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 ▸ Introduction
Measures of disease frequency are the building blocks epidemiologists 
use to assess the effects of a disease on a population. Comparing measures 
of disease frequency organizes these building blocks in a meaningful way 
that allows one to describe the relationship between a characteristic and 
a disease and to assess the public health effect of the exposure.

Disease frequencies can be compared between different populations 
or between subgroups within a population. For example, one might be 
interested in comparing disease frequencies between residents of France 
and the United States or between subgroups within the U.S. population 
according to demographic characteristics, such as race, gender, or socio-
economic status; personal habits, such as alcoholic beverage consump-
tion or cigarette smoking; and environmental factors, such as the level of 
air pollution.

For example, one might compare incidence rates of coronary heart 
disease between residents of France and those of the United States or 
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among U.S. men and women, Blacks and Whites, alcohol drinkers and 
nondrinkers, and areas with high and low pollution levels.

Usually, people who have a particular characteristic (e.g., they drink 
alcoholic beverages) are compared with people who do not share the 
characteristic. Very often, the characteristic is called the exposure. Those 
who have it form the exposed group, and those who do not have it 
form the unexposed group. The exposed group can also be called the 
index group, and the unexposed group can also be called the reference, or 
comparison, group. The terms index and referent group are more generic 
terms and tend to be used when a characteristic with no clearly exposed 
and unexposed categories is being examined, as for example, when dif-
ferent racial groups are being compared. Furthermore, in instances in 
which no group is clearly unexposed, the group with the lowest exposure 
is typically used as the reference group. In addition, whenever possible, 
the exposure is divided into levels such as light, moderate, and heavy. 
Here, individuals at each exposure level would be compared with the ref-
erence group.

For example, to test the hypothesis that secondhand tobacco smoke 
increases the risk of childhood asthma, one could compare the frequency 
(e.g., 10-year cumulative incidence) of asthma among children whose 
parents smoke cigarettes (the exposed group) to that of children whose 
parents are nonsmokers (the unexposed group). Using detailed data 
on parental smoking, one could compare the cumulative incidence of 
asthma among children with two smoking parents (high level of expo-
sure), children with only one smoking parent (low level of exposure), and 
children of nonsmokers. Depending on the type of comparison made, 
this analysis could provide information on the degree to which second-
hand smoke increases a child’s risk of developing asthma and the number 
of cases of childhood asthma that might have been prevented if parents 
did not smoke.

This chapter describes the various ways that epidemiologists compare 
measures of disease frequency and the methods they use to ensure that 
these comparisons are “fair.” The chapter focuses not only on mathematical 
calculations but also on interpretation of these numbers with words.

 ▸ Data Organization
To compare disease frequencies, epidemiologists first organize the data 
in a “two-by-two” or “fourfold” table, so called because data are cross 
tabulated by two categories of exposure (yes or no) and two categories of 
disease (yes or no). TABLE 3-1 depicts a two-by-two table that might be 
used in a study comparing proportions, such as prevalence or cumulative 
incidence. 

The outermost row and column numbers are called the margins of 
the table (e.g., a + b), and the numbers in the inner area are called the 
cells (a, b, c, d). Note that some epidemiologists prefer to arrange the 
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table with the exposure status across the top and the disease status along 
the side. If you also prefer this arrangement, be sure to make the appro-
priate changes to the formulas for the disease frequencies.

TABLE 3-2 is a two-by-two table that describes data from a groundbreak-
ing cohort study of air pollution and mortality among U.S. residents.1 The 
“Six Cities” Study was based on 8,111 randomly selected adults who lived 
in one of six U.S. cities with various levels of air pollution. Investigators fol-
lowed study participants for about 15 years and then determined the num-
ber and causes of death. This two-by-two table describes the cumulative 
incidence of mortality for the cities with the highest and lowest pollution 
levels—Steubenville, Ohio, and Portage,  Wisconsin, respectively. A total 
of 2,982 participants resided in these two cities (a, b, c, d). Of these, 1,351 
lived in Steubenville (a, b) and 1,631 lived in Portage (c, d). By the end 
of the study, 523 deaths had been observed among the participants (a, c). 
Of the total number of deaths, 291 occurred among residents of Steuben-
ville (a) and 232 occurred among residents of Portage (c). Based on these 
data, the cumulative incidence of mortality was 291/1,351 (or 215.4/1,000) 
in Steubenville and 232/1,631 (or 142.2/1,000) in Portage. The combined 
cumulative incidence for the two cities was 523/2,982 (or 175.4/1,000). 

The two-by-two table is slightly modified when incidence rates 
are compared (see TABLE 3-3). The modifications include omission of 
the number of people without disease (these data are unnecessary for 

TABLE 3-1 General Organization of Cumulative Incidence or Prevalence Data in a  
Two-by-Two Table

Disease

Exposure Yes No Total

Yes a b a + b

No c d c + d

Total a + c b + d a + b + c + d

Where:

Total number in the study = a + b + c + d
Total number exposed = a + b
Total number unexposed = c + d
Total number diseased = a + c
Total number not diseased = b + d
Number exposed and diseased = a
Number exposed but not diseased = b
Number not exposed but diseased = c
Number neither exposed nor diseased = d
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incidence rate calculations) and substitution of counts with person-time 
in the margin. Note again that some epidemiologists prefer to arrange 
the table with the exposure status across the top and the disease status 
along the side. If you also prefer this arrangement, be sure to make the 
appropriate changes to the incidence rate formulas.

Because the Six Cities investigators also calculated person-time of 
follow-up for every study subject, it is possible to describe the incidence 
rate of mortality in a modified two-by-two table (see TABLE 3-4). In this 
study, person-time of follow-up began when subjects were enrolled in the 
study and ended at either the date of their death (for subjects who died), 
the date of their last follow-up contact (for subjects who were lost), or the 
ending date of the study (for subjects who survived and were not lost).  

TABLE 3-2 Six Cities Study Cumulative Incidence of Mortality Data 
Arranged in a Two-by-Two Table

Dead

Exposure Yes No Total

Lived in most 
polluted city 
(Steubenville, Ohio)

291 1,060 1,351

Lived in least polluted 
city (Portage, 
Wisconsin)

232 1,399 1,631

Total 523 2,459 2,982

Data from Dockery DW, Pope A, Xu X, et al. An association between air pollution and mortality in six U.S. cities. 
New Engl J Med. 1993;329:1755.

TABLE 3-3 Organization of Incidence Rate Data in a Two-by-Two Table

Disease

Exposure Yes No Person-time (PT)

Yes a – PT exposed

No c – PT unexposed

Total a + c – Total PT
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Using this information, the incidence rates of mortality were 
291/17,914 person-years (or 16.24/1,000 person-years) in Steubenville 
and 232/21,618 person-years (or 10.73/1,000 person-years) in Por-
tage. The combined incidence rate of mortality for the two cities was 
523/39,532 person-years (or 13.23/1,000 person-years).

 ▸ Measures of Comparison
Measures of disease frequency can be compared in two ways. They 
can be subtracted from one another or divided by one another. The 
subtracted measures of disease frequency are termed absolute compari-
sons, and the divided ones are known as relative comparisons. Absolute 
comparisons generally give information about the public health impact 
of an exposure, and relative comparisons generally give information 
about the strength of the relationship between an exposure and a dis-
ease. Each measure of comparison is described in more detail in the 
sections that follow.

Absolute Measures of Comparison
An absolute comparison is based on the difference between two measures 
of disease frequency. A general term for this comparison is the risk differ-
ence or rate difference. More precise terms based on the measure of dis-
ease frequency used for the calculation include incidence rate difference, 
cumulative incidence difference, and prevalence difference. Although the 
term attributable risk or rate is commonly used, some epidemiologists 

TABLE 3-4 Six Cities Study Incidence Rate of Mortality Data 
Arranged in a Two-by-Two Table

Dead

Exposure Yes No Person-time

Lived in most polluted city 
(Steubenville, Ohio)

291 – 17,914

Lived in least polluted city 
(Portage, Wisconsin)

232 – 21,618

Total 523 – 39,532

Data from Dockery DW, Pope A, Xu X, Spengler JD, Ware JH, Fay ME, et al. An association between air 
pollution and mortality in six U.S. cities. New Engl J Med. 1993;329:1755. 
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think that this term should be discarded because it implies a definite 
causal relationship.2(p16)

Absolute comparisons can be calculated for either exposed individ-
uals or the total population. When exposed individuals are the focus, the 
absolute difference measure is calculated as follows:

RD R Re u= −

where RD is the rate or risk difference (such as incidence rate differ-
ence, cumulative incidence difference, or prevalence difference), Re is the 
rate or risk (incidence rate, cumulative incidence, or prevalence) in the 
exposed group, and Ru is the rate or risk (incidence rate, cumulative inci-
dence, or prevalence) in the unexposed group.

The RD describes the disease burden associated with exposure 
among the people who are exposed. Interpreted narrowly, the RD is 
simply the excess risk or rate of disease associated with the exposure. 
However, there is a broader interpretation that makes the assumption 
of causality. If the exposure is considered a cause of the disease, the RD 
can be used to calculate the number of disease cases that would be elim-
inated if the exposure were eliminated (or reduced to the level of the 
reference group).

Let us use the Six Cities data to calculate the mortality incidence rate 
difference for the least and most polluted cities (see Table 3-4).

Incidence rate
difference IR IRmost polluted city least polluted city= −

IRD 16.24
1,000

person-years 10.73
1,000

person-years= −

IRD 5.51
1,000 

person-years=

Interpreted narrowly, there are 5.51 excess deaths per 1,000 person- 
years among Steubenville residents. Or, more broadly, if pollution caused 
the deaths, then 5.51 deaths among Steubenville residents for every 1,000 
person-years of observation would be eliminated if the pollution level were 
reduced to that of Portage. See FIGURE 3-1 for a graphical depiction of this 
association. The excess risk or rate can be multiplied by the number of 
exposed people to obtain the actual number of excess cases. 

A population usually consists of exposed and unexposed people. Thus, 
it is useful to know the impact of the exposure not only on the exposed but 
also on the total population. A general term used to describe this compar-
ison is the population risk difference (or population rate difference).
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When the total population is of interest, the absolute difference mea-
sure is calculated as follows:

PRD R Rt u= −

where PRD is the population rate difference (or population risk dif-
ference), Rt is the rate or risk (incidence rate, cumulative incidence, or 
 prevalence) in the total population, and Ru is the rate or risk (incidence 
rate, cumulative incidence, or prevalence) in the unexposed group.

It is also possible to obtain the population rate difference by multi-
plying the risk or rate difference (RD) by the proportion of the popula-
tion that is exposed (Pe):

PRD RD Pe= ×

where RD is the incidence rate difference, cumulative incidence differ-
ence, or prevalence difference, and Pe is the proportion of the population 
that is exposed.

The disease rate in the total population (Rt) or the proportion 
exposed (Pe) may be obtained from either the study population or the 
general population. However, before the study population is used as the 
source of this information, the study design must be examined carefully. 
Studies in which the exposed proportion has been arbitrarily set by the 
investigator will give inaccurate data because the percentage exposed in 
the study population does not reflect real life. For example, in the Six 
Cities Study, the investigators arbitrarily included three more and three 
less polluted cities.

Just as the rate or risk difference describes the public health impact of 
the exposure among the exposed, the population rate difference (or pop-
ulation risk difference) describes the impact among the total population. 
The PRD describes the excess number of cases in the total population 
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FIGURE 3-1 Interpreting an absolute measure of comparison: mortality rate 
difference in the Six Cities Study.
Data from Dockery DW, Pope A, Xu X, Spengler JD, Ware JH, Fay ME, et al. An association between air pollution and mortality in six U.S. cities. New Engl J Med. 
1993;329:1755.

Most Polluted City
16.24/1,000 p-y

Least Polluted City
10.73/1,000 p-y

Excess rate =
5.51/1,000 p-y



that is associated with the exposure. Or, more broadly, if one believes that 
there is a causal relationship between the exposure and disease, the PRD 
identifies the number of cases of disease that would be eliminated in the 
total population if the exposure were eliminated (or reduced to the level 
in the reference group). The PRD helps public health officials determine 
which exposures are most important to a given population and to prior-
itize prevention activities. Later investigations in the Six Cities popula-
tion found that mortality was more strongly associated with fine particles 
from automobiles and coal-burning combustion sources and therefore 
provide a focus for public health intervention.3

Note in the second PRD formula that the impact of an exposure on 
a population is a function of both the rate difference (RD) and the pro-
portion of exposed individuals in the population (Pe). Thus, even if the 
rate difference is relatively high, the PRD will not be high if the expo-
sure is rare. On the other hand, even if the rate difference is relatively 
low, the PRD will be high if the exposure is common.

For example, assume that 10% of the U.S. population is exposed to 
air pollution levels as high as those in Steubenville, Ohio, which is the 
most polluted city in the Six Cities Study. Using this information, one 
would calculate the population rate difference for the United States as 
follows:

PRD RD Pe= ×

PRD 5.5
1,000 

person-years 0.10 0.55
1,000 

person-years=






 × =

Thus, 0.55 additional deaths for every 1,000 person-years of obser-
vation in the entire U.S. population can be attributed to pollution. Or, 
if pollution were the cause of death, then 0.55 deaths for every 1,000 
person- years of observation in the U.S. population would be eliminated 
if pollution were reduced.

What would the PRD be if high pollution levels were more com-
mon? Let us apply the Six Cities results to Krakow, which is considered to 
be one of the most polluted cities in Poland.4 If we assume that 40% of the 
population in Krakow is exposed to air pollution levels as high as those 
in Steubenville, Ohio, population rate difference would be calculated as 
follows:

5.5
1,000

person-years 0.40 2.2
1,000

person-years






 × =

This means that cleaning up air pollution in this area of Eastern 
Europe would save even more lives than it would in the United States.
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One can see from the formulas that, unless everyone in the popula-
tion is exposed, the impact of the exposure is always smaller in the total 
population than in the exposed group and therefore the PRD is always 
smaller than the RD. Also, note that the units and range of the absolute 
measures of comparison (RD and PRD) depend on the measure of dis-
ease frequency that is used for the calculation. For example, if incidence 
rates are used, then the measure will have person-time units and can 
range from negative infinity to positive infinity. On the other hand, if one 
uses cumulative incidence or prevalence, the measure is dimensionless 
and can range from −1 to +1.

Two parallel measures of comparison that express the public health 
impact of an exposure as proportions are the attributable propor-
tion among the exposed5 (also called the etiologic fraction6) and the 
attributable proportion among the total population. The attributable 
 proportion among the exposed (APe) describes the proportion of 
disease among the exposed that would be eliminated if the exposure were 
eliminated. It assumes a causal relationship between the exposure and 
disease. Mathematically, it is expressed as follows:

AP
R R

R
100e

e u

e

( )=
−







 ×

where APe is the attributable proportion among the exposed; Re is the 
incidence rate, cumulative incidence, or prevalence in the exposed group; 
and Ru is the incidence rate, cumulative incidence, or prevalence in the 
unexposed population.

For example, using the Six Cities data,

AP
16.24 / 1,000 person-years 10.73 / 1,000 person-years

16.24 / 1,000 person-years
100e

( )
=

−





×

AP 33.9%e =

This means that 33.9% of the deaths among participants from Steu-
benville may be attributed to the high pollution level and thus could be 
eliminated if the pollution level were reduced.

The attributable proportion among the total population (APt) 
describes the proportion of disease among the total population that 
would be eliminated if the exposure were eliminated. It is expressed as 
follows:

AP
R R

R
100t

t u

t

( )=
−







 ×
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where Rt is the incidence rate, cumulative incidence, or prevalence in the 
total population and Ru is the incidence rate, cumulative incidence, or 
prevalence in the unexposed population.

For example, using the Six Cities data,

AP
12.87 / 1,000 person-years 10.73 / 1,000 person-years

12.87 / 1,000 person-years
100t

( )=
−







 ×

AP 16.6%t =

Note that the incidence rate for the total population was derived 
from the incidence rate among participants in all six cities, not just Por-
tage and Steubenville. The APt means that 16.6% of the deaths in the 
total study population may be attributed to high pollution levels and thus 
could be eliminated if the pollution levels were reduced.

The attributable proportion among the total population is very use-
ful for determining priorities for public health action.7 In the example 
just given, the elimination of the pollution would lead to a substantial 
reduction in deaths, and therefore public health policymakers would 
probably rate it as a priority. On the other hand, if an exposure had a 
much lower attributable proportion, policymakers would probably not 
use limited health dollars to eliminate it.

If there is no relationship between the exposure and disease (in other 
words, the rate or risk of disease among the exposed is exactly the same 
as that among the unexposed), the numeric value for all of the absolute 
comparisons (rate difference, population rate difference, attributable pro-
portion among the exposed, and attributable proportion among the total 
population) is zero.

The attributable proportion is used when an exposure is considered 
a cause of the disease. When an exposure is thought to protect against the 
disease, the prevented fraction (PF)6 can be calculated according to the 
following formula:

PF
R R
R

100u e

u

( )=
−







 ×

where Ru is the incidence rate, cumulative incidence, or prevalence in the 
unexposed group and Re is the incidence rate, cumulative incidence, or 
prevalence in the exposed group.

For example, a pioneering study published in 1950 found that the 
addition of fluoride to drinking water supplies reduced the incidence of 
dental caries. The incidence of dental caries in Newburgh, New York, 
a fluoridated area, was 14.8%, whereas the incidence in Kingston, New 
York, a nonfluoridated area, was 21.3%.8 Thus, the preventive fraction 
was 30.5%. This means that almost 31% of caries in Newburgh were pre-
vented because of fluoridation.
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Relative Measures of Comparison
A relative measure of comparison is based on the ratio of two mea-
sures of disease frequency. This measure is generally called the risk ratio, 
rate ratio, relative rate, or relative risk. More precise terms that are based 
on the measure of disease frequency used for the calculation include inci-
dence rate ratio, cumulative incidence ratio, and prevalence ratio.

Mathematically, the relative measure is expressed as follows:

RR
R
R

e

u

=

where RR is the rate or risk ratio; Re is the incidence rate, cumulative 
incidence, or prevalence in the exposed group; and Ru is the incidence 
rate, cumulative incidence, or prevalence in the unexposed group.

A relative comparison gives information about the strength of the 
relationship between the exposure and disease and is most useful for eti-
ologic research. For example, the relative rate of death in the Six Cities 
Study is (16.24/1,000 person-years)/(10.73/1,000 person-years), or 1.51. 
This means that, compared with the residents of Portage, there is a 1.51-
fold increased rate of death among residents of Steubenville. Another 
interpretation is that the death rate in Steubenville is 1.51 times that of 
Portage. See FIGURE 3-2 for a graphical depiction of this association. 

If there is no relationship between the exposure and disease, the 
numeric value for the relative measure is 1.0. If there is a positive rela-
tionship between the exposure and disease (i.e., the exposure increases 
the rate of disease), the numeric value is greater than 1.0. Another way 
to express this information is in terms of the excess relative rate, which is 
mathematically equal to (RR − 1) × 100.5 For example, using the Six Cities 
relative rate of 1.51, the excess relative rate is (1.51 − 1) × 100, or 51%. 
Thus, compared with the residents of Portage, the residents of Steuben-
ville have a 51% increased rate of death.

If the exposure prevents disease, the numeric value of the relative 
comparison measure is less than 1.0. For example, a relative risk of 0.5 

FIGURE 3-2 Interpreting a relative measure of comparison: mortality rate ratio in 
the Six Cities Study.
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Most Polluted City
16.24/1,000 p-y

Least Polluted City
10.73/1,000 p-y

1.51 times
higher

Data from Dockery DW, Pope A, Xu X, Spengler JD, Ware JH, Fay ME, et al. An association between air pollution and mortality in six U.S. cities. New Engl J Med. 
1993;329:1755.



means that the exposed group has one-half the risk of the unexposed 
group, or a 50% decreased risk of disease. A relative risk of 0.33 means 
that the exposed group has one-third the risk, or a 67% reduction in risk, 
and so on. For example, the relative risk of dental caries in Newburgh 
versus Kingston is 0.69.8 This means that residents of Newburgh had a 
31% reduced risk of dental caries (1.0 − 0.69 = 0.31). Note that the relative 
measure of comparison is always dimensionless and can range from zero 
to infinity.

Most epidemiologists prefer to use the relative method of compar-
ison for etiologic research because of the way it is anchored by a base-
line value. In other words, it indicates how many times higher or lower 
the disease risk is among the exposed as compared with the baseline 
risk among the unexposed. However, because of this anchoring, inter-
pretation of the relative risk requires caution in several situations. First, 
when the baseline risk or rate of disease is high, maximum value of the 
relative risk is limited. For example, if the baseline risk is 50% among 
the unexposed, then the highest possible value of the relative risk is 2.0 
(because disease risk among the exposed cannot exceed 100%). Second, 
when cumulative incidence or prevalence is used for the comparison, the 
relative risk will approach 1.0 as the disease frequency increases. As the 
prevalence or cumulative incidence approaches 100% in the exposed and 
unexposed groups, the ratio (the relative risk) approaches 1.0. This often 
occurs with cumulative incidence when the population is followed for 
a long period of time. The ratio of incidence rates is not affected in this 
manner because incidence rates can range up to infinity.

Note that the relative measure of comparison can also be used to 
calculate both the attributable proportion among the exposed and the 
attributable proportion among the total population. The formula for the 
attributable proportion among the exposed is expressed as follows:

AP
RR 1
RR

100e
( )=

−





×

where APe is the attributable proportion among the exposed and RR is 
the relative measure of comparison.

The formula for the attributable proportion among the total popula-
tion is expressed as follows:

AP
P (RR 1)

P (RR 1) 1
100t

e

e

=
−

− +













×

where APt is the attributable proportion among the total population, RR 
is the relative measure of comparison, and Pe is the exposed proportion 
in either the study or general population.

As discussed previously, before the study population is used as the 
source of the exposed proportion (Pe), the study design must be examined 
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carefully. Studies in which the exposed proportion has been arbitrarily 
set (e.g., 50% exposed) will give inaccurate data because the percentage 
exposed in the study population does not reflect the underlying population.

The formulas given in this chapter and summarized in TABLE 3-5 can 
be used for most types of epidemiological studies, including cohort stud-
ies, experimental studies, and cross-sectional studies. Other formulas are 
used for case–control studies because of the way the subjects are selected. 

 ▸ Direct Standardization
Crude rates are summary measures of disease frequency that are based 
on the raw data. For example, a crude prevalence is calculated by dividing 
the total number of cases in the population by the total number of indi-
viduals in that population at a point in time (point prevalence) or during 
a period of time (period prevalence). It is difficult to interpret absolute 
and relative measures of comparison that are based on crude rates when 
the compared groups differ on a characteristic that affects the rate of dis-
ease (such as age, gender, or race). This difference between the groups 
may result in an unfair comparison and distort the results.

For example, let us compare the crude mortality rates among people 
living in Alaska with the rates of Florida residents (see TABLE 3-6). The 
crude mortality rate among Florida residents (945.9 per 100,000) is much 
higher than that among Alaska residents (584.5 per 100,000), and the 
excess crude rate is 361.4 per 100,000 (945.9 − 584.5 per 100,000).  

TABLE 3-5 Absolute and Relative Measures of Comparison

Type of measure Formula Interpretation

Rate or risk difference Re − Ru
Excess rate or risk of disease (RD) among exposed population

Population rate 
difference (PRD)

Rt − Ru or  
RD × Pe

Excess rate or risk of disease in total population

Attributable 
proportion among 
exposed (APe)

[(Re – Ru)/Re] × 100  
or [(RR – 1)/ 
RR] × 100

Excess proportion of disease among exposed population; 
if causal, proportion of disease among exposed that 
would be eliminated if the exposure were eliminated

Attributable 
proportion among 
total population (APt)

[(Rt – Ru)/Rt] × 100 
or [Pe(RR – 1)/ 
Pe(RR – 1) +1] × 100

Excess proportion of disease in total population; if causal, 
proportion of disease in total population that would be 
eliminated if the exposure were eliminated

Rate or risk ratio (RR) Re/Ru Strength of relationship between exposure and disease; 
the number of times higher or lower the rate or risk is 
among exposed as compared with rate or risk among 
unexposed population
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What explains the difference between the crude mortality rates of the 
two states? One possible answer is the different age structures of the pop-
ulations. Note in TABLE 3-7 that Florida has relatively fewer residents in the 
younger age categories and more residents in the oldest age category. There 
is a strong association between mortality and age; therefore, it is possible that 
these age differences account for the mortality differences between the states. 

TABLE 3-6 Number of Deaths, Estimated Population Size, and Crude Mortality  
Rates in Alaska and Florida in 2015

TABLE 3-7 Census Population Estimates and Age-Specific Mortality Rates for  
Alaska and Florida in 2015
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Alaska Florida

Number of deaths 4,316 191,737

Number in population 738,432 20,271,272

Crude mortality rate (per 100,000 persons)* 584.5 945.9

*The crude mortality rate is calculated by dividing the number of deaths by the number in the population.

Data from Centers for Disease Control and Prevention. Compressed Mortality, 1999-2016. http://wonder.cdc.gov/cmf-icd10.html. Published December 2016. 
Accessed November 2017.

Alaska Florida

Age group 
(years)

Number in 
category

% of 
total

Death 
rate per 
100,000

Number in 
category

% of 
total

Death 
rate per 
100,000

Younger than 5  55,449   7.5  182.1  1,101,071   5.4  151.1

5–24 211,440  28.6   68.1  4,762,781  23.5   47.1

25–44 210,642  28.5  178.5  5,062,786  25.0  153.5

45–64 188,064  25.5  658.8  5,402,166  26.7  653.7

65 and older  72,837   9.9 3,371.9  3,942,468  19.4 3,671.2

Total 738,432 100.00  584.5 20,271,272 100.00  945.9

Data from Centers for Disease Control and Prevention. Compressed Mortality, 1999-2016. http://wonder.cdc.gov/cmf-icd10.html. Published December 2016. 
Accessed November 2017.



However, let us examine the age-specific mortality rates also shown in 
Table 3-7. Note that Florida has higher mortality rates than Alaska in those 
65 years and older, whereas Alaska has higher mortality rates than Florida 
in the remaining age groups. Thus, a side-by-side comparison of the five 
age-specific mortality rates suggests that the age difference may account 
for the difference in the crude mortality rate between the two populations.

Side-by-side comparisons of age-specific rates give a more accurate 
picture of the mortality rates than do crude rates. However, because there 
are many age groups to examine, this method results in a cumbersome 
number of comparisons. Furthermore, comparing age-specific rates can 
give a confusing picture if some of the rates are higher in one state and 
some are higher in the other. For this reason, epidemiologists commonly 
use an alternative method in which the rates in each state are summa-
rized in a single number that adjusts for the age differences between the 
populations. These summary rates, which are known as age-standardized 
or age-adjusted rates, answer the question, “What would the death rate be 
in each state if the populations had identical age distributions?”

The two methods for calculating age-standardized rates are known 
as direct and indirect methods of standardization. This chapter describes 
only the direct method, which requires the following information:  
(1) age-specific rates in each group (in this case, each state) and (2) age struc-
ture of a “standard” population (see TABLE 3-8). The choice of the standard 
population is arbitrary. The total population of the United States is typically 
used as the standard population for standardization of U.S. rates, and the 
world standard population is used for standardization of international rates. 

Age-standardized rates are weighted averages of the age-specific 
rates, with the weights equal to the proportion of the standard popula-
tion in each age category. Thus, the age-standardized rate for Alaska is 
calculated as follows:

0.062 182.1
100,000

0.264 68.1
100,000

0.264 178.5
100,000

0.261 658.8
100,000

0.149 3,371
100,000

750.8
100,000

×






 + ×







 + ×









+ ×






 + ×







 =

Likewise, the age-standardized rate for Florida is calculated as follows:

0.062 151.1
100,000

0.264 47.1
100,000

0.264 153.5
100,000

0.261 653.7
100,000

0.149 3,671.2
100,000

780.0
100,000

×






 + ×







 + ×









+ ×






 + ×







 =

Note that the weights used for both of the calculations are the same: 
the proportion of the entire U.S. population in each age category. Thus, 
the age-standardized rates are hypothetical rates that would have occurred 
if each state had the age structure of the entire U.S. population in 2015.
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The excess age-adjusted mortality rate in Florida is 29.2 per 100,000 
(780.0 − 750.8 per 100,000). This is considerably smaller than the excess 
crude mortality rate of 361.4 per 100,000. This finding suggests that 
age accounts for most but not all of the difference in the crude mortal-
ity rates between the two populations. The remaining difference may 
be from other factors, such as race, socioeconomic status, and access to 
health care. Note that these are hypothetical rates whose actual values 
depend on the standard that is used. Thus, they should be used only for 
comparisons.

Summary
Measures of disease frequency are contrasted in either absolute or relative 
terms, depending on the goals of the epidemiologist. Absolute measures 
of comparison, which are based on the difference between two measures 
of disease frequency, describe the public health impact of an exposure. 
Absolute measures include the rate or risk difference, the population 
rate or risk difference, and attributable proportion among the exposed 
and the total population. Relative measures of comparison, which are 

TABLE 3-8 Age-Specific Mortality Rates for Alaska and Florida and U.S. Census  
Population Estimates for 2015

Age-specific death rate  
per 100,000 2015 U.S. Census

Age group
(years) Alaska Florida

Population 
estimates % of Total

Younger than 5  182.1  151.1  19,907,281   6.2

5–24   68.1   47.1  84,957,722  26.4

25–44  178.5  153.5  84,726,985  26.4

45–64  658.8  653.7  84,065,980  26.1

65 and older 3,371.9 3,671.2  47,760,852  14.9

Total  584.5  945.9 321,418,820 100.00

Data from Centers for Disease Control and Prevention. Compressed Mortality, 1999-2016. http://wonder.cdc.gov/cmf-icd10.html. Published December 2016. 
Accessed November 2017.
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based on the ratio of two measures of disease frequency, describe the 
strength of the relationship between the exposure and disease. Relative 
measures include the rate or risk ratio. Comparing measures of disease 
frequency in either absolute or relative terms is facilitated by organizing 
the data into a two-by-two table.

It is often difficult to make fair comparisons of crude measures of 
disease frequency because of key differences between the groups that 
affect the disease rates. To overcome this problem, a technique known 
as direct standardization is used to adjust for these differences. For 
example, direct standardization for age involves taking a weighted aver-
age of age-specific rates with the weights being equal to the propor-
tion of the standard population in each age category. The choice of the 
standard population is arbitrary, but U.S. population census data are 
typically used.
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Chapter Questions
1. Describe the main similarity and difference between each of the following:

a. Incidence rate ratio and incidence rate difference
b. Risk difference and population risk difference

2. Suppose that an investigation of the association between regular physical activity and ovar-
ian cancer revealed that the incidence rate of ovarian cancer among women who engaged 
in regular physical activity was 30 per 100,000 woman-years of follow-up, whereas the rate 
among women who did not engage in regular activity was 45 per 100,000 woman-years of 
follow-up.
a. Use these data to compute the incidence rate ratio of ovarian cancer for women who 

are physically active versus women who are not.
b. State in words your interpretation of this measure.
c. Compute the incidence rate difference of ovarian cancer for women who are physically 

active versus women who are not.
d. State in words your interpretation of this measure.
e. If there were no association between regular physical activity and ovarian cancer, what 

would be the numeric values of the incidence rate ratio and incidence rate difference?
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3. State the main difference between a crude rate and an age-adjusted rate.
4. State the main difference between an age-specific rate and an age-adjusted rate.
5. Consider the following heart disease mortality data from two hypothetical countries, 

including a low-income and a high-income country.

Age group (years)
Percentage of 
population in age group Death rate from heart disease

Hypothetical low-income country

 0–20 30% 2/100,000 person-years

21–50 40% 20/100,000 person-years

51–85 30% 40/100,000 person-years

Hypothetical high-income country

 0–20 20% 2/100,000 person-years

21–50 30% 20/100,000 person-years

51–85 50% 40/100,000 person-years

a. Use these data to calculate the overall crude death rates from heart disease in the hypo-
thetical high- and low-income countries.

b. Based on these data, do you think that it is better to compare the heart disease death 
rates in the two countries using the overall crude rate or the age-standardized rate for 
each country? Briefly justify your answer.

6. The 58th annual convention of the American Legion was held in Philadelphia from July 21 
until July 24, 1976. People at the convention included American Legion delegates, their fam-
ilies, and other Legionnaires who were not official delegates. Between July 20 and August 
30, some of those who had been present became ill with a type of pneumonia that was 
subsequently named Legionnaires’ disease. No one attending the convention developed the 
disease after August 30. The numbers of delegates and nondelegates who developed Legion-
naires’ disease during the period July 20 to August 30 (a 41-day period) are as follows:

Developed Legionnaires’ disease

Convention status Yes No Total

Delegate 125 1724 1849

Nondelegate   3  759  762

Data from Fraser DW, Tsai TR, Orenstein W, et al. Legionnaires’ disease: description of an epidemic of pneumonia. New Engl J Med. 
1977;297:1189-1197.
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a. Compute the cumulative incidence of Legionnaires’ disease among delegates and 
nondelegates.

b. Calculate the cumulative incidence ratio of Legionnaires’ disease among delegates 
compared with nondelegates.

c. State in words the meaning of this measure.
d. Calculate the cumulative incidence difference of Legionnaires’ disease among dele-

gates compared with nondelegates.
e. State in words the meaning of this measure.
f. Calculate the attributable proportion of Legionnaires’ disease among the delegates.
g. State in words the meaning of this measure.

7. Indicate whether the following statements are true or false.
a. When there is no association between an exposure and a disease, the numerical value 

of the risk ratio will be zero.
b. When there is no asssociation between an exposure and a disease, the numerical 

value of the risk difference will be 1.0.
c. A study examined the relationship between air pollution and the risk of having a 

baby with low birth weight. The investigators found that the risk ratio comparing 
pregnant women exposed to high versus low levels of air pollution was 1.35. This 
means that women exposed to high air pollution levels were 35% more likely to have 
a baby with low birth weight.

d. A study examined the autopsied brains of 100 professional football players with a his-
tory of repeated concussions. The investigators found that abnormal protein deposits 
were present in nearly 100% of the brains. This means that there was an association 
between repeated concussions and abnormal protein deposits in the brains of these  
athletes.

e. A study examined the relationship between swimming in an unchlorinated pool and 
the risk of developing diarrhea. The investigators found a 15% excess risk among peo-
ple who swam in the pool compared with those who did not. This means that 15% of 
the diarrhea cases among pool users could have been prevented if they had refrained 
from swimming in the unchlorinated pool.

f. A study examined the relationship between vitamin supplementation and the occur-
rence of asthma among children. The investigators found that compared with children 
who did not take vitamins, children who took vitamins on a daily basis were 0.8 times 
as likely to develop asthma. This means that children who took vitamins were 80% less 
likely to develop asthma.

8. The incidence rate of migraine headaches was 1.5/100 person- years among overweight 
women and 1.0/100 person-years among normal weight women. Using only this informa-
tion, state whether you can calculate each of the following measures:
a. Rate difference
b. Rate ratio
c. Attributable proportion among the exposed
d. Attributable proportion among the total population

9. Consider the following data from a British study of cigarette smoking and mortality among 
male physicians (Doll R, Peto R,  Boreham J, Sutherland I. Mortality in relation to smoking: 
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50 years’ observations on male British doctors. Br Med J. 2004;328:1519. doi:10.1136 
/bmj.38142.554479.AE). The age-standardized mortality rates (per 100,000 person-years) 
from lung cancer and ischemic heart disease are 249 and 1001, respectively, among current 
smokers and 17 and 619 among lifelong nonsmokers.
a. Use these data to calculate the mortality rate ratio and mortality rate difference for each 

disease comparing current smokers to lifelong nonsmokers. 
b. Based on your answer to part A, is smoking a stronger risk factor for deaths from lung 

cancer or ischemic heart disease?
c. Based on your answer to part A, does smoking have a greater public health impact via 

deaths from lung cancer or ischemic heart disease? In other words, if smoking were the 
cause of mortality, how many deaths from each cause would have been averted if these 
individuals had never smoked?

d. Describe the reason(s) for your answers to parts B and C.
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