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Methods

One of the primary goals of epidemiology is to quantify various aspects of a population’s health, illness, and death status and the de-

terminants (or risk factors) thereof by calculating health indicators that measure the magnitudes of various conditions. There has been 

some confusion regarding health indicators, with discrepancies in usage among organizations such as the World Health Organization 

the, Centers for Disease Control and Prevention (CDC), and the CDC of other countries, and the usage of the relevant terminology may 

vary across papers. Therefore, in this review, we would like to propose appropriate terminological definitions for health indicators 

based on the most commonly used meanings and/or the terms used by official agencies, in order to bring clarity to this area of confu-

sion. We have used appropriate examples to make each health indicator easy for the reader to understand. We have included practical 

exercises for some health indicators to help readers understand the underlying concepts.
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INTRODUCTION

For the foremost task of epidemiology—describing the dis-
tribution of health outcomes and their risk factors—quantita-
tive indicators are required. A simple example of an indicator 
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may be information on the number of subjects with a specific 
condition, but indicators can also include the size of the total 
population analyzed in a study or the period over which the 
data were collected, thereby providing additional information. 
These indicators can be used to estimate the causality of disease 
onset and mortality, with implications for the planning of pub-
lic health projects and priority-setting for resource allocation.

There has been some confusion regarding health indicators, 
with discrepancies in usage among organizations such as the 
World Health Organization (WHO), Centers for Disease Control 
and Prevention (CDC), and the CDC in other countries, and the 
usage of the relevant terminology may vary across papers. 
Therefore, it is necessary to summarize these health indicators 
to provide a unified framework for these numerous terms and 
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concepts. Since most of the variables used in epidemiological 
studies are nominal variables with two categories, such as sur-
vival versus death, case versus control, and exposure versus 
non-exposure, these variables are incorporated into health in-
dicators in the form of ratios, proportions, and rates. However, 
these summary measures (ratios, proportions, and rates) and 
the terminology used to describe health indicators often do 
not coincide, resulting in confusion. Therefore, in this review, 
terms that are often confused with each other are grouped to-
gether and the corresponding health indicators are summa-
rized, with a focus on the most commonly used terms and those 
used by official agencies. In addition, appropriate examples of 
calculations and graphs are attached as concrete and simple 
illustrations of how each health indicator can be applied.

Ratios, Proportions, and Rates
A ratio is a measure that is presented in the form of x⁄y or y⁄x 

to compare two quantitative figures, and is a measure that 
provides a sense of the relative magnitude of two characteris-
tics or events in a group. Some frequently used ratios in epide-
miology include the sex ratio, stillbirth rate, relative risk, and 
odds ratio. 

A proportion is a type of ratio in which the numerator is in-
cluded in the denominator, such as x⁄(x+y). Proportions are 
frequently used to calculate risk, which refers to the frequency 
of a characteristic or the probability of having a characteristic. 
Frequently used examples of proportions include percent val-
ues (%), followed by point prevalence, period prevalence, the 
case-fatality rate, and attributable risk [1].

A rate is a measure of the frequency of new events occurring 
in a population over a specific period of time, with a range 
from zero to infinity. Because a rate inherently shows a rela-
tionship over time, it must present average attributes per unit 
of time. For example, if each object in different groups has a 
different observation time and a different frequency of events 
over time, a very different value would be produced depend-
ing on when the occurrence of the event of interest is calculat-
ed. This problem can be solved by introducing the concept of 
the mean, which describes the average frequency of an event 
per unit time. From a mathematical perspective, rate can be 
understood as frequency per unit of time. An intuitive exam-
ple is the heart rate, which refers to the number of heart beats 
per minute. A frequently used rate in epidemiology is frequen-
cy per unit of person-time, in which the denominator includes 
a measure of population. Frequently encountered examples of 

rates include incidence density, the crude death rate, and age- 
and sex-specific death rates [2,3].

Morbidity Indicators
A morbidity indicator is a value describing the presence of 

disease in the population, or the degree of risk of an event. 
The incidence rate, prevalence, and attack rate (AR) are com-
mon applications of this concept in epidemiology.

Prevalence is the measurement of the proportion of the 
population that has a specific illness at a specific time. It can 
be understood as the estimated probability of having the ill-
ness at a point or period of time, which correspond to point 
prevalence and period prevalence, respectively.

Point prevalence can be measured as the number of cases 
of a certain condition in the entire population at a point in 
time; that is, those who already have the disease at that time 
and those who have been newly observed at that time (Table 
S1). This indicator presents the prevalent status of a condition 
within a population. Point prevalence can be estimated by 
even a single survey, and by repeating point prevalence esti-
mates over time, researchers can come to understand trends 
in how the distribution of the illness is changing in the popu-
lation. Point prevalence can also be used to determine wheth-
er changes are occurring in critical indicators, such as the pro-
portion of awareness, treatment, and control of hypertension 
in a population.

Period prevalence can be understood as the proportion of 
individuals with a certain condition at any time during a speci-
fied time period or interval (Table S1). In this case, the numera-
tor includes both existing cases at the beginning of the period 
and new cases detected during the period [1]. The denomina-
tor can be the average number of persons in the population at 
the beginning and the end of the specific period, or it can be 
the number of persons in the population in the middle of the 
period (i.e., if the period is defined as from January 1 to De-
cember 31 of a given year, the number of persons in the popu-
lation on July 1). An example of period prevalence is lifetime 
prevalence, which indicates the proportion of individuals who 
ever experience a condition during their lifetime. Lifetime 
prevalence is useful when a condition can recur, making it dif-
ficult to evaluate its point prevalence. A remarkable limitation 
of prevalence is that individuals with a shorter duration of ill-
ness are less likely to be detected in a prevalence survey than 
those with a longer duration of illness. The interpretation of 
survey results can vary based on this consideration. For exam-
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ple, when a screening program is conducted over time, both 
prevalent and incident cases are detected at the first survey 
point, whereas only incident cases are detected subsequently.

The incidence rate represents the ‘proportion’ of people who 
newly develop a disease within the subset of a given popula-
tion without that disease at the beginning of the observation 
period (Table S1). It can be also interpreted as incidence pro-
portion or incidence risk [1]. Its denominator is composed of 
the at-risk population during the specified period, or the dis-
ease-free individuals at the beginning of the period. Newly oc-
curring cases among those people are defined as the numera-
tor. For the cumulative incidence rate, it is assumed that sub-
jects are observed continuously from the beginning to the 
end of the period, which is why the period needs to be speci-
fied clearly [1,4] (Table S2).

The observation period for each individual can vary, because 
monitoring of each subject is completed at different times due 
to loss of contact or death from a cause other than the disease 
studied, even if monitoring is started at the same time. When 
we calculate the person-time incidence rate, or incidence den-
sity, the numerator is as the same as that of the cumulative in-
cidence rate, while the denominator is the sum of the entire 
observational time of all study participants, which indicates 
person-time [1] (Table S1). The units of person-time vary de-
pending on the disease being studied. For example, person-
years are used for chronic diseases such as cardiovascular dis-
ease and cancer, while person-days are used for acute pediat-
ric infectious diseases, such as diarrhea and measles [5].

The person-time incidence rate can show how frequently 
cases occur. Compared to the cumulative incidence rate, the 
person-time incidence rate can include all study participants, 
regardless of the time that each individual is monitored or 
whether participants are censored due to mortality from an-
other disease [1].

The concept of person-time is not intuitive for the general 
public to understand at a glance. Therefore, for example, if the 
incidence rate is 2 people per 1000 person-years, an epidemi-
ologist can say “2 cases per 1000 people in a year on average,” 
which is easier to understand [1] (Figures S1 and S2, and Table 
S2) .

The AR refers to the proportion of incident cases of a disease 
that occur during a given period (of an epidemic) among the 
population that has been exposed to the source of the dis-
ease, becoming ‘at-risk.’ Because its time dimension of obser-
vation is uncertain or defined insufficiently, and the concept 

of time is not included in the denominator, this indicator can-
not be interpreted as a true rate, despite its name [6].

In circumstances such as cases of a food-borne disease, in 
which patients experience a short and single common expo-
sure to the disease source that can be investigated, this can be 
calculated as risk in a specific period [1]. However, when calcu-
lating the AR of an entire country, we use the entire popula-
tion as the denominator because it is impossible to count the 
‘at-risk’ population; this yields the overall AR (Table S1). In such 
cases, this proportion can be interpreted as the ‘attack ratio’ [1]. 
During an outbreak period, if the at-risk population that has 
been exposed to the source of the disease can be clearly de-
fined, we can monitor them as members of a cohort, in which 
the primary AR can be calculated by using incident cases as 
the numerator. For infectious diseases, because the outbreak 
period is generally comparably short and the concept of quan-
titative risk can be utilized, the AR (from the entire outbreak 
period) is preferred over the person-year incidence rate. In such 
circumstances, the AR is presented as a percent (attack num-
ber per 100). When the AR is below 1%, the AR per 1000 per-
sons can be presented instead. The outbreak period of specific 
diseases can vary from days or weeks to years. For food-borne 
diseases, the outbreak AR (%) can be used to illustrate the 
concept of risk, usually because of the obvious disease source 
and a clearly definable at-risk population [1]. The AR is a useful 
indicator for managing resources necessary to provide medi-
cal services and to produce antibacterial and antiviral medica-
tions [7]. The secondary AR is a proportion that is calculated as 
the number of new cases developed during the maximum in-
cubation period of the pathogen among susceptible house-
hold members who were in contact with the primary cases [1] 
(Table S1). This indicator is useful for evaluating the infectivity 
or communicability of an infectious pathogen in an indirect 
way. This can be also estimated through many other types of 
epidemiologic studies and modeling, by considering the cor-
relation between the source of an infection and susceptibility 
to it. In this manner, the secondary AR can be used to charac-
terize the infectivity of an unknown infectious disease or the 
effectiveness of chemoprevention [1,6] (Tables S2 and S3).

MEASUREMENTS OF DEATH

Death Rate Indicators
The mortality rate is a measure of the frequency of deaths in 

a defined population over a certain period of time. The de-
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nominator used to calculate mortality is, theoretically, the av-
erage number of the population over a period of time. Howev-
er, in reality, the central population for a given period is gener-
ally used, because it is not possible to count the number of 
people in the population at each time point. 

The crude death rate is an estimate of the portion of a popu-
lation that dies due to any cause during a specified period. It is 
presented as the proportion of deaths per 100 000 (or per 1000) 
people in a given period of time. The cause-specific death rate 
can be interpreted as the number of people in a population who 
die due to a specific cause per 100 000 population (Table S1).

The specific death rate uses a sub-population as its denomi-
nator, instead of the entire population. It can be calculated as 
the death rate of a defined population with specific character-
istics (Table S1). The age-specific death rate, for example, is the 
death rate of a specific age group, which is calculated as the 
number of deaths per 100 000 people within that age group. 
This can be applied to different kinds of sub-populations, sug-
gesting priorities for health policies for each subgroup.

The crude and cause-specific death rates can be combined 
to observe differences in risk according to the characteristics 
of a sub-population. Table S1 presents an example using the 
death rate due to breast cancer in women aged 30-44.

Disease Severity Indicators
The case-fatality rate is the proportion of deaths among pa-

tients with a specific disease (Table S1). This can be interpreted 
as the conditional probability for death among new cases of a 
specific disease [1,4]. The concept of ‘case-fatality risk’ is more 
logical, despite the wide usage of the older term of case-fatali-
ty rate. This indicator can be used to report the risk of death 
from specific diseases and to indirectly estimate the develop-
ment of treatment methods. 

When it is impossible to observe patients with a specific dis-
ease and to monitor their mortality, basic population records 
can be used as an alternative method to infer another indica-
tor of disease fatality, the death-to-case ratio. It is calculated in 
the whole population as the number of deaths due to a specif-
ic disease in a specific period divided by the number of new 
cases of the same disease in the same period [1] (Tables S1, S2, 
and S4). 

Proportional Mortality
Proportional mortality, or proportionate mortality (PM), is 

the proportion of deaths due to a specific cause out of all 

deaths (Table S1), which indicates the degree to which that 
specific cause of death contributes to total mortality [1,5].

Figure 1 shows the 10 major causes of death in Korea in 2016 
with PM values (%) [8]. Changes in PM over time indicate time 
trends in changes in causes of death. However, these indicators 
cannot indicate the mortality risk, since the denominator, un-
like that of the cause-specific death rate, does not contain the 
entire population. PM is affected by the crude death rate and 
it cannot be used to compare specific mortality risks [9,10]. 

The PM ratio (or rate) (PMR) is the ratio of two PMs from spe-
cific populations (Table S1). If a PM is derived from the stan-
dard population, the PMR is expressed as the ratio of the ex-
pected PM to the observed PM [5].

The PMR was developed to observe whether specific factors 
are related to mortality in circumstances with limited data, 
such as number of population or number of exposed or non-
exposed people. 

To better understand the PMR, here is an example. A study 
is conducted to examine the hypothesis that full-time truck 
drivers have a higher mortality rate due to occupational haz-
ards (shift work, long-term driving and its fatigue, high level of 
noise, metal hum, carbon monoxide, high levels of stress dur-
ing work, etc.). If the cardiovascular PM of the drivers is larger 
(with statistical significance) than that of people in the general 
population or with a different occupation (PMR >100, lower 
bound of the 95% confidence interval >100) we can suspect 
that those risk factors would be related to their increased car-
diovascular mortality risk [11].

Figure 1. The 10 major causes of death in Korea, 2016 with 
proportionate mortality values (%) [8].
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Specialized Forms of the Age-specific Death Rate
Specialized forms of the age-specific death rate are the in-

fant mortality rate, neonatal mortality rate, perinatal mortality 
rate, and maternal mortality ratio. All of these are technically 
ratios.

The infant mortality rate is defined as the ratio of deaths of 
infants less than 1 year old out of 1000 births in a specific peri-
od (Table S1). Ideally, the denominator of infant mortality rate 
should contain information from a birth cohort, but it is very 
difficult to build such a cohort for the entire population. The 
infant mortality rate is usually calculated annually, with the 
denominator being the number of births and infant deaths in 
that year. In fact, since infancy is an event after birth, this may 
seem like a rate. However, if we look at the numerator careful-
ly, we can observe that it contains the deaths of infants who 
were born either in a specified year or in the previous year. 
Therefore, this indicator is a ratio, not a rate. The infant mortal-
ity rate is strongly influenced by external factors such as infec-
tions, nutrition, maternal care, and postpartum care, and 
therefore it is widely used as a tool to compare health services 
between countries [12]. 

In Korea, the infant mortality rate in 2015 was 2.7 per 1000 
births, and 56.7% of these deaths occurred in the neonatal pe-
riod (before 28 completed days). The most common causes of 
death were dyspnea and congenital heart diseases, account-
ing for 25.5% of all deaths. Infancy is divided into the neonatal 
period (under 28 days) and the postneonatal period (between 
28 days-1 year). Sometimes the neonatal period is further sub-
divided to distinguish the early neonatal period (first 7 days of 
life) [13].

The neonatal mortality rate is defined as neonatal deaths at 
less than 28 days per 1000 births within the same period (Ta-
ble S1). Because the common causes of death in infancy are 
disorders during pregnancy and genetic disorders, is it very 
difficult to reduce the deaths within this period beyond a cer-
tain level. If infants die solely due to these non-preventable 
causes, it is safe to say that the level of healthcare in a society 
is remarkably high. The alpha-index is calculated as the ratio 
between the infant mortality rate and the neonatal mortality 
rate (Table S1), and convergence of the alpha-index to 1 is 
considered to be a positive indicator of the status of health-
care within a certain community or country. 

The perinatal mortality rate is the ratio between perinatal 
deaths and total births within the perinatal period in a speci-
fied year (Table S1). As a health indicator, the perinatal mortal-

ity rate is calculated according to the WHO’s definition of the 
perinatal period [14,15]. The WHO defines the perinatal period 
as extending from the completion of gestational week 22 to 
the completion of 7 days after birth. If parents are not sure 
about the gestational week, deaths of a fetus weighing 500 g 
or more are classified as occurring in the perinatal period 
[15,16]. Care must be taken when interpreting examples of 
the perinatal period because different organizations might 
use different definitions. The numerator is ‘fetal deaths from 
the completion of gestational week 22 plus neonatal deaths 
from days 0 to 7 after birth’ and the denominator is ‘fetal 
deaths from the completion of gestational week 22 plus live 
births in a year.’

The maternal mortality ratio is used to evaluate the maternal 
mortality rate in the past. It is calculated as the number of ma-
ternal deaths during pregnancy, birth, and after birth out of 
100 000 births in given period (Table S1), and it is technically a 
ratio. The denominator of the maternal mortality ratio should 
be every woman who become pregnant in a given year, but it 
is realistically impossible to find that exact number, so the 
number of births is usually used as a substitute [17]. The ma-
ternal mortality ratio is lower than the infant mortality rate, 
and therefore it uses a multiplier of 100 000 [18].

Reproductive Indicators
The birth rate is an indicator used in maternal health care. 

More specifically, this concept is analyzed in terms of the 
crude birth rate, general birth rate, age-standardized birth 
rate, and total fertility rate. These are all technically ratios. 

The birth rate is a health indicator which can be used to as-
sess maternal and fetal healthcare. The crude birth rate repre-
sents the birth count out of 1000 within a single population, 
and it is technically a ratio (Table S1). The crude birth rate 
represents the frequency of births, which reflects the struc-
ture of the entire population. It is the easiest indicator of fertil-
ity to calculate, but it yields unsatisfying results because it 
represents the entire population, not the fertile population 
[19]. 

The general fertility rate is a ratio that represents the num-
ber of births among 1000 reproductive-age women aged be-
tween 15 and 49 (Table S1). Its denominator is reproductive-
age women, making it a more useful indicator than the crude 
birth rate. However, when using the general fertility rate, there 
is a high chance that the definition of reproductive-age wom-
en might differ across countries, so care should be taken when 
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comparing reported general fertility rates. For example, in Ko-
rea and many other countries, reproductive-age women are 
defined as those aged between 15 and 49, but in the United 
States, the corresponding age range is 15-44, and other coun-
tries use an age range of 20-44 [14,20,21]. The age-specific 
fertility rate is a ratio that represents births among 1000 wom-
en of a specific age group within a measurement year (Table 
S1). Women’s fertility varies by age; therefore, age-specific fer-
tility increases rapidly at around age 15, peaks in the late 20s, 
and gradually decreases thereafter, reaching zero at around 
age 50 [22]. The total fertility rate refers to the average expect-
ed number of births for a reproductive-age woman during her 
lifetime, and it is calculated by adding the birth rate of each 
age (Table S1). Because the total fertility rate is an indicator 
that reflects differences in fertility among women according 
to their age, it is the most sensitive birth rate indicator, and 
therefore it is used to compare fertility across countries. Higher 
total fertility rates mean that an average woman bears more 
children during her lifetime [14].

CONCLUSION

As researchers, we have had the experience of studying 
healthcare indicators that are commonly used by various na-
tional organizations, only to encounter confusion in the use of 
some of these relevant terminology. As described in this pa-
per, healthcare indicators were developed in order to deliver 
more accurate information about subjects with specific char-
acteristics, and they therefore contain information on the 
population size and the period of data collection. As the age 
structure of the population continues to change, which has 
led to increased concerns about public health in recent years, 
healthcare indicators can provide the objective, important, 
and quantitative evidence needed to evaluate time-series 
changes, regional differences, and group differences. There-
fore, it is necessary to use the most accurate healthcare indica-
tors in a proper manner, based on a clear conceptual under-
standing of the information that they convey.
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