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INTRODUCTION

In epidemiology, the investigation of the association between
risk factors and disease can be approached in different ways.
One is to determine whether the association could or could
not be due to chance with a specific level of confidence, usu-
ally 95%, using tests of statistical significance. Greater com-
plexity and additional information can be obtained by describ-
ing the strength and direction of the association through
measures of effect or association, such as the relative risk
(RR)" in cohort studies and the odds ratio (OR)? in case-
control studies. Even more information can be obtained by
assessing the potential impact of removing a given risk factor
on the incidence of disease in the population; these are the
measures of potential impact, which can only be calculated in
the context of prevention studies, such as cohort and case-
control studies. Measures of potential impact could be divid-
ed into absolute measures of impact (AMIs), which measure
the excess risk of exposed individuals in the reference popu-
lation, and relative measures of impact (RMls), which measure
the proportion of the risk that can be attributed to exposure.

If we calculate the number of individuals who are at risk or in
who the event of interest occurs, we obtain potential impact
numbers (PINs). In this article, we will focus on absolute
measures and numbers of potential impact (aPINs).

ABSOLUTE MEASURES OF POTENTIAL IMPACT IN COHORT
STUDIES

As noted above, these measure the excess risk of exposed
individuals in the reference population. Their application is of
great interest in health planning, as they can estimate the
health benefits that could derive from the removal of the risk
factor.

For the purpose of illustration, in this article we will use a
fictitious cohort study analysing the association between ma-
ternal smoking and low birth weight over a |-year period,
with 230 smoking pregnant women in the exposed cohort
and 320 non-smoking mothers in the unexposed cohort (Ta-
ble 1).

Table 1. Absolute measures of impact and impact numbers in cohort studies

Low birth weight

Smoking mother Yes No Total
Yes 30 200 230
No 20 300 320
Total 50 500 550

1,=20/230=0.13=13% (IC 95:8.6 to 17.4)

l,=20/320=0.062 = 6.2% (IC 95:3.6 t0 8.9)

0.13

RR = 0062

=2.09 (IC95: 1.2 to 3.5)

(P.) =230/550=0.418 = 42%

Absolute measures of impact

AR, =1,-10=10.13-0.062 = 0.068 (95 CI:0.016 to 0.12)
PAR =AR, x P, =0.068 x 0.42 = 0.028 (95 CI:0.0071 to 0.049)

Absolute impact numbers

EIN=1/AR,=1/0.068=147=15

95 Cl= I / lower limit AR, Cl to | / upper limit AR, Cl = 9 to 59
PIN=1/PAR=1/0.028 = 35.7 = 36

95 Cl =1 / lower limit PAR Cl to | / upper limit PAR CI = 13 to 158
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Attributable risk among the exposed (AR,)
or attributable risk’®

This measure is used when the reference population is the
exposed population. It is the absolute difference in incidence
between exposed individuals (1) and unexposed individuals
(I)): AR, = I,— I,. It measures the portion of the incidence of
disease that is due to the risk factor, that is, the amount of risk
in exposed individuals that is attributable solely to exposure.
In our example, it would be:

30 20
AR ==l =330 =320

=0.13-0.062 = 0.068

If we removed tobacco use in pregnant women who smoke,
we would prevent low birth weight in an average of 6.8
(rounding, 7) newborns per 100 births per year.

When the incidence in the exposed population is unknown, we
can estimate the AR, based on the relative risk (RR) (Table 1):

AR, =I,(RR— 1) =0.062 (2.09 - I) = 0.068.
Population attributable risk (PAR)?

Used when the reference population is the general popula-
tion. It is the portion of the incidence of disease in the popu-
lation that can be attributed to exposure to the risk factor in
the general population. It is calculated by subtracting the inci-
dence in the unexposed (ly) from the incidence in the total
population (1,):

PAR =1 —I.
Usually, |, is not known, and in that case it can be calculated
from the Ar, and the proportion of exposed individuals in the

target population (P.): PAR = AR, x P..In our example,

PAR = 0.068 (230/550) = 0.28.
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If we removed tobacco use in the general population, we
would prevent low birth weight in approximately 3 newborns
per 100 births per year.

Calculation of 95% confidence intervals

Until now, we have been making point estimates, but it is also
advisable to calculate their 95% confidence intervals (95 Cls),
as they will help us determine whether our results may or not
be due to chance. Since we have calculated a difference in risk,
the interval cannot contain the value of zero. In the case of
the AR, which is a risk difference, the 95% Cl can be calcu-
lated using the Wald interval for the difference between pro-
portions,* substituting the upper and lower limits of the AR,
95% Cl in the equation (Table I).

ABSOLUTE MEASURES OF POTENTIAL IMPACT
IN CASE-CONTROL STUDIES

For the purpose of illustration, we will use a case-control
study that analysed the association between infection by Hel-
icobacter pylori (HP) and the presence of colorectal polyps in
children. The study included patients with colorectal polyps
and healthy controls, and the presence of HP infection was
assessed in both groups® (Table 2).

Attributable risk among the exposed (AR,)
or attributable risk’®

The case-control design does not allow the direct calculation
of incidences.Alternatively, it is possible to calculate the pro-
portion of individuals exposed in the population under study
(P.) and the incidence in the unexposed (1), assuming that the
controls are representative of the population and that the
incidence of disease is low (< 10%). Under these conditions,
the OR can be used to approximate the RR.

Table 2. Absolute measures of impact and impact numbers in case-control studies

Children with colon polyps

Helicobacter pylori Yes No Total
Yes 20 6 26
No 15 21 36
Total 35 27 62
OR=20x21/6x15=4.67(95Cl: 1.5] to 1441) l,=1% P..=6/27=022=22%
Absolute measures of impact
I, (OR -1 0.0 (4.67 - |
AR.= ", ((()R ) — 022 (4.(67 ) by = 0003 = 20%

PAR =AR, x P, = 0.020 x 0.22 = 0.0044.

Absolute impact numbers

EIN=1/AR,=1/1,(OR-1)27.1 =28

95 Cl =1/, (upper limit OR Cl - I) to | / I, (lower limit OR CI - 1) = 8 to 196

PIN=1/1;%xP, x(OR=1)=1/0.01 x022 x (4.67 - 1) = 122.7

95Cl=1/l,% P, % (upper limit ORCI - 1) to | /|, X P, x (lower limit OR CI - 1) = 35 to 881
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The AR, is used when the reference population is the popula-
tion of exposed individuals.Although it can be calculated with
the same method used for cohort studies substituting the OR
for the RR, this is a poor approximation (AR, = |, — OR).The
best approximation is the following:

()
AR.= “Pec (OR—1) + |

Usually, the incidence in the unexposed (ly) is not known, in
which case it can be approximated by the incidence in the
general population, which can be obtained from previous
studies in the literature. P, represents the proportion of con-
trols that have been exposed in the population under study.

In our example:

20 x 61

OR= —¢ 5 =4671C9%:1.51al44l.

Let us assume |, = 1%.P,. = 6 / 27=0.22, so entering the values
in the equation gives:

001 (467-1) o
AR.= 022 (4467 — 1 + T = 0.0203 = 2.02%

If HP were eradicated in patients infected by HP, it would
prevent an average of 202 colon polyps per 10 000 individuals.

Population attributable risk (PAR)?

It is calculated by the same method used for cohort studies,
substituting P, for P..

PAR = AR, x P_ = 0.020 x 0.22 = 0.0044.

If HP were eradicated in the general population, it would pre-
vent an average of 44 cases of colon polyps per 10 000 indi-
viduals.

The 95 CI cannot be calculated, as the Cls for the incidence
in the general population and the incidence in exposed con-
trols are not known.

ABSOLUTE POTENTIAL IMPACT NUMBERS IN COHORT
STUDIES6

Clinicians may have difficulty understanding measures of im-
pact that refer to individuals at risk from a general perspec-
tive, and it would be more intuitive to translate these meas-
ures to the individual level. Starting from the number needed
to treat (NNT), which expresses the number of individuals
that may benefit from or be harmed by a given intervention,
we can derive impact numbers (INs), which refer to the num-
ber of individuals that benefit from or are harmed by expo-
sure to a risk factor, and are given by the reciprocals of meas-
ures of impact. They provide additional information on the
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risks and benefits of interventions and it is possible to calcu-
late 95 Cls for them, but they have the drawback, as does the
NNT, that the 95 Cl is difficult to interpret when the meas-
ures of impact they derive from are not statistically significant,
which is why their use is not recommended when this is the
case.

Exposure impact number (EIN)

It is the number of exposed individuals among whom one
excess case is attributable to the exposure. It is given by the
reciprocal of the AR..

| |
BN —ar = 12

e e 0

In our example:

EIN =47 = I5.

0.068

On average, for every |5 pregnant women who smoke, | will
have a child with low birth weight attributable to tobacco use
per year.

Population impact number (PIN)

It is the number of individuals in the whole population
amongst whom one case is attributable to exposure to the
risk factor. It is the reciprocal of the PAR.

|
PIN TPAR - AR, % P..

In our example:
I
PIN —5ng  =357=36.

On average, for every 36 pregnant women in the general
population, | will have a child with low birth weight attribut-
able to smoking each year.

Calculation of 95% confidence intervals’

For the EIN, the lower limit of the Cl corresponds to the
upper limit of the AR, Cl, and the upper limit to the lower
limit of the AR, CI (Table ).

The calculation for the PIN is more complex.The PIN can be
expressed based on the RR as follows:

|
I, X P, (RR-1)

PIN

Having done this, the 95 Cl can be obtained by substituting
the lower limits of the RR Cl for the upper limits of the PIN
Cl,and vice versa (Table I).
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ABSOLUTE POTENTIAL IMPACT NUMBERS IN CASE-CON-
TROL STUDIES6

Exposure impact number (EIN)

In case-control studies, it is better to calculate confidence
intervals based on the OR:

!
EIN | (or—1y =001 (467~ 1)=272=28.

On average, for every 28 individuals infected by HP, | will have
colon polyps.

Population impact number (PIN)

It is calculated from the I, the P, and the OR.

PIN x (OR- 1).

I
IO x Pec
Substituting the values, we obtain:
I
PIN —gor X022 x (467 - 1) = 1227 = 123.
On average, for every 123 individuals in the general popula-

tion there is | individual with colon polyps attributable to
infection by HP.
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Calculation of 95% confidence intervals’
The method is the same one applied in cohort studies, except
that in this case it is the confidence interval of the OR that is

used, substituting the upper limit of the OR ClI for the lower
limit of the PIN Cl,and vice versa (Table 2).
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