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Aims To quantify the productivity burden of cardiovascular disease (CVD) in type 2 diabetes and the potential benefits of im-
proved CVD risk factor control.

Methods 
and results

We designed models to quantify the productivity burden (using the productivity-adjusted life-year; PALY) of CVD in 
Australians with type 2 diabetes aged 40–69 years from 2023–2032. PALYs were ascribed a financial value equivalent to 
gross domestic product (GDP) per full-time worker (AU$204 167 (€124 542)). The base-case model was designed to quan-
tify the productivity burden of CVD in the target population. Then, other hypothetical scenarios were simulated to estimate 
the potential productivity gains resulting from improved control of risk factors. These scenarios included reductions in sys-
tolic blood pressure (SBP), number of smokers, total cholesterol, and incidence of type 2 diabetes. All future costs and out-
comes were discounted at an annual rate of 5%. In the base-case (i.e. current projections), the estimated total PALYs lost 
due to CVD in type 2 diabetes were 1.21 million [95%CI (1.10–1.29 million)], contributing to an AU$258.93 (€157.94) billion 
[95%CI (AU$258.73–261.69 (€157.83–159.63) billion)] lost in the country’s GDP. If there were reductions in SBP, number 
of smokers, total cholesterol, and incidence of type 2 diabetes, there would be gains of 7,889, 28,971, 7,117, and 320 124 
PALYs, respectively. These improvements would also lead to economic gains of AU$1.72 (€1.05) billion, AU$6.21 (€3.79) 
billion, AU$1.55 billion (€947.33 million), and AU$68.34 (€41.69) billion, respectively.

Conclusion Targeted ‘early lifestyle’ strategies that can prevent CVD in Australians with type 2 diabetes are likely to positively impact 
Australian health and work productivity.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Lay summary This study aimed to assess the productivity burden of cardiovascular disease (CVD) in individuals with type 2 diabetes and 

the potential benefits of improving the control of CVD risk factors. We developed models to estimate the productivity bur-
den using a measure called productivity-adjusted life-years (PALY). We assigned a financial value to PALYs based on the 
country’s gross domestic product (GDP) per full-time worker.

The base-case model showed that the estimated total PALYs lost due to CVD in type 2 diabetes were 1.21 million (95%CI 
(1.10–1.29 million), contributing AU$258.93 (€157.94) billion (95%CI (AU$258.73–261.69 (€157.83–159.63) billion) lost in 
the country’s GDP.
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distribution, and reproduction in any medium, provided the original work is properly cited.
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We also simulated hypothetical scenarios to explore the potential gains from reducing risk factors. We found that reduc-
tions in systolic blood pressure (SBP), smoking rates, total cholesterol, and the incidence of type 2 diabetes could lead to 
gains of 7,889, 28,971, 7,117, and 320 124 PALYs, respectively. These improvements would also result in economic gains 
of AU$1.72 (€1.05) billion, AU$6.21 (€3.79) billion, AU$1.55 billion (€947.33 million), and AU$68.34 (€41.69) billion, re-
spectively.

Targeted strategies focusing on early lifestyle interventions to prevent CVD in individuals with type 2 diabetes can have a 
positive impact on both health outcomes and work productivity in Australia.
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Graphical Abstract

The Reduction of the Productivity Burden of Cardiovascular Disease by Improving the Risk Factor Control Among Australians with Type 2 
Diabetes: A 10-Year Dynamic Analysis.

Keywords Cardiovascular disease • Diabetes • Productivity • Economics • Health • Projection

Introduction
Diabetes prevalence is rising among younger adults, driven by increasing 
obesity rates, where the lifetime burden of diabetes is also greater due 
to the longer lifespans.1 Type 2 diabetes (T2D) is an independent risk 
factor for several forms of cardiovascular disease (CVD), affecting 
32.2% of the type 2 diabetic patients.2,3

Recently, there has been a growing interest in examining how 
health conditions affect work productivity at the population level.4

Our group previously assessed the productivity burden attributable 
to diabetes, utilizing a novel measure known as the productivity- 
adjusted life-year (PALY).4 PALYs have been developed to account 

for years of life lived adjusted for productivity loss attributed to dis-
eases or complications.

Numerous studies on PALY and diabetes among working-age popula-
tions have shown varying results across different countries.5–10 For instance, 
in Australia, diabetes is projected to reduce PALYs by 791 428 (11.1%), con-
tributing to an AU$80 billion decline in gross domestic product (GDP).5

However, data examining the impact of CVD as a complication of diabetes 
on work productivity are lacking. Moreover, as T2D progresses gradually, 
the benefits of enhancing risk factor control build up over decades.

In a study utilizing the Swedish National Diabetes Register,11 authors 
analyzed data from 29 471 individuals with T2D who did not have CVD, 
each with at least five measurements of risk factors over three years. The 
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study assessed the incidence of myocardial infarction (MI), stroke, and all- 
cause mortality over an average follow-up of 4.8 years, revealing signifi-
cant associations between the variability of haemoglobin A1C, body 
weight, systolic blood pressure (SBP), and total cholesterol with cardio-
vascular outcomes. Notably, individuals with high variability in both body 
weight and blood pressure exhibited the highest risk (hazard ratio 
(HR) = 1.81) compared to those with low variability. Similarly, a study 
conducted in the Netherlands12 assessed 2011 individuals with CVD 
from the Utrecht Cardiovascular Cohort, who were re-evaluated after 
10 years. Those maintaining a persistently healthy lifestyle had lower risks 
of cardiovascular mortality (HR = 0.57) and incident T2D (HR = 0.46) 
compared to those with a persistently unhealthy lifestyle. Also, people 
who improved their lifestyle also experienced reduced risks for cardio-
vascular mortality (HR = 0.46) and incident T2D (HR = 0.50).

Implementing strategies to improve risk factor control often requires 
substantial upfront investments. Therefore, evaluating the long-term 
value of improved risk factor control is crucial for decision-making, 
especially when healthcare resources are limited.

In the current study, we adapted a validated model published by our 
group,13 designed to estimate the future burden of CVD among 
Australians with T2D using dynamic population modelling. Using this 
approach, we quantified the long-term nationwide productivity burden 
of CVD and the potential benefits of improved control of CVD risk fac-
tors in people with T2D. We focused on measuring the impact in terms 
of PALYs from 2023 to 2032.

Methods
Model structure
We adapted a previously validated model of CVD in T2D13 to quantify the 
burden of CVD in terms of years of life lived and PALYs for Australians with 
T2D. Age- and sex-specific models were developed for Australians aged 
40–69 years from 2023 to 2032, applying yearly cycles. The models were 
dynamic in that they accounted for people entering and leaving the simula-
tion over the ten years (deaths, immigration and emigration, and incident 
T2D). The assumed retirement age in Australia was 69 years, as per 
Australian labor statistics.14 Therefore, individuals enter the models at 
age 40 and exit at age 70, representing the working-age population. The 
starting age of 40 was chosen based on our previous model, which focused 
on capturing the CVD burden in individuals aged 40 to 89 with T2D (19). 
Additionally, this age range was identified as experiencing the most signifi-
cant economic impact due to T2D. Data indicate that T2D affects 3.1% 
to 9.2% of people aged 40–59 years.15

As described in our previously published study,14 we built the current 
model based on the published model from that work. In the present study, 
two-stage dynamic multistate Markov models were developed using 
Microsoft Excel to estimate the burden of CVD among Australians with 
T2D in terms of PALYs, utilizing yearly cycles. The models tracked indivi-
duals for a period of 10 years, following them until their death or until 
they reached 70 years of age within the simulation. The models accounted 
for both incident and recurrent non-fatal cardiovascular events (such as MI 
and stroke), as well as mortality from cardiovascular and non-cardiovascular 
causes among individuals with T2D, with and without established CVD.

Individuals aged 40–69 years with T2D and no prior CVD were assumed 
to enter the ‘Alive with T2D without established CVD’ health state. Within 
this state, individuals could experience non-fatal or fatal cardiovascular 
events, leading them to transition to the ‘Alive with T2D with established 
CVD’ or ‘Dead’ health state. The half-cycle corrections were applied in 
the models between years.

Based on our published model,13 the base-case analysis was designed to 
quantify the burden of CVD in T2D in terms of PALYs lost using real-world 
estimates from the Australian National Health Survey (NHS) (2011/12).16 A 

detailed description of the model was provided previously.13 Briefly, the risk 
of incident CVD among individuals with T2D was calculated using the 2013 
Pooled Cohort Equation-Atherosclerotic Cardiovascular Disease (PCE- 
ASCVD),17 which estimates the 10-year absolute rate of incident CVD. The 
PCE-ASCVD equation incorporates risk factors (sex, age, smoking status, 
SBP, diabetes status, hypertension treatment status, total cholesterol, and high- 
density lipoprotein cholesterol levels (HDL)). We parameterized the model 
using risk estimates from the Australian NHS.16 The rate of recurrent CVD 
events in individuals with T2D and established CVD was derived from the 
Reduction of Atherothrombosis for Continued Health (REACH) registry.18

Subsequently, we repeated the simulation under various hypothetical 
scenarios that reflected potential health and productivity benefits resulting 
from improved control of risk factors. Improvements in risk factor control 
in all scenarios were assumed to be permanent throughout the models’ 
time horizons. Detailed descriptions of model inputs and data sources 
are provided in Supplementary material online, Tables S1 to S7.

Intervention scenarios of improved risk factors control (i.e. all effects of risk 
factor modifications applied in this study were performed via the PCE-ASCVD al-
gorithm, except for the scenario involving the incidence of diabetes): 

• Cohort 1 (scenario 1): Using the PCE-ASCVD algorithm, the model as-
sumed a 17% reduction in SBP based on a meta-analysis of randomized clin-
ical trials (RCTs) conducted by Aggarwal et al. in 2018.19 The study 
demonstrated that intensive SBP-lowering significantly lowered the rate 
of CVD outcomes. The reduction in SBP was applied to individuals whose 
original levels were above the guideline-recommended threshold (>130/ 
80 mmHg).20 This simulated intervention effect is larger than that achieved 
through lifestyle interventions,21 representing a realistic change that could 
be achieved across the treatment cascade. Acknowledging that the thresh-
old for SBP can vary between countries and change over time, and driven by 
the guideline recommendation for the thresholds,20 our models used the 
thresholds of SBP ≤130 mmHg. For example, if an individual’s SBP level 
was initially 150 mmHg (>130 mmHg, guideline threshold), it was adjusted 
to 124.5 mmHg (i.e. 17% reduction). On the other hand, a person with an 
SBP of 129 mmHg (≤130 mmHg, guideline threshold) was assumed to be 
unaffected by the intervention. Further description of Aggarwal et al. in 
2018 is provided in Supplementary material online, Table S6.

• Cohort 2 (scenario 2): Using the PCE-ASCVD algorithm, the model as-
sumed a 19% reduction in the number of smokers. This reduction was 
based on findings from a retrospective analysis of prospectively collected 
data from 8770 individuals without CVD in the Framingham Heart 
Study.22 The study highlighted that among heavy smokers, quitting smok-
ing was associated with a significantly lower risk of CVD within 5 years 
compared to current smokers (see Supplementary material online, 
Table S6).

• Cohort 3 (scenario 3): The model assumed a 58% reduction in the inci-
dence of T2D, based on an RCT conducted by Knowler et al. in 2002 in a 
cohort receiving a lifestyle modification program.23 This large study was 
chosen because it was conducted among ethnically and culturally diverse 
populations. Furthermore, unlike a previous study that did not demon-
strate the effectiveness of diabetes medications for prevention,24

Knowler et al. reported that metformin was effective in preventing dia-
betes, although to a lesser extent than the lifestyle intervention. In the 
model, 58% of individuals who did not develop incident diabetes were 
replaced by healthy individuals. To account for the higher productivity 
observed in the healthy population, productivity indices were increased 
accordingly.25,26 It is important to note that the incidence of T2D is not a 
parameter of the PCE-ASCVD algorithm, but it was added to each year 
in our dynamic model to account for new cases of diabetes13 (see 
Supplementary material online, Table S6).

• Cohort 4 (scenario 4):

Using the PCE-ASCVD algorithm, the model assumed a 39 mg/dL reduc-
tion in total cholesterol, based on a meta-analysis that estimated the efficacy 
of statin therapies in 18 686 individuals with diabetes at high risk of vascular 
events.27 The study included 14 RCTs by the Cholesterol Treatment 
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Trialists’ (CTT) Collaborators over a follow-up period of 4.3 years. The 
study demonstrated that there was a significant 21% proportional reduc-
tion in major vascular events per mmol/L reduction in LDL cholesterol in 
people with diabetes. This study was selected as it was identified as the 
best meta-analysis of all available data, providing more reliable information 
about the effects of statins on vascular outcomes in people with diabetes 
(see Supplementary material online, Table S6).

Outcomes
The key outcomes were to (i) quantify the burden of CVD in people with 
T2D in terms of PALYs experienced and (ii) estimate the potential product-
ivity benefits that could be achieved by improving CVD risk factor control 
over 10 years from 2023 to 2032. These outcomes reflected differences in 
the years of life lived, differences in PALYs gained through improved CVD 
risk factor control in hypothetical scenarios, and costs of PALYs in terms of 
GDP. All results were presented as discounted values, with an annual dis-
count rate of 5%, following the recommendation of the Australian 
guidelines.28

Productivity indices
To calculate the productivity indices for all generated cohort groups, the to-
tal number of working days missed in a year, including absenteeism, present-
eeism, and workforce dropouts, was determined as a percentage of the 
maximum working days in a year for individuals aged 40 to 69 years. 
PALYs were then estimated by multiplying the years of life lived by the 
productivity indices. The productivity index ranges from 0 (indicating no 
productivity) to 1 (indicating full productivity) and considers the reduced 
work productivity resulting from absenteeism, workforce dropouts, and 
presenteeism.

Absenteeism
The number of days absent from work per year due to MI and stroke in in-
dividuals with T2D was obtained from Sørensen J and Jon Ploug.29 In the 
first year, people with T2D experienced 92 absent days from work due 
to MI, and in the subsequent years, they experienced 56 days. In relation 
to stroke, they experienced 125 absent days in the first year and 71 days 
in the following years. In comparison, individuals without MI or stroke 
had 38 absent days in both the first and subsequent years.

Presenteeism
The number of days of unproductive time at work in people with T2D with 
and without CVD was obtained from Goetzel et al.25 Individuals with T2D 
and CVD experienced an average of 7 days of unproductive time at work 
per year. It is important to note that Goetzel et al. reported the unproduct-
ive time separately for people with CVD and T2D. Therefore, the average 
of both diseases was considered in this study.

Workforce dropout
The model assumed that 9% and 38% do not return to work after MI and 
stroke events, respectively. In addition, the mean time to return to work 
after an MI was 60.34 days30 and 61 days after a stroke.31 As data on early 
retirement for people with T2D were not available, it was assumed to be 
similar to the general Australian population.

In the current models, labor force participation was considered to adjust 
the total number of PALYs. This included employed and unemployed indi-
viduals, and those not in the labor force (see Supplementary material online, 
Table S7). The total number of working days per year for a full-time worker 
was assumed to be 240, considering that full-time workers typically work 
five days a week (40 h per week) and take four weeks of annual leave 
each year. Therefore, the productivity index was calculated by subtracting 
the days absent from work or unproductive time at work from the number 
of days worked in a year (i.e. 240 days), divided by the number of days 
worked in a year (i.e. 240 days). PALYs were calculated by multiplying 

the years of life lived by the productivity indices and then adjusted based 
on workforce participation in different age groups and sexes.

To determine the total economic value, the PALYs generated in each 
year of the models were multiplied by the GDP for a full-time worker 
for that particular year. To predict the future GDP per hour worked, we 
used trend data from the Australian Bureau of Statistics for GDP per 
hour worked from 1975 to 2018.32 GDP per full-time worker was then cal-
culated by multiplying GDP by the number of working hours in a year for a 
full-time worker (i.e. 40 h multiplied by 48 weeks).33 Using labor force par-
ticipation data and the mean hours worked by age and sex, we estimated 
the proportional number of equivalent full-time (EFT) workers in each 
age group and sex category, assuming that full-time workers work 40 h 
per week. The value of PALY ranged from AU$204 167 (€124 542) in 
2023 to AU$224 892 (€137 184) in 2032.

Sensitivity analyses
Probabilistic sensitivity analyses (PSA) to further explore the uncertainty 
around base-case key model inputs were conducted. The PSA involved 
modifying the parameter values to the lower and upper bounds of their 
confidence intervals (CIs), using 10 000 iterations of a Monte Carlo simula-
tion. For parameters where CIs were not available, we assumed a 10% 
standard error around the mean. We assigned uncertainty ranges to the 
base-case values of the proportions of CVD events for the T2D populations 
with and without prior CVD, the transition probabilities for recurrent 
events in T2D, and the productivity indices. The PSA was performed using 
the @Risk-7.5® software (Palisade Corporation, NY, US). The key input 
parameters and their respective probability distributions are detailed in 
Supplementary material online, Table S8. In addition, sensitivity analyses, 
in terms of scenario analyses, were conducted to explore the impact of 
key input data on years of life lived, PALYs, and associated costs. These ana-
lyses included using the upper bound estimate for absent days reported by 
Sørensen J and Jon Ploug,29 assuming a constant GDP over time, reducing 
the annual discount rate to 3% applied to costs and outcomes as recom-
mended by the World Health Organization,34 and reducing the incidence 
of T2D by 29%.35 The 29% reduction in T2D incidence was based on a 
meta-analysis of real-world diabetes prevention programs, which estimated 
the effect of a wide-scale lifestyle modification program on diabetes inci-
dence in people with prediabetes or diabetes risk factors. The 29% of peo-
ple who did not develop incident diabetes were replaced by healthy people, 
and consequently, higher productivity indices were considered.25,26

Model validation and calibration
The model was validated to ensure that assumptions and inputs were con-
sistent with the current literature and that results were robust to variation 
in key parameters. The validity of the model was examined using the 
Assessment of the Validation Status of Health-Economic decision models 
(AdViSHE) and TECHnical VERification (TECH-VER) validation tools.36,37

Independent checks were also performed in the Excel sheet to detect 
any modelling errors to emphasize the face validity of the modelling ap-
proach and data sources. We also calibrated the dynamic model using inci-
dence rates of fatal and non-fatal cardiovascular events in the Australian 
population. Data on the incidence rates of non-fatal MI and non-fatal stroke 
in Australians with T2D were obtained from Morton et al.38 Data on the 
incidence rates of CVD death for T2D were based on the 2021 
Australian Bureau of Statistics.39 Calibration ratios were then applied to 
the model.

Results
Years of life lived
In the base case, between 2023 and 2032, the projected total years of 
life lived in the population with T2D with first and recurrent CVD were 
4 998 019 (95%CI (4 944 693–5 050 731). The predicted years of life 
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lived were higher in males (2 797 332) than in females (2 200 688). 
Within a 10-year time horizon, implementing a 17% reduction in SBP 
and a 19% reduction in number of smokers resulted in gains of 30  
508 and 106 877 years of life lived, respectively. When considering a 
58% reduction in the incidence of T2D, the model projected a gain 
of 43 767 years of life lived. Also, when considering a 39 mg/dL reduc-
tion in total cholesterol, the model predicted an additional year of life 
lived of 74 455. Table 1 summarizes the total years of life lived over 
ten years in all cohort groups.

PALYs and GDP
In the base case, the estimated total PALYs lost were 1.21 million (95% 
CI (1.10–1.29 million), contributing to an AU$258.93 (€157.94) billion 
(95%CI (AU$258.73–261.69 (€157.83–159.63) billion) lost in the coun-
try’s GDP. The estimates were also higher in males than females, with 
797 768 PALYs vs. 414 073 PALYs. If there were a 17% reduction in 
SBP and a 19% reduction in smoking numbers, there would be gains 
of 7889 and 28 971 PALYs, respectively. These reductions would also 
result in economic gains of AU$1.72 (€1.05) billion and AU$6.21 
(€3.79) billion, respectively. Additionally, reducing the incidence of 
T2D by 58% would project gains of 320 124 PALYs, accompanied by 
economic gains of AU$68.34 (€41.69) billion. Also, when considering 
a 39 mg/dL reduction in total cholesterol, the model predicted an add-
itional PALYs of 7117 with additional economics of AU$1.55 billion 
(€947.33 million).

Tables 2 and 3 summarize the PALYs and the broader economic 
costs for the Australian population over the next decade in all cohort 
scenarios.

Granular results in people with first CVD, recurrent CVD, and total 
population (first and recurrent), stratified by sex, are provided in 
Supplementary material online, Tables S9 to S17.

Sensitivity analysis
Detailed results of PSA are provided in Table 4.

Compared to the base-case, increasing the number of absent days in 
line with the upper bound value of absent days reported by Sørensen J 
and Jon Ploug (35) resulted in a loss of 786 322 PALYs and AU$168 bil-
lion in GDP (i.e. 65%). When no temporal growth in GDP was consid-
ered, there was a decrease of AU$25 (€15) billion in GDP compared to 
the base-case (i.e. 10%). Conversely, when the annual discount rate was 
reduced to 3%, there was an increase of AU$22 (€13) billion in GDP 
compared to the base case (i.e. 9%). Also, when assuming reducing in-
cidence of T2D by 29%, there was an increase of 152 127 PALYs and 
AU$32 (€20) billion in GDP compared to the base-case (i.e. 11%). 
The results of the scenario analyses are summarized in Table 5.

Model validation and calibration
External validation suggests the model may overestimate the burden of 
CVD in T2D in Australia. The authors compared the model’s findings to 
national results reported by the Australian Institute of Health and 
Welfare,40 Morton et al.38 and Marquina et al.41 This comparison indi-
cated the model overestimated non-fatal MI, non-fatal stroke, and CVD 
death in people with diabetes at risk and with CVD. The detailed results 
of calibration were previously published.13 Validation of model check-
lists are presented in Supplementary material online, Table S18.

Discussion
To our knowledge, this is the first study to predict long-term product-
ivity and economic consequences in terms of PALYs in people with 
CVD and T2D. The findings of our study highlight the impact on prod-
uctivity attributable to T2D with first and recurrent CVD in Australia, 
as well as the potential gains attainable from improved control of risk 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Total years of life lived in an Australian cohort with type 2 diabetes with first and recurrent CVD and the impact 
of improved risk factor control (estimates for the total population)

Year 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 Sum  
(2023–32)

Base-casea 605 766 583 281 559 722 533 958 509 251 484 473 461 276 440 261 419 876 400 155 4 998 019

Cohort 1 (scenario 1) 605 766 584 033 561 109 535 778 511 464 486 881 465 980 446 709 425 554 405 254 5 028 528
Difference (cohorts  

base-case and 1)
— 751 1387 1820 2213 2408 4703 6448 5678 5099 30 508

Cohort 2 (scenario 2) 618 134 595 442 571 017 545 108 520 104 495 141 471 537 450 221 429 658 408 533 5 104 896
Difference (cohorts  

base-case and 2)
12 368 12 161 11 295 11 150 10 853 10 669 10 260 9960 9782 8378 106 877

Cohort 3 (scenario 3) 623 679 589 298 564 846 538 516 513 481 488 412 464 951 443 703 423 123 391 776 5 041 786
Difference (cohorts  

base-case and 3)
17 913 6017 5123 4558 4230 3940 3675 3442 3247 (8378)b 43 767

Cohort 4 (scenario 4) 606 121 584 578 562 609 539 250 516 534 494 086 472 625 452 111 432 039 412 523 5 072 475
Difference (cohorts  

base-case and 4)
355 1297 2887 5292 7282 9614 11 348 11 850 12 162 12 368 74 455

Cohort 1 (scenario 1): the model assumed a 17% reduction in systolic blood pressure (SBP). 
Cohort 2 (scenario 2): the model assumed a 19% reduction in the number of smokers. 
Cohort 3 (scenario 3): the model assumed a 58% reduction in the incidence of type 2 diabetes. 
Cohort 4 (scenario 4): the model assumed a 39 mg/dL reduction in the total cholesterol. 
aBase-case: original model with original estimates from the National Health Survey without any adjustment in risk factors. 
bNumbers between brackets represent negative findings.
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factors. During a 10-year analysis among Australians aged 40 to 69 
years, the projected total years of life lived in the population with 
T2D with first and recurrent CVD (i.e. the base-case) were 4 998  
019. This resulted in 1.21 million PALYs lost, contributing to an 
AU$258.93 (€157.94) billion decline in the country’s GDP. Our findings 
also revealed that if there were reductions in SBP, number of smokers, 
total cholesterol, and incidence of T2D, there would be gains of 7,889, 
28,971, 7,117, and 320 124 PALYs, respectively. These improvements 
would also result in economic gains of AU$1.72 (€1.05) billion, 
AU$6.21 (€3.79) billion, AU$1.55 billion (€947.33 million), and 
AU$68.34 (€41.69) billion, respectively. These results highlight the 
need for increased primary preventive efforts at the population level.

While there are no directly comparable studies to ours, our findings 
align with several other studies conducted by our group assessing the 
impact of overall diabetes on productivity using the PALY, including 
Australia,5,10 India,8 Bangladesh,6 China,7 and South Africa,9 noting 
the variations in the age structures of populations with CVD due to dia-
betes among countries.

In Australia, using a dynamic model, it was projected that preventing 
diabetes led to Australians achieving 87 million PALYs, amounting to 
AU$18.0 trillion to the country’s GDP over the next decade.10 In another 
study, it was projected that diabetes would reduce PALYs lived by 
working-age Australians by 791 428 (or 11.1%), contributing to an 
AU$80 billion decline in GDP.5 However, neither study measured the 
productivity burden of CVD with T2D, or explored hypothetical scenarios 
focusing on the potential gains from improved control of CVD risk factors.

Compared to the published study by Magliano et al., the current 
study has several key differences and advantages. First, the current 
study used a dynamic model that accounted for the future incidence 
of diabetes, migration, and mortality cases each year, reflecting a 
more realistic picture of the burden of CVD in T2D In contrast, the 
Magliano et al. study used a life-table model with fixed cohort popula-
tions. Second, the current study incorporated a 5% discount rate for 

long-term outcomes, while Magliano et al. did not report results using 
discounting rates as per Australian guidelines. This is important to en-
sure that models reflect the true value of future outcomes over time. 
The current model also accounted for differences in workforce drop-
out, which were not considered in the Magliano et al. study. Excluding 
early exit from the workforce may have led to an underestimation of 
the true burden of diabetes in the previous study. Furthermore, the 
current study used temporal GDP per EFT worker projections 
for Australia ranging from AU$204 167 (€124 542) in 2023 to 
AU$224 892 (€137 184) in 2032, whereas Magliano et al. used a con-
stant GDP of AU$100,000, which may have also underestimated the 
true burden of diabetes. Additionally, the Magliano et al. study esti-
mated the burden of diabetes using baseline data for 2011, while the 
current study projected the burden from 2023 to 2032. This difference 
in timeframe provides further insights into the evolving productivity 
burden of CVD among Australians with T2D.

Among the Chinese population (i.e. 20–49 years in females and 
20–59 years in males), individuals with diabetes were predicted to ex-
perience a loss of 75.8 million PALYs, resulting in a US$2.6 trillion de-
cline in GDP.7 These results are not comparable to ours due to a 
non-dynamic closed cohort model that focuses on Australians aged 
40 to 69 years only. However, like our current study, the absolute num-
ber of PALYs lost was higher in males, reflecting higher prevalence of 
diabetes and higher retirement age in China.

In a similar study, by Banker et al., the productivity of the Indian popu-
lation, with diabetes, aged 20–59 years, was examined.8 Having diabetes 
was projected to lead to a loss of 89 million PALYs, equivalent to 
US$2.6 trillion in lost GDP. Results are not comparable to ours given 
a broader retirement age range (working lifespan of 20–59 years) 
and an assumed constant GDP over time. In addition, like in the 
China study, the use of a non-dynamic model prevented the ability to 
account for variations in the population over time, including deaths, mi-
gration, and incident T2D.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Total productivity-adjusted life-years in an Australian cohort with type 2 diabetes with first and recurrent 
CVD and the impact of improved risk factor control (estimates for the total population)

Year 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 Sum  
(2023–32)

Base-casea 146 705 141 053 135 295 129 173 123 303 117 445 111 964 107 023 102 251 97 627 1 211 841

Cohort 1 (scenario 1) 146 746 141 276 135 748 129 789 124 049 118 254 113 100 108 409 103 530 98 830 1 219 731
Difference (cohorts  

base-case and 1)
41 222 453 616 745 809 1135 1386 1279 1204 7889

Cohort 2 (scenario 2) 149 678 144 013 138 199 132 154 126 291 120 420 114 875 109 870 105 050 100 263 1 240 812
Difference (cohorts  

base-case and 2)
2973 2960 2903 2980 2987 2975 2910 2847 2798 2636 28 971

Cohort 3 (scenario 3) 189 506 178 467 170 855 162 963 155 425 147 977 140 995 134 632 128 511 122 634 1 531 965
Difference (cohorts  

base-case and 3)
42 800 37 414 35 560 33 789 32 122 30 533 29 030 27 609 26 259 25 007 320 124

Cohort 4 (scenario 4) 146 762 141 155 135 543 129 692 124 023 118 437 113 134 108 168 103 357 98 687 1 218 958
Difference (cohorts  

base-case and 4)
57 102 248 518 719 992 1170 1145 1105 1061 7117

Cohort 1 (scenario 1): the model assumed a 17% reduction in systolic blood pressure (SBP). 
Cohort 2 (scenario 2): the model assumed a 19% reduction in the number of smokers. 
Cohort 3 (scenario 3): the model assumed a 58% reduction in the incidence of type 2 diabetes. 
Cohort 4 (scenario 4): the model assumed a 39 mg/dL reduction in the total cholesterol. 
aBase-case: original model with original estimates from the National Health Survey without any adjustment in risk factors.
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Afroz et al.6 for the Bangladeshi population of working age (20–59 
years) with diabetes, reported in their study a loss of 9.2 million 
PALYs attributable to diabetes, corresponding to a total of US$97.4 bil-
lion in lost GDP. Again, these results are not comparable to ours due to 
the longer working lifespan and that the Afroz et al. model was non- 
dynamic and assumes that people with complications due to diabetes 
are as productive as those without diabetes.

From South Africa, Hellebo et al.9 have recently estimated a 13 mil-
lion lost PALYs with T2D. Here, similar to other studies,5–8 the gener-
alizability of results is limited by the use of a non-dynamic model and a 
retirement age range that is different.

Another study, from Germany, projected that by 2040, 5.5 million 
Germans with T2D will experience a loss of 15.4 million PALYs until 
the retirement age of 69.42 This, however, also included the working-age 
population of 20 to 40 years, which was not accounted for in our model, 
and it did not incorporate the discounting of future outcomes.

Despite evidence indicating that females experienced a higher pro-
portion of productivity losses due to labour force participation drop-
outs (70.4% vs. 40.0%) and presenteeism (3.7% vs. 2.8%) compared 
with males,43 our model shows that males experienced greater 
PALYs burden over their working lifetime compared to females 

(were 797 768 vs. 414 073). This difference may be attributed to the 
higher prevalence of CVD due to diabetes and the higher labour force 
participation with males in Australia, added to the dynamic nature of 
our model, which demonstrates a decrease in the size of the 
Australian population with T2D and CVD in females compared to 
males over time.

Clinicians have expressed some concerns about the performance of 
the 2013 PCE-ASCVD risk algorithm for the population with T2D with 
no prior CVD. This is because the algorithm was only validated in adults 
aged 40–79 years, and its calibration may be suboptimal for those aged 
80 or older, potentially resulting in overestimation of risk in this group.44

However, the 2013 PCE-ASCVD has been validated in Australians with 
T2D and demonstrated better performance compared to the 1991 
Framingham, 2008 Framingham, and 2008 office-based Framingham 
risk models. It has been recommended for use in clinical practice to 
guide primary prevention strategies for ASCVD in this population.

The authors’ own calibration results13 further indicated the 
PCE-ASCVD performed well against Australian mortality and incidence 
data. The authors chose not to use the Fremantle diabetes-specific 
CVD risk equation, as it was only validated for 5-year risk prediction 
and was based on a regional Western Australian population. 
Additionally, the Fremantle equation did not include important risk fac-
tors such as smoking, status of hypertension treatment, and systolic 
blood pressure. In contrast, the PCE-ASCVD validation was based on 
the national, longitudinal AusDiab study population across several 
Australian states and territories, with 10-year follow-up. For the first 
stage microsimulation model, the authors also used data from the 
Australian NHS, which provided a nationally representative sample of 
313 Australians with T2D aged 40–90 years. Note, while there is 
more recent 2022 NHS data,45 it did not collect blood biomarkers, 
making it unsuitable for our study.

Using PALYs as a measure of productivity is a significant strength of 
our study. PALYs consider individual health conditions and the societal 
impact by linking health states to productivity levels. To reflect the eco-
nomic cost associated with each PALY, we utilized country-specific 
GDP per EFT worker. GDP provides a comprehensive societal per-
spective and is widely used to assess a country’s economic well-being 
from a human capital approach. Another strength of our study lies in 
the dynamic nature of our model, which allowed for a more realistic 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 4 Results of probabilistic sensitivity analyses for 
the base-case model for the total population (type 2 
diabetes with and without CVD populations over 10 
years)

Outcome Total, Mean (LL and UL  
of uncertainty range)

Years of life lived 4 997 829  

(4 944 693–5 050 731)
Productivity-adjusted life-year 1 209 930  

(1 102 266–1 289 943)

Cost of productivity-adjusted 
life-year (AU$)a

259 154 991 008 (258 729 946  
010–261 689 490 592)

LL, lower limit; UL, upper limit. 
aThe 2024AU$/€ exchange rate is AU$1 = €0.61.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 5 Scenario analyses in total population over 10 years

Years of life lived Productivity-adjusted  
life-years

Cost of productivity-adjusted  
life-years (AU$)a

Base-caseb

Base-case 4 998 019 1 211 841 258 925 193 480

Using the upper bound estimate for absent days
Base-case 4 998 019 425 519 90 917 528 000
Assuming a constant GDP over time
Base-case 4 998 019 1 211 841 233 465 292 773

Reducing the annual discount rate to 3%
Base-case 5 417 932 1 313 841 281 194 621 240

Reducing the incidence of T2D by 29%
Base-case 4 966 454 1 363 968 $291 394 312 870

aThe 2024AU$/€ exchange rate is AU$1 = €0.61. 
bBase-case: original model with original estimates from the Australian National Health Survey without any adjustment in risk factors, GDP: gross domestic product T2D: type 2 diabetes.
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projection of CVD in people with T2D. Furthermore, our study bene-
fited from the robustness of the data sources used, which are Australian 
age- and sex-specific. Additionally, we parameterized the model using 
data from large RCTs and real-world population-based studies.

However, our study has several limitations that need to be acknowl-
edged. The data sources used in our analysis were not specific to the 
Australian population. The reductions in SBP, number of smokers, total 
cholesterol, and incidence of T2D were based on evidence from inter-
national studies, as these were identified as the best available evidence 
for estimating the effect of interventions on diabetes and CVD events. 
This is due to the lack of high-quality Australian RCTs on these risk fac-
tors among people with T2D. Despite using the best available evidence, 
there is a need for future Australian-focused research to validate and 
build upon our estimates. This would help ensure the study results 
are more directly applicable to the Australian setting. The results of 
our study may be underestimated since the model only considered 
Australians aged 40 to 69 years with T2D. However, the model was 
adapted from a previously published model, which started at 40 to 
89 years, assuming that at age 40, CVD risk increases. Also, the 
Australian NHS data we used only included individuals aged 40 and 
above, making it difficult to incorporate those aged 20 to 39 years. In 
addition, T2D and CVD are both relatively uncommon in people under 
the age of 40. As a result, the overall impact or burden of these condi-
tions within the younger adult population is likely to be minimal.46 Also, 
the models assumed and simulated sustained improvements in risk fac-
tor control throughout the model time horizon. This assumption may 
oversimplify the reality, as sustained improvements may be unrealistic 
for some individuals due to factors such as genetic predisposition and 
environmental factors. Another limitation is that we did not stratify 
our cohorts based on level of education and income level due to the 
small population size included in the microsimulation phase of the pub-
lished model.13 Moreover, exercise levels are not incorporated as a part 
of the PCE equation. Additionally, data in relation to these factors were 
not available from the NHS. However, our previous work has shown 
that CVD is expected to have the greatest impact on individuals in 
the lowest socioeconomic group in Australia.47 Also, while lowering 
body mass index may reduce CVD risk through improved glucose con-
trol, we did not have access to data on overweight status and its man-
agement from the NHS dataset used in our analysis. As such, we were 
unable to incorporate the potential impact of overweight management 
on CVD outcomes in our current model. In addition, the mean popu-
lation levels of SBP, HDL-cholesterol, and smoking status, obtained 
from the NHS, may have changed since 2012. Another limitation is 
that the model did not account for potential adverse outcomes. 
Intensive reduction in SBP, for example, may lead to adverse complica-
tions such as hypotension. However, we assumed that the proportion 
of individuals experiencing such complications would be low and that 
this would only marginally affect our findings. Furthermore, the PALY 
metric, and the resulting cost calculations, can be sensitive to the meth-
od used. Indeed, there is no single universally accepted valuation meth-
od for estimating productivity, and different approaches may yield 
different PALY values.48 Our model utilized the human capital ap-
proach, which estimates the cost of PALYs based on GDP per full-time 
worker. This approach is relatively straightforward given the availability 
of GDP and workforce participation data, and it is a comprehensive 
method that captures the overall economic performance of a country. 
Moreover, it is a well-established and standardized method across 
countries, allowing for international comparisons, and many decision- 
makers are familiar with this approach. However, it has its own limita-
tions as GDP is generated through various means beyond just human 

labour. There are alternative methods, such as using salary estimates 
to reflect both personal income and tax revenue, which could also be 
considered. We recommend reporting PALYs as absolute values, ra-
ther than in ratio calculations, to avoid the potential for double counting 
of costs.4 Additionally, other productivity estimation approaches, such 
as the friction cost and the Washington Panel methods, have their own 
limitations. The friction cost approach only considers productivity 
losses during the ‘friction period’, which is the time it takes to replace 
a worker who is absent or unable to work due to illness. This method 
does not account for the long-term productivity losses that may occur 
beyond the friction period. As a result, the friction cost approach may 
lead to an underestimation of the true productivity costs associated 
with disease. The Washington Panel approach incorporates productiv-
ity losses into quality of life measures, rather than as a separate cost.

Despite evidence showing that remission from T2D is possible with 
specific interventions, our model assumed that remission was not 
possible.49 Also, T2D results in multiple complications, not only CVD; 
thus, our productivity burden will be an underestimate relative to the 
total burden of diabetes. However, we have focused on CVD as a com-
plication of T2D, which is a major outcome of T2D. Furthermore, our 
study did not modify HDL levels. The model also did not consider the 
resources and costs required to achieve the interventional improve-
ments, as this was beyond the scope of the study’s objective. It is crucial 
to acknowledge that real-world risk factor improvement strategies 
come with associated costs. Moreover, absenteeism and presenteeism 
data were obtained from historical studies conducted in the US and 
Europe, which may not accurately reflect current situation in 
Australia. Further studies are needed to refine our model estimates. 
Also, our model assumed no change in productivity over the time hori-
zon. However, projecting changes in productivity over the next ten 
years is challenging due to the lack of age- and sex-specific data and in-
formation related to job types. The durations of T2D and CVD, undiag-
nosed diabetes, and ethnicity were not accounted for in our model. This 
was because the data we obtained from the NHS did not include infor-
mation on these factors, despite their known influence on productivity 
in terms of presenteeism, absenteeism, early retirement, premature 
death, and reduced workforce participation.50,51 Finally, our projections 
of GDP were based solely on productivity-related factors such as absen-
teeism, presenteeism, and workforce dropout. They did not consider 
the direct medical costs of managing CVD, which are significant as 
shown in our previous publication.13

The impact of CVD on productivity in T2D patients has global and 
Australian implications. CVD significantly affects morbidity and mortal-
ity among working-age Australians, where the long-term impact of re-
duced income persists due to ineffective prevention strategies. Our 
assessment highlights the impact of disease on productivity and under-
scores the importance of interventions for prevention, treatment, and 
control of CVD in T2D.

In conclusion, our results suggest that CVD in people with T2D 
could have a significant impact on PALYs in the Australian population 
over the next 10 years. However, improved control of risk factors 
has the potential to mitigate the impact of this condition, not only on 
the productivity of affected individuals, but also on the overall 
Australian economy.

Supplementary material
Supplementary material is available at European Journal of Preventive 
Cardiology.
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