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Introduction

Public health practitioners, whether they are employed in front-line care or policy and planning, are
decision-makers. They are trained and skilled in making decisions to prevent and control disease, as well
as the conditions that lead to disease and death. In doing so, public health professionals and the
governmental bodies they work with must determine priorities for health research and investment in
health interventions (Lajoie, 2015). An important step in making these decisions is to understand the
“burden” of a disease; that is, the “duty, obligation, and expense” (as defined in the Oxford English
Dictionary, 1995) that the disease creates for society, as well as the individuals concerned. Burden of
disease may be seen as the cornerstone of population health decision-making, used by public health
policy makers at all levels to describe and to try to understand population-level health issues and
prioritize among remediable, burden-producing problems.

Indeed, the term ‘burden of disease’ is ubiquitous in the population and public health literature,
although so rarely defined that it might pass as un-noteworthy and unimportant. That the term is often
preceded by a definite article, that is, ‘the’ burden of disease, suggests there is clarity, consensus, and
uniformity in what the term means and how it is used. Yet it is not uncommon to find population and
public health text books that do not include burden of disease among the basic concepts named and
defined, despite frequent mentions of the Global Burden of Disease project and definition of Disability
Adjusted Life Years (DALYs), the summary measure of burden espoused by that project (Donovan et al.,
n.d.; Starfield, 2001; Young, 2004). Although the GBD approach is well articulated in population health
literature, it is less clear what authors mean by burden when they are not referring to the GBD body of
work. Moreover, researchers in a variety of disciplines have argued that a biomedical model and
guantitative measurement are not sufficient to understand true burden, and that aggregate and
averaged measures of burden can mask critical differences within populations, especially where there
are inequities that make some sectors of a population particularly vulnerable to disease.

Recognizing these information needs, challenges, and contexts, the National Collaborating Centre for
Infectious Diseases (NCCID) has prepared this concept paper as a starting point for a critical examination
of burden of disease, with the longer-term goal of developing a framework to guide transparent, fair,
meaningful, and practical measures of burden. Consideration of the concept of burden of disease, in
general, is combined with reflection on special considerations or implications for the burden of
infectious diseases. The objective of this paper is to build broader awareness for potential ‘burdens’ and
to initiate conversations among experts in population health measurement, theorists exploring causal
pathways for infectious disease, medical ethicists, and front-line public health practitioners. The initial
task is to plumb and map the conceptual construct of burden of disease, to gain understanding of the
depth and breadth of meaning that has accrued to the term, as well as explore examples of current
applications in research and policy circles. This will allow us to lay out a series of omissions and
unaddressed questions that could be incorporated in a broader framework of burden than has been
traditionally applied. NCCID invites our readers to join in a discussion of this foundational work,
particularly as it applies to infectious disease public health. We welcome your comments and remarks.



Which Burden, Whose Burden is ‘The’ Burden of Disease?

Given its importance for guiding public health decision-makers, the determination of burden cannot be
based merely on expediency of what can be easily measured or determined by the loudest voice among
competing health advocates. Efforts to ground disease burden in evidence and lend consistency and
rigour to its assessment have led to numerous summary measures. Summary measures of population
health are widely used because they provide understandable representations of complex epidemiology
that can help expedite the development of disease prevention and control strategies. Murray and
colleagues describe a range of objectives that summary measures of burden of disease serve. They may
be used to:

e monitor change in a population’s health,

e compare the health of one population with that of another,

e identify and quantify overall health inequalities within populations,

e balance attention to effects of non-fatal health outcomes,

e provide data for cost-effectiveness analysis,

e improve curricula,

e inform priorities for research investment, and

e inform priorities for health services with information on particular diseases and on risk factor
contributions (Murray, et al., 2000).

Common themes among these objectives are needs for information to draw fair comparisons, prioritize
actions, use resources wisely, and to test theories of causality. In a broad sense, measures of burden
support better decision-making and focus actions taken by public health. However, it is necessary to
understand the basic elements of burden measures and the essential information needs of public health
decision-makers.

To understand whether the needs of public health are being met by burden of disease measures, we
may begin with the question: what basic information might we expect such measures to provide?
Presumably, burden of disease should provide information on both the frequency and severity of health
conditions to help assess their consequences alongside other competing priorities. Information on
frequency alone is understood to be insufficient, since there are many illnesses, such as the common
cold, that are mild and self-limiting. However, we might question whether the causal or mediating
effects of mild infectious diseases on other conditions are understood well enough to discount their
burden altogether. Also, there may be uncertainty about whether clinical judgement is sufficient to
determine which illnesses pose inconsequential effects without also accounting for the real and often
complex experiences of those affected, such as men and women who have recurrent, though mild,
infections. Likewise, knowledge of illness severity alone is insufficient; public health officials temper
information on disease severity with information about how often a diagnosis is made in the population.
Yet questions may arise about whether this occurs in practice when it appears that public health
priorities are influenced by concerns over perceived severity, or by the frequency and severity of disease



in other countries—some of which differ markedly from Canada for both determinants of health and
public health resources that influence disease outcomes.

Burden of disease measures should also direct our attention and resources to those conditions that
produce a large absolute or relative impact on population health—they tell us about non-normative and
unprecedented outcomes, or whether a problem is getting worse or better. Whether public health
professionals can identify what threshold should be surpassed before an absolute burden can be
recognized, or what amount of change signals worsening burden are added methodological challenges
with practical implications for measuring disease burden.

We might also expect burden of disease measures to be meaningful and sensitive in reflecting societal
values for which health conditions and consequences constitute an unacceptable or unfair problem.
Burden of disease measures should be practical and feasible or discernable in terms of the real world
context of public health practitioners and how they might observe, know about, and measure health
consequences. Above all else, we could expect burden of disease measures to be explicit and
transparent so that all can understand the basis for public health policy decisions.

In current public health contexts, clear understanding of challenges to public health and a framework to
guide burden of disease assessment is more important than ever. In a time of fiscal constraint, it
becomes all the more important to estimate burden of disease and rely on this evidence to take actions
that result in the greatest gains possible. As well, because public health operates within a multi-
disciplinary population health context, and each discipline in this ‘confederacy’ brings its own
epistemological and etiological precepts and theories, ‘burden’ has taken on expanded boundaries,
which may be rewarding, or altogether confounding. Which burden are we talking about and are we
sure we’re talking about the same burden? The ability to answer that question may depend on our
ability to collaborate effectively and to build a conceptual framework to guide action on common goals
for improving the health of Canadians. Finally, public health professionals work among populations and
communities set in conditions that are increasingly recognized as inequitable, making it equally
important to be clear on whose burden we are talking about, and explicit about our potential bias as
relatively privileged public health professionals. In stating that burden of disease supports better
decision-making, we might call public health to a more stringent and specific goal, that is, to plan
measures of burden that can reveal inequities that underlie poor health outcomes and support decisions
that lead to greater health equity.

Common Usage of ‘Burden’ in Population Health Research Literature

The term ‘burden’ appears in an enormous number of studies that quantify population-level health
outcomes. An exploratory search of articles in academic journals for titles containing ‘burden’ found
recent research literature to be replete with a variety of related terms and phrases. Although it is
beyond the scope of this high-level review to define all these terms, it is interesting to briefly consider
the general breadth and depth or precision of terms in common usage, some gross distinctions in
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meaning that are apparent, and the application of similar and sometimes conflated terms in the context
of various disciplines and subject areas.

While burden of disease was the most frequently used variant that appeared in a search of ‘burdens’, in
some instances, this term appears to be used interchangeably with Global Burden of Disease (GBD), a
well-known project led by the World Bank and the World Health Organization (World Health
Organization, n.d.). Burden is a frequently used short-form, and disease burden appears equally
common. Burden of illness is a term used within sociological and anthropological domains, and is more
inclusive of social and subjective experience. Cost of disease most often signifies an economic analysis,
though cost also appears to be used in a more generic sense where the meaning may be synonymous
with burden. Physical, economic, and social are commonly employed adjectives that suggest three
distinct domains of burden are recognized. Social burden appears to be more obscure in the literature,
and some social scientists (Jones & Williams, 2004) have raised concern about the need for a clear
definition, limited knowledge of the term among public health professionals, and misuse by some
economists who equate its meaning with societal-level economic costs of disease.

Biomedical burden is associated with the use of mortality and morbidity-based measures of population
health, though this term may be used more often by those outside biological and medical disciplines
than by those within, particularly in criticism of overly narrow population health assessment (Ariana,
2012; Jones & Williams, 2004). Double burden of disease makes references to a theory that developing
nations experience a delayed epidemiological transition characterized by persistently high rates of
infectious diseases—which may stem from a lack of effective public health measures—as well as
escalating rates of chronic non-communicable diseases, attributed either to the adoption of lifestyles
‘imported’ from developed nations (Entsua-Mensah, Doku, & Adzamli, 2012), or poor conditions and
shortcomings of social systems (Boutayeb, 2006). However, double burden has also been conceptualized
as lower-income women’s experience of compounded structural disadvantage on the basis of both
gender and social status, the health implications of which were considered through equity analyses
(Whitehead, 1992).

Sociological literature makes use of terms like treatment burden, that is, the burden of undergoing
treatment, including time taken to learn about, administer, monitor, or obtain treatment (May et al.,
2014; Sav et al., 2013). As well, medication burden—including adverse events, side-effects, drug
interactions, and stigma of taking medication—is a term that appears in some sociology of medicine
publications (Sav, McMillan, Kendall, Whitty, & King, 2012). A substantive area in sociological literature
is research on caregiving burden or carer burden, which has generally explored time devoted to care,
economic contributions of caregivers, and self-reported positive and negative effects of care (Barry,
2014; Rivera-Navarro, Morales-Gonzalez, & Benito-Ledn, 2003; Zan & Scharff, 2014). Particular
instruments have been developed to measure caregiving burden, although opinions vary on the best
approach (Vella & Pai, 2013). As well, family burden is a distinct area of inquiry, where a separate
instrument has been developed to measure burden (Family Burden Assessment Scale) (Maji, Sood,
Sagar, & Khandelwal, 2012).



Economic analysts are responsible for a proliferation of ‘burden’ and ‘cost’ terms. Direct, indirect and
intangible costs are commonly accounted for. Direct costs are normally associated with hospital care,
out-patient treatment, medications (typically, limited to prescribed medications), and visits to physicians
(Kwong, et al., 2010). Indirect costs account for absenteeism or lost production (i.e. production in the
paid labour force) as a consequence of iliness or death, as well as “presenteeism" or reduced
productivity at work due to health problems (Malinowsk & Kawalec, 2015). Intangible costs refer to the
costs of pain and suffering and to other hard-to-measure kinds of economic costs, including costs to
unpaid caregivers and costs associated with undiagnosed disease (American Diabetes Association,
2013), although the scope of what is or is not included does not appear clear. Literature on the burden
of mental health disorders and chronic diseases also refers to intangible burden, as well as to subjective
burden and personal or individual burden (Englisch et al., 2010; Kobeissi et al., 2011; Zink & Huscher,
2004), which in some instances appears to denote psychological stress or anxiety. Subjective burden
refers to self-reports of disease severity, functioning, and quality of life by an affected individual or by
their family member, which is distinguished from reports by an objective party, such as an interviewer
(Maiji, et al., 2012). Economic burdens are also described in relation to the level at which they occur,
that is, at individual, household, or societal levels (Fogarty, et al., 2014). A particular focus of
household-level burden is the effect of disease or injury on low-income households (Adhikari & Sharma,
2009). Healthcare costs dominate economic analyses of burden, but healthcare burden is also
accounted for as part of resource burden, presumably a larger set of resources required to respond to
disease. As well, surge volume represents a more specific and short-term healthcare burden (Sills et al.,
2011). Finally, healthcare associated burden refers to disease contracted in a health care setting,
typically in long-term care or acute care facilities (Taylor et al., 2014).
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Attributable burden and risk burden are referred to in studies which associate disease with causal or
correlated risk factors, such as the work of Lim et al. (Lim et al., 2012). These studies bring evidence of
causal relationships to bear in quantifying what proportion of disease burden can be linked to which
proximal (e.g. smoking, activity levels, obesity) or distal risk factors (e.g. low income). However, proximal
and behaviour-based risk factors appear more common in the epidemiological literature compared to
structural or systemic factors (Link & Phelan, 1995). Among some notable exceptions, Muennig et al.
(Muennig et al., 2005) estimated the total burden of disease (measured by LE, HALE, YLL, and HALY)
associated with income in the US, and a study from the Netherlands by Cuijpers et al. explored the
contribution of childhood adversities, particularly abuse and neglect, to burden of disease (Cuijpers et
al., 2011). Some literature also considers co-morbid factors, referring to this as co-morbidity burden or
multi-disease burden (Aubert et al., 2015; Talman, 2010). Inequitable burden is a term that appears in
some literature that quantifies specific health conditions that disproportionately affect disadvantaged
sub-populations (Lennon et al., 2012). However, an overall framework for burden of disease, inclusive of
equity concepts and measures, appears to be lacking in the literature.

Milestones in Understanding and Quantifying Burden of Disease

Within the sea of terms used to describe burden of disease, some key ideas and approaches have
developed and marked progress in anchoring concepts to practical considerations of measurement and
the needs of public health professionals. Over time, the meaning, implicit values, measures, and
emphases in burden of disease assessments have undergone changes in response to several influences,
including epidemiological trends, improvements in data collection and methods for estimation, and the
disciplines and theories that have dominated discourse. It is important to understand some of the key
ideas that have been raised in this ongoing conversation on burden of disease (see Figure 1). Some
examples follow, though NCCID will engage stakeholders in proposing additions to this basic
groundwork.

1600s 1960s 1974 2010
) 1947 HALY ' Lalonde ' 1980s ]

Mortality PYLL l on HRQoL l Refined

measures QALY morbidity DALY

Figure 1. Timeline of key concepts and measures of burden of disease.



Mortality rates and proportions

The use of mortality statistics has a long history, dating back to the ‘Bills of Mortality’ in seventeenth
century London, where John Graunt analyzed death records and published his observations. The burial
records relied upon for mortality data were deficient but nevertheless allowed Graunt to draw
important conclusions about certain causes of death, such as plague and murders and, indirectly, about
demographic trends and social conditions of that time (Young, 2004). Early analyses of mortality data
derived information from structuring the data set by age group and comparing the proportionate
contribution of deaths for certain causes relative to the total number of deaths in the population.
Several mortality-based indicators, including life expectancy, all cause and disease-specific mortality,
and infant mortality are still commonly employed to evaluate population health (Gold et al., 2002).
More recently, population health scientists have come to understand that an over-reliance on mortality
data may bias judgements of which health conditions are understood to be priorities. That is, some
conditions are over-represented in mortality measures because they are more likely to be identified as a
cause of death than other co-morbid conditions that contribute to death (Navarro, 2009). Despite public
perception that influenza is not a serious health condition, it contributes to mortality from numerous
other causes. Szucs cites research from the Netherlands that estimated 1.3 deaths per 10,000 total
population were attributed to influenza each year, yet an additional 2.6 deaths per 10,000 population
were not attributed to the disease although they were linked to initial influenza infection, reflecting the
difficulty of recognizing deaths from complications of influenza (Szucs, 1999). Therefore, mortality-based
burden measures are only as accurate as the determination of cause of death allows, and do not
account for all important underlying causes of death.

Person years and potential years of life lost (PYLL)

Added refinement to mortality-based measures of burden of disease is attributed to Dempsey
(Dempsey, 1947), who in 1947 introduced ‘person years of life lost’, the first of several related concepts
and methods that weighted mortality data according to the age-at-death and loss of potential life
(Ahrens & Pigeot, 2007). Dempsey’s innovation sought to address the inadequacy of standard mortality-
based approaches for measuring the burden of tuberculosis, which affected many young people at that
time (CDC, 1986). While Dempsey’s approach centred on life expectancy at birth, others later applied
life table estimates (i.e. cohort or period life table) of life expectancy to a given age-at-death, followed
by a simplified method that used a standard life expectancy for ease of comparisons between
populations with significant differences in life expectancy (Ahrens & Pigeot, 2007). The potential years of
life lost measure sums the number of years of life lost by individuals in a population between their ages
at death and an arbitrary age, such as 65 or 70 years, to which they may otherwise be expected to
survive (Young, 2004). The standard life expectancy adopted varies, though age 70 is commonly used,
partly because it is difficult to determine cause of death among more elderly individuals (Ahrens &
Pigeot, 2007). Although the idea that premature death is more burdensome or costly to society may
seem compatible with dominant cultural norms in Canadian society, the ethical implications of giving
priority to young life are contentious.



Considering morbidity

Mortality-based measures of burden are insufficient to assess the impact of disease and injury.
Accounting for morbidity enriches population health assessment, particularly for conditions that are less
likely to cause death. Some surveillance data exist on particular diseases (e.g. cancer registries) and data
are collected on reportable communicable diseases (Thacker, 2006; Lalonde 1974). Administrative
records (e.g. hospital admissions, visits to physicians, pharmaceutical use) also provide an important
source of data on health care resources devoted to treatment of particular health conditions. Yet data
on morbidity remain limited. Morbidity data are also problematic in several respects. The morbidity
burden captured by surveillance data is always an approximation, as individuals may not seek
treatment, physicians may not order the required tests for diagnosis, the interpretation of the
characteristics of a disease may vary, and a small percentage of all tests result in false positives and false
negatives. As well, administrative data sets reflect the policy and procedural contexts of a given
jurisdiction, making it difficult to draw comparisons on a national scale. Moreover, morbidity data tend
to reflect the most severe illness and that which has already come to the attention of healthcare service
providers, though the larger burden of disease may be the cumulative effects of less serious and
perhaps remediable conditions in their early stages.

In 1974, a similar observation was made by Marc Lalonde, then Minister of National Health and Welfare.
Lalonde’s report, ‘A New Perspective on the Health of Canadians’, challenged the Canadian government
to include a fuller spectrum of ill health in population health assessments and to recognize that greater
advancements in public health could not be achieved through medical care alone (see text box).
Prevention and health promotion efforts advocated by Lalonde would need an evidence base sensitive
to a range of health states. Despite the merit of these observations, data on morbidity in Canada are still
inadequate to the purposes envisioned by Lalonde in the mid-1970s.



A New Perspective on the Health of Canadians — The Lalonde Report

The Lalonde report has been credited for a bold
observation for its time—that improvements in
public health cannot be achieved by biomedical
healthcare alone, and population health status
cannot be equated with the quality of medical
care. Lalonde shifted the vantage point on burden
of disease to consider less severe conditions, and
by doing so, opened a window %@ discussions of
prevention and health promotion.

The 1974 report noted a lack of meaningful
assessments of the level of health of Canadians
and drew attention to a dependence on indicators
of mortality and morbidity. Lalonde noted that
major causes of death at this time were due to
chronic illnesses and accidents, and that mental
illnesses accounted for a large and growing
proportion of burden, but that relatively few
deaths were due to infectious disease, though
influenza and pneumonia were noted as
exceptions. With a growing burden of chronic
conditions in mind, Lalonde argued the importance
of having measures of ill health that would be
inclusive of the full range of disability—from mild
conditions that were self-managed to more severe
conditions requiring medical treatment and
hospitalization. He also drew attention to the
value of looking at indicators by socio-geographic
segments of the Canadian population, noting that

greater focus on problems among “high-risk
populations” can achieve the most gain. As well,
the utility of age-specific and sex-specific analyses
were highlighted.

Lalonde advocated for more systematic,
comprehensive and sensitive measures of
Canadians’ health. Notably, he drew attention to
capturing information on burden of disease that is
not treated within health care institutions (e.g.
outpatient treated burden, self-treated burden,
non-severe burden, untreated burden). The author
acknowledge that both technical and conceptual
problems would need to be resolved in order to
measure these burdens, though the conceptual
issues were not further detailed (Lalonde, 1974).

Lalonde’s report stands against a traditional
backdrop where communicable and non-
communicable disease are viewed as
dichotomous, mutually exclusive domains.
However, as our understanding of complex factors
in causation grows (e.g. role of viruses in cancers)
and as new challenges arise in the arena of
infectious disease control (e.g. antimicrobial
resistance and newly emerging infections) the
discourse on which elements of disease burden
are important to measure may shift yet again.

Health-adjusted measures, and the QALY

In the 1960s, consensus grew among many in health and social work that quality of life is a crucial
dimension missing in valuations of population health. Added consideration was then given to health
gaps—time lived in health states worse than ideal health. Many health gap measures have been
proposed (Murray et al., 2000). As Gold et al. explain, Health Adjusted Life Years (HALYs) are a family of



measures that combine the impact of death and morbidity, of which Quality Adjusted Life Years
(hereafter, QALYs) and Disability Adjusted Life Years (DALYs), which were developed later, are two types
(Gold et al., 2002). QALYs take into account both life expectancy and quality of remaining years of life,
where health states are the focus. As Murray and colleagues explain, health states measurement
requires decisions on which domains of health should be measured (Murray et al., 2000). Within
domains, a distinction can be made between performance and capacity, as well as further distinctions
between self-reported and observed performance or capacity. The domains commonly measured
include each of the senses, pain, mobility, cognition, and more complex domains of social interaction or
ability to carry out usual activities (Murray et al., 2000). Health states are weighted according to ratings
for health quality between 0 and 1, although negative values can also indicate conditions worse than
death. Quality ratings are commonly judged by different groups of experts, including individuals
affected, community members, or study investigators. For each domain, the severity-weighted value of
time spent in each health state is calculated (Murray et al., 2000). QALYs are used to assess benefits
gained from interventions in terms of health-related quality of life and survival. A cost-utility ratio is
employed in this assessment; the ratio is defined as the additional cost required to generate one
additional year of perfect health (Phillips, 2009). Other descriptive health status measures have been
used (Health Utility Index, Health and Activities Limitation Index), and health attributes described differ
from one to the next (Gold et al., 2002). Different methods used to elicit ratings of health states (e.g.
standard gamble or time trade-offs and rating or visual analogue scales) have raised concerns over
inconsistency in values assigned to similar health states or illnesses (Gold et al., 2002).

Health-related quality of life (HRQoL)

HRQoL is a concept that emerged in the 1980s to recognize the effects of disease or disability on health
overall and on the quality of life. The Center for Disease Control and Prevention (CDC) has defined
HRQol as “an individual’s or group’s perceived physical and mental health over time”(Centers for
Disease Control and Prevention, n.d.), but other authors have adopted a definition that includes three
aspects of health: “physical health, e.g. general health, daily functioning, symptoms such as pain,
physical disability; mental health, e.g. mood, self-esteem, perception of well-being, perceived stigma;
and social health, e.g. social activities and relationships” (see, for example, Lehrner et al., 1999). The
intent behind the HRQol is to develop and use measures that relate to individuals’ perceptions of health
as well as their ability to function as they wish in society. This distinguishes HRQoL from measures that
strictly assess time lived (mortality or life expectancy) or time lived with or without disability (morbidity),
while at the same time, moving away from a utilitarian view of interventions reflected in the QALY.

A number of instruments have been developed to measure HRQoL, (e.g. Medical Outcomes Study Short
Forms, the Sickness Impact Profile, and the Quality of Well-Being Scale) and extensively validated in
clinical settings or special population studies. Many of the adopted measurement instruments are
lengthy, thus incorporating them in regular surveillance has been challenging. However, a CDC initiative
sought more compact instruments, which led to the Healthy Days measures, an integrated set of broad
questions about perceived health status and activity limitation. The CDC describes other strides made in
putting the concept and measures of HRQoL to practical use. For example, the CDC’s Healthy People

10



series of population health progress reports identified improvements to HRQoL associated with chronic
disease and risk factors as a public health goal. According to the CDC, a benefit of focussing on HRQoL as
a national health standard has been to bridge boundaries between disciplines not traditionally involved
in health policy, and between social, mental, and medical service areas (CDC, n.d.). Challenges remain in
adequately accounting for diversity in perceptions of health status. Some authors have commented on
the need for qualitative research that explores what a good quality of life means to people from
different backgrounds, cultures, or other living circumstances (Bounthavong & Law, 2008).

The Global Burden of Disease approach

In the early 1990s, the Global Burden of Disease (GBD) project—initiated by the World Bank in
collaboration with the WHO—sought to address several inadequacies seen in health assessment
measures. Measures were heavily focused on mortality-based indicators, fragmentary, and inconsistent.
Information was not comparable and did not easily support cost-effectiveness analysis (Murray & Lopez,
1999; World Health Organization, n.d.). Finally, many population health assessments did not tie
contributing risk factors and exposures to population-level outcomes. The GBD’s objective was to
quantify the global burden of premature death, disease, and injury and make recommendations that
would improve health, particularly in developing nations (Gold et al., 2002). The first GBD study
quantified health effects of over 100 diseases in eight regions of the world, disaggregated by age, sex
and region, and introduced a new summary health measure—the DALY (World Health Organization,
n.d.).

The GBD is considered a major advance in global health statistics. It allowed comparisons across
diseases and world regions and nations, producing internally consistent estimates of disease burden.
The inclusion of non-fatal health outcomes was at the forefront of researchers’ concerns and results
drew attention toward the importance of chronic, non-communicable diseases in developing nations, as
well as the importance of injury and mental illness relative to infectious disease in these regions. As the
DALY employed readily available data, the GBD approach offered even developing nations a feasible
method of estimating the burden of disease. The WHO officially adopted the burden of disease and
DALY approach in the 1990s, supporting nations with lesser capacity for measuring burden. Consensus
grew in the 1990s on employing the DALY for the value it held in better supporting comparisons. The
study was updated for 2000-02 data to provide more extensive analysis of disease attributable to 26 risk
factors, using the Comparative Risk Factor Assessment Framework. In 2010, the Institute for Health
Metrics and Evaluation collaborated on a new method for calculating the DALY, which was published in
2012 (World Health Organization, n.d.).

Disability Adjusted Life Years (DALYSs)

Like the QALY, the Disability Adjusted Life Year (DALY) is a health adjusted measure of population health
status, within the HALY family of summary measures. Gold et al. (Gold et al., 2002) differentiated the
two measures in detail, though the most evident difference is that the DALY accounts for quality of life
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with reference to specific disease categories (applying the International Classification of Impairments,
Disabilities and Handicaps). The DALY quantifies morbidity, disabling complications, as well as mortality
in a single measure. For a given health condition, the sum of years of life lost to premature death (YLL) in
the population are added to the sum of the years lived with disability (YLD) for varying degrees of
severity. Severity weights, which are also referred to as disability weights, are used to quantify the
reduced quality of life. Panels of experts are responsible for assigning severity weights, which range
from O for complete health, to 1 for death. The original formulation of the DALY placed different value
weights on populations based on their age structure. That is, DALYs in very young and old were
discounted relative to other ages (Gold et al., 2002). Calculation of DALYs can incorporate other
discounting factors. For example, discount factors are used to value present years of life saved more
than future years. Age weighting and discount factors are heavily debated (Knol, et al., 2009). Despite
many advantages to the DALY, its proponents concede some particular disadvantages of the measure,
including its inherent value judgements on age as well as disability. The DALY also misses downstream
effects including, for example, the effects of disease on trade, agriculture and other social, or societal
level costs (Navarro, 2009). As well, because the DALY is calculated on a disease-specific basis, it cannot
accommodate comorbid conditions, which are important contributors to disease burden. As well,
therapies with side-effects cannot be captured within the DALY framework (Gold et al., 2002).

The development of new concepts and approaches to the measurement of burden has provided public
health professionals with greater information and insight into population health, although the
challenges of applying these ideas in the course of program planning and policy development remain, as
will be illustrated in the next section.

Applications of Burden of Disease in Canada

The concept and measures of burden of disease are applied at all levels of public health policy and
practice in Canada. NCCID conducted a brief review of Canadian public health documents to determine
how burden of disease is currently being applied, framed, and measured in national and sub-national
public health program planning and policy initiatives. With a particular focus on infectious diseases, our
review revealed a broad scope of meanings, measures, and objectives behind estimating burden of
disease in Canada.

At its most basic level, ‘burden of disease’ in public health reports simply characterizes the existence of a
disease in a particular population. A number of reports, for example, from the Public Health Agency of
Canada (PHAC) describe the burden of various infectious diseases strictly based on estimated incidence
and prevalence data (Gallant, et al., 2014). Similarly, the burden of illness estimates for many food-
borne illnesses in Canada are based on annual counts of laboratory-confirmed cases from national
surveillance systems such as the Canadian Notifiable Diseases Surveillance System (Thomas & Murray,
2014). Case counts and incidence or prevalence rates are very common measures used to represent
population disease burden in epidemiologic reports. While these measures are widely used, their
accuracy is highly dependent on a variety of factors including choice of denominators, consistency of
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case definitions, and a jurisdiction’s vigilance for reporting. It is also important to note that the term
‘burden’ is not always referred to in surveillance or epidemiologic reports—even when measures of
disease burden are being described (Public Health Agency of Canada, 2009a, 2010, 2014).

Other public health programs and research studies in Canada apply broader meaning and
comprehensive approaches to measuring disease burden. They may include measures of disease
severity, measures of direct and indirect economic costs, or summary measures of population health
(e.g. YLL, HALY, DALY, HALE) (Health Canada, 2014; Kwong, et al., 2010; Betancourt et al., 2014; Public
Health Agency of Canada, 2006a). Severity measures such as disease-specific mortality and health care
utilization are also widely used measures of disease burden. Common measures of health care
utilization in Canada include: disease attributed hospitalization, intensive care unit (ICU) admission,
physician visits, and hospital length of stay. Studies estimating the economic burden of particular
diseases in Canada use health care utilization measures to determine the direct costs of those diseases
to society (Health Canada, 2014; Krueger et al., 2013). The indirect costs of diseases in these studies are
determined by estimates of lost production due to premature mortality or morbidity (usually by
applying subjective utility or monetary valuations to lost time). Finally, a number of Canadian public
health studies utilize summary measures of population health to estimate disease burden more
comprehensively (Kwong, et al., 2010; National Advisory Committee on Immunization, 2012). These
studies generally use standard methodology and measures to incorporate complex quality of life effects,
while allowing for comparisons with national and international populations.

Data availability appears to be a significant factor in defining the scope of measurement for disease
burden estimates. The Ontario Burden of Infectious Disease Study report (ONBOIDS, described below)
explains that the approach that was taken for burden estimation was driven by the availability of data
(Kwong, et al., 2010). However, some initiative is being taken to expand measurements of disease
burden. PHAC's Centre for Food-borne, Environmental and Zoonotic Infectious Diseases plans to
increase the scope of their burden measurements beyond simple case counts, to include
hospitalizations, deaths and economic costs associated with food-borne illness (Thomas & Murray,
2014). As surveillance systems improve and expand, we might hope to see less reliance on simple
measures of incidence and prevalence rates as measures of disease burden in Canada, though
purposeful and transparent planning may best assure success.

Numerous public health programs and research projects in Canada have endeavoured to estimate some
aspect of disease burden. To exemplify some of the scope and diversity of these projects, and with a
focus on infectious disease, NCCID has selected four large Canadian initiatives which have given
considered attention to their measures of disease burden for public health decision-making purposes.

HALE /PHAC Strategic Planning

A key population health indicator produced by Statistics Canada to measure health is the health-
adjusted life expectancy (HALE). HALE is an indicator of the average number of years that an individual is
expected to live in a healthy state given the current morbidity and mortality conditions of the

13



population (Public Health Agency of Canada Steering Committee on Health-Adjusted Life, 2012). It
combines both mortality (quantity of life) and morbidity experience (quality of life) into a single
summary measure. It can be used to measure not only the burden of disease and injury, but also burden
associated with risk factors in the population and the performance of public health efforts. In 2012—13,
the Agency published the Health-Adjusted Life Expectancy in Canada: 2012 Report by the Public Health
Agency of Canada, which provided HALE estimates for Canadians with and without selected diseases
and conditions. Additionally, the report cited studies (Mclntosh, et al., 2009) that performed population-
level health equity analysis by linking mortality data with income data. These studies indicated that
lower levels of neighborhood income and family income were both associated with a significant loss in
HALE. Between 2012 and 2014, PHAC adopted the HALE (specifically, HALE at birth and HALE between
the top fifth and bottom fifth income groups) as a performance indicator for its primary strategic
outcome of “Protecting Canadians and empowering them to improve their health” (Public Health
Agency of Canada, 2013). Through these initiatives, the Agency demonstrated their commitment to
ensuring that estimates of disease burden used to inform Canadian policy not only incorporate concepts
of quality of life, but also accommodate health equity analyses.

EBIC

The Economic Burden of lliness in Canada (EBIC) is a comprehensive cost-of-illness study that began in
1991 to provide objective and comparable information on the magnitude of the economic burden or
cost of illness and injury in Canada based on standard reporting units and methods (Health Canada,
2014). The most recent report, EBIC 2005-2008, includes estimates that encompass a number of direct
and indirect disease-associated costs, but not measures reflecting intangible costs such as pain and
suffering. The three direct cost components estimated were: hospital care expenditures, physician care
expenditures, and drug expenditures. Other direct health expenditures (e.g. capital, other professionals,
public health, and other health spending) were included in total cost estimates but not attributed to
EBIC diagnostic categories. The indirect costs of disease were estimated by the value of lost production
due to illness, injury, or premature death associated with time away from labour market activities—they
did not include costs associated with presenteeism, non-labour market activities or informal caregiving.
The primary objective of EBIC has been to provide robust, economic evidence to support public health
policy and program planning in Canada (Health Canada, 2014).

Pandemic Vaccine Prioritization Framework

As an Annex to the Canadian Pandemic Influenza Plan for the Health Sector (CPIP), the Pandemic
Vaccine Prioritization Framework has been developed as guidance for vaccine prioritization decisions
that must be made if a pandemic were to occur in Canada (e.g. whether or not priority groups are
required, and if so, which groups would those be) (Public Health Agency of Canada, 2009b). The
Canadian pandemic goals set out in CPIP provide strong direction for decision-making when
implementing a pandemic vaccination program. These goals are “First to minimize serious illness and
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overall deaths, and second to minimize societal disruption among Canadians as a result of an influenza
pandemic” (Public Health Agency of Canada, 2006b). The Pandemic Vaccine Prioritization Framework
describes a number of considerations that must be made when trying to achieve these goals through
vaccine prioritization. The framework emphasizes that understanding the epidemiology of the pandemic
and its disease burden is “probably the most important consideration in developing vaccine
recommendations, including prioritization of recipients” (Public Health Agency of Canada, 2009b). It
highlights several key burden of disease measures for consideration, including pandemic severity, attack
rate, and the population groups most affected in terms of mortality and severe morbidity. It also
recognizes different ways that mortality or severe morbidity data can be expressed (e.g. number or rate
of deaths by age or risk group, years of healthy or working life lost, DALYs). Finally, it notes the ethical
dilemma that exists when trying to balance utility (the principle of acting to maximize aggregate welfare)
with equity (the fair distribution of benefits and burdens) in vaccine prioritization decisions. The
Pandemic Vaccine Prioritization Framework does not try to formalize a weighting system for criteria or
measures involved in prioritization decisions. Rather, it uses a formalized structure to characterize the
key questions and concerns that should be considered during the decision-making process.

ONBOIDS

The Ontario Burden of Infectious Disease Study (ONBOIDS), completed in 2010, was a large initiative
undertaken by the Institute of Clinical and Evaluative Sciences (ICES) and Public Health Ontario (PHO) to
describe the relative contributions of certain infectious diseases to the overall burden of infectious
diseases in Ontario. It had three other central objectives: to inform priority setting, planning, and
decision-making; to establish a baseline for future evaluations of public health interventions; and to
identify the strengths and weaknesses of existing data on infectious diseases (Kwong, et al., 2010). The
investigators used a HALY as their primary measure of disease burden, though they tailored their
approach and declared certain value-based decisions made in calculating their HALY (such as using a
local life expectancy value instead of a global one, and not including age weighting in their analysis)
which may have made their results less comparable to other burden of disease studies worldwide. The
authors highlight two other important limitations in their report. First, they explain that their methods
did not allow for an evaluation of the full impact of infectious disease outbreaks on the broader
economy or society. They express a need for novel methods to comprehensively assess the health and
economic burden of infectious disease outbreaks in Canada. Second, they underscore the fact that their
study did not include an assessment of the burden of disease prevented by successful interventions such
as vaccination programs, early antibiotic treatment, or hospital infection control. They note that the low
burden of disease associated with vaccine-preventable diseases in Canada could mostly be attributed to
the success of vaccination programs and should not diminish the attention that they receive from public
health. ONBOIDS is one of the most thorough examinations of the burden of infectious diseases in
Canada to date. However, as the authors note, data quality and availability had a significant effect on
the extent of analyses they could perform. Any efforts to broaden the scope of disease burden
estimation in Canada may, therefore, need to proceed in step with commitments to improve data and
surveillance infrastructure.
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This review demonstrates an incredibly wide scope of purposes, measurements, and meanings behind
burden of disease estimations in Canadian public health program planning and policy initiatives.
However, many of these initiatives appear to espouse a similar purpose, that is, to support public health
policy and planning through disease monitoring and prioritization. Whether it’s to develop strategic
outcomes and performance indicators for PHAC, create a national pandemic vaccine prioritization
framework, describe the economic cost of illness and injury in Canada, or determine the relative
contribution of select infectious (or non-infectious) diseases to overall disease burden, accurate and
comprehensive burden of disease estimates are essential for progress and positive outcomes.

Gaps, Questions and Considerations toward a Framework

This concept paper has brought to mind a range of burden-related terms in common usage, some
important milestones in conceptualizing and measuring burden, and examples of current applications of
burden measures in Canadian public health program planning and policy initiatives. By now, some
omissions and shortcomings may be apparent. In this section, the aim is to begin to identify gaps and
raise critical questions concerning burden and its measurement to consider as we set goals for
developing clearer concepts and a broader framework by which we can understand important
dimensions of disease burden, particularly infectious disease burden. Such a framework could help
public health decision-makers to be aware of the potential scope of burden and to be conscious of their
own usage. It can be employed to assess the relevance of additional elements of burden for the
purposes of public health programmers and policy makers, and to consider the feasibility of measuring
or estimating them. At this preliminary, conceptual stage, the objective is to question, provoke ideas,
and invite input from diverse public health stakeholders, whereas the longer-range objective is to
develop a practical framework that serves the needs of decision-makers and the populations they serve.

Go wide, go deep? Is there room for different approaches?

lan McDowell, author of Measuring Health, observed a trend in health measurement toward the use of
a narrower range of instruments and consolidated methods for measuring burden (Mcdowell, 2006).
Certainly, the Global Burden of Disease project has stimulated a great deal of research centred on the
use of the DALY as a summary measure, which was regarded as a significant advancement for the
measurement of burden for reasons already described. Yet, as mentioned, the limited attention given to
definitions of burden of disease compared to definitions of DALYs and accounts of the GBD project may
suggest that the concept of burden is being eclipsed by this specific approach. It is unlikely that any one
summary measure of disease burden can meet all objectives of health assessment, nor account for the
effects of different diseases or injuries, and at the levels of analysis that may be of interest. As noted by
Thacker et al. (Thacker, 2006), burdens by different measures and data sources give a very disparate
picture of population health priorities. For example, a top ten ranking of health conditions by different
measures of burden based on US national statistics showed influenza and pneumonia ranked 7" among
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causes of death, but these conditions do not appear among the most costly conditions, or among those
that contribute most to DALYs, or YPLL. The differences are understood to reflect a combination of
disease characteristics and the focus of various measures. Although it is clear that rankings are over-
simplifications for most purposes, the larger point made by Thacker et al. concerns the limitation of
single measures of burden and that consensus is not likely achievable (Thacker, 2006). According to a US
Institute of Medicine panel convened to review summary measures, all measures of population health
involve choices and value judgements in both their construction and their application. The panel
recommended open discussion of assumptions associated with the approaches taken, as well as
establishment of standards and investment in training (Murray et al., 2000).

How are assumptions and uncertainties addressed in measuring disease burden?

According to Knol et al., uncertainties and assumptions behind estimates of environmental burden of
disease are not often made clear, yet policy makers need to understand the sources and implications of
uncertainty to make better decisions. The authors suggest the use of a typology to help identify
uncertainties, communicate across the multiple disciplines involved in environmental public health, and
interpret uncertainties for how they affect the utility of health assessment results in supporting
decision-making. Though they concede the merits of summary measures, like the DALY, the authors
caution that policy makers must take responsibility for understanding assumption and uncertainties
inherent to measures. Knol et al. cite examples of four-fold variation in DALYs that resulted from
different assumptions and illness severity weights being applied, confirming a need for caution in the
use of such measures for policy purposes (Knol et al., 2009). Uncertainties and assumptions particular to
infectious disease health assessments might also be explored.

What place do qualitative research methods and subjective assessments of burden
have?

Because improvements in biological outcomes for a health condition are not necessarily accompanied
by similar improvements in well-being perceived by those affected, some assessments of disease burden
have considered subjective measures of health-related quality of life. However, the ‘quality’ construct is
complex and challenging to measure and analyse. As already noted, many quality of life scales have
been developed and validated. These quantitative measures provide a convenient means of simplifying
complex information on subjective experiences, summarizing and analysing information drawn from
large population samples using statistical methods. However, it may be difficult to capture factors felt to
be important by subjects with closed-ended questions and a necessarily limited, ordered set of answers.
The potential for error may be great. Qualitative methods (e.g. interviews and case studies) and data
add rich contextual information about patient-defined disease outcomes. It may be important to
understand these experiences and perceptions in depth, not only in terms of the consequences of
disease for individuals, families, and communities, but also for the information that may be gleaned
about relevant and acceptable strategies to reduce burden.
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What levels of infectious disease burden are considered, and what etiological
framework is applied?

It is important to consider whether burden of disease has been adequately accounted for at all levels at
which health conditions have significant costs and consequences, that is, not only for the individual, but
within families and other key social relationships, the community, at the health and public health
systems level, and at a societal level. More importantly, public health professionals would do well to
consider the etiological framework in which they view these burdens. Is the burden of disease attributed
to decontextualized individual behaviours or is a structural model of causation adopted, with a view to
the contexts and processes in which disease originates? Pearce (Pearce, 1996) raised this as a concern
for trends in epidemiology in a 1996 issue of the American Journal of Public Health, and it remains a
salient point. The author described a shift in epidemiology from a population perspective to a
reductionist approach focused on an individual level of analysis. According to the author, “epidemiology
has largely ceased to function as part of a multidisciplinary approach to understanding the causation of
disease in populations and has become a set of generic methods for measuring associations of exposure
and disease in individuals”. Pearce went on to level criticism at the field for neglecting social, economic,
cultural, historical, political, and other population level contexts.

How relevant are measures of burden to a particular level of public policy
development?

Authors of an Estonian study considered trade-offs of internationally comparable results from a GBD
approach to burden versus local relevance, and opted to tailor their strategy to serve their national and
local policy needs. The authors found that by contextualizing the measure they achieved added value
and favourable uptake of results by policy makers. To contextualize the measure, they used disease
classification corresponding to an Estonian disease profile, made use of routinely collected data in
Estonia, and used national disease severity assessments in disability weights. The authors also adjusted
goals to not only reduce overall burden of disease but also decrease inequities and improve health-
related quality of life (Lai et al., 2009). As mentioned earlier, ONBOIDS researchers took a very similar
‘localized” approach to measuring disease burden in Ontario. These examples may be illustrative for
those adopting the GBD approach and measures, although critical consideration of the applicability of
any health assessment method and measure to a specific policy context may be important.

How can the concept and measures of burden be expanded beyond medically
defined deficits?

Researchers at the US CDC have described the common approach to burden as being narrow and overly
focused on mortality and morbidity (Centres for Disease Control and Prevention, n.d.). A biomedical
paradigm is seen to be dominating much of the discourse on burden. Many assessments of population
health still define health simply on the basis of clinical features and only adverse health effects that are
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diagnosed by medical doctors. According to Thacker et al., the WHO definition of health, “health is a
state of complete physical, mental and social well-being and not merely the absence of disease or
infirmity”, has long been in use, and yet the positive and social dimensions it refers to are not accounted
for by burden measures (Thacker, 2006). Only negative aspects are quantified. Thacker et al. suggest
there is a need to put attention to aspects of health that reflect the quality of life to which people
aspire, the activities that protect public health, and social capital or health-supporting conditions and
relationships. Writing in 2006, the authors note the CDC’s intentions at that time to further explore
these non-traditional measures of burden.

[s the importance of reducing inequitable burden being addressed?

In a commentary piece, David Mowat stated that the measurement of the overall health status of the
Canadian population hides serious disparities, such as an eight-fold higher prevalence of tuberculosis in
Aboriginal Canadians. Mowat went on to emphasize the important role public health has in reducing
health disparities (Mowat & Butler-Jones, 2007). The view echoes a WHO discussion paper on
approaches to social inequities in health, which suggested that population health policies should have
the dual purpose of promoting health gains in the population as a whole and reducing health inequities
(Whitehead, 1992). Gold and colleagues have drawn attention to an unresolved ethical dilemma that
some summary measurers of health (e.g. QALYs), having been shaped by utilitarian social theory, work
on the assumption that policies should do the greatest good for the largest number of people (Gold et
al., 2002). However, greater equity may require doing the most good for only some who carry the
heaviest burden of disease. An added challenge for reducing infectious disease inequities may be that
studies in this area have not received the same prominence as studies on some chronic diseases (e.g.,
Marmot, 2004).

How can structural / upstream factors to which disease burden is attributable be
better accounted for?

Upstream, structural and social determinants of health may be further explored for infectious diseases.
For example, the underlying determinants of influenza burden in remote and isolated First Nations
communities could be more fully understood as consequences of low-quality housing, crowded living
conditions, high exposure to indoor air pollutants, lack of access to critical infrastructure, higher
prevalence of predisposing health conditions and co-morbidities (Moghadas, 2014). The influence of
food insecurity might also be considered. As well, there is a need to better understand determinants
that influence susceptibility to severe iliness, an area which calls for greater attention from public health
decision-makers.

Nearly 15 years ago, CDC invested in research on non-traditional measures of burden, moving upstream
to the social and environmental conditions which shape risks for disease or injury. According to Thacker
and colleagues, some measures exist in this area, but they are still limited. Writing in 2006, the authors
note that the factors being explored include social capital, social relationships, social cohesion, healthy
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peer relationships, and school or work environments supportive of good health. Further work remains
to assess the feasibility of developing appropriate metrics of burden in these areas (Thacker et al.,
2006).

Looking downstream of common burden measures, what more can be done to
include information on co-morbid conditions?

Accounting for co-morbid conditions in measures of disease burden presents challenges. Taking the
example of the EBIC, the report’s authors point out that hospital care expenditures were not attributed
to comorbid conditions, leading to under-estimates for certain conditions. The authors concede that
discharge abstracts for the majority of hospital databases do contain information on comorbid
conditions, and suggest that future editions could weight expenditures according to primary and
comorbid conditions.

How might the severity of infectious disease burden be better accounted for?

Certain summary measures of health (e.g. HALYs) have incorporated information on severity by applying
a severity weighting factor to the time lived with particular health conditions. However, awareness of
the subjective nature of judgements of severity has raised questions about who is the most appropriate
judge of disease severity. Are clinicians or other experts the best judges of severity, or are those who are
affected by the disease or injury the rightful judge of the experience? Some have suggested that
representative sampling could provide a more fair assessment of severity.

Overall, many assessments of disease burden scarcely address severity measures, which at least in part
reflects shortcomings in surveillance systems. For influenza, incidence rates or attack rates are often still
the major focus of health assessment rather than indicators of severe illness such as hospital separation,
hospital days, ICU admission, or death.

Do we have sufficient information about the burden of infectious disease in the
aging and elderly?

Some approaches to the measurement of disease burden have given less importance to consequences
for older and elderly people. Yet research from the fields of geriatric medicine and gerontology draw
attention to considerable variability in the aging process and preventability of disease and disability in
older age. Given concerns that Canada’s population is aging and that costs of care will escalate, it may
be increasingly important to make health assessment more sensitive to burden in older age groups in
order to better understand how public health can intervene for improved quality of health. For
infectious diseases, aging with HIV has become one priority area for understanding the potential for
greater gains in quality of life. Influenza is associated with serious debilitating complications in elderly
individuals and greater focus on issues like vaccine effectiveness for those aged 65 and older, and
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attaining longer term immune memory for vaccine in this group requires added attention to burden of
influenza in this population.

How can gender bias in assessment of infectious disease burden be addressed?

As the EBIC report details, indirect costs of illness to men tend to be much larger than for women,
although as the authors suggest, this is likely to reflect omissions in the measure and data sources.
Neither lost production from unpaid work nor for the care of others who are sick or injured are counted,
which leads to a systematic bias in the measurement of burden for women who contribute more time to
these activities. As well, though women actually miss more days of work (i.e. paid labour) due to illness
than men, women’s lower earnings outweigh the effects of greater amounts of sick time on measures of
lost production (Health Canada, 2014). A dual burden is also implied, as women disproportionately
experience income inadequacy and their lesser earnings make them more vulnerable to lost income in
circumstances where they care for others who areill.

Has the burden of infectious disease for caregivers been adequately addressed?

Unpaid, informal caregiving represents a significant though commonly unacknowledged contribution to
the Canadian economy and to public health, yet the burden of caring for those who are ill and injured,
as well as the burden for recipients of care consequent to caregivers’ illness, are not commonly
accounted for. Physical, emotional, social, and financial burdens accrue to those who provide unpaid
care, though several factors are recognized as having a mediating influence on caregiving burden, and
rewards of caregiving have also been acknowledged (Amstrong & Kit, 2004). The relationship between
caregiving and risk for infectious disease has been explored in research, including a study by Kiekolt-
Glaser et al., who found that older caregivers had significantly poorer immune responses to influenza
virus vaccine than controls (similar for vaccine history, age, income, and chronic disease), which is
consistent with experimental studies on stress-related modulation of immunity (Kiecolt-Glaser et al.,
1991). Bringing a gender-based analysis to bear, some researchers have also raised critical questions
about the effects that downsizing and privatizing healthcare has had on predominantly female
caregivers, including greater demands and deterioration of conditions in which unpaid (and paid) care is
provided (Armstrong et al., 2001). Thus, tracking caregiving burden requires information on both
population health status (e.g. how many people require informal care in recuperating from influenza
and its complications or how many lack care owing to a caregiver’s iliness) and a health resource burden
that may risk care being offloaded to informal providers (e.g. emergency services overload during peak
attack rates of pandemic influenza).

Has the burden of public health interventions been accounted for?

Public health interventions and strategies have their own costs, which may not adequately be
considered. For example, school closures have detrimental social and economic consequences. Some
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factors include: missed school work, rearranging household schedules, difficulty making alternate
childcare arrangements, decreased productivity in the workforce, decreased capacity in the health care
system if professionals stay home to care for their children, lost income, fear of infection, and the cost
of childcare (Isfeld-Kiely & Moghadas, 2014). Moreover, the appropriateness and effectiveness of
medical treatment or interventions cannot be assumed to be uniform for the recipients of services, and
may differ on the basis of biological characteristic like sex of the individual, but particularly by social
factors, including gender, ethnicity/cultural group, rural or remote residence, or income level.

How can we account for ‘prevented burden’ and public health successes?

According to Thacker et al., the prevention and health protection roles of public health (e.g.
immunization) are important, and yet burden, as a deficit measure cannot estimate their effects
(Thacker et al., 2006). Curry et al. provide as an example that where burden of disease is low, but has
been achieved through effective public health measures, sustained or increased funding may be needed
to maintain capacity and prevent a resurgence of disease. Successful programs are important
dimensions to consider in prioritizing public health intervention and they need place markers in the data
and policy conversations. The authors call for an expanded repertoire of measures to reflect public
health roles in prevention and health protection (Curry et al., 2006). The authors of the ONBOIDS report
raise the same point and suggest that an important complementary study to theirs would involve an
investigation into the number of lives saved and morbidity prevented through various intervention
strategies such as vaccination (Kwong, et al., 2010).

Conclusion & Next Steps

In this discussion paper, NCCID has begun to plumb and map the conceptual construct of burden of
disease, with aims to build understanding of the depth and breadth of meaning that has accrued to the
term, and to explore some current applications in research and in program and policy development.
Burden of disease measurement holds much promise of practical benefits for prioritizing public health
action on burden-producing problems, guiding the use of scarce resources to the best effect, and
furthering goals for greater equity in health outcomes. Yet its potential is unlikely to be realized without
greater collaboration among disciplines and a more integrated, systematic, and transparent approach.

There has been a proliferation of burden-related terms in the academic literature. These terms allude to
wide ranging dimensions of burden, though definition and validation of measures may be lacking. Social
dimensions of burden do not receive the same attention as biomedical outcomes, and appear more
often in discussions of particular disease categories or risk factors. They do not appear to be integrated
within larger-scale, multi-disease initiatives. Structural determinants of health and equity considerations
are not prominent in the discourse on burden of disease, whereas consolidation of methods and metrics
appear to be the greater focus.
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Over time, key concepts and methods for measurement have developed, which have helped apply
disease burden information toward practical ends. Though each approach has limitations and omissions,
their critical appraisal has propelled improvements in data collection and analysis. Refinements in this
work has led to important revelations about disease trends and overlooked costs of chronic, non-
communicable diseases.

Although this review was admittedly limited in coverage, it suggests that a wide range of methods are
currently applied in estimating disease burden in program and policy initiatives. Many projects are
limited to the use of simple case counts. The focus is often on individual diseases or risk factors, though
the scope of measurement may vary according to the policy level to which the work relates. Mortality-
based measures still predominate, and a biomedical perspective persists. The GBD approach adds an
adjustment for time lived with disability to the equation, allows for comparison across diseases and
regions, and supports analysis by contributions of major risk factors. Yet its orientation to factors
important to health in developing nations raises questions for its utility for prioritizing Canadian health
issues. Overall, the measurement of disease burden remains siloed and piecemeal.

From this preliminary review, it appears that the objectives of burden of disease assessment would be
better served by explicit definition of the overarching concept and specificity of the purpose to which
burden assessment is being applied. There is often little sense of whether the purpose of a burden of
disease initiative has been served, whether good uptake of the information has been achieved, and how
that information is subsequently acted upon. As well, there is a need for expansion of the burden
concept beyond the purview of biomedicine. This may begin with greater awareness of various
dimensions of burden that have been explored by allied population health disciplines, and of other
levels at which consequences of an individual’s disease occur (i.e. family, social, community, or societal
levels). While there has been some innovation in non-traditional measurement of burden (e.g. social
capital), efforts to track progress and publicize the work may have lapsed.

As a long-range goal, the aim of this foundational work is to develop a fully articulated framework to
guide burden of disease measurement and prioritization of public health decision-making, particularly in
the area of infectious disease public health. To this end, NCCID invites population and public health
stakeholders to consider the ideas and questions raised within this discussion paper and to contact us
with input. Specific mechanisms have also been planned to solicit broad input, including the
development of an advisory group and a workshop event. Consultation with population public health
professionals assures a more practical and relevant approach.
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