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Abstract

Objective The aim was to project the health and economic outcomes of cardiovascular disease (CVD) among people with
type 2 diabetes from Australian public healthcare and societal perspectives over the next decade.

Methods A dynamic multistate model with yearly cycles was developed to project cardiovascular events among Australians
with type 2 diabetes aged 40-89 years from 2022 to 2031. CVD risk (myocardial infarction [MI] and stroke) in the type 2
diabetes population was estimated using the 2013 pooled cohort equation, and recurrent cardiovascular event rates in the type
2 diabetes with established CVD population were obtained from the global Reduction of Atherothrombosis for Continued
Health (REACH) registry. Costs and utilities were derived from published sources. Outcomes included fatal and non-fatal
MI and stroke, years of life lived, quality-adjusted life years (QALYs), total healthcare costs, and total productivity losses.
The annual discount rate was 5%, applied to outcomes and costs.

Results Between 2022 and 2031, a total of 83,618 non-fatal MIs (95% uncertainty interval [UI] 83,170-84,053) and 58,774
non-fatal strokes (95% UI 58,458-59,013) were projected. Total years of life lived and QALY (discounted) were projected
to be 9,549,487 (95% UI 9,416,423-9,654,043) and 6,632,897 (95% Ul 5,065,606-7,591,679), respectively. Total health-
care costs and total lost productivity costs (discounted) were projected to be 9.59 billion Australian dollars (AUS) (95% Ul
1.90-30.45 billion) and AU$9.07 billion (95% UI 663.53 million—33.19 billion), respectively.

Conclusions CVD in people with type 2 diabetes will substantially impact the Australian healthcare system and society over
the next decade. Future work to investigate different strategies to optimize the control of risk factors for the prevention and

treatment of CVD in type 2 diabetes in Australia is warranted.
Keypoints for Decision Makers

Cardiovascular disease (CVD) prevalence in type 2 dia-
betes is likely to increase. The current multistate dynamic
economic model is the first to project the impact of CVD
among Australians with type 2 diabetes, aged 40-89 years,
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1 Introduction

Diabetes is a significant risk factor for cardiovascular disease
(CVD), with a two- to threefold higher risk than that in indi-
viduals without diabetes [1]. A systematic review, including
more than 4 million individuals with type 2 diabetes, showed
that CVD was responsible for 50.3% of all deaths globally
[2]. Data from Australia estimated that 57% of people with
diabetes have CVD, and nearly 65% of CVD-related deaths
occur in people with prediabetes or diabetes [3, 4]. Likewise,
in Europe and Canada, and despite advances in CVD pre-
vention and treatment, studies report persistent excess death
associated with diabetes [5-9].

Nonetheless, in the United States (US), a reduction in
all-cause and CVD deaths was reported (23% and 40%) in
people with diabetes between 1997 and 2006, suggesting
improvement in CVD risk-factor control [10]. Similarly, in
Australia, Harding et al. showed a significant decrease in
all-cause and CVD deaths among Australians with type 2
diabetes between 1997 and 2010 [11]. Also, the incidence
of stroke remained stable from 2010 to 2019, while the
incidence of myocardial infarction (MI) decreased from
2012-2013 to 2018-2019 in Australians with type 2 dia-
betes [12]. Despite these encouraging trends and efforts in
expanding evidence-based guidelines for managing CVD
in people with type 2 diabetes [13, 14], CVD prevalence
in type 2 diabetes is a burden that is likely to persist [4]. In
Australia, for example, suboptimal management among type
2 diabetic people at risk of CVD has been reported [15-17],
and treatment targets are not met [15—18].

The health burden associated with CVD in people with
type 2 diabetes imposes a substantial economic concern on
healthcare systems and on society. In Australia, the total
direct costs for people with diabetes were 2353 Australian
dollars (AU$) per person with normal weight and AU$3131
per person with obesity in 2016-2017 [19]. The Australian
Institute of Health and Welfare (AIHW), for 2018-2019,
reported that nearly AU$3 billion was spent on diabetes,
representing 2.3% of total disease expenditure in Australia
[20]. Furthermore, a recent modeling study estimated that
the burden of CVD in the general Australian population over
the next decade would lead to AU$61.89 billion in health-
care costs and AU$78.75 billion in indirect costs due to lost
productivity [21]. This study, however, analyzed the whole
Australian population and did not provide insights into the
excess CVD burden in type 2 diabetes [21].

As the majority of CVD deaths in Australia occur in peo-
ple with prediabetes or diabetes, prevalence rates of CVD
outcomes are required to forecast the societal burden of
CVD in type 2 diabetes. Therefore, we projected the health
and economic burden of CVD among people with type 2
diabetes in Australia for each year from 2022 to 2031 using
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a dynamic multistate model, which allows for the movement
of individuals into and out of the simulations and accounts
for changes in mortality and migration as well as incident
type 2 diabetes.

2 Methods
2.1 Model Structure and Description

After reviewing prior published studies on the burden of
CVD complications due to type 2 diabetes [21], a two-stage
dynamic multistate Markov model was constructed using
Microsoft Excel to predict the societal burden of CVD
among Australians with type 2 diabetes using yearly cycles.

The model covered a 10-year time horizon from 2022 to
2031, and the population of interest was people with type 2
diabetes aged 40-89 years, stratified according to age and
sex [22]. Here, the population with type 2 diabetes was
allowed to enter the model at the age of 40 years, assum-
ing that at 40 years old the risk of CVD increases among
the Australian population [23], and exits when they reach
age 89 years, which nearly reflects the life expectancy in
Australia (84.3 years in 2022) [24]. Overall, the model fol-
lowed individuals for 10 years, until they died or until they
reached 89 years of age in the model. This age range aligns
with similar studies conducted on people with or at risk of
CVD [21, 25, 26].

The use of prior published studies for cardiovascular
complications in people with type 2 diabetes allowed the
structuring of the model with relevant health states [21,
25, 26]. The model captured incident and recurrent non-
fatal cardiovascular events (i.e., MI and stroke) and mortal-
ity (CVD and non-CVD causes) among people with type
2 diabetes, with and without established CVD. The model
assumed that individuals aged 40—89 years with type 2 dia-
betes without prior CVD would enter the ‘Alive with type 2
diabetes without established CVD’ health state. Within this
health state, individuals can have a non-fatal or fatal cardio-
vascular event and move to the ‘Alive with type 2 diabetes
with established CVD’ or ‘Dead’ health state (Fig. 1). In the
‘Alive with type 2 diabetes with established CVD’ health
state, the population could suffer a recurrent non-fatal CVD
or die due to CVD or other causes (Fig. 1).

The main model outcomes were years of life lived, qual-
ity-adjusted life years (QALYYs), direct healthcare costs, and
indirect costs due to productivity losses. The outcomes were
discounted at a rate of 5% annually starting in the second
year of the model [27]. The study was conducted from Aus-
tralian public healthcare and societal perspectives.

The model was developed using Microsoft Excel 2016
(Microsoft Corporation, Redmond, WA, US). The model
adhered to the Australian methodological guidelines for
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conducting Health Technology Assessment [28], and the
reporting followed the Consolidated Health Economic
Evaluation Reporting Standards 2022 (CHEERS 2022) [29].

2.2 Model Population

The demographic profile of the model population was based
on the Australian population obtained from the 2021 esti-
mated resident population [22]. The prevalence and inci-
dence of type 2 diabetes, stratified by age and sex, were
derived from the National Diabetes Services Scheme
(NDSS) (2019) [30]. Our model uses a dynamic population
that reflects the movement of individuals into and out of the
simulations and changes in mortality and migration, as well
as incident type 2 diabetes.

2.2.1 Type 2 Diabetes with and Without Established
Cardiovascular Disease Populations

The population was based on the Australian resident pop-
ulation in 2021 derived from the Australian Bureau of
Statistics (ABS) [22] (electronic supplementary material
[ESM] Table 1). The prevalence of type 2 diabetes, strati-
fied by age and sex for the latest available year (2019) (ESM
Table 2) was derived from the NDSS [30]. ESM Table 2
also shows the number of Australians with type 2 diabetes.
Contemporary age- and sex-specific prevalence estimates of

Primary
Incident type 2 _____, prevention
diabetes and migrants population

Alive with type 2 diabetes
without established CVD

established CVD (non-fatal MI and stroke) for Australians
were based on data from the general Australian population
from the latest ABS data, 2017-2018 [31] (ESM Table 3).
The population was then divided into people with and with-
out prior CVD. Characteristics of both resultant cohorts are
shown in ESM Table 4.

2.3 Cardiovascular Disease Risk in the Type 2
Diabetes Without Cardiovascular Disease
Population

The risk of incident CVD among the type 2 diabetes without
CVD population was calculated based on the 2013 Pooled
Cohort Equation—Atherosclerotic Cardiovascular Disease
(PCE-ASCVD) [32], which was designed to estimate the
10-year absolute rate of incident CVD. Risk estimates
were extracted from the National Health Survey (NHS)
(2011-2012) [33] and were calculated based on sex, age,
smoking status, systolic blood pressure, diabetes status,
hypertension treatment status, and total and high-density
lipoprotein cholesterol levels. The 2013 PCE-ASCVD has
been validated, and showed better performance in Austral-
ians with type 2 diabetes compared to other CVD risk pre-
diction tools [34]. The NHS included 4205 Australians, of
which 313 had type 2 diabetes and were aged between 40
and 90 years. Characteristics of the Australian population
included in the PCE-ASCVD to estimate the CVD risk for
the type 2 diabetes without CVD population are described in
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Fig. 1 A 10-year dynamic multistate model for people with type 2 diabetes that accounts for changes in mortality and migration within the mod-
eled time horizon as well as incident type 2 diabetes. CVD cardiovascular disease, MI myocardial infarction. Key: @: Markov. -<]: end cycle

A\ Adis



D. Abushanab et al.

ESM Table 5. The next step was to derive sex- and age-spe-
cific average 10-year risk scores and convert these scores to
annual probabilities. Annual event rates were plotted against
the midpoints of each 10-year age group, and polynomial
functions were used to model the values for every year of age
(ESM Table 6). The PCE-ASCVD algorithm only estimates
composite CVD outcomes (fatal and non-fatal combined);
thus, to estimate the proportions of fatal and non-fatal MI
and stroke events among Australians, Australian Institute
of Health and Welfare data were used [35, 36]. This corre-
sponded to 0.28 and 0.72 for fatal and non-fatal MI and 0.32
and 0.68 for fatal and non-fatal stroke, respectively. Type 2
diabetes without CVD captured the population's dynamic
movement that considered predicted migration and mortal-
ity changes. Migration in people with type 2 diabetes and
mortality data stratified by sex and single year of age were
extracted from the 2017 ABS [37].

2.4 Cardiovascular Disease Risk in the Type 2
Diabetes with Established Cardiovascular
Disease Population

To calculate the transition probabilities of recurrent fatal
and non-fatal CVD in people with type 2 diabetes and estab-
lished CVD, data from the Reduction of Atherothrombosis
for Continued Health (REACH) registry were used, which
includes 30,043 people with diabetes [38]. Cardiovascular
risk rates from the REACH registry were only reported as
overall rates. Thus, these were adjusted to single-age event
probabilities via increasing or decreasing the cardiovascular
risk from the median age in the REACH registry (72 years)
as per age variations in cardiovascular mortality rates in
Australia (thus assuming the effect of age on fatal and non-
fatal CVD is equivalent). Fatal and non-fatal cardiovascular
event rates for diabetes people can be seen in ESM Table 7,
and the estimated transition probabilities are shown in ESM
Table 8. To account for the non-CVD deaths in this cohort,
we initially used the age- and sex-specific mortality rates for
the general Australian population from the General Record
of Incidence of Mortality 2019, as contemporary age- and
sex-specific mortality rates for Australians with type 2 dia-
betes are lacking [39]. Then we adjusted these rates for peo-
ple with type 2 diabetes based on data from a Danish diabe-
tes registry that included over 400,000 individuals with type
2 diabetes from 1996 to 2016 [40]. To estimate the mortality
rates by single year of age, mortality rates for the age group
were first plotted against the midpoint age for that age group
(e.g., 50 for the age group 45-54 years). Then polynomial
functions were applied to model the mortality rates for age
in single years (ESM Table 9).
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2.5 TheIncidence of Type 2 Diabetes

To account for the new cases of type 2 diabetes over time,
incident type 2 diabetes cases were added each year for type
2 diabetes to the cohorts with and without CVD until 2031.
Age- and sex-specific incidence rates of type 2 diabetes were
obtained from the NDSS (2019) [30], and we assumed that
the incidence rates would remain constant throughout the
time horizon (ESM Table 10 shows the incidence rate of
type 2 diabetes per 1000 persons). Because the NDSS does
not quantify the proportion of people with incident type 2
diabetes with or without prior MI/stroke, published sources
were used to estimate the ratios. Further descriptions are
provided in ESM Table 10.

2.6 Utilities

To account for differences by age and sex, all utilities were
adjusted to age- and sex-specific values reported by a cross-
sectional study by McCaffrey et al., which included a sample
of 2900 from the general Australian population [41]. The
utility weight for type 2 diabetes (0.83) was derived from
the ADVANCE trial, which included 978 Australians with
type 2 diabetes [42]. The same study was used to obtain the
weighted utilities of acute (at baseline) and chronic (at 2
years) CVD events. The utility score in people with type 2
diabetes who had acute MI was 0.80, and was 0.75 for acute
stroke. The utility for chronic CVD (MI/stroke) was set at
0.81 with a weighted utility score decrement of 0.02. To cal-
culate the composite utility within 12 months for the type 2
diabetes population who experience the first non-fatal event
(MlI/stroke), we applied 6 months of the ‘type 2 diabetes’
utility score, 3 months of the acute utility (MI/stroke), and
3 months of the chronic CVD utility. For the type 2 diabe-
tes with established CVD population, acute utility scores
were applied for 3 months, and chronic utilities were applied
for the remaining 9 months. An example of age- and sex-
specific utility for people in the type 2 diabetes population
is represented in Box 1.
All utility data can be found in ESM Table 11.

Box 1 Age- and sex-specific utility for people
with type 2 diabetes population calculations

The utility value for a healthy male Australian aged 75
years is 0.85 (from McCaffrey et al. study), whereas the
utility score for someone with type 2 diabetes is 0.83. To
generate age- and sex-specific utility for the type 2 diabe-
tes population, a value of 0.83 was multiplied with 0.85.

This gives us a utility value of (0.85 x 0.83 = 0.705).
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2.7 Resources and Costs
2.7.1 Direct Healthcare Costs

Healthcare costs included acute costs, annual chronic costs,
glucose-lowering therapies (GLTs) costs, and lipid-lowering
therapies costs. As per the Royal Australian College of Gen-
eral Practitioners guideline [43], GLTs included metformin,
sulfonylurea, dipeptidyl peptidase-4 inhibitors (DPP4i),
sodium-glucose co-transporter 2 inhibitors (SGLTi), and
glucagon-like peptide-1 receptor agonists (GLP-1 RA).
Lipid-lowering therapies included statins, ezetimibe, and
proprotein convertase subtilisin/kexin type 9 (PCSK9)
inhibitors as recommended for people with type 2 diabetes
with or at risk of CVD [44]. The annual costs of metformin,
other GLTSs (non-metformin), statins, ezetimibe, and PCSK9
inhibitors were AU$56, AU$4551, AU$914, AUS$277, and
AU$6582, respectively (per person), obtained from the
Pharmaceutical Benefits Scheme [45]. We assumed that
all people would receive first-line metformin as per current
Australian guidelines [43], while the proportions of other
GLTs as second-line therapies were based on Morton et al.
[46] (32% for DPP4i, 30% for SGLTi, 17% for sulfonylurea,
and 6% for GLP-1 RA). We also assumed that once a non-
fatal MI/stroke occurs, 95% of people would receive statins
and 5% would receive non-statins [47].

Acute costs for CVD included non-fatal MI, non-fatal
stroke, and death due to CVD. These were drawn from
Australian hospital admission data (2018) and classified
into Australian Refined Diagnosis-Related groups (Version
8, Round 21) [48], which were estimated to be AU$9029,
AUS$13,198, and AU$6928, respectively (per person). The
chronic costs of non-fatal MI and stroke in Australians with
type 2 diabetes were derived from published data by Clarke
et al., which captured the sum of hospital inpatient and non-
hospital mean costs using administrative data and excluded
pharmaceutical costs [49]. The annual chronic costs of non-
fatal MI and stroke in type 2 diabetes were AU$2656 and
AU$5832, respectively (per person). The model considered
that 50% of deaths occur in hospitals, and thus, death costs
were only applied to 50% of deaths [50].

2.7.2 Lost Productivity

This included costs due to absenteeism, workforce drop-
out, and loss of future earnings due to premature mortality,
using the human capital approach [51]. Salary losses due to
absenteeism were calculated as the average days off from
work due to a non-fatal MI/stroke [52, 53] multiplied by
the average daily salaries among Australians [54]. Average

wages were adjusted for employment rates based on age-
and sex-specific data in Australia for the full-time working
population [55], with the retirement age in this study set at
67 years [56].

The effect of type 2 diabetes on workforce participation in
Australia is minimal; therefore, we assumed that workforce
participation is the same as in the general Australian popu-
lation [57]. Salary losses due to workforce drop-out after
CVD development were calculated based on the proportion
of individuals not returning to work (9% due to MI and 38%
due to stroke), as reported in previous studies [53, 58]. Loss
of future earnings due to premature mortality was calculated
by multiplying the remaining years left in the workforce or
years left in the model, whichever came first, by age- and
sex-specific salary levels and employment rates among Aus-
tralians [55]. All costs were adjusted to 2022 AU$ using the
Health Price Index (ESM Table 12) [59].

2.8 Sensitivity Analyses

Probabilistic sensitivity analyses (PSA) were conducted to
quantify parameter uncertainties using 10,000 iterations of
a Monte Carlo simulation. An uncertainty range of +95%
confidence interval (CI) was assigned to the base-case val-
ues of transition probabilities for the type 2 diabetes with
and without CVD populations, and to the proportions of
fatal and non-fatal MI and stroke that were used to estimate
the transition probabilities in the type 2 diabetes with and
without CVD populations. An uncertainty range of + 95%
CI was also used for the utilities and costs. The analysis was
performed using @Risk-7.5® (Palisade Corporation, NY,
US). Key input parameters and respective distributions are
displayed in ESM Table 13. In addition to the PSA, multiple
scenario analyses were conducted:

1. Removing the age-related death trends from cardio-
vascular causes in the type 2 diabetes with established
CVD population

2. Varying the discount rate between 0, 3, 4, and 6%

3. Removing the limit to the model time horizon for
future earnings lost due to premature mortality

4. Varying CVD prevalence by + 10%

5. Varying the proportions of people receiving non-statins
after a non-fatal event by + 15%

6. Varying the prevalence and incidence of type 2 diabe-
tes by + 10%

7. Varying 1-year CVD risk from the PCE equation by
+15%

8. Using an alternative disutility estimate from the Keng
et al. study [60]
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9. Replacing moderate-intensity statins costs with high-
intensity statins costs

10. Replacing ezetimibe combined with a statin with
PCSKO9 inhibitor combined with a statin

2.9 Model Calibration and Validation

The model was calibrated using incidence rates of fatal and
non-fatal cardiovascular events in Australia. The incidence
rates of non-fatal MI and non-fatal stroke in people with
type 2 diabetes were obtained from Morton et al. [12], and
the incidence rates of CVD death for type 2 diabetes were
obtained from the general Australian population based on
2021 ABS data [31]. Calibration ratios were then applied
to the model.

The model was developed in Microsoft Excel and was
examined for face validity to evaluate the appropriateness
of the conceptual model, input data, and model outcomes
through a series of consultation meetings with a panel of
two experts in health economic modelling (ZA, CM). The
model inputs were also varied to assess whether expected
effects were predicted, and a manual review of formulae
and a cross-check of all inputs were performed. Upon com-
pletion of the model examination, external validation was
undertaken by using incidence and prevalence data of car-
diovascular events and comparing the results of our model
with those reported in national reports. The Assessment of
the Validation Status of Health-Economic decision models
(AdViSHE) tool was used to enhance the transparency of
study model outcomes [61]. Sources of key model inputs
with justifications are available in ESM Table 14.

3 Results

Between 2022 and 2031, a total of 1,153,078 and 166,612
individuals with type 2 diabetes were at risk of CVD and
established CVD, respectively. In the first year, there were
497,332 males and 458,538 females with type 2 diabetes
without prior CVD, aged 40-89 years, whereas by year 2031
there were 636,371 males and 516,707 females with type
2 diabetes without prior CVD. In the type 2 diabetes with
established CVD population, there were 128,659 males and
58,094 females in 2022, while there were 100,207 males and
66,406 females in 2031.

3.1 Cardiovascular Events

Within a 10-year time horizon, the model projected 83,618
non-fatal MIs (95% uncertainty interval [UI] 83,170-84,053)
and 58,774 non-fatal strokes (95% UI 58,458-59,013) would
occur in Australians with type 2 diabetes aged 40—89 years
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old. The model also projected 50,204 deaths due to CVD
causes (95% UI 50,143-50,273) and 262,039 deaths due to
non-CVD causes (95% UI 256,109-266,767). Despite hav-
ing the overall fatal and non-fatal CVD events, in both sexes,
increase, fatal and non-fatal CVD events decreased in males
with type 2 diabetes and established CVD (ESM Table 15).

3.2 Discounted Years of Life Lived, and QALYs

The projected total years of life lived in the popula-
tion (with and without CVD) were 9,549,487 (95% UI
9,416,423-9,654,043), and the projected total years of life
lived with CVD in the population (with and without CVD)
were 1,411,574 (95% UI 1,266,736-1,542,298). Likewise,
the total QALY in the population (with and without CVD)
were 6,632,897 (95% Ul 5,065,606-7,591,679), and the
total QALY's with CVD in the population (with and without
CVD) were 966,859 (95% UI 513,834-1,159,365). Tables 1
and 2 (results of the PSA with 95% UI) and ESM Table 15
show the health outcome results.

3.3 Discounted Direct Healthcare and Indirect Costs

From the healthcare and societal perspectives, the total costs
attributed to type 2 diabetes with CVD through 2031 will
exceed AU$18.66 billion (95% UI 4.67-45.78 billion).

3.3.1 Direct Healthcare Costs

The total healthcare cost of type 2 diabetes (with and without
established CVD) is projected to be AU$9.59 billion (95%
UI 1.90-30.45 billion), with higher costs in males than in
females, AU$5.80 versus AU$3.78 billion. The key drivers
were the chronic costs of CVD, which contributed to 58.17%
(AU$5.58 billion, 95% UI 145.22 million-24.816 billion) of
total healthcare cost, followed by acute costs contributing
to 21.83% (AU$2.09 billion, 95% UI 160.92 million—6.09
billion) of total healthcare cost, while pharmacological treat-
ment contributed to 20% (AU$1.92 billion, 95% UI 33.49
million—10.57 billion) of total healthcare cost.

3.3.2 Indirect Costs

The total cost of productivity losses due to type 2 diabe-
tes with and without CVD is projected to exceed AU$9.07
billion (95% UI 663.53 million—33.19 billion), with higher
costs in males than in females, AU$4.93 versus 4.14 bil-
lion. The total cost was mainly driven by the productivity
loss due to morbidity, which contributed to 57.35% of total
productivity loss cost with AU$5.20 billion (95% UI 221.06
million—16.15 billion), followed by the productivity loss
due to premature mortality, which contributed to 42.65%
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Table 1 Total health and
economic outcomes for

the Australians with type 2
diabetes with and without
CVD populations over 10 years
(discounted)

Outcomes Male Female Total
Type 2 diabetes without CVD population
Total number of individuals in year 1 (2022) 497,332 458,538 955,869
Health outcomes
First non-fatal MI 37,707 34,235 71,942
First non-fatal stroke 28,049 25,467 53,516
All non-fatal CVD events 65,756 59,702 125,458
CVD death 25,385 23,048 48,433
Non-CVD death 121,750 78,681 200,431
Years of life lived with CVD 52,394 48,569 100,963
All years of life lived 4,416,345 3,822,531 8,238,877
QALYs experienced with CVD 36,613 28,146 64,758
All QALY 3,125,581 2,605,214 5,730,796
Economic outcomes (AUS$)
Acute event costs 972,326,517 801,305,981 1,773,632,499
Chronic costs 208,699,743 193,266,536 401,966,278
Treatment costs 430,114,760 297,812,132 727,926,893
Total healthcare costs 1,611,141,020 1,076,923,428 2,688,064,448
Productivity loss due to morbidity 191,260,185 1,645,837,514 1,837,097,700
Productivity loss due to mortality 2,179,342,765 963,908,406 3,143,251,171
Total productivity costs 2,370,602,951 2,609,745,920 4,980,348,871
Total cost (healthcare and productivity loss) 3,981,743,971 3,686,609,348 7,668,413,319
Type 2 diabetes with established CVD population
Total number of individuals in year 1 (2022) 128,659 58,094 186,753
Health outcomes
Recurrent non-fatal MI 7085 4591 11,676
Recurrent non-fatal stroke 3054 2204 5258
All non-fatal CVD events 10,139 6795 16,934
CVD death 1071 700 1771
Non-CVD death 43,653 17,955 61,608
Years of life lived with CVD 841,729 468,881 1,310,611
QALYs experienced with CVD 584,620 317,481 902,101
Economic outcomes (AUS$)
Acute event costs 211,397,844 108,341,563 319,739,407
Chronic costs 3,221,570,158 1,953,617,486 5,175,187,643
Treatment costs 759,078,006 430,286,273 1,189,364,279
Total healthcare costs 4,192,046,007 2,492,245,322 6,684,291,329
Productivity loss due to morbidity 2,032,455,477 1,333,204,742 3,365,660,219
Productivity loss due to mortality 528,921,778 196,883,278 725,805,056
Total productivity costs 2,561,377,256 1,530,088,019 4,091,465,275
Total cost (healthcare and productivity loss) 6,753,423,262 4,022,333,341 10,775,756,604

AUS$ Australian dollars, CVD cardiovascular disease, MI myocardial infarction, QALY quality-adjusted life

year

of total productivity loss cost with AU$3.87 billion (95%
UI 213.39 million—20.65 billion). Tables 1 and 2 (results
of PSA with 95% UI) and ESM Table 16 show the total
economic outcomes for type 2 diabetes with and without
established CVD.

ESM Tables 17 and 18 show the health and economic out-
comes in the type 2 diabetes with and without CVD popula-
tions (undiscounted).
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Table 2 Results of sensitivity analysis for the total health and economic outcomes for the type 2 diabetes with and without CVD populations

over 10 years

Outcomes Male (base case)

Female (base case) ~ Mean (LL and UL of 95% interval)

Type 2 diabetes with and without CVD populations
Health outcomes

Non-fatal MI
Non-fatal stroke
CVD death
Non-CVD death

Years of life lived with CVD
All years of life lived
QALYs with CVD

All QALY

Economic outcomes (AU$)
Acute event costs

Chronic costs
Treatment costs

Total healthcare costs

Productivity loss due to morbidity
Productivity loss due to mortality

Total productivity costs

Total cost (healthcare and productivity loss)

44,792
31,103
26,456
165,403
894,123
5,258,075
621,232
3,710,201

1,183,724,361
3,430,269,900
1,189,192,766
5,803,187,027
2,223,715,663
2,708,264,544
4,931,980,206
10,735,167,234

38,826 83,625 (83,170-84,053)

27,671 58,782 (58,458-59,013)

23,748 50,206 (50,143-50,273)

96,636 261,057 (256,109-266,767)

517,451 1,391,003 (1,266,736-1,542,298)

4,291,413 9,528,966 (9,416,423-9,654,043)

345,627 953,828 (513,834-1,159,365)

2,922,696 6,621,509 (5,065,606-7,591,679)
909,647,544 2,088,000,000 (160,907,973-6,094,000,000)
2,146,884,021 5,506,000,000 (145,216,905-24,810,000,000)
728,098,405 1,898,000,000 (33,493,034-10,570,000,000)
3,784,629,971 9,488,000,000 (1,899,000,000-30,450,000,000)
2,979,042,256 5,186,000,000 (221,062,840-16,150,000,000)

1,160,791,684
4,139,833,940
7,924,463,911

3,859,000,000 (213,390,033-20,650,000,000)
9,026,000,000 (663,532,169-33,190,000,000)
18,520,000,000 (4,665,000,000-45,780,000,000)

AUS$ Australian dollars, CVD cardiovascular disease, LL lower limit, MI myocardial infarction, QALY quality-adjusted life year, UL upper limit

3.4 Sensitivity Analyses—Scenario Analyses

We found that changing the discount rate to 0% and varying
the prevalence of CVD and type 2 diabetes by +10% had
the greatest influence on the overall outcomes. Varying the
CVD prevalence by +10% increased the total healthcare and
productivity loss costs to AU$10.07 billion and AU$9.55
billion, respectively, and varying the prevalence of type 2
diabetes by +10% increased the total healthcare and produc-
tivity loss costs to AU$10.12 billion and AU$9.52 billion,
respectively. The remaining scenario analyses had minimal
impact on the results (Table 3).

3.5 Model Calibration and Validation

External validation suggests that our model may overesti-
mate the burden of CVD in type 2 diabetes in Australia.
The AdViSHE checklist is presented in ESM Table 19. Our
model was validated by comparing the model's findings ver-
sus the results reported by the AIHW and Morton et al. study
[12, 39]. Additionally, our findings were compared against
the results of the study by Marquina et al., which estimated
the burden of CVD among Australians [21]. Our model over
predicted non-fatal MI, non-fatal stroke, and CVD death in
primary and secondary prevention. Calibration results are
presented in ESM Table 20.

The CHEERS assessment is presented in ESM Table 21.
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4 Discussion

This study is the first to report the health and economic
impact of CVD among people with type 2 diabetes over the
next decade and the first in the literature to use a multistate
dynamic model, which reflected predicted changes in migra-
tion and death, as well as incident type 2 diabetes over time.

Our findings show that CVD in the type 2 diabetes
population will substantially impact the healthcare system
and society by 2031, in line with recent Australian reports
[62]. Our projections indicate that the combined number of
fatal and non-fatal CVD events experienced by Australians
with type 2 diabetes aged 40-89 years will be 50,204 and
142,392, respectively, between 2022 and 2031.

The model also expected that the total costs among Aus-
tralians with type 2 diabetes, with and without CVD, will
exceed AU$18.66 billion from a societal perspective, with
higher costs in males than in females, which might be due to
more males having type 2 diabetes with and without CVD.

Furthermore, fatal and non-fatal CVD events decreased
over time in males with type 2 diabetes with established
CVD, which might be explained by lower life expectancy
[63].

Our model demonstrated more QALY's and less total costs
in people with type 2 diabetes without CVD compared to
those with type 2 diabetes and CVD (5,730,796 vs 902,101)
and (AU$7.67 billion vs AU$10.78 billion), respectively.
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Table 3 Results of scenario analyses for the total health and economic outcomes for the type 2 diabetes with and without CVD populations over

10 years
Parameter Total non-fatal CVD death  Years of life lived with QALYs experienced with Total healthcare ~ Total productiv-
CVD events CVD and type 2 diabetes CVD and type 2 diabetes costs (AUS) ity loss costs
(AUS$)

Base case 142,392 50,204 1,411,574 966,859 9,587,816,998 9,071,814,146

Removing the age-related 141,219 50,081 1,435,992 983,484 9,687,844,516 9,304,125,243
death trends from cardio-
vascular causes in the type
2 diabetes with established
CVD population

Changing the discount rate 142,392 50,204 1,734,278 1,187,641 11,840,952,113 11,180,344,577
to 0%

Changing the discount rate 142,392 50,204 1,527,310 1,046,044 10,395,095,699 9,827,399,154
to 3%

Changing the discount rate 142,392 50,204 1,467,466 1,005,100 9,977,548,651 9,436,607,948
to 4%

Changing the discount rate 142,392 50,204 1,359,315 931,103 9,223,639,126 8,730,905,131
to 6%

Removing the limit to the 142,392 50,204 1,411,574 966,859 9,587,816,998 9,868,433,664
model time horizon for
future earnings loss due to
premature mortality

Varying CVD prevalence by 143,660 50,829 1,510,684 1,035,084 10,070,780,821 9,552,081,181
+10%

Varying CVD prevalence by 141,343 49,633 1,312,787 898,855 9,108,687,759 8,604,774,813
-10%

Varying type 2 diabetes 140,105 54,386 1,510,055 1,034,585 10,124,201,063 9,524,496,476
prevalence by + 10%

Varying type 2 diabetes 145,176 46,016 1,313,982 899,747 9,060,881,495 8,632,911,405
prevalence by — 10%

Varying type 2 diabetes 144,452 50,989 1,416,423 970,235 9,650,556,023 9,192,557,085
incidence by + 10%

Varying type 2 diabetes 139,424 49,073 1,405,024 962,384 9,502,094,518 8,891,280,301
incidence by — 10%

Varying the 1-year CVD risk 142,392 50,204 1,411,574 966,859 9,587,816,998 9,071,814,146
from the PCE by + 15%

Varying the 1-year CVD risk 142,392 50,204 1,411,574 966,859 9,587,816,998 9,071,814,146
from the PCE by — 15%

Using disutility estimate 142,392 50,204 1,411,574 914,722 9,587,816,998 9,071,814,146
from Keng et al. study

Varying the proportions of 142,392 50,204 1,411,574 966,859 9,774,525,335 9,071,814,146
people receiving non-statin
treatment after a non-fatal
event by + 15%

Varying the proportions of 142,392 50,204 1,411,574 966,859 9,401,108,661 9,071,814,146
people receiving non-statin
treatment after a non-fatal
event by — 15%

Using high-intensity statins 142,392 50,204 1,411,574 966,859 9,435,144,513 9,071,814,146

Using PCSK9 inhibitor 142,392 50,204 1,411,574 966,859 10,058,305,916 9,071,814,146

combined with statin as a
second-line treatment

AUS$ Australian dollars, CVD cardiovascular disease, PCE pooled cohort equation, PCSK9 proprotein convertase subtilisin/kexin type 9, QALY

quality-adjusted life year

Importantly, our findings showed that there will be a signifi-
cant decrease in the total cost of type 2 diabetes and CVD
by 2031 compared to 2022 (AU$834.67 million vs AU$1.46
billion). This is mostly driven by the decrease in the size of
the Australian population with type 2 diabetes and CVD
from 186,753 males and females in 2022 to 166,612 males

and females by 2031. It could also be due to the increased
mortality events (34,924 in 2031 vs 27,040 in 2022). This
is in line with a recent study in Australia that showed that
mortality due to diabetes increased from 2010 to 2016, with
an average of nearly 3% annually [64].
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Results of previous studies are not comparable to our
findings due to expected different approaches to modelling.
Previous studies were based on the simple Markov cohort,
versus a multistate dynamic model in our study. The multi-
state dynamic nature of our model allowed for demographic
variations over time and incidence of type 2 diabetes to
reflect a more realistic picture of CVD burden and projec-
tion of CVD burden in type 2 diabetes in Australia. Addi-
tionally, while in fixed Markov models results are reported
per person, it is a challenge to include per person outcomes
in dynamic models. Previous published dynamic models
[21, 65-69] have only reported the total impact, with an
explanation that every individual in the model has a different
follow-up, and this will not represent true costs per person
over 10 years.

A systematic review by Einarson et al. [70] included
data from 13 countries ranging from less than 1 year to 10
years of follow-up, and revealed that CVD costs contributed
between 20 and 49% of the total healthcare cost of man-
aging type 2 diabetes. The total costs comprised inpatient
and outpatient costs (i.e., emergency department visits,
hospitalization, pharmaceuticals, laboratory, and physician
visits). The same study reported excess costs of CVD of
US$3418-US$9705 per person per year as opposed to those
without CVD in the type 2 diabetes population. Furthermore,
Einarson et al.’s study [70] found that the healthcare cost of
managing CVD due to type 2 diabetes was mostly attributed
to hospital’s resource utilization compared to chronic costs,
which was the key driver in our study. Studies included in
this systematic review [70] were capturing only direct cost of
disease; this in return may largely underestimate the actual
economic burden of CVD in type 2 diabetes. Another sys-
tematic review, by Vaidya et al. [71], included studies from
six countries and revealed that CVD (MlI/stroke) was the
second contributor to the healthcare burden among peo-
ple with type 2 diabetes after end-stage renal disease. The
total healthcare costs (i.e., emergency visits, hospitaliza-
tion, outpatient costs, and prescription medication) ranged
from US$8805 to US$9648 per person with type 2 diabetes
and CVD in the US. However, the Vaidya et al. study [71]
focused on the prevalence of CVD complications in people
with type 2 diabetes rather than new incidence cases.

A study by Straka et al. [72] reported that people with
type 2 diabetes incurred higher direct medical costs for car-
diovascular care during their first hospitalization than those
without type 2 diabetes in the US. The total healthcare costs
in people with type 2 diabetes and CVD over a 3-year fol-
low-up period in Straka et al. was US$16,149 per person.

In Australia, a previous study by Marquina et al. por-
trayed the burden of CVD among general Australians irre-
spective of their diabetes status [21]. Although this study
demonstrates the total burden of CVD in Australians, less
than 10% of the Australians included in the model comprised
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people with type 2 diabetes. Thus, the study did not reflect
the true picture of the health and economic impact of type
2 diabetes. The Marquina et al. study reported 377,754 fatal
cardiovascular events and 991,375 non-fatal cardiovascular
events, compared to 50,204 fatal cardiovascular events and
142,392 non-fatal cardiovascular events, respectively, in our
current study. The reported total costs in the Marquina et al.
study were also higher than in the current study, AU$140.65
billion versus AU$18.66 billion. This is likely reflecting the
higher number of Australians with and without CVD in the
Marquina et al. study compared to only the type 2 diabetes
population in the current study [21]. Of note, Marquina et al.
did not capture the incidence of type 2 diabetes in those ini-
tially without type 2 diabetes. This is essential to designing
strategies focused on CVD complications associated with
management of type 2 diabetes.

Our study, as such will serve as a foundation for future
work to investigate different strategies to optimize the con-
trol of different risk factors for the prevention and treatment
of CVD in Australians with type 2 diabetes using compre-
hensive dynamic models. The dynamic nature of our model
might also help inform the budget impact analysis of future
treatments or prevention programs. It is crucial to allocate
resources efficiently, design strategies focused on type 2
diabetes patients, and aid policy makers and clinicians in
prioritizing interventions to prevent and manage CVD in
type 2 diabetes.

We acknowledge several limitations in our model.
Firstly, clinicians have expressed concerns in relation to
the 2013 PCE-ASCVD algorithm performance for the type
2 diabetes without CVD population, as it has been only
validated among adults aged 40-79 years, and suboptimal
calibration in people 80 years or older may overestimate
the risk [73]. However, the 2013 PCE-ASCVD has been
validated, and demonstrated better performance, in Aus-
tralians with type 2 diabetes, compared to 1991 Framing-
ham, 2008 Framingham, and 2008 office-based Framing-
ham [34] models, and has been recommended in clinical
practice for risk stratification to guide primary prevention
strategies for people with ASCVD [32]. Furthermore, the
current study calibration results revealed that the PCE-
ASCVD performed better against Australian mortality
and incidence rates data. We did not use the Fremantle
diabetes-specific CVD risk equation for Australians, as it
has been validated to predict 5-year CVD risk and was
based on a population from Western Australia only [74].
Additionally, the Fremantle risk equation did not include
smoking, hypertension treatment, or systolic blood pres-
sure as risk factors. In contrast, the 2013 PCE-ASCVD
validation was based on the AusDiab study population, a
national, longitudinal, population-based cohort study in six
Australian states and the Northern Territory, and followed
people for 10 years [34].
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A second limitation is that we used data from the
2011-2012 NHS, where only 313 Australians with type 2
diabetes, aged 40-90 years were available. However, the
NHS data represents the only nationally available sample
population in Australia for these purposes. Another limi-
tation is that we did not consider the equity issues in the
model, such as socioeconomic characteristics. Based on a
recent study, CVD is expected to influence Australians in the
lowest socioeconomic quintile the most [66]. Also a limi-
tation, with regard to the type 2 diabetes with established
CVD population, is that we obtained the CVD risk from the
REACH registry [38], which is limited to 4 years follow-
up only, but the REACH registry is a global registry where
almost 3000 people were enrolled from Australia.

An added limitation is that the proportions of fatal and
non-fatal MI and stroke events among Australians were not
stratified according to age and sex. This may result in an over-
estimation or underestimation of the effects. In addition, it
was difficult to account for employee replacement costs in the
model. However, our model may more accurately reflect the
real-world picture of lost productivity, in which replacement
of employees may not always be possible [75]. In any case,
including this information will further increase the productiv-
ity loss (i.e., overestimate the effect). A seventh limitation is
that the model also did not consider the on-costs for employ-
ees, such as payroll tax and compensation insurance, as these
were difficult to accurately estimate, which may overestimate
the productivity loss (i.e., overestimate the burden). The fact
that the model omits intangible costs and costs associated with
traveling time and spillover effects on families due to disease
burden is another model limitation, which may underestimate
the indirect costs. It is also important to acknowledge that other
lost productivity costs of complications that are associated
with type 2 diabetes, such as retinopathy, nephropathy, and
neuropathy, were not accounted for in the model. Including
this information, however, will only increase the economic
burden of productivity loss. Finally, the performance of our
projection model might lead to different findings depending
on the input variables. For example, when we considered mul-
tiple scenario analyses to account for optimal and suboptimal
risk-factor control, such as varying type 2 diabetes and CVD
prevalence by + 10%, the number of fatal and non-fatal CVD
events and overall costs changed.

5 Conclusion

In conclusion, our analysis provides original insights and pro-
jects nationally representative estimates of CVD’s societal bur-
den among people with type 2 diabetes in Australia between
2022 and 2031.
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