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Introduction
The ability to consistently describe the relative importance of diseases is important 
for public health decision-making and planning (1). Summary measures of the 
burden of disease in a population are popular and widely used, as they can sim-
plify complex information about diseases, including risk factors, and the likelihood 
of resulting disability or other harm (morbidity), or death (mortality) (2). 

Health-Adjusted Life Years (HALYs) 
are the population health summary 
measures typically used in estimates of 
the burden of disease. They measure 
the combined effects of mortality and 
morbidity in populations, allowing 
for comparisons across illnesses or 
interventions as well as between 
populations (3). Two common ap-
proaches to measuring HALYs are 
Disability-Adjusted Life Years 
(DALYs) and Quality-Adjusted Life 
Years (QALYs). 

Both DALYs and QALYs are based on 
the latest available epidemiological 
data. The data must be assessed for 
completeness and diagnostic accuracy, 
and can be drawn from a variety 
of sources, such as vital statistics, 

reportable disease registries,a healthcare 
administration databases, censuses, 
national and local surveillance data, 
autopsies, hospital records, surveys 
(e.g., road safety, institutional, house-
hold or health surveys), police records, 
death certifi cates and mortuary records. 
Ideally, all the data should be valid, 
timely, locally derived, and disaggregat-
ed by age and sex (4). 

Regardless of whether DALYs, QALYs 
or some other calculations of HALYs 
are measured, there are three steps 
involved: 

1. The health state or disease con-
ditions associated with a pathogen 
or disease analysed are defi ned and 
described (morbidity);

Population Health 
Summary Measures
HALYs, DALYs and QALYs are types 
of population health summary 
measures. They can be estimated at 
international, national or local levels 
to: 

• Compare population health 
across communities and over time;

• Provide a full picture of which 
diseases, injuries, and risk factors 
contribute the most to poor health 
in a specifi c population (this is 
probably the most common use of 
summary measures of health);

• Assess which information or 
sources of information are missing, 
uncertain, or of low quality (5). 

Measures of HALYs, including 
DALYs and QALYs, are normally 
presented by age, sex and geo-
graphical region.

a It is important to note that health conditions are often under-reported or under-diagnosed.
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DALYs are currently the most common 
methods used for estimating burden 
of disease. For example, they were 
used in the 2012 international reports 
on the Global Burden of Disease (GBD 
2010). DALYs measure the difference 
between the current state of popu-
lation health and an ideal situation; 
i.e., where everyone reaches the age 

2. Each health state described in 
step 1 is given a weighted value, often 
called a Health-Related Quality of 
Life (HRQL) value; and 

3. The value of each health state 
is combined with estimates of life 
expectancy (mortality) (3).

Healthy life Disease or Disability Expected
life yearsEarly death

Disability Adjusted Life Years measure the overall burden of disease, 
expressed as the cumulative number of years lost due to ill-health, 
disability or early death.

YLD
DALY

YLL
Years Lived with Disability Years Life Lost+=

DALYs = Years of life lost due to premature mortality (YLL)
 + Years lived with disability (YLD)

Each of these steps includes methods 
and social value choices that affect the 
fi nal estimates.

Both DALYs and QALYs are used to 
estimate HALYs and the burden of 
disease. However, they are used for 

of standard life expectancy in perfect 
health (6). DALYs are based on an 
assumption that “time” is the most 
appropriate measure for the burden of 
disease: the greater the time lived with 
a disability, or with the disabling results 
of an illness, or lost due to premature 
mortality, the greater the burden of 
disease is considered to be (6).

DALYs measure the total length of time 
that a specifi c illness is disabling to an 
individual over the course of his or her 
life. When applied to a population, 
they are the measure of the total 
disability incurred due to a specifi c 
disease (7).

Disability-Adjusted Life Years (DALYs)

different purposes, and are therefore 
calculated in different ways.

Source : Wiki Commons
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YLL correspond to the number of deaths multiplied by a standard life expectancy. 

So we have: 

YLL = N (number of deaths at age x) x L (standard of life expectancy at age x in years)

YLD is measured by multiplying the number of disability cases (i.e., incidence cases) by the average duration of the disease or 
disability, with a weighted value assigned to the type of disability (disability weight) (5).

That is: 

YLD = I (number of incident cases) x DW (disability weight) 
x L (average duration of the case until remission or death in years)

In the case of the GBD 2010, YLD calculations were based on prevalence instead of incidence (5):

YLD = P (number of prevalent cases) x DW (disability weight)

In DALYs, the HRQL estimates are asso-
ciated with the physical manifestations 
of a specifi c disease in a population. 
They do not capture other aspects of 
a disease, such as the psychological 
effects on relatives (8). The HRQL or 
disability weights used in DALYs are 
assigned to non-fatal health outcomesb

(4) for specifi c diseases or health 
conditions on a scale between 0 and 1, 
where 0 represents perfect health and 
1 represents death (3).

In the past, DALY estimates also includ-
ed a weighting for age. The weighting 
was more favourable for adults who 
were “productive” in their communi-
ties and contributing to the economy, 
diminishing the value of young people 
as well as older adults who were more 
likely to be economically dependent. 
It refl ected some societies’ interest 
in labour market productivity and 
receiving a return on their investment 
in educating children. In fact, one of 
the main concerns about DALYs is that 

they are mostly an economic measure 
of capacity for productivity among 
affected individuals. Age weighting 
remains controversial. Recent burden 
of disease reports have not made use 
of it.

There are other social values incorpo-
rated in DALYs. For example, cultures 
and countries may value lives saved 
now and discount lives saved in suc-
ceeding years. In the GBD 2010 report, 
for instance, estimates for future years 
were generally discounted at a rate 
of 3%. This means that a year of life 
saved next calendar year is worth 97% 
of a year of life saved this calendar 
year (9). When comparing estimates of 
the burden of disease, it is important 
to know how social values are 
included in them and the results 
will be different according to the 
weightings used. 

About DALYs
Disability-adjusted life years 
are an absolute measure used 
to compare disease burden in 
populations.

The goal is to minimize the 
“bad” of gaps in health, keeping 
the values of DALYs as close to 0 
as possible.

DALYs use disability weights (0 
= perfect health and 1 = death) 
which are generated through 
consultations with clinicians, 
experts or community.

b Based on International Statistical Classifi cation of 
Diseases, Injuries and Causes of Death (ICD) codes.
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QALYs, as the name implies, measure 
both the quantity and the quality of 
life lived. They are typically used to 
analyse the cost-effectiveness of clinical 
(or public health) interventions and 
for social welfare improvement (3). 
For example, QALYs can compare an 
intervention that helps prolong life but 
has serious side effects (such as per-
manent disability caused by radiation 
or chemotherapy for cancer), with an 
intervention that improves the quality 
of life without prolonging it (such as 
palliative pain management) (10).

The HRQL in QALYs is not linked to any 
particular disease. It is based on values 
assigned by individuals about their own 
health state (known as patient-based 
weights) or on the values assigned 

Quality-Adjusted Life Years (QALYs)

by others about a particular health 
state (community-based weights) (3). 
Respondents are asked to assign a 
numerical value to what they would 
be willing to sacrifi ce in order to return 
from poor to perfect health, where a 
year of perfect health is given a value 
of 1 and death is considered to be 0. If 
the year is not spent in perfect health 
(e.g., living with chronic pain), the 
value is between 1 and 0. This score 
takes into account fi ve dimensions: 
a) mobility, b) pain or discomfort, c) 
self-care, d) anxiety-depression, and e) 
usual activities (11). This means that 
QALY estimates are able to integrate 
psycho-social as well as biomedical 
aspects of the burden of a disease.

QALYs are calculated by multiplying the number of years of additional life by an HRQL. 

QALYs = additional number years of life x HRQL

To estimate the cost-effectiveness of an intervention, the cost is divided by the QALY (11).

QALYs can provide an indication of 
the benefi ts gained from a medical 
intervention in terms of quality of life, 
but their usefulness is controversial. 
It has been argued that serious ill 
health may be considered worse than 
death. Others have noted that what 
is considered perfect health varies 
by culture and society. Furthermore, 
QALYs lack the sensitivity to compare 
two competitive but similar drugs or 
to evaluate treatment for less severe 
health problems (11). The effects of 
chronic diseases, where quality of life 
is a major issue but survival is not, are 

also diffi cult to address using QALYs. In 
such cases, disease-specifi c measures 
such as DALYs may be more appropri-
ate. Another criticism of QALYs is the 
lack of weight on emotional or mental 
health problems, and the impact of 
these problems on the quality of life of 
individuals and their families. Similarly, 
because QALYs rely on measures of 
age, context, and responsibilities in dif-
ferent life stages, they can be diffi cult 
to quantify if a preventative measure 
will not have an effect on health 
outcome in the short term (11). 

Despite these limitations, QALYs are 
one of the few tools that allow for 
comparisons between interventions 
or across diseases. Using QALYs for 
decisions on resource allocation helps 
to articulate the choices to be made 
between competing medical therapies 
or technologies (11). Nevertheless, 
researchers caution that QALYs should 
not be used in isolation, because they 
do not capture all the domains and 
aspects of healthcare (12).

About QALYs
Quality-adjusted life years are 
usually used to analyse clinical 
interventions.

The goal is to maximize the 
“good” of quality of life. 

QALYs use utility weights (0 = 
death and 1 = perfect health) 
generated through techniques 
such as standard gamble (asking 
respondents to assess which 
health states are more valuable 
to them).
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In DALYs:          0_______________________________________1
                Perfect health                  Death

In QALYs:          0_______________________________________1
                     Death              Perfect health

In DALYs, HRQL weights are based on specific diseases. 

In QALYs, HRQL weights are based on the values placed on a health state.

HRQLs used in QALYs and DALYs are inverted: QALYs measure equivalent 
healthy years lived, whereas DALYs measure loss of health.

Ethical Concerns
Critics have commented on three 
major ethical issues with QALY and 
DALY estimates: 

• QALYs and DALYs discriminate 
against people who are already at a 
disadvantage socially or in terms of 
their health state. Indeed, based on 
actual calculations, older people, or 
people with pre-existing disabilities, 
contribute to lower HALY values 
because they are considered a “bad 
investment” with limited potential for 
health improvement;

• Similarly, both discriminate against 
people with limited treatment options 
or less likelihood of recovery (e.g., 
those with pre-existing disabilities or 
illness); and 

• Both fail to account for qualitative 
differences in outcome (e.g., the 

saving of one’s life versus the improv-
ing of one’s health) because of the 
way in which morbidity and mortality 
outcomes are aggregated. The problem 
is that the values for health states and 
diseases are combined across individu-
als, and across the spectrum of being 
alive to death. This means that there is 
no real distinction between life-saving 
interventions and health-improving 
interventions. The issue of aggregation 
also raises the question of whether 
minor benefi ts for many people should 
be valued the same way as signifi cant 
benefi ts for a few people (3).

New techniques that better refl ect 
social values are in development, and 
may help to address these ethical 
problems more satisfactorily.

Conclusions
It is important to understand what 
burden of disease studies measure, 
including the assumptions that are 
made in developing the basic formulas 
for HALYs, DALYs, and QALYs. Data 
sources, methodologies used, and 
weights given to different states of 
disability and poor health all need to be 
taken into consideration when assess-
ing the results provided. Differences in 
risk factors associated with different 
provinces, rural versus urban settings, 
and northern versus southern com-
munities may show some important 
variations that could be underestimated 
in a single measure. Policy makers must 
take into account that DALY and QALY 
estimates are not strictly objective, 
and can only provide some of the 
information needed to understand the 
distribution of morbidity and mortality 
and how to allocate resources that can 
improve health and save lives.

The National Collaborating Centre 
for Infectious Diseases is developing 
new resources for public health policy 
makers and practitioners that review 
the evidence for other ways to measure 
and account for burden of disease. The 
concepts and practical applications will 
build upon traditional summary mea-
sures of mortality and morbidity. These 
expanded resources will encompass 
upstream drivers of infectious diseases 
and their associated burden, as well as 
other outcomes for individuals, families 
and communities.

HRQL in DALYs and QALYs Measure 
Different Things
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The Ontario Burden of Infectious Disease Study (ONBOIDS)
The ONBOIDS was published in 2010 (13). To measure the burden of infectious diseases, the authors of this study 
used a HALY as a health gap measure to assess both the premature mortality and the reduced functioning associ-
ated with diseases or injuries that they considered neither a DALY nor a QALY (this predates the release of the GBD 
2010 papers, which did not use age weighting either, as noted). 

In the ONBOIDS: 

HALYs = Years of life lost (YLL) + 

+ Year-equivalent of reduced functioning (YERF)

YERFc,h,a,s = Ic,h,a,s x Dc,h x SWc,h 

where:

Ic,h,a,s = incident cases by cause (c), health state (h), age (a) and sex (s)

Dc,h = average duration of health state

SWc,h = severity weight associated with health state

The disease burden was estimated by pathogen and by syndrome. For example, data might be gathered on the 
incidence or prevalence of Streptococcus pneumoniae infections and on the incidence or prevalence of diagnoses 
of pneumonia. ONBOIDS included analyses of 51 pathogens and 16 syndromes that were severe enough to require 
health care or which were reportable, adjusting for under-diagnosis and under-reporting. The study found that 
each year in Ontario there were more than seven million episodes of infectious diseases and nearly 4,900 resulting 
deaths. Infectious diseases accounted for 82,881 HALYs, comprising 68,213 years of life lost due to premature 
death and 14,668 year-equivalents of reduced functioning. The overall burden of infectious disease represented 
about 25% of the burden of all cancers. The burden of infectious diseases was similar for males and for females, 
although there were sex-specifi c differences.

The ten infectious agents contributing the most to the burden of disease were the hepatitis C virus, Streptococcus 
pneumoniae, the human papilloma virus, the hepatitis B virus, Escherichia coli, HIV/AIDS, Staphylococcus aureus, 
infl uenza, Clostridium diffi cile and rhinovirus. The fi ve most burdensome syndromes were pneumonia, septicae-
mia, urinary tract infections, acute bronchitis, and endocarditis. Women had greater HALYs for HPV and urinary 
tract pathogens, while HIV, HBV, and HCV were more predominant among men. The study also showed that a 
large proportion of the burden of disease could be attributed to a small number of pathogens and syndromes 
for which highly effective targeted interventions (e.g., pneumonia or HPV vaccine) and non-specifi c interventions 
(e.g., condoms, hand washing) already existed. This means that the future burden of some of these pathogens and 
syndromes could be dramatically reduced with a greater uptake of available interventions. In addition, a signifi cant 
proportion of disease burden (e.g., E. coli, S. aureus) occurs in hospitals and health-care settings. This underlines 
the importance of preventing the transmission of pathogens there.
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