk screening.
[145] The item accounts for a minimum 20-minute dedicated consultation for CVD
prevention. To claim the item GPs must collect all relevant risk factors including smoking
status, blood pressure measurement, cholesterol and diabetes (blood glucose) measurement
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and initiate interventions and management plans concordant with the patient’s level of
risk. Absolute CVD risk assessment is not a prerequisite for claiming the item number.
While a step in the right direction, it is unlikely the item number will address systemic
infrastructure and resource barriers that GPs face regarding preventive medicine.
Subsequently, interventions such as absolute CVD risk assessment and reporting via
pathology services may address challenges in practice and provide appropriate systematic
screening according to guideline recommendations.
The key novel finding from chapter 7 was that there is large variation in the proportion
and little agreement between international primary prevention guidelines in which
individuals are recommended therapy for CVD prevention. Poor agreement between
guidelines was due to both clinical characteristics classifying individuals as high risk
(without the need for risk assessment) and absolute CVD risk estimation and thresholds.
These findings have important clinical practice and population health implications. Given
there are differences in those recommended therapy between guidelines, it is likely that the
performance of these guidelines for CVD prevention will also differ. As such,
international consensus should be developed on clinical criteria that denote high risk,
absolute CVD risk thresholds, and CVD endpoints, and evaluated with outcome data to
determine performance for CVD prevention.
Chapter 7 adds new knowledge by including the clinical criteria that denote high risk that
holds relevance for clinical practice. The clinical criteria are developed by guideline
developers based on interpretation of available evidence. Consequently, these clinical
criteria may bear little relationship to absolute CVD risk and expert consensus in itself is a
weak form of evidence. [291] Clinical criteria that denote high risk are not directly
considered within current absolute CVD risk assessment models or algorithms, but such
criteria are considered in the guideline recommendations. The clinical criteria that denote
high risk could be easily implemented into software tools that aim to improve ease of
uptake of guideline recommendations. Some software tools currently take account of
clinical criteria but this may vary and has not yet improved uptake of absolute CVD risk
assessment. [11] This has been successfully achieved by previous interventions that sought
to increase absolute CVD risk assessment as well as within absolute CVD risk assessed
and reported via pathology services. [11,235] Moreover, clinical criteria that denote high
risk should be harmonised between primary prevention guidelines to improve usability for
GPs. Disparity in the clinical criteria that denote high risk between BP and cholesterol
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guidelines adds further complexity for care delivery. As the criteria differ between
guidelines and are not accounted for with absolute CVD risk models, such criteria may be
missed by the GP during care delivery and CVD risk could be underestimated.
To date, there are currently >360 derived and validated absolute CVD risk prediction
models published. [67] Previous research has compared the performance of absolute CVD
risk assessment models for CVD prediction for use in other populations outside the
derivation cohort. [178–180] However, the clinical utility of this research is limited, as it
does not adequately address how patients should be categorised as high risk according to
guidelines by not including the clinical criteria that denote high risk. Additionally, when
comparing absolute CVD risk models the threshold for low and high risk should also be
reported to demonstrate the discrimination at levels important for clinical management.
[129,130] However, the absolute CVD risk threshold used for therapy recommendation is
typically determined by country-specific CVD risk factor and disease prevalence and
health economics relative to the nation’s health policy and would be challenging to
determine a one-size fits all approach by international consensus.[301] The prevalence of
high risk clinical criteria, including risk factor and disease prevalence, varies between
countries. In addition, the outcomes associated with risk factor and disease prevalence
varies between countries. Such differences are important considerations when applying
guidelines to other populations particularly for CVD prevention, given that absolute CVD
risk algorithms have been derived in mostly white populations. It is possible the clinical
criteria that denote high risk in other populations play a particularly important role to
identify those at increased risk, which would be undetected if using high risk clinical
criteria from a white population. In addition, a different approach that may support shared
decision-making among GPs and patients would be to avoid an arbitrary threshold beyond
which patients become “high risk” and instead focus on the score as a continuous
prediction of risk. Such an approach, if communicated effectively between GP and patient,
could enable patients to weigh up the benefit versus the harm of preventive strategies
against the overall risk. Given the increased emphasis on shared decision-making in health
policy and guidelines this approach may be more appealing and pragmatic for primary
prevention of CVD. [124]
Lastly, a strength of chapter 7 is that it combined both BP and cholesterol CVD primary
prevention guidelines to determine treatment eligibility. Despite some similarities there are
notable differences between both guidelines in Australia, England and the United States.
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The use of absolute CVD risk varies across both, for example cholesterol guidelines tend
to focus on absolute CVD risk thresholds to guide treatment whereas BP guidelines
typically include absolute CVD risk and BP thresholds. Recently, there have been calls for
BP guideline developers to adopt absolute CVD risk management, as used in cholesterol
guidelines. [82] As several guidelines maintain separate BP targets rather than absolute
CVD risk estimation. For example, Australian BP guidelines recommend therapy in
individuals with diabetes and systolic BP ≥140 mmHg whereas the NVDPA CVD
prevention guidelines indicates therapy should be started in individuals with diabetes aged
≥60 years without an associated BP threshold. The different guidelines also cover different
age ranges; the BP guidelines are relevant for people aged ≥18 years whereas the CVD
prevention guideline is relevant for those aged ≥45 years or ≥35 years if Aboriginal or
Torres Strait Islander. While there are examples of similarities between guidelines (e.g.
anyone with a BP ≥180/110 mmHg is high risk in both guidelines), such contradiction and
nuance creates a confusing situation for GPs, as guidelines for individual risk factors differ
from the advice for considering CVD risk overall. Additionally, such criteria might be
missed or unlikely to be undertaken by busy GPs. There is an opportunity to increase
uptake and advocate for global risk assessment to guide clinical management by aligning
BP and cholesterol guidelines into one overarching CVD prevention guideline.

8.3 Future research
The findings from this thesis provide extensive pilot data on the feasibility of absolute
CVD risk assessed and reported via pathology services. These data formed the basis of a
successful National Health and Medical Research Council partnership grant in 2019
[application ID 1170815, CIA Sharman]. Further research is required to rigorously
determine the clinical utility of such a service. The next step is to implement the service
across the state of Tasmania and evaluate the clinical effectiveness through analysis of
adherence to treatment according to NVDPA guidelines. [5] This will be achieved by
randomised, controlled trial design, clustered by pathology collection sites among 4,640
patients with guideline-recommended treatment and health economic assessment as key
outcomes. From 20 pathology sites, 10 sites will be randomised to care based on
intervention (absolute CVD risk reported to referring GP) and compared with 10 sites
randomised to usual care (control, absolute CVD risk not reported to referring GP). Both
intervention and control patients will have absolute CVD risk data recorded at pathology
services. The primary outcome will be prescribed and dispensed BP and cholesterol
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lowering therapy determined from Pharmaceutical Benefits Scheme linked data. It is
hypothesised that BP and cholesterol lowering medications will be significantly greater
and more aligned with guidelines among intervention patients compared to controls. This
next step will provide vital insight into the impact of absolute CVD risk on primary care
delivery.
As highlighted in a Cochrane review, there is limited evidence that clinical management
according to absolute CVD risk improves patient CVD outcomes. [302] Since then, one
study in the United States has commenced recruitment of 150,000 participants randomised
to receive absolute CVD risk estimation compared to controls who do not receive such
information, in order to determine the effect of absolute CVD risk on CVD events. [303]
This study uses audit and feedback principles, automates assessment of absolute CVD risk
via the electronic health record, and offers financial incentives to the GP to reduce
absolute CVD risk. The mode of research embedded within clinical practice at pathology
services lends itself to rapidly undertaking research linked to CVD hospitalisations and
death on a large scale to address this knowledge deficit in the future. A major point of
difference with the aforementioned study, is that it alleviates GP burden by systematically
collecting risk factors according to a specified protocol. Future research on absolute CVD
risk should focus on cost-effectiveness, reducing unnecessary treatment in low risk groups
and avoiding medication side effects rather than on CVD hospitalisation and death
outcomes alone. [129] It is likely that the absolute CVD risk assessed and reported via
pathology services would be more cost-effective than usual care, however, such analyses
have not been undertaken as part of this thesis. There are several factors to consider in the
scalability of absolute CVD risk assessment at pathology services including infrastructure
costs for the booth, hardware to run the app as well as maintenance costs. Future work will
endeavour to create an “assessment station” that provides privacy and houses all required
equipment and hardware at a cost of <$5,000. Additionally, on-going costs would include
IT maintenance, secure data storage and pathology staff time although this should be
minimal on top of current clinical duties.
Previous evidence demonstrates that, even when absolute CVD risk does not outperform
single risk factor management for controlling risk factors or patient outcomes, it is a more
cost-effective approach. [156] Assessment of absolute CVD risk at pathology services
presents the opportunity to reduce GP burden and provide high-quality risk factor data. As
the risk assessment is self-directed by the patient, it is unlikely to substantially increase
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staff expenditure at pathology services, while simultaneously likely to alleviate GP burden
and therefore to result in healthcare savings. With systematic screening of patients
attending pathology services for cholesterol measurement, it is likely that a number of
patients will have follow-up care and management which would otherwise not occur. This
is likely to result in improved quality-adjusted life years, a key indicator for health
economic assessment. The next phase of this research will have health economic analyses
as a secondary aim and assess quality-adjusted life years among all patients at baseline and
12-month follow-up. This is important as it can demonstrate value for systematic absolute
CVD risk assessment beyond that of GP prescribing, where guideline-recommended
treatment may not be adopted within the 12-month period.
In the next phase of this research, a Consolidated Framework for Implementation Research
will be used to understand the barriers and enablers to uptake of absolute CVD risk
reported via pathology services. GP, patient, and pathology staff advisor groups will be
established. Workshops with individual stakeholder groups will be undertaken to codesign and implement the intervention. Improvements will be made to the service and the
pathology report in response to the findings from chapters 4 and 5. Further work is
required to build on these findings and understand the barriers and enablers to using
absolute CVD risk reported via pathology services among the broader GP population. This
could be achieved in several ways.
Firstly, quantitative surveying of GPs is needed to ascertain current prescribing habits and
CVD risk management practices. Secondly, focus groups or interviews using multiple
example pathology reports with hypothetical patient data across a variety of absolute CVD
risk categories will determine GP responses. Similar research has been done previously
and demonstrated that even when presented with such information GPs adopt a single risk
factor management approach. [304] It is important to know if the changes to the pathology
report suggested in chapters 4 and 5 nudge GPs toward guideline-recommended treatment
responses and to explore the rationale behind GP strategies. It is possible that within the
setting of this service, patients are primed and engaged to discuss CVD risk more than if
the GP had undertaken the absolute CVD risk assessment, which may facilitate shared
decision making and CVD risk discussions. Observation of GP and patient encounters will
provide information on the CVD risk communication and shared decision-making with
patients. Lastly, audit and monitoring feedback have been shown to change GP prescribing
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behaviour and increase uptake of guidelines which could be explored within future
research of this service. [165,195]
The patient is central to effective preventive medicine. While this thesis has focused on
feasibility and acceptability it has not addressed the role of patient education or specific
support tools to communicate CVD risk to facilitate shared decision-making among GPs
and patients. Previous work highlighted the benefits of shared decision-making
approaches, [170–172] and recent policy has called for interventions to support shared
decision-making and to address health literacy differences among patients in clinical care.
[124] Due to the cluster randomised design of the next phase of this research, it will be
possible to collect pilot data on the utility of providing patient education and strategies for
effectively engaging patients. This can be achieved in high-recruitment sites, where once
the recruitment target has been reached, patients can be enrolled into the pilot study and
not the RCT to ensure there is no co-intervention. It is possible and likely that patient
health literacy may impact the usability and efficacy of absolute CVD risk assessment at
pathology services. The next phase of this research will assess patient health literacy, issue
results to patients and direct patients to a co-designed educational platform. Previous work
has demonstrated that health literacy is central to health-related behaviour change and
decision-making. [185,186] An educational platform would be intended to complement
the report to GPs and facilitate communication, not replace the GP-patient consultation.
A key barrier to uptake of absolute CVD risk among GPs is a lack of trust in the absolute
CVD risk models. [8] In chapter 4, GPs highlighted several risk factors that influence
clinical judgement of CVD risk, such as ethnicity, family history of CVD and chronic
kidney disease, all of which are mentioned in guidelines as contributory factors that could
make someone eligible for therapy who is otherwise moderate risk according to absolute
CVD risk assessment. In the future, absolute CVD risk assessment at pathology services
linked to CVD hospitalisation and death outcomes could facilitate the development of an
absolute CVD risk model specifically for a contemporary Australian population.
Moreover, this approach has an advantage to other frequently updated models, as it does
not depend on the electronic health record for key variables, such as BP and cholesterol. In
the QRISK derivation cohorts, such data has been reported missing for up to 70% of the
cohort. [71]

151

The method of assessment of absolute CVD risk at pathology services facilitates
standardised data collection for participants. A limiting factor of research in this setting is
the lack of time to collect additional risk factor data and the use of self-report for risk
factors such as diabetes status. More objective measures of risk factors may prove better
for risk estimation in a model that depends mostly on self-report. Promising additional risk
factors for CVD risk prediction include high-density lipoprotein cholesterol, [305] Creactive protein, [306] and haemoglobin A1C. [307] Such variables are routinely collected
at pathology services and the value for absolute CVD risk estimation could be investigated
in the future. This can also be used for risk factors that bear weight on clinical judgement
such as family history of CVD and ethnicity but would rely on self-report data. Altogether,
the research platform provided by absolute CVD assessment at pathology services lends
itself to future research opportunities to develop contemporary risk prediction tools
specific for the Australian population. Such an approach may increase GP trust in absolute
CVD risk.
Clinic measured BP is recommended for absolute CVD risk assessment, as this was the
measurement used in derivation and validation studies. However, clinic measured BP in
this context refers to high-quality measurement with conditions that align with BP
measurement recommendations, including 10 minutes seated rest, multiple measurements
taken and the average used. In reality, clinic BP obtained in routine care delivery does not
achieve these measurement conditions and has many known barriers. A previous “mystery
shopper” style survey of BP measurement undertaken in practice demonstrated only 10%
of participants had three or more readings taken during their last consultation with their
GP. [308]
Despite known barriers associated with BP measurement in practice, higher quality
measurement methods including AOBP, 24-hour BP or home BP are not recommended for
use in absolute CVD risk assessment. Previous work has demonstrated when 24-hour BP
and guideline-quality clinic BP were used to estimate absolute CVD risk, similar estimates
were produced. [113] Chapter 6 of this thesis identified that absolute CVD risk was not
affected by using BP taken at the time of blood collection. However, further work is
needed to determine the effect of using higher quality BP measurements (home, 24-hour
or AOBP) on absolute CVD risk assessment. A method similar to chapter 7 of this thesis
could be used to assess the agreement in risk scores estimated with different BP
measurements by Kappa statistic. However, an improvement on this approach, and the
152

most urgently needed next step, would be to undertake a comparison with outcome data to
CVD hospitalisations and death to firmly establish the potential effect of using different
BP measurements on absolute CVD risk prediction.
In summary, this thesis provides valuable new information that interventions embedded
within practice may address practice challenges and support guideline-directed care for
CVD primary prevention. Furthermore, the findings from this work have shown that
disparities exist in those recommended therapy between international CVD prevention
guidelines despite targeting the same condition. These findings have stimulated future
research directions and could lead to real-world improvements in CVD preventive care
and guideline development.
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Supplementary material 1. Framingham (1991) risk equation recommended in the
Australian cardiovascular disease prevention guidelines. [66] Table adapted from Stevens
(2017). [309]
Variable

Coefficient*

θ0

0.6536

θ1

-0.2402

β0

18.8144

Female gender

-1.2146

Log (age)

-1.8443

Log (age) x female gender

0.3668

Log (systolic blood pressure)

-1.4032

Smoker (yes/no)

-0.3899

Log (total cholesterol/high-density lipoprotein

-0.5390

cholesterol)
Diabetes

-0.3036

Diabetes x female gender

-0.1697

ECG-LVH

-0.3362

* Note the equation is a non-proportional hazards Weibull accelerated failure time
regression model, hence a negative coefficient implies higher risk. (37)
The model is based on risk factor levels and specified time until event. The coefficients
β0, θ0 and θ1 represent the parameters to be estimated. The coefficients μ = the sum of β0
coefficients and is assumed to be a linear function of risk factors. Log σ = θ0 and θ1 is
considered a linear function of μ.
Explicitly risk over time t is given as exp(-exp(u)), where 𝜐𝜐 =

188

log(𝑡𝑡)− 𝛽𝛽0 − Σ𝛽𝛽𝑖𝑖 𝑥𝑥𝑖𝑖

exp (𝜃𝜃0 + 𝜃𝜃1 (𝛽𝛽0 +Σ𝛽𝛽𝑖𝑖 𝑥𝑥𝑖𝑖 ))

Supplementary material 2. Pooled Cohort Equation recommended in the United States
cardiovascular disease prevention guidelines. [3] Table adapted from Goff et al. (2013).
[115]
Coefficient

Coefficient

White

African American

Variable

Women

Men

Women

Men

Ln Age (y)

–29.799

12.344

17.114

2.469

Ln Age, squared

4.884

N/A

N/A

N/A

Ln Total Cholesterol (mg/dL)

13.540

11.853

0.940

0.302

Ln Age×Ln Total Cholesterol

–3.114

2.664

N/A

N/A

Ln HDL–C (mg/dL)

–13.578

–7.990

–18.920

–0.307

Ln Age×Ln HDL–C

3.149

1.769

4.475

N/A

Ln Treated SBP (mm Hg)

2.019

1.797

29.291

1.916

Ln Age×Ln Treated SBP

N/A

N/A

–6.432

N/A

Ln Untreated SBP (mm Hg)

1.957

1.764

27.820

1.809

Ln Age×Ln Untreated SBP

N/A

N/A

–6.087

N/A

Current Smoker (1=Y, 0=N)

7.574

7.837

0.691

0.549

Ln Age×Current Smoker

–1.665

–1.795

N/A

N/A

Diabetes (1=Yes, 0=No)

0.661

0.658

0.874

0.645

Abbreviations: Ln, natural logarithm; HDL–C, high-density lipoprotein cholesterol;
SBP, systolic blood pressure; CHD, congestive heart disease; and N/A, not included.
Calculation of the 10-year risk estimate for hard ASCVD can best be described as a
series of steps. The natural log of age, total cholesterol, HDL-C, and SBP are first
calculated with systolic BP being either a treated or untreated value. Any appropriate
interaction terms are then calculated. These values are then multiplied by the coefficients
for the specific race-sex group of the individual (“Coefficient × Value”). The sum of the
“Coefficient × Value” is then calculated for the individual. The estimated 10-year risk of
a first hard atherosclerotic cardiovascular disease event is formally calculated as 1 minus
the survival rate at 10 years, raised to the power of the exponent of the “Coefficient ×
Value” sum minus the race- and sex-specific overall mean “Coefficient × Value” sum;
or, in equation form:
1 − S10
(lndX’B–MeanX’B)
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Supplementary material 3. QRISK2 equation recommended in the English cardiovascular
disease prevention guidelines. [4] Table adapted from Stevens (2017).[309]
Log-hazard ratio per unit increase
Variable

Men

Women

White

REF

REF

Indian

0.3567

0.2672

Pakistani

0.5370

0.7148

Bangladeshi

0.5191

0.3703

Other Asian

0.2183

0.2074

Black Caribbean

-0.3474

-0.1744

Black African

-0.3675

-0.3272

Chinese

-0.3750

-0.2201

REF

REF

Ex-smoker

0.2785

0.1947

Light smoker

0.6068

0.6229

Moderate smoker

0.7104

0.7406

Heavy smoker

0.8626

0.9134

Age term 11*

-17.6226

3.8735

Age term 2*

0.0242

0.1347

(Body mass index/10)-2*

1.7320

-0.1558

((Body mass index/10)*

-7.2312

-3.7728

Townsend score (deprivation)*

0.0298

0.0644

Systolic blood pressure*

0.0102

0.0132

lipoprotein cholesterol*

0.1751

0.1526

Family history of coronary heart

0.5923

0.5134

Treated hypertension

0.6229

0.5889

Type 1 diabetes

1.330

1.6685

Type 2 diabetes

0.9373

1.1350

Ethnicity

Smoking status
Non-smoker

(Body mass index/10)-2* x log

Total cholesterol/high-density

disease

190

Rheumatoid arthritis

0.2542

0.3021

Atrial fibrillation

0.9891

1.4235

Kidney disease

0.7850

0.8615

Interactions with age

Age term

Age term

Age term

Age term

1

2

1

2

Ex-smoker

0.9244

-0.0034

0.6891

-0.1765

Light smoker

1.9598

-0.0051

0.6943

-0.2324

Moderate smoker

2.9994

0.0003

-1.6952

0.2734

Heavy smoker

5.0371

0.0031

-1.2150

0.1433

NA

0.0812

NA

1.5223

-129.9767

-0.2559

64.3636

-12.7413

Townsend score (deprivation)*

-0.1731

-0.0011

0.1519

-0.0487

Systolic blood pressure*

0.0523

-0.00005

-0.0509

0.0074

Family history of coronary heart

1.9280

-0.0057

0.8605

-0.2757

Treated hypertension

7.8738

0.0086

-4.0295

0.6904

Type 1 diabetes

5.4239

0.0021

-0.3344

-0.1734

Type 2 diabetes

5.0624

-0.0002

-3.3145

0.4865

Atrial fibrillation

8.2354

0.0073

-3.5855

0.4987

Renal disease

-3.9747

-0.0262

-3.0767

0.4393

NA

0.9777

NA

0.9889

(Body mass index/10)-2*
(Body mass index/10)-2 x log(body
mass index/10)*

disease

Baseline survival over 10 years

Age term 1 = (age/10)-1 in men and (age/10)0.5 in women
Age term 2 = (age/10)2 in men and (age/10) in women
* All continuous variables centred.
Risk calculated using a Cox model, as per the 2015 update version of QRISK2, available
online.[310]
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Supplementary material 4. Flow of patients (aged 45-74 years) from recruitment by
pathology staff, through to completion of absolute cardiovascular disease risk
assessment and 6-month follow-up period.
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Supplementary material 5. Prevalence of cardiovascular disease risk factors at baseline
and proportion of patients that reported the risk factor was discussed by their general
practitioner during the follow-up period.
Low

Moderat

High

(N=146)

e (n=21)

(n=34)

Baseline reported diabetes

3 (2)

2 (10)

13 (38)

Diabetes discussed at follow-up

1 (30)

0

6 (46)

9 (14)

1 (8)

2 (13)

0

0

0

Baseline blood pressure >140/90 mmHg

50 (34)

13 (62)

15 (44)

Blood pressure discussed at follow-up

32 (64)

10 (77)

10 (67)

Baseline cholesterol >6.5 mmol/L

14 (10)

1 (5)

12 (35)

Cholesterol discussed at follow-up

13 (93)

1 (100)

11 (92)

Diabetes n (% yes)

Smoking n (% yes)
Reported smoking at baseline
Smoking discussed at follow-up
Blood pressure n (% yes)

Cholesterol n (% yes)
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Supplementary material 6. Example screenshots from the study computer-based application used to collect information for the
assessment of absolute cardiovascular disease risk from patients aged 45-74 years at pathology services between July-October 2019.

194

195

196

197

Supplementary material 7. Study postcard provided to eligible participants before
informed consent process.
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Supplementary material 8. Study video used in the informed consent process for
participants allocated to the multimedia intervention group.
The video can be viewed here. Please note, the video has been uploaded for the
purposes for review by thesis examiners only and is only accessible via the attached
link. The video is part of a submission to a peer reviewed journal where it will be
published and publicly available.
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Supplementary material 9. STROBE Statement—Checklist of items that should be included in
reports of cross-sectional studies

Title and abstract

Item
No
1

Recommendation
(a) Indicate the study’s design with a commonly used term in the title or
the abstract
Study title.
(b) Provide in the abstract an informative and balanced summary of what
was done and what was found
Abstract submitted.

Introduction
Background/rationale

2

Explain the scientific background and rationale for the investigation being
reported
Page 3, lines 64-90.

Objectives

3

State specific objectives, including any prespecified hypotheses
Page 3, lines 90-92.

Methods
Study design

4

Present key elements of study design early in the paper
Page 5, lines 95-119.

Setting

5

Describe the setting, locations, and relevant dates, including periods of
recruitment, exposure, follow-up, and data collection
Page 5, line 95-97.

Participants

6

(a) Give the eligibility criteria, and the sources and methods of selection of
participants
Page 5, line 100-105.

Variables

7

Clearly define all outcomes, exposures, predictors, potential confounders,
and effect modifiers. Give diagnostic criteria, if applicable
Page 7, lines 158-179.

Data sources/

8*

measurement

For each variable of interest, give sources of data and details of methods
of assessment (measurement). Describe comparability of assessment
methods if there is more than one group
Page 7, lines 158-179.

Bias

9

Describe any efforts to address potential sources of bias
Page 5, line 120.

Study size

10

Explain how the study size was arrived at
Page 5, line 100-105., sample size was derived based on a separate
study.

Quantitative variables

11

Explain how quantitative variables were handled in the analyses. If
applicable, describe which groupings were chosen and why
Page 7, lines 158-179.

Statistical methods

12

(a) Describe all statistical methods, including those used to control for
confounding
Page 7, lines 180-186.
(b) Describe any methods used to examine subgroups and interactions
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Page 7, lines 180-186.
(c) Explain how missing data were addressed
NA
(d) If applicable, describe analytical methods taking account of sampling
strategy
NA
(e) Describe any sensitivity analyses
NA
Results
Participants

13*

(a) Report numbers of individuals at each stage of study—eg numbers
potentially eligible, examined for eligibility, confirmed eligible, included
in the study, completing follow-up, and analysed
Page 8, lines 188-194 and Figure 1.
(b) Give reasons for non-participation at each stage
Figure 1.
(c) Consider use of a flow diagram
Figures 1 and 2.

Descriptive data

14*

(a) Give characteristics of study participants (eg demographic, clinical,
social) and information on exposures and potential confounders
Page 8, lines 188-194 and Table 1.
(b) Indicate number of participants with missing data for each variable of
interest
NA

Outcome data

15*

Report numbers of outcome events or summary measures
Page 8 ,lines 195-213.

Main results

16

(a) Give unadjusted estimates and, if applicable, confounder-adjusted
estimates and their precision (eg, 95% confidence interval). Make clear
which confounders were adjusted for and why they were included
NA
(b) Report category boundaries when continuous variables were
categorized
NA
(c) If relevant, consider translating estimates of relative risk into absolute
risk for a meaningful time period
NA

Other analyses

17

Report other analyses done—eg analyses of subgroups and interactions,
and sensitivity analyses
NA

Discussion
Key results

18

Summarise key results with reference to study objectives
Page 9, lines 215-221.

Limitations

19

Discuss limitations of the study, taking into account sources of potential
bias or imprecision. Discuss both direction and magnitude of any potential
bias
Page 11, lines 279-293.
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Interpretation

20

Give a cautious overall interpretation of results considering objectives,
limitations, multiplicity of analyses, results from similar studies, and other
relevant evidence
Page 9-10, lines 222-251.

Generalisability

21

Discuss the generalisability (external validity) of the study results
Page 10, lines 253-277.

Other information
Funding

22

Give the source of funding and the role of the funders for the present study
and, if applicable, for the original study on which the present article is
based
Provided under funding section, page 12, lines 310-311.

*Give information separately for exposed and unexposed groups.
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Supplementary material 10. Discussion guide covering cardiovascular disease assessment
and prevention practices for interviews with General Practitioners.
1. Current practice for assessing cardiovascular risk:
a. Describe how you would go about assessing a patient’s risk of cardiovascular disease?
b. When does assessing risk of cardiovascular disease typically occur in your practice?
c. Do you use any tools to assist in assessing a patient’s risk of cardiovascular disease?
d. Do you specifically use absolute cardiovascular risk calculators or software in your
practice?
2. Barriers to assessing cardiovascular in practice:
a. Have you experienced any difficulties or barriers in assessing a patient’s risk of
cardiovascular disease?
b. What could improve your ability to assess a patient’s risk of cardiovascular disease?
c. What impact do the difficulties in assessing absolute cardiovascular risk have on you,
your practice and your patients?
d. Are the tools available for assessing cardiovascular risk helpful?
e. Would you make any improvements to absolute cardiovascular risk assessment?

3. Management and prevention of cardiovascular disease in practice:
a. When do you decide to prescribe therapy to reduce risk of cardiovascular disease?
b. What prompts you to implement treatment to reduce risk of cardiovascular disease?
c. Tell me about your practice for reducing risk of cardiovascular disease including
lifestyle management or treatment.
d. Do you experience any challenges in implementing lifestyle management or
treatment to reduce the risk of cardiovascular disease?
4. Attitudes to automated assessment and reporting of absolute cardiovascular
disease risk via pathology services (IDEAL study method, example blood test
report provided):
a. What are your initial thoughts on the example blood test report?
b. What would your next steps be if you received that blood test report?
c. Do you have any thoughts on the information provided in that blood test report?
d. Would you make any improvements to the report provided?
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e. Are there specifically helpful or unhelpful elements of that blood test report?
f. Would the blood test report influence your clinical decision-making or
management?
g. How much confidence would you have in the credibility of a method of measuring
absolute cardiovascular risk outside of your clinic?
h. What factors contribute to your uptake of this method of assessing and reporting
absolute cardiovascular risk?
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Supplementary material 11. Participant exclusion flow chart.
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Supplementary material 12. Available ethnicity data mapped to the required ethnicities for the estimation of absolute cardiovascular disease
risk using the QRISK2 risk estimation calculator.
QRISK2 ethnicities

National Health and Nutrition

Australian National Health

Health Survey for England

Examination Survey (n = 9,756)

Survey (n = 20,426)

(n = 12,313)

White

Non-Hispanic White

European

White*

Indian

Not available

Indian

Indian

Pakistani

Not available

Pakistani

Pakistani

Bangladeshi

Not available

Bangladeshi

Bangladeshi

Other Asian

Non-Hispanic Asian

South-East Asian

Other Asian

Black Caribbean

Not available

Caribbean Islander

Caribbean

Black African

Non-Hispanic Black

Sub-Saharan African

African

Peoples of the Sudan
Chinese

Not available

Chinese

Chinese

North-East Asian
Other

Mexican American Other

Oceanian

Arab

Hispanic

Arab

Mixed

Other

Jewish

Other

Mixed

American

*(Including: British, Irish, Gypsy)
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Supplementary material 13. Proportion recommendation for blood pressure and/or cholesterol lowering therapies according to cardiovascular
disease primary prevention guidelines from Australia, England and the United States by age range.
Variable
Age range

Australia (n=4,056)
Clinical Criteria

Absolute CVD

England (n=2,994)
Clinical Criteria

risk

Absolute CVD

United States (n=2,949)
Clinical Criteria

risk

Absolute CVD
risk

Australian guidelines:
40-54

104 (7)

39 (2)

84 (7)

18 (2)

115 (10)

30 (3)

55-64

206 (17)

189 (16)

131 (22)

104 (13)

183 (23)

129 (16)

65-74

261 (32)

278 (34)

113 (19)

177 (30)

193 (34)

186 (33)

>75

240 (51)

164 (35)

106 (27)

157 (40)

176 (40)

187 (43)

Total

811 (20)

670 (17)

434 (15)

456 (15)

667 (23)

532 (18)

40-54

151 (10)

132 (8)

86 (7)

104 (9)

196 (17)

104 (9)

55-64

216 (18)

433 (37)

112 (14)

373 (46)

209 (27)

336 (43)

65-74

252 (31)

710 (86)

91 (15)

544 (93)

187 (34)

492 (88)

>75

284 (60)

398 (84)

158 (41)

305 (79)

194 (45)

431 (100)

Total

903 (22)

1673 (41)

447 (15)

1,326 (44)

786 (27)

1,363 (46)

English guidelines:

United States Guidelines
40-54

349 (22)

130 (8)

230 (19)

82 (7)

282 (24)

113 (10)

55-64

320 (27)

498 (42)

202 (25)

332 (41)

251 (32)

380 (49)

65-74

203 (25)

726 (88)

87 (15)

517 (88)

154 (28)

507 (91)
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>75

83 (17)

0

29 (7)

0

23 (5)

0

Total

955 (23)

1354 (33)

548 (18)

931 (31)

710 (24)

1,000 (34)

Percentage is of the number of individuals in that age range or for total it is the percentage of the overall sample.
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End
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