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For many years, disability-adjusted life-years have been a 
primary focus of the landmark Global Burden of Disease 
studies [1]. Incorporating years of life lost and years of life 
lived with disability, disability-adjusted life-years provide 
a useful mechanism for quantifying disease burden, for any 
health condition and in any given country. In economic eval-
uations, the quality-adjusted life-year provides a comple-
mentary method of estimating the potential benefit of health 
interventions in terms of both quantity and quality of life [2]. 
In many jurisdictions, quality-adjusted life-years are used to 
decide whether treatments can be considered worthwhile in 
relation to their costs, and form the basis of decisions about 
the allocation of scarce healthcare resources. We propose a 
third measure of disease burden—the productivity-adjusted 
life-year (PALY).

Acute and chronic health conditions impact the work pro-
ductivity of millions of people globally. A lack of investment 
in preventive healthcare or effective treatment options can 
lead to productivity loss, with broader societal and economic 
consequences. The work-related impacts of health conditions 
are often considered by assessing absenteeism (days of work 
missed because of a condition), presenteeism (reduced pro-
ductivity while at work because of a condition) or early exit 
from the workforce. A number of validated tools can be used 
to capture work impairment, such as the Health and Labour 
Questionnaire [3], the Work Limitations Questionnaire [4] 
and the widely used Work Productivity and Activity Impair-
ment Questionnaire [5]. These individual work impairment 
measures gauge productivity loss for a given study sample 
over a short time frame, but do not describe productivity loss 
at a population level nor over the working lifetime. The new 
PALY metric addresses this knowledge gap.

The PALY is calculated by multiplying a ‘productivity 
index’ by years lived (Fig. 1). The productivity index ranges 
from 0 (completely unproductive) to 1 (completely produc-
tive), and is estimated from data on time worked by fully 
healthy individuals, absenteeism, presenteeism and prema-
ture workforce exit. Data on absenteeism and presenteeism 
can be drawn from the use of the aforementioned validated 
tools. We commonly derive the productivity index through 
dividing the days worked in a year (maximum working days 
minus days missed because of the condition of interest) by 
the maximum working days in a year. The maximum work-
ing days in a year is obtained through combining information 
on the overall percentage of equivalent full-time workers, 
which is country specific and age and sex specific. For exam-
ple, if the weighted average for full-time workers across the 
defined age range is 75%, the maximum working days in a 
year for that particular country would be 180 days (240 days 
multiplied by 75%). By definition, a PALY has an intrin-
sic economic value, and herein lies its utility. There are a 
number of ways to estimate this financial value. To date, we 
have ascribed a value to each PALY equivalent to the gross 
domestic product (GDP) per equivalent full-time worker for 
a specific country. This ‘human capital’ approach is sim-
ple to estimate given that GDP is an oft-reported economic 
metric, as are data on workforce participation. However, it 
is crude as GDP is generated in many ways other than peo-
ple working. Another way to assign a financial value to a 
PALY is by using available salary estimates, which reflects 
both personal income for workers and income tax for gov-
ernments. We recommend that PALYs only be reported as 
absolute values, and not be used in ratio calculations (for 
example, cost per PALY saved). This is because they have 
an inherent financial value, and hence their application to 
ratios will involve double counting of costs.

In the last 2 years, our group has collaboratively pub-
lished PALY estimates for a range of highly prevalent health 
conditions and risk factors, including diabetes mellitus 
[6–8], coronary heart disease [9, 10], hypertension [11], 
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smoking [12, 13], occupational-related hearing loss [14], 
pneumococcal disease [15], familial hypercholesterolaemia 
[16], epilepsy [17] and migraine [18]. We are now devel-
oping PALY estimates for low back pain, cancer, COVID-
19-related depression and acute myeloid leukaemia. As a 
generic measure, the PALY facilitates comparison of pro-
ductivity burden across health conditions to inform practice 
and policy. For example, between-condition comparisons 
show that 1.4 and 1.0 PALYs (undiscounted) were lost per 
person in Australia as a result of diabetes [6] and smoking 
[12], respectively, over the working lifetime while 0.3 and 
1.4 PALYs (discounted) were lost per person as a result of 
hypertension [11] and epilepsy [17], respectively. Aggregate 
PALY estimates can highlight not only the prevalence of a 
health condition and its work impacts, but also the poten-
tial for productivity gains with appropriate treatment. For 
example, hypertension was estimated to cause the loss of 
> 609,000 PALYs in Australia, but optimal blood pressure 
control would save > 340,000 PALYs or $76 billion in GDP 
[11]. Thus far, PALY estimates have been produced for Aus-
tralia [6, 9, 11, 14, 16–18], Bangladesh [8], China [7], Indo-
nesia [10, 19], Japan, Korea [20], Malaysia [13] and Thai-
land [15]. Between-country comparisons of disease burden 
or risk factor burden can highlight significant disparities: 
using a consistent methodology for each country, we found 
that PALYs lost because of smoking totalled 15.6 million in 
Indonesia [19], compared with 3.0 million in Malaysia [13] 
and 2.5 million [12] in Australia.

We have now extensively tested and refined our PALY 
modelling, moving from initial ‘static’ life table models 
to ‘dynamic’ models that are capable of incorporating: (1) 
multiple health states; (2) movement of individuals in and 
out of the model over time; and (3) updates of prevalence, 
population and efficacy data. A dynamic model (accounting 
for future migration, births and deaths, and changes in the 

working age population) was most recently used to examine 
the impact of coronary heart disease and potential PALY 
gains if all new cases could be prevented over a 10-year 
period [9]. Importantly, we are also building researcher 
capacity in this new technique by training the next genera-
tion of health researchers, including those from low- and 
middle-income countries. Modelling support is available for 
researchers seeking to undertake PALY analyses within their 
field of interest.

Like any measure, the PALY approach has inherent limi-
tations. By definition, PALYs focus on working age pop-
ulations (usually defined as those aged 16–65 years) and 
productivity estimates are only simulated over the working 
lifetime. As health economic evaluations usually adopt a 
lifetime horizon, this raises a potential equity issue, par-
ticularly if PALYs are used to inform reimbursement deci-
sions. To date, PALY models have only incorporated paid 
workforce data but we acknowledge that unpaid work (car-
egiving, child rearing, household and community roles) is 
also impacted by ill health. Where robust population-level 
data on unpaid work are available, these will enable a more 
complete definition of ‘productivity’.

The PALY is not intended to replace the disability-
adjusted life-year or the quality-adjusted life-year. Instead, 
it offers a novel, but now well-tested, approach to quantify-
ing the population-level impact of disease on productivity 
(arising from unemployment, days off work, reduced effi-
ciency at work and premature death) and the broader econ-
omy. New treatments could be evaluated through estima-
tion of the number of PALYs gained from their use. Beyond 
‘traditional’ healthcare payers, PALYs could also be used 
by employers, particularly in settings where they support 
employee healthcare costs. For the first time, there exists 
an opportunity for decision making in health to be explic-
itly informed by the productivity burden of disease and the 
potential for productivity gain with effective intervention.
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Fig. 1   Cumulative productivity-adjusted life-years over time. The dif-
ference between the two curves (representing productivity with the 
condition of interest in red and without the condition of interest in 
black) is the loss in productivity-adjusted life-years
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