Measures of Health and
Disease in Populations

In its 1948 charter, the World Health Organization
(WHO) defined health as "a state of complete
physical, mental and social well-being and not merely
the absence of disease or infirmity."
e A" Le_:i_‘ daall dalladl daal) akiie cidTie 1948 ale jaliall Lgdline b
P aadl o Gl e 3 yae el s ALISH G Lain ) el g Agiad) AL
Although this is an important ideological
conceptualization, for most practical purposes, *
objectives of health programs are more readily defined
in terms of prevention or treatment of disease.
Disease has been defined in many ways and for a
variety of reasons; distinctions may be made between
disease, sickness, and iliness. For purposes of
defining and measuring disease burden, a general
definition will be used in this text: Disease is anything
that a person experiences that causes, literally,
"disease" - that is, anything that leads to[cjiscomfort,
pain, distress, disability of any kind, or death] Very gen
constitutes disease. It may be due to any cause,
including injuries or psychiatric conditions.
gle diad o da gl dhles (Bl BB (4381 Lfiay ) gia daual) ciy o3 K
(o 2= uAuawd\ 2529 BA (e daall () g3 ) Aauall Hdisa S (s sal)

At dlenl) Gl e V) aliead Luailly 4 V) cage o shsuadl ) s 138 Of (e a2 M1 e
A Leadle Sl Gl a1 e BB Cam e ST AT sy Lpniall ol Calaad s
)“‘n} ud)'db oAl ca )—M—\S‘u&d‘“—w Y e o=l en

,\Cu_)u\snd;y;wd\d\ mf"‘m}‘m,u@\u@mgw@
Y iamellh K L.admdsmu,ﬂnjx‘tydxwﬂljt@mn}\gw
w\ u‘}ﬂ;“ }| L.:L\LAY\ JJL‘;\.A.:“_LM

: "classification” dawal) daliia ciles (13x aul g G sall iy 25 Y g
It is also important to be able to diagnose and classify
specific diseases to the extent that such classification
aids in determining which health intervention programs
would be most useful. Thus, defining disease,
understanding the pathogenesis of the disease process,
and knowing which underlying risk factors lead to this
process are critical for understanding and classifying
causes so as to determine the most effective prevention
and treatment strategies for reducing the effects of a
disease or risk factor. Just as the purpose of diagnosis of
a disease in an individual patient is to provide the right
treatment, so the major purpose of working through a
burden of disease analysis in a population is to provide
the basis for the most effective mix of health and social
program interventions.

uu“;uu, mwamu)&ug\ﬁd\&u\@i}mmbﬁmﬂ\au
@J\WLMY\)LJ\JA\):;&\MWJ‘UAJA\W@M\P@}‘UAJA\JJ.\M
c_ﬂ_\;_u\‘).uﬂ )45‘ J.ma.\l u\..tu\.“ MJ?@MY\ cJLn )A\ MLuJ\ 038 GS‘ L;JJJ

O gt ) D Gl Ly € gmcall Ml i g (gl (il wx Al
lad ST g el QLT 5 sa Sl 2 b Gl 5a¥1 Jilas scie A (e Janl)
A de Leia ¥l 5 gealill (e

Only the
This chapter is divided into five sections. : first 2

The first section explains the reasons for and approaches
to measuring disease burden in populations, describes the
need for using quantitative indicators, highlights the
importance of using data for decision making in health, and
lists a variety of major health indicators currently in
widespread use. The second section critically reviews
methods for developing and using composite measures that
combine the mortality and morbidity from diseases in
populations at national and regional levels. It explores the
potential utiliy of these measures and discusses their
limitations and implications.
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Reasons for and Approaches to

Measuring Health and Disease
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'The many reasons for obtaining health-related information all

hinge on the need for data to guide efforts toward reducing the

consequences of disease and enhancing the benefits of good (D

health. These include the need to identify which interventions will

have the greatest beneficial effect, to identify emerging trends(2)
(®and anticipate future needs, to assist in determining priorities for
o) expenditures, to provide information for education to the public,
and to help in Setting health research agendas. The primary
information requirement is for understanding and assessing the ®
health status of a population and its changes over time. In recent
years, practitioners have emphasized the importance of making
evidence-based decisions in health care. There is little reason to
doubt that evidence is better than intuition, but realizing its full
benefits depends upon recognizing and acting upon the
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How ?
Measuring Health and Disease
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The relative importance (burden) of different diseases
in a population depends on their frequency (incidence
or prevalence), severity (the mortality and extent of
serious morbidity), consequences (health, social,
economic), and the specific people affected (gender,

age, social and economic position). \Y
Moderators
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Counting Disease (Frequency)

The first task in measuring disease in a population is
to count its occurrence. Counting disease frequency
can be done in several ways, and it is important to
understand what these different methods of counting
actually mean. The most useful way depends on the
nature of the disease and the purpose for which it is
being counted. There are three commonly used
measures of disease occurrence: cumulatlveO
incidence, incidence density, and grevalence.
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@Cumulative incidence, or incidence proportion, is the
number or proportion of new cases of disease that
occur in a population at risk for developing the
disease during a specified period of time. For this
measure to have meaning, three components are
necessary: a definition of the onset of the event, a
defined population, and a particular period of time.
The critical point is new cases of disease--the
disease must develop in a person who did not have
the disease previously.
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The numerator is the number of new cases of

disease (the event), and the denominator is the
number of people at risk for developing the disease.
Z—s new Cases — of\ e)kﬂow
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Everyone included in the denominator must have the
potential to become part of the group that is counted
in the numerator. For example, to calculate the
incidence of prostate cancer, the denominator must
include only men, because women are not at risk for
prostate cancer. The third component is the period of

time.
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Any time unit can be used as long as all those
counted in the denominator are followed for a period
comparable with those who are counted as new
cases in the numerator.
The most commonly used time denominator is
one year.
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Incidence density, which is often simply called incidence rate,

is the occurrence of new cases of disease per unit of person-
time.

This metric directly incorporates time into the denominator
and is generally the most useful measure of disease
frequency; it is often expressed as new events per person-
year or per|1,000 person-years. Incidence is a measure of
events (in this case, the transition from a nondiseased state
to a diseased state) and can be considered a measure of risk.
This risk can be looked at in any population group, defined by
age, sex, place, time, sociodemographic characteristics,
occupation, or exposure to a toxin or any other suspected
causal factor.
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Prevalence is a measure of present status rather than of

newly occurring disease. It measures the proportion of people
who have the defined disease at a specific point of time.
Thus, it is a composite measure made up of two factors--the
incidence of the disease that has occurred in the past and its
continuation to the present or to some specified point in time.
That is, prevalence equals the incidence rate of the disease
multiplied by the average duration of the disease. For most
chronic diseases, prevalence rates are more commoly
available than are incidence rates.
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To understand the burden of disease in a population, it is
important to consider not only the frequency of the disease but
also its severity, as indicated by the morbidity and premature
mortality that it causes. Premature mortality is defined as death
before the expected age of death had the disease not occurred.
Morbidity is a statement of the extent of disability that a person
suffers as a consequence of the disease over time and can be
measured by a number of indicators, as discussed later in this
chapter.
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Traditionally, mortality has been the most important indicator of
the health status of a population. John Grant developed the first
known systematic collection of data on mortality with the Bills of
Mortality in the early 1600s in London. He described the age
pattern of deaths, categorized them by cause as understood at
the time, and demonstrated variations from place to place and
from year to year. Mortality rates according to age, sex, place,
and cause continue to be central information about a
population's health status and a crucial input for understanding
and measuring the burden of disease. Considerable literature
exists on the use of mortality to indicate health status and its
application to national and subnational levels (Murray & Chen,
1992).
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The fact of death by age, sex, and place is required by law in
most countries through death registration, and in many
countries the cause of death through death certification is
required as well. Both provide essential information about the
health status of a population. Nevertheless, in many low-
income countries, the fact of death, let alone its cause, is still
not reliably available.
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In high-income countries, vital statistics (i.e., the registration
of births and deaths by age, sex, and place) are routinely
collected and highly reliable. In most middle-income
countries, the reliability and completeness of these data have
been steadily improving and often are fairly satisfactory.
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In contrast, the collection of vital statistics remains grossly
incomplete in many low-income countries. An analysis of
death registration in the course of the Global Burden of
Disease study showed that vital registration data together
with sample registration systems still do not cover 100% of
global mortality. Survey data and indirect demographic
techniques are needed to provide information on levels of
child and adult mortality to paint a complete picture of global
mortality (GBD 2015 Mortality and Causes of Death
Collaborators, 2016). Nevertheless, even in low-income
countries, increasing use of survey methods is delivering
useful estimates of the mortality rates for the population
younger than age 5 years and other populations.
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Obtaining information about cause of death Ol o
remains difficult even in many middle-income coun-
tries,a lot of information depends on special surveys
or studies of select populations.
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Age-specific mortality profiles are a prerequisite for a burden
of disease analysis. Although extensive work has been done
to document and analyze child mortality in low- and middle-
income countries (MICs), less has been done for adult
mortality (Hill, 2003). MICs have higher rates of age-specific
adult mortality than do high-income nations (GBD 2015
Mortality and Causes of Death Collaborators, 2016; Lopez et
al., 2002; Murray & Chen, 1992). Indeed, mortality rates are
higher for both women and men in MICs at every age when
compared with the high-income world. In Africa, the
enormous increase in deaths of young and middle-aged
women and men from acquired immunoeficiency syndrome
(AIDS) has had a profound impact on mortality and survival
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Traditional indicators of mortality have been the standard for
assessing population health status. Neonatal mortality rates
(NMR; deaths of live-born infants before 28 days of age per
1,000 live births), infant mortality rates (IMR; deaths of live-born
infants before 12 months of age per 1,000 live births), and child
mortality (deaths of children younger than 5 years of age) are
considered sensitive indicators of the overallhealth of nations.
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Demographic and Epidemiologic
Transitions

The demographic transition describes the changes in birth
and death rates that historically have accompanied the shift
from a traditional society to a modern society; it is detailed in
other chapters. With modernization, sharpdeclines in mortality
have been followed by a reduction in fertility, albeit one that
commonly lags behind the change in the death rate by years
or decades. The term transition refers to the shift away from a
stable population in which very high birth rates are balanced
by very high death rates to a stable population in which low
birth rates are balanced with low death rates.
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In between these extremes, as a society undergoes
modernization, there is a lag between falling mortality,
especially in the under-5 age group, and the drop in
birth rates that leads to explosive population growth.
Thereafter birth rates fall and a new stage is reached in
which birth and death rates are low and balance
resumes. The result is a striking change in the age
structure of the population, with a decreased proportion
of children and an aging population. These changes in
the population age distributions are reflected in the shift
from a wide-based pyramid, reflecting larger numbers in
the younger age groups, to a structure with a narrow
base, nearly rectangular configuration, and nearly equal
percentages in each age group.
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Other Health-related metrics
Important table

TABLE 1-2 Health-Related Metrics

- e

Demographic indicators: Maternal death

reproductive health

Maternal mortality ratio

s Maternal mortality rate

Lifetime risk of maternal
mortality

Total fertility rate

Life expectation at birth

Anthropometric indicators:
nutrition

Weight for age

LS

Height for age
Weight for height

Mid-upper arm circumference

Mortality (death) indicators Mortality rate
nfant mortality rate

Under-5 mortality rate

5q0

Neonatal mortality rate

Stillbirth rate

Perinatal mortality rate

Disease frequency Endemic

Epidemic

Pandemic

Death of a woman while pregnant or up to 42 days
post-delivery from any cause except accident

Maternal deaths per number of pregnancies
(maternal deaths per 100,000 live births)

Maternal deaths per number of women of
reproductive age (maternal deaths per 100,000
women aged 15-49)

Cumulative loss of human life due to maternal
death over the female life course

Average number of children a woman would bear if
she lived to the end of her reproductive period

Average number of years a newborn would live
if his or her life were lived under the mortality
conditions for the place and year in question

Underweight

Stunting
Wasting

Wasting

Number of deaths in a specified time period/number
of persons at risk of dying during that period

Number of deaths of live born infants before
12 months of age per 1,000 live births

Number of deaths of children younger than age 5
per 1,000 live births averaged over the last 5 years

Probability of death of a newborn by age 5

Number of deaths of live-born infants before 28
days of age per 1,000 live births

Number of babies born with no signs of life at or
after 28 weeks' gestation per 1,000 births

Number of fetal deaths (28 or more weeks of
gestation) + postnatal deaths (first week) per 1,000
live births

Usual occurrence of a given disease in a defined
population

Occurrence of a given disease in a defined population
clearly in excess relative to its usual occurrence

A worldwide epidemic involving large numbers

Morbidity and Disability

Measures of mortality have been the principal indicators
of population health status for generations. Their relative
ease of observation, availability of data, and history of
use make mortality information useful for assessing and
monitoring the health status of populations. However, the
key limitation with mortality-based indicators is that they
"note the dead and ignore the living" (Kaplan & Anderson
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Measurements of morbidity, by comparison, are more
problematic because there is not a clearly defined
endpoint such as death provides. In addition, several
components of disability need to be assessed, and there
may be a substantial subjective aspect to grading
theextent or severity of a condition.

Al Adadi aa o3 Y Y A ST ¢ 2 HlEall ¢ dal yall Ll aad
AU Sa (o el andl gy ¢ Al ) ALY _EE)X\JLC}.'A:);BMM
Al sad ol Caall S add Caila @llia (S5 A ¢ diley)

o o @de %
The(International Classification of Impairments, Disabilities,
and Handicaps (ICIDH) was developed in the 1970s to classify
nonfatal health outcomes as an extension of WHO's ICD
system (WHO, 1980). It was developed to more fully describe
the impact of a given disease on an individual and on society,
and to account for that disease's heterogeneity of clinical
expression and evolution in different individuals and societies.
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ICIDH categories included impairment (loss or abnormality of
psychological, physiological, or anatomic structure or function),
disability (restriction or lack of ability to perform an activity
considered normal), and handicap (disadvantage from a
disability or impairment for a given individual based on the
inability to fulfill a normal role as defined by age, sex, or
sociocultural factors). These distinctions clarified more than
just processes--they helped define the contribution of medical
services, rehabilitation facilities, and social welfare to the
reduction of disability.
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Using such classifications, indicators of disability--such as impairment-
free, disability-free, and handicap-free life expectancies-~-have been
developed. These, inturn, have been used to estimate health-adjusted
life expectancies using severity and preference weights for time spent
in states of less than
perfect health.

Measuring Disability

If all the various forms of disability-physical, functional, mental, and
social-are to be compared with mortality, they must be measured
in an equivalentmanner for use in health assessments. To do so,
measurement of disability must quantify the duration and severity
(extent) of this complex phenomenon.
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A defined process is needed that rates the severity of disability as
compared with mortality, measures the duration of time spentin a
disabled state, and converts various forms of disability into a
common scale.
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General measures of disability without regard to cause (often
carried out by special household surveys) are useful to determine
the proportion of the population that is”’disabled" and unable to
carry out normal activities, but are not much help for quantifying
the extent of disability.
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In general, three components of disability need to be assessed:

The first component is the case disability ratio (CDR)-the proportion
of those diagnosed with the disease who have disability.
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For most diseases that are diagnosed clinically, the CDR will be 1.00
because, by the definition of disease given earlier, patients will have
signs or symptoms. In contrast, when the diagnosis is based on, for
example, infection rather than disease (such as tuberculosis) or on a
genetic marker rather than the physical manifestation (such as sickle
cell trait), the CDR is likely to be less than 1.00.
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The second component of disability is its extent or severity~how
incapacitated the person is as a result of the disease. The extent
of disability is expressed on a scale, such as from 0 (indicating no
disability) to 1.00 (equivalent to death). The assessment of
severity can be quite subjective, particularly because so many
different types and dimensions of disability exist. A number of
methods have been introduced in an effort to achieve
comparability and obtain consistency
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The third component of disability is its duration. The duration
is generally counted from onset of the disability until cure,
recovery, or death. Sometimes there is continuing permanent
disability after the acute phase is completed; in such a
scenario, the duration would be the remaining life expectation
from the time of onset of disease.
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Summary Measures of
Population Health

This section focuses on the major approaches used for
developing composite measures of population health status that
summarize mortality and morbidity occurring in a population
through the use of a single number. It discusses the rationale
for composite measures, reviews the origins of each major
approach, examines methodological differences among these
approaches,and outlines the advantages and limitations of
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Two types of composite summary measures have been developed:

health gap measures (healthy life lost), such as healthy life years
(HealYs) or disability-adjusted life years (DALYs), and health
expectancies, such as disability-free life expectancy (DFLE) or health-
adjusted life expectancy (HALE). Both types use healthy lifetime lost
through disability and death as a common measure of the impact of
mortality and nonfatal health outcomes. These two types of measures
are complementary and can be studied using survivorship curves,
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© Healthy Life Year

The healthy life year (HealY) is a composite measure that
combines the amount of healthy life lost due to morbidity
with that lost due to death-that is, loss of life expected had
the disease not occurred
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@ Disability-Adjusted Life Year

The disability-adjusted life year (DALY) is a health gap
population summary measure that combines time lost due to
disability with that lost due to death (life that would have been
expected had the disease not occurred),
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Quality-Adjusted Life Year

The quality-adjusted life year (QALY) was introduced in 1976 to
provide a guiding principle for selecting among alternative tertiary
healthcare interventions (Zeckhauser & Shepard, 1976). The idea
was to develop a single measure of quality of life that would
enable investigators to compare expected outcomes from different
interventions- a measure that valued possible health states both
for their quality of life and for their duration.
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Health-Adjusted Life Expectancies

Several types of health expectancies exist in the literature. During the
1990s, disability-free life expectancy (DFLE) and related measures
were calculated for many countries (Robine, 1994; Mathers et
al,2001). However, these measures incorporate a dichotmous
weighting scheme in which time spent in any health state categorized
as disabled is assigned, arbitrarily, a weight of zero (equivalent to
death).Thus. DELE is not sensitive to differences in the severity
distribution of disability in populations. In contrast, disability-adjusted
life expectancy (DALE) adds up expectation of life for different health
states with adjustment for severity weights. In 2001, WHO replaced
the DALE terminology with health-adjusted life expectancy (HALE);
the latter term will be used throughout the remainder of this text.
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The HALE is a composite summary measure of population health
status that belongs to the family of health expectancies; it
summarizes the expected number of years to be lived in what might
be termed the equivalent of "full health.! WHO has used it as the
measure of the average level of health of the populations of member
states for annual reporting on population health for a few years
(WHO, 2000).
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Health expectancy indices combine the mortality experience of a
population with the disability experience. The HALE is calculated
using the prevalence of disability at each age so as to divide the
years of life expected at each age (according to a life table cohort)
into years with and without disability. Mortality is captured by using a
life table method, while the disability component is expressed by
additions of prevalence of various disabilities within the life table. This
indicator allows an assessment of the proportion of life spent in
disabled states. When compared with the total expectation of life, it
translates into a measure of the total disability burden in a population.
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