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Estimating Risk Ratios and Risk Differences

Alternatives to Odds Ratios
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The goal of many medical research studies is to estimate the direc-
tion and magnitude of the effect of an intervention or treatment
on a clinical outcome (in clinical trials) or the association between
an exposure and an outcome (in observational studies). This effect

orassociation can be presented
= . in various forms, depending on
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the measured outcome. For ex-
ample, if the outcome is a con-
tinuous measure (eg, blood pressure), the effect or association could
be represented as a mean difference between the groups. If the out-
come is a time-to-event outcome (eg, time to death), the effect or
association is often expressed as a hazard ratio.

For binary outcomes (eg, 90-day survival), the measure of the
effect or association is often presented as an odds ratio (ie, dividing
the odds of the outcome in one group with the odds of the out-
come in another), in which the odds are the probability divided by 1
minus the probability. Odds ratios are commonly reported in clini-
cal research because of the frequent use of logistic regression
when there is a need to adjust for various characteristics (eg, to
adjust for potential confounders in an observational study). Logistic
regression yields odds ratios, is relatively straightforward to per-
form, and is widely available in statistical software. However, as
explained in an earlier JAMA Guide to Statistics and Methods
article,’ there are limitations to odds ratios. For instance, odds
ratios do not approximate risk ratios when the outcome is frequent
(Table) and odds ratios are easily misinterpreted by researchers, cli-
nicians, and patients.

An observational study by Grunau et al? in this issue of JAMA
evaluated survival to hospital discharge among patients who re-
ceived ongoing resuscitation for out-of-hospital cardiac arrest dur-
ing transport to the hospital compared with continuous resuscita-
tion at the scene. Instead of reporting odds ratios, the authors
estimated risk ratios and risk differences, measures of association
that are more intuitive to interpret.

What Are Risk Ratios and Risk Differences?

Arisk ratio is the probability (or risk) of an outcome in one group di-
vided by the probability in another, whereas the risk difference is the
probability of an outcome in one group minus the probability in an-
other. For example, if survival is 50% in one group and 40% in an-
other, the measures of effect or association are as follows: the risk
ratiois 0.50/0.40 = 1.25 (ie, a relative increase in survival of 25%);
therisk differenceis 0.50 - 0.40 = 0.10 (ie, an absolute increase in
survival of 10%), which translates into a number needed to treat of
10 (ie, 1/the risk difference, or 1/0.10); and the odds ratio is (0.50/
0.50)/(0.40/0.60) = 1.50 (ie, arelative increase in odds of survival
of 50%) (Table). Anintervention that increases the relative odds of
survival by 50% has the appearance of being more beneficial than
arelative increase in risk of 25%, or an absolute increase in risk of
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10%, although all measures are based on the same measures of ef-
fect or association. An effect or association that appears very ben-
eficial according to arisk ratio or odds ratio might be negligible when
applied to the absolute scale, which may present misleading infor-
mation about the clinical benefit or harm of an intervention. These
measures change with outcome prevalence. As shown in the Table,
asthe prevalence of the outcome increases, odds ratios become con-
sistently farther from 1 compared with risk ratios.

How Are Risk Ratios and Risk Differences Estimated?
Although adjusted risk ratios and risk differences may be more
clinically intuitive than adjusted odds ratios, they have traditionally
not been used because of the complexity of the methods required
to calculate them when adjustment for other variables is neces-
sary. However, several methods are available for accomplishing
this task. Simple calculations can be used to compute unadjusted
estimates of risk ratios and risk differences. When adjusted esti-
mates of risk ratios are needed, binomial models,®> modified
Poisson models,* and other techniques can be used to estimate
them. Binomial and modified Poisson models are both regression-
based approaches within the framework of generalized linear
models. These are flexible models that assume a linear relation-
ship between a set of variables and an outcome. The outcome can
have different forms, depending on the link function of the model
(ie, a function to transform the outcome; for example, a log link
performs a logarithmic transformation).

To obtain risk ratios, both the binomial and modified Poisson
methods assume a log link function to produce log risks, which,
when exponentiated, can be directly interpreted as risk ratios. To
obtain risk differences, the methods assume an identity link func-
tion (eg, no transformation) to obtain regression coefficients that
are risk differences. The modified part of the Poisson method
refers to the use of robust variance estimation (eg, a method to
estimate valid standard errors for coefficients in a regression
model) to account for model misspecification that occurs because
the binary outcome does not follow a Poisson distribution.
Although both approaches have limitations, they tend to produce
correct estimates with valid Cls, and are easy to implement in stan-
dard statistical software, including in SAS,” Stata,® and R.”

Limitations of Risk Ratios and Risk Differences

In addition to the usual limitations of estimating and interpreting
measures of effect or association (ie, confounding, selection bias,
and information bias), several caveats should be considered when
adjusted risk ratios and risk differences are estimated. The statisti-
cal computations are more complex than conventional methods
and it may be challenging to effectively communicate the method-
ology to a nonstatistical audience. For example, log binomial
regression may result in computational errors such that the risk
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Table. Hypothetical Scenarios Showing Differences in Measures of Effect or Association as Prevalence
of Outcomes Increases

Group 1 prevalence, %  Group 2 prevalence, %  Risk difference, % Risk ratio 0dds ratio
2 1 1 2.00 2.02
5 4 1 1.25 1.26
50 40 10 1.25 1.50
60 50 10 1.20 1.50

ratio and risk difference cannot be estimated.® Modified Poisson
regression is more likely to produce results, but may lead to Cls
that are too wide because of misspecification of the outcome
distribution.® For both models, these situations may be more likely
to occur with small sample sizes, when many variables are included
in the model, or both.

How Did the Authors Use Risk Ratios and Risk Difference
and How Should They Be Interpreted?

The observational study by Grunau et al? used modified Poisson re-
gression to estimate survival among patients with out-of-hospital
cardiac arrest who were transported to the hospital during ongo-
ing resuscitation compared with those who received continuous

resuscitation at the scene. The risk ratio for survival was estimated
at 0.48 (95% Cl, 0.43 to 0.54) and the risk difference was esti-
mated at -4.8% (95% Cl, -4.4% to -5.3%). In other words, trans-
port to the hospital was associated with a relative reduction in sur-
vival of 52% and an absolute reduction in survival of 4.8%.

However, each measure of this association alone does not pro-
vide acomplete representation of the intervention. Although the risk
ratiois generally constant across different baseline risks, the risk dif-
ference is not.' To fully describe the exposure-outcome relation-
ship, both absolute and relative measures should be reported, a prac-
tice recommended by both the Consolidated Standards of Reporting
Trials (CONSORT) and the Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) guidelines.
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