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Attributable Risk

As has been discussed, the relative risk represents the likelihood of dis-
ease in exposed individuals relative to those who are nonexposed. The
risk difference (RD) or attributable risk (AR) is a measure of association
that provides information about the absolute effect of the exposure or
the excess risk of disease in those exposed compared with those nonex-
posed. This measure is defined as the difference between the incidence

rates in the exposed and nonexposed groups and can be calculated as
follows:

AR =1, - |,

In a cohort study, the attributable risk is calculated as the difference of
cumulative incidences (risk difference) or incidence densities (rate dif-
ference) depending on the study design. For example, in the study of
OC use and bacteriuria (Table 4-10), the attributable risk would be cal-
culated as follows:

a ¢
AR_CI'__CIO—(Q—Fb)_m
-2
482 1908

I

0.01566 = 1566/10°

Thus, the excess occurrence of bacteriuria among OC users attributable
to their OC use is 1566 per 100,000. The attributable risk is used to
quantify the risk of disease in the exposed group that can be considered
attributable to the exposure by removing the risk of disease that would
have occurred anyway due to other causes (the risk in the nonexposed).
Thus, the interpretation of the attributable risk is dependent on the as-
sumption that a cause-effect relationship exists between exposure and
disease. If there is no association between exposure and disease, there
will be no difference between the incidence rates in the exposed and
nonexposed groups, so that AR = (. If, however, there is a causal asso-
ciation between the exposure and disease and the attributable risk is
greater than 0, its value indicates the number of cases of the disease
among the exposed that can be attributed to the exposure itself, or al-
ternatively, the number of cases of the disease among the exposed that
could be eliminated if the €xposure were eliminated. Thus, the attrib-
utable risk can be useful as a measure of the public health impact of a
particular exposure.

To estimate the proportion of the disease among the exposed that is
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utable risk is often expressed as a percentage (AR%). The attributable-
risk percent, also referred o as the attributable-rate percent, attributable
proportion, or etiologic fraction, is calculated as the attributable risk di-
vided by the rate of disease among the exposed or:

AR% =¥x 100

d. - L)

= —— X 100

I

e

In the cohort study of OC use and bacteriuria, the attributable-risk per-
cent would be calculated as follows:

AR% =@x 100

1566/10° y
27/482
27.96%

Thus, if OC use does cause bacteriuria, about 28 percent of bacteriuria
among women who use OCs can be attributed to their OC use and could
therefore be eliminated if they did not use OCs.

For most case-control studies, the attributable risk cannot be calcu-
lated because the incidence rates of disease among the exposed and non-
exposed groups are not available. [t is, however, possible to calculate the
attributable-risk percent using the following formula [4]):

-1
AR% = (RI;R ) X 100

From the data on OC use and MI presented in Table 4-9, the relative

risk of MI associated with current OC use was 1.6, yielding an attribut-
able-risk percent of:

AR% = L2821,
1.6
= 37.5%
This study therefore suggests that if OC use causes M1, nearly 38 per-

cent of MIs among young women who used OCs could be attributed to
that exposure or could be eliminated if they were to stop using OCs.
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estimate incidence rates in the exposed and nonexposed groups. Since
the overall incidence rate of disease in a population (Ir) may be thought
of as a weighted average of the incidence rates in various exposure cat-
egories, with the weights related to the proportions of individuals in
each category, I, can be calculated as the incidence rate among the ex-
posed group (1,) times the proportion of individuals in the tota] popu-
lation who have the exposure (P,), plus the incidence rate among the
honexposed (I;) times the proportion of nonexposed persons (P,). This
Is expressed mathematically as follows:

I = (1) (P) + (1,) (P,)

Since the relative risk is the ratio of the incidence rates among the ex-
posed and nonexposed, the incidence rate among the exposed (I,) mem-
bers of a population is equal to the relative risk times the comparable
rate in the nonexposed (RR X Iy). In a case-control study, the relative
risk can be estimated by the odds ratio (OR), and thus we can substitute
for I, in the formula:

I

1l

(L) (OR) (P,) + (1,) (P,)
I, [(OR) (P,) + (P,)]

I

To determine the incidence rate in the nonexposed, this €quation is sim-
Ply solved for 1, as follows:

I Iy
= e e e
" (OR)(P) + P,

Once the incidence rate among the nonexposed is determined, it can be
multiplied by the odds ratio to provide an estimate of the incidence
among the exposed. Given these two incidence rates (I, and 1), the at-
tributable risk can then be calculated.

For example, in Doll and Hill’s case-control study [9] of smoking and
lung cancer, 1350 of 1357 men with the disease and 1296 of 1357 men
without lung cancer had smoked cigarettes regularly for the previous 10
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Table 4-17. Case-contro] study of cigarette smoking and lung cancer, with
calculation of the relative risk, estimates of the incidence rates in the exposed
and nonexposed, and the auributable risk

Lung cancer

—_—
Cases Controls Total
Cigarette smoking
Yes 1350

1296 2646
No 7 61 68
Total 1857 1357 2714

_ (350)61)
RR = m = 9.1

I, 480/10¢
ly= ooz = 6
(RR)(P,) + (P, (9.1)(0.955) + (0.045) = 310

I, = (RR)(1,) = (9.1)(55/105) = 500/106/year
AR = L -1, = 500 - 55 = 445/105/year

!

Data from R. Doj and A. B. Hiil, A study of the aetiology of carcinoma of the
lung. Br. Meq. J-2:1271, 1959; ang R. Doll, Bronchiaj carcinoma: Incidence
and aetiology. Br. Meq. J- 2:521, 1953,

among the nonexposed. Thus, the €xcess rate of lung cancer among
smokers that s attributable to smoking is

AR

I

500/10%year ~ 55/ O%year
= 445/10%year

fraction (PF), can be defined [24]

_ I, - I
PF = \Io
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munity [20]. The Population attributaple risk is calculated a5 the rate of
disease in the Population (I,) minys the rate in the unexposed group

(Lo):

PAR =1p, - I,

Altematively, this measure can be calculated by multiplying the attrib-
utab]

e risk by the Proportion of €xposed individuals ip the population
(P,):

PAR = (AR) (P,

The population attributable risk of bacteriuria associated with OC yge
(Table 4-10) can therefore be calculated 35:

PAR = 1, — |,

104/2390 - 77/1908

= 316/10°year

or altematively as:

i

PAR = (AR) (p)
= 1566/10° x (482/2390

316/10%year

1}

sure in the tota] Population, or another estimate must he available from
an outside source. If the cohort for study has been chosen with an .
bitrary distribution of €xposed and onexposed individuals (such as 200
€xposed and 200 nonexposed subjects), then a Population attributable
risk computed for the study Population would pe Meaningless. If ap

Source outside the study, however, the Population attribytapje risk could
be calculateq.
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Analogous to the attributable-risk percent among exposed individu-
als, the population attributable-risk percent (PAR%) expresses the pro-
portion of disease in the study population that js attributable to the ex-
posure and thus could be eliminated if the exposure were eliminated.
The population attributable-risk percent is calculated by dividing the
Population attributable-risk by the rate of the disease in the population

risk was 316 per 100,000, The Population attributable-risk percent can
then be calculated as follows:

316
4351.5

7.3%

I

PAR% X 100

1

Thus, if OC use causes bacteriuria, about 7 percent of all the bacteriuria

in the study population (and 28 percent of bacteriuria among women
taking OCs) could be prevented if OC use were eliminated.

- _(P)RR - 1)
PAR% = (P) (RR — 1) + 1 X 100
If the proportion of exposed in the control group can be used as an

estimate of P,, the Population attributable-risk percent can be calculated
by the equivalent formula [24]:

PAR% = AR% x (proportion of exposed cases)
mple, in the case-control study of OC use and MI presented in

For exa
Table 4-9, the prevalence of OC use in the Population can be estimated
as the prevalence of OC use in the controls (P, = 304/3120 = 0.0974).
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R ek
- R - . a 5

P, (RR
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__PRR -
PAR% = PRR — )57 X 100
(0.0974) (1.6 — 1)
"~ (0.0974) (1.6 = 1) + 1
= 5.5%
or

PAR% = AR% x —2&
a + ¢

_16-1 93

T 16 156

= 55%

This implies that if OC use causes MI, 5.5 percent of MIs among pre-
menopausal women in the study population is attributable to OC use or
could be prevented if OC use were discontinued.

among the controls is assumed (o be representative of the population,
the attributable risk can be calculated directly. In such circumstances, it
Is also possible to calculate the population attributable risk. For example,
in the case-contro] study of smoking and lung cancer presented in Table
4-17, the population attributable risk can be derived as follows:

PAR

(AR) (P,

(445/10¢) (0.955)
425/10°

I

Thus, if cigarette smoking causes lung cancer, 425 cases per million men
are directly attributable to this habit.

Interpretation of Measures of Association

.
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Annual mortality rate per 100,000

Lung cancer Coronary heart disease
Cigarette smokers 140 669

Nonsmokers 10 413

Relative risk 14.0 1.6
Attributable risk 130/10%year 256/10%/year
R. Doll and R. Peto, Mortality in relation to smoking: Twenty years’
observations on male British doctors. Br. Med. J 2:1525, 1976

Table 4-19. Measures of disease frequency

Number of persons with disease

Prevalence (P) L
- T at a point in time
Number of persons in population

Cumulative
incidence (CI)

Number of new cases of disease in a given time period
Total population at risk

Incidence Number of new cases of disease in a given time period

density (ID) Toral person-time of observation

cer, as shown by the attributable risks of 256 per 100,000 and 130 per
100,000 per year, respectively. The explanation for this is that while
death from lung cancer is a relatively rare occurrence, accounting for
only 10 deaths per 100,000 population each year among nonsmokers,
the annual death rate for coronary heart disease in that same group is
413 per 100,000, Consequently, even a 60-percent increased risk of cor-
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Table 4-20. Measures of association: cohort studies

Relative risk (RR) 1. Cumulative incidence (risk) ratio =

Cumulative incidence in exposed (CI,)
Cumulative incidence in nonexposed (Cl,)

2. Incidence density (rate) ratio =

Incidence rate among exposed (I,)
Incidence rate among nonexposed (I,)

Attributable risk I -1,
(AR)

Attributable-risk ﬁ % 100
percent (AR%) I

e

Population I; — I;or AR x prevalence of exposure (P,)
attributable risk

(PAR)

Population PAR
attributable-risk
percent
(PAR%)

- - - - X 100
Incidence rate of disease in population (I;)

onary heart disease mortality associated with cigarette smoking will af-
fect a much larger number of people than a 14-fold increased risk of
death from lung cancer. Thus, the potential public health impact of
smoking cessation on mortality will be far greater for coronary heart
disease than for lung cancer.

In general, the relative risk is the measure used most commonly by
those evaluating possible determinants of disease because it represents
the magnitude of the association and provides information that can be
used in making a judgment of causality. In contrast, once causality is
assumed, from the perspective of public health administration and pol-
icy, measures of association based on absolute differences in risk between
exposed and nonexposed individuals assume far greater importance.
These absolute rates express either the actual incidence of a disease that
is attributable to an €Xposure among the exposed (attributable risk) or
the number of cases of disease in the total population that could be elim-
inated by removal of a harmful exposure (population attributable risk).

CONCLUSION

In this chapter we have considered the most commonly used measures
of disease frequency (Table 4-19) and association (Tables 4-20 and 4-21)

,.._4,._
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