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KEYWORDS Abstract The results of epidemiological studies should be expressed in terms of measures of
Evidence-based health or disease. This article reviews the key frequency, risk and impact measures, which can
medicine; be estimated using proportions, ratios or rates, depending on the specific context. It discusses
Pediatrics; which measures are appropriate for a study based on its design. Cross-sectional studies serve
Epidemiological to estimate the prevalence; cohort studies allow calculation of the incidence, relative risk and
measures; attributable fractions; case-control studies use the odds ratio and clinical trials determine the
Probability relative risk, absolute and relative risk reductions and number needed to treat (NNT). The
article also outlines criteria for the interpretation of these measures, supported by specific
examples.
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evidencia; Resumen Los resultados de los estudios e,pldem1olog1cos deben ser expresados en forma de
Pediatria; medidas de salud o enfermedad. En este articulo repasamos las principales medidas de frecuen-
Medidas cia, riesgo e impacto, que se pueden estimar usando, segun el caso, proporciones, cocientes
epidemiolégicas; o tasas. Veremos que, a cada estudio, en funcion de su disefio, le corresponden diferentes
Probabilidad medidas. En un estudio transversal estimaremos la prevalencia; en un estudio de cohortes la
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incidencia, el riesgo relativo y las fracciones atribuibles; en un estudio de casos y controles la
odds ratio; en un ensayo clinico el riesgo relativo, las reducciones absoluta y relativa del riesgo
y el niUmero necesario a tratar. Presentaremos los criterios de interpretacion de todas estas
medidas con ejemplos concretos.

© 2025 Asociacion Espafiola de Pediatria. Publicado por Elsevier Espafia, S.L.U. Este es un
articulo Open Access bajo la CC BY-NC-ND licencia (http://creativecommons.org/licencias/by-

nc-nd/4.0/).

Introduction

The results of epidemiological studies must be presented in
terms of health or disease measures, expressing frequen-
cies, differences, association, risk or impact. How results
are presented depends on the study design and, above all,
the characteristics of the variable or variables of interest.
Based on the type or types of variables at hand, we can use
different epidemiological measures.

In epidemiology, the simplest scenario is the study of two
discrete dichotomous variables. This scenario corresponds
to the usual hypothesis concerning the association between
the presence/absence of a specific exposure factor and the
presence/absence of disease. To analyze this association,
we have a series of frequency, risk and impact measures at
our disposal.

Frequency measures describe the distribution of the dis-
ease in the population and they are useful to describe the
disease as a first step in the research process. Measures
of association are useful for understanding the relation-
ship of the disease with risk factors, its magnitude and its
importance. Impact measures are useful for estimating the
potential repercussions of preventive or therapeutic inter-
ventions.

Another common scenario is the assessment of the asso-
ciation between one discrete variable and one continuous
variable. This scenario corresponds to studies that assess
the impact of an exposure factor (for instance, treatment
versus placebo) on a quantifiable effect measured over a
continuous range of values (for instance: blood pressure);
in this type of study, results will be expressed in terms of
the differences between groups in measures of central ten-
dency (mean, median) and measures of dispersion for the
continuous variable.

Preliminary concepts

We will start by reviewing some arithmetic concepts on
which epidemiological measures are based: proportion,
ratio and rate.’

A proportion is a number of observations with a given
characteristic (e.g., neonates with congenital malforma-
tions) divided by the total number of observations, with
and without that characteristic, in a specific group (for ins-
tance, all neonates born in a given period with or without
malformations). In proportions, the numerator is a subset
of the denominator. The result is expressed as a decimal

value ranging between 0 and 1 (0 to 100 when expressed
as a percentage) and is equivalent to the probability of the
evaluated characteristic.

A ratio or quotient is the result of the division of any
two numbers in which the numerator is not a subset of the
denominator. One example is the body mass index, which
is the quotient of the weight in kilograms and the height in
square meters.

A rate is generally defined as the change in magnitude of
one variable per unit change in the other variable. Thus, it
is a dynamic measure that allows us to measure not only the
probability of the characteristic we are evaluating, but also
the speed with which it occurs. For instance, the number of
disease relapses as a function of the duration of follow-up
is expressed as a rate.

The term odds does not have a suitable direct translation
to Spanish (‘‘razon de posibilidades’’, ‘‘razon de venta-
jas’’), so it is used untranslated. It refers to the quotient
obtained by dividing the probability of an event (P) by the
probability of the event not happening (1—P).

Frequency measures

Incidence and prevalence are the most widely used measures
of morbidity in the medical literature."? It is important to
differentiate them.

The prevalence is the number of individuals that have
a given disease or characteristic at a specific point in time
divided by the population at risk at that time. If we measure
the individuals that have the disease or characteristic at any
point during a specified time period, we obtain the period
prevalence. The prevalence is usually measured through
cross-sectional studies and expressed as a proportion. For
instance, if there are 250 children with obesity among a total
of 1000 managed at a primary care center, the prevalence
of obesity is 0.25 (25%).

The incidence is the number of new cases that have
occurred over a time interval divided by the number of the
population at risk at the start of the interval. This informa-
tion is usually obtained through cohort studies and expressed
as a proportion or rate. We can differentiate between two
types of incidence: cumulative incidence (proportion) and
incidence density (rate).

The cumulative incidence is a proportion calculated by
dividing the number of new cases by the size of the popu-
lation at risk. It is used when the disease is not expected
to occur more than once in any given subject and the pop-
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Prevalence

Figure 1

ulation at risk remains fixed. For example, if 20 cases of
meningitis are diagnosed in a year in a population of 100 000
children aged less than 5 years, the cumulative incidence is
0.0002 (or 2 per 10 000).

The incidence density is a rate calculated by dividing the
number of new cases by the sum of the time each subject
was followed up totaled for the entire population at risk
(e.g., months or years). It is used when the risk of disease
is proportional to the duratioeffn of follow-up, each sub-
ject can correspond to more than one case and the duration
of follow-up may vary between subjects. For example, if we
measure the frequency of gastroenteritis in children attend-
ing a child care center in relation to the time they have been
enrolled in the facility and we record 10 new episodes of
gastroenteritis in a set of 25 children (2 children had more
than one episode) who had been enrolled in the center for
a mean of 2 mo (50 mo in total), the incidence density of
gastroenteritis would be of 0.2 cases (10/50) per child and
month of exposure.

The prevalence and the incidence offer complementary
information (Fig. 1). A disease with a high incidence but also
either a high mortality rate or a high cure rate will have a low
prevalence in the population. On the other hand, a disease
with a low incidence that also has either a low mortality or
a low cure rate (tends to become chronic) may have a high
prevalence. The effect of mortality on the prevalence can
affect the characteristics of the samples selected to conduct
a study, as the population of subjects eligible for inclusion
in a study of prevalent cases would result in the selection
of patients with a better prognosis and a lower frequency of
risk factors compared to the population of subjects eligible
for a study of incident cases.

Risk measures (association)

In epidemiology, the concept of risk refers to the probability
that individuals exposed to certain factors develop an out-
come of interest to a greater or lesser extent. Tables 1 and 2
present the formulas for the calculation of the main risk
measures: the relative risk (RR) and the odds ratio (OR).
The RR is calculated by dividing the incidence in the
group of subjects exposed to a given risk or protective fac-

Incidence ‘

Cure

Exitus

Graphical representation of the relationship between incidence and prevalence.

tor by the incidence in the unexposed group.® It can only
be calculated in longitudinal studies and is a measure of the
strength of the association between exposure and disease.
It can take values ranging from 0 to infinite, with values of
less than 1 for protective factors (the incidence is smaller
among the exposed) and greater than 1 for risk factors (the
incidence is higher among the exposed); a RR of 1 is the null
value (identical risk in both groups), and a greater distance
of the RR from 1, either above or below, reflects a stronger
association.

In studies in which the duration of follow-up varies
between subjects, rather than using the cumulative inci-
dence, risk is calculated based on the incidence density, in
which each subject is reflected in the denominator based on
the amount of time they followed up. In such instances, risk
is estimated using the incidence density ratio (IDR), which is
the quotient of the incidence densities of the exposed and
unexposed groups.

In studies that do not have a longitudinal design (case-
control studies), since the incidence cannot be calculated,
it is not possible to calculate the relative risk.* In such
cases, the risk is estimated by means of the OR, which
compares the odds of exposure (the probability of expo-
sure to a risk factor divided by the probability of not being
exposed) in the case group (with the disease) and the odds
of exposure in the control group (without the disease) by
dividing one by the other. The interpretation of the OR
is similar to the interpretation of the RR: 1 is the null
value, values of less than 1 indicate decreasing risk and val-
ues greater than 1 increasing risk. It should be taken into
account that the RR and OR only yield similar values if the
frequency of the disease or condition under study is very
low.

Another measure of risk used in survival studies is the
hazard ratio.® This measure is calculated in survival studies
(in which the response variable is the time elapsed until the
event occurs) and is the quotient of the conditional risks in
the groups compared throughout the follow-up. The inter-
pretation of the hazard ratio is similar to that of the RR
or the OR, with a value of 1 indicating absence of risk or
association, greater values increased risk and lesser values
decreased risk.
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Table 1  Analysis of cohort studies. Risk and impact measures.

Studies with cumulative follow-up
Exposure factor

Exposed cohort Unexposed cohort

Diseased a b N,
Not diseased c d No
M1 Mo T
Cumulative incidence (l) among exposed Ali=a/M;
Cumulative incidence among unexposed Alo=b / Mo
Al exposed _a/M,

Relative risk RR =

Al , non exposed " b/ M,
Studies with person-time data
Exposure factor

Exposed cohort Unexposed cohort

New cases
(diseased)

Total
person-time

ai ao

L1q Lo

Person-time: sum of subjects by duration of follow-up for each subject
Incidence density (ID) among exposed: ID1= a1/ L1
Incidence density among unexposed: IDo= ao/ Lo

Incidence density ratio IDR =

1D exposed

_a/ly

Impact measures

—a_b
M M
Attributable fraction among the exposed (AFe)

Al —Al Al
AFe =210 1 _2b

AL, Al
Population attributable fraction (PAF)
PAF = AFe x PE RR-1 2
—; e — —_—
cases RR N1
PEcases Proportion exposed in the case group
Preventable fraction (PF) (if RR > 1)
_ Aly-Aly
AL

Risk difference RD = Al; — Al

RR-1

RR

1
=1]1]—-——=
RR

PF =1-RR

ID ) non exposed

ay/L,

Impact measures

Although the measures discussed above allow us to esti-
mate the risk generated by an exposure facture of a given
effect or disease, they do not provide information regard-
ing the impact that the exposure may have on the set of
existing cases in a population. This information is obtained
through other measures, such as the risk difference or the
attributable proportion (Table 1).3%7

Both measures estimate the absolute impact of exposure
on the incidence of an event in the exposed group or the
total population. They are used to assess the clinical or pub-
lic health importance of an exposure factor and inform us
of the percentage by which the incidence would decrease if
said factor were to be removed. Thus, there are very useful
in both clinical practice and public health for quantifying
the potential impact of different interventions.

The risk difference (RD) is calculated by subtracting the
incidence in the unexposed group from the incidence in the
exposed group. The RD is a measure of absolute impact that
takes values ranging from 0 to 1 (or 0 to 100 if expressed
as a percentage), where 0 is the null value representing the
absence of differences. The RD offers information that is
independent from the relative risk and may vary between
different groups of patients based on the specific risk of each
group. Thus, we may find that factors with a very high rel-
ative risk yield very low risk differences because the risk in
the population (outside of the contribution of the factor at
hand) is very low. For example: the incidence of admission
due to bronchiolitis in a group of infants who attended day-
care was 0.02 or 2%, compared to only 1% in infants cared
for at home; the relative risk indicates that the increase in
risk is 50% (RR, 0.5), while the risk difference is as small as
1% (RD, 0.01).
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Table 2  Analysis of case-control studies. Odds ratio.

Outcome (disease)
Exposure factor

Cases Controls
Exposed a b
Unexposed c d
M1 Mo

Odds of exposure incases = a/c
Odds of exposure in controls = b/ d

Odds ratio=0R = a_/c = axd
b/d bxc
« Estimation of RR based on the OR
OR

(1-R,) +(R, - OR)

Where ro is the risk of disease in the unexposed population

N1

The attributable fraction among the exposed (AFe), also
known as attributable risk, etiologic fraction or attributable
proportion is defined as the proportion of new cases of dis-
ease in the group of exposed subjects that can be attributed
to the risk factor of interest. It is calculated by dividing
the previously calculated risk difference by the incidence
in the exposed group. An extension of this measure is the
population attributable fraction (PAF), which applies the
proportion of new cases to the entire population, that is,
to both the exposed and unexposed subjects. When the fac-
tor under consideration is a preventive factor, the estimated
impact measure is known as the preventable fraction, which
corresponds to the proportion of cases among the exposed
that could be prevented by applying the preventive factor.
These impact measures cannot be estimated directly from
data obtained through a case-control study, as this design
does not yield incidence estimates. However, we can use
the OR as a substitute of the RR to estimate impact, as long
as the prevalence of the disease is low (in which case, OR
values are close to RR values; for more frequent diseases,
formulas are available to estimate the RR based on the OR).

Table 3  Analysis of clinical trials.

no events intervention group
total subjects intervention group

Response rate in intervention P; =

group
Response rate in control group P = i:i;];itsm;‘;ilro%rgfgup
Relative risk reduction RRR = P‘P;CP"

Absolute risk reduction ARR = P. —P;

Number needed to treat NNT = !

ARR

The results of clinical trials tend to reflect the bene-
ficial effect of therapeutic interventions that reduce risk
in the exposed group (Table 3). Thus, in this context, the
risk difference, referred to by the alternative term of abso-
lute risk reduction (ARR), is calculated in the opposite
order, subtracting the risk in the intervention group from
the risk in the control group. Dividing the ARR by the risk in
the control group vyields the relative risk reduction (RRR),
which expresses the proportion by which the risk decreased
in the intervention group relative to the control group.

Table 4 Frequency, risk and impact measures for nominal dichotomous variables.

Frequency Risk

Impact

Prevalence

Incidence (cumulative
incidence or incidence
density)

Cross-sectional design
Cohort

Incidence density ratio
Odds ratio (OR)
Relative risk

Case-control
Clinical trial Incidence (cumulative
incidence or incidence

density)

Incidence density ratio

Prevalence ratio
Relative risk

Attributable fraction among exposed
(AFe)

Population attributed fraction (PAF)
AFe?, PAF?
Absolute risk reduction (ARR)

Relative risk reduction (RRR)
Number needed to treat (NNT)

a Estimated.
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Disease
Exposed Yes No Total
Positive 15 35 50
Negative 15 85 100
Total 30 120 150
Risk measures
95% confidence interval
Lower Upper
Absolute risk in exposed 30% 17.298% tol 42702%
group (RE)
Absolute risk in unexposed 15% 8.001% tol 21.990%
group (RU)
Absolute risk reduction
(ARR) -15% -29.503% to| -0.497%
Relative risk (RR) 2 1.065 to| 3.755
Relative risk reduction -100% -275542% tol -6513%
(RRR)
Impact measures (if RR > 1)
Attributable fraction among
50% 6.115% to| 73.372%
exposed (AFe)
Population attributable fraction
; 25% -5.316% to| 46.59%
(PAF) —

Figure 2

Another impact measure that is applicable to this type
of studies and is of great clinical interest is the number
needed to treat (NNT),® which is the inverse of the ARR
(1/ARR) and represents the number of patients that need
to be treated with the given intervention for one patient
to benefit, preventing one instance of an unfavorable
outcome.

There are other impact measures applicable to obser-
vational studies, which are not discussed here, that
interested readers can be informed about by consulting
other sources.® "’

Calculation of epidemiological measures in a cohort study using Calcupedev.

Selection of epidemiological measures based
on study design

Table 4 presents the measures of frequency, risk and impact
used most frequently based on the study design when the
effect is measured by means of a dichotomous variable.
Thus, in a cross-sectional study, we will estimate the preva-
lence, in a cohort study the incidence (cumulative incidence
or incidence density), the relative risk (or incidence den-
sity ratio) and attributable fractions (among the exposed
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Case-Control studies 1

Effect or disease

Exposure

or risk Cases Controls

factor

Exposed 15 9

Unexposed 15 27

Total

24

36

Total 30 30

60

Risk measures

Odds of disease in exposed 1
group
Odds of disease in unexposed
group

0.429

Odds ratio (OR) 2.333

Impact measures (if OR > 1) @

Attributable fraction among
0 57.143%
exposed (AFe) ../

Proportion of exposed 05
cases (PEc) :

Population attributable fraction
(PAF) Ry

{
(PAF) estimated based on '
PEc

28.571%

Figure 3

and population); in a case-control study, we cannot esti-
mate frequency, but it is possible to estimate risk, with the
OR lastly, in a clinical trial, we will calculate incidence mea-
sures, relative risk, absolute and relative risk reductions and
the number needed to treat.

When the outcome measure of a study is a quantitative
variable, estimating the mean difference or difference in
means between the study groups is, in itself, a measure
of association or impact (e.g., the difference in the means
of glycated hemoglobin in two groups of diabetic subjects
managed with different insulin regimens).

Figs. 2-4 show the calculation of measures performed
with an online calculator, Calcupedev,'" for data obtained

Lower

95% confidence interval
Upper

0.809 to| 6.73

-23.608% to| 85.141%

-11.804% to| 42.57%

Calculation of epidemiological measures in a case-control study using Calcupedev.

through a cohort study, a case-control study and a clinical
trial. The user only needs to enter the counts in the con-
tingency table, and the software calculates the appropriate
measures with the corresponding 95% confidence intervals
(Cls). To explain Cls, we would first need to explain the
basic concepts of inferential statistics, which falls outside
the scope of this review.'? It is important to keep in mind
that any study obtains information from a sample of sub-
jects, which is only one of the countless possible samples
of a population; so that any measure estimated with the
obtained data yields but one estimate among all the pos-
sible estimates that could be made in the population. To
determine the level of uncertainty, statistical methods are
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Studies about treatment effectiveness: trials

Outcome of interest

Group Yes No Total
Experimental 20 80 100
Control 40 60 100
Total 60 140 200
Risk measures
95% confidence interval
Lower Upper
Absolute risk treatment 20% 12.16% 27.84%
group
Absolute risk control group 40% 30.398% 49.602%
Absolute risk reduction
20% 7.604% to | 32.396%
(ARR)"_/
Corrected absolute risk control 0.402
group (p1)
Corrected absolute risk 0.206
treatment group (p2)
Absolute risk reduction
(ARR) 19.608% 7.274% to 31.941%
Relative risk (RR) 05 0.316 to| 0.792
Relative risk i
elative risk reduction 50% 19.01% o 80.99%
(RRR)
Impact measures
Number needed to treat
o 5 4 to| 14
(NNT) *./

Figure 4 Calculation of epidemiological measures in a clinical trial using Calcupedev.

available to estimate the ranges of values near the obtained
value which would include the real value in the population.
Specifically, a 95% Cl indicates that there is a 95% probability
that the true value in the population is contained within its
bounds. A more orthodox interpretation is that if one were
to take an infinite number of samples from a population to
estimate the parameter of interest and calculated the 95%
Cl for each, 95% of the Cls would contain the true population
parameter.

With the data from the cohort study, shown in Fig. 2,
we can interpret that the factor under study is a risk factor
(RR > 1). We can state that we have a confidence greater
than 95% that the factor under study is truly a risk factor
because the Cl (1.065-3.755) does not contain the null value
for risk (“*1’’). In addition, we may interpret that 50% of
the risk in subjects exposed to the risk factor (AFe, 0.50)
and 25% of the risk in the entire population (PAF, 0.25) is
attributable to the risk factor, although the estimate for the
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PAF is imprecise, because the 95% Cl contains the null value
for proportions (in this case, *‘0’’).

Based on the data for the case-control study presented
in Fig. 3, we can interpret that the factor under study could
be a risk factor (OR > 1); however, looking at the confidence
interval, which includes the null value for risk (‘*1’’), with
the data obtained in this sample, we lack the confidence to
declare it as such. Although the calculator estimates impact
measures, the calculations were made under the assumption
that the OR is equivalent to the RR, which may not be a
valid assumption, since we do not know the incidence in the
exposed and the unexposed populations (in this instance,
we only know the risk of exposure in cases and unexposed
controls).

Based on the clinical trial data presented in Fig. 4,
we can interpret that the therapeutic intervention reduces
the risk of the outcome of interest, with an absolute risk
reduction of 20%. We see that the Cl does not contain
the null value for the difference of proportions or means
(*0’’). Therefore, we have a level of confidence greater
than 95% that the treatment is efficacious. In addition,
we can see that in relative terms, the risk decreases by
50% compared to the control group (relative risk reduc-
tion). Lastly, the software calculates the number needed
to treat, which can be interpreted as needing to treat five
patients with the therapeutic intervention for one patient
to improve in comparison to the control group; the CI
informs us, with a level of confidence of 95%, that one in
four treated patients would benefit in the best-case sce-
nario, compared to one in 14 patients in the worst-case
scenario.
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