
0ABSTRACT
The authors of studies often report their results using abbreviated terms such as RR, OR, ARR, RRR
and NNT. These terms are quantities that express the strength of association between the depen-
dent and independent variables and are collectively referred to as measures of association. The
similarity between these measures and the multiple terms by which each is referred can be con-
fusing. The purpose of this article is to explain in a straightforward manner the purpose, deriva-
tion, and limitations of some of the more commonly used categorical measures of association, in-
cluding relative risk, odds ratio, absolute and relative risk reduction and number needed to treat,
using results from recent emergency medicine studies published by Canadian researchers.

RÉSUMÉ
Les auteurs d’études présentent souvent leurs résultats en utilisant des abréviations comme RR, RC
(OR en anglais), ARR, RRR et NNT. Ces termes sont des quantités qui expriment le degré d’associa-
tion entre les variables dépendantes et indépendantes et qu’on appelle collectivement les
mesures d’association. La similitude entre ces mesures et les multiples termes utilisés pour les iden-
tifier peuvent prêter à confusion. Le présent article a comme objectif d’expliquer clairement le
but, la dérivation et les limites de certaines des mesures les plus couramment utilisées, notamment
le risque relatif, le rapport des cotes (odds ratio), la réduction absolue et relative du risque et le
nombre nécessaire pour traiter, en ayant recours aux résultats d’études récentes en médecine
d’urgence publiés par des chercheurs canadiens.
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Clinical scenario

A 32-year-old woman presents to the emergency depart-
ment (ED) with acute asthma. After 3 hours of treatment
she feels much better, and her pulmonary function mea-
surement is now 70% of predicted. A recent article sug-
gests that she would have less risk of relapse if you added
inhaled corticosteroids to her oral prednisone treatment.1

The study reported a p value of 0.049, a relative risk reduc-
tion of 48%, an absolute risk reduction of 12% and a num-

ber needed to treat of 9. The patient asks why you think
she should take this and whether it’s any better than the
echinacea she currently takes. How do you summarize
these different results for yourself, for junior learners and
for the patient?

The basics

Familiarity with 2×2 tables is central to understanding
each of the measures of association.2 Table 1, a standard
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2×2 table, presents the dependent variable (outcome event)
across the top and the independent variables along the side,
with the experimental treatment listed above the control
treatment. This format is important because deviation from
it can alter future calculations.

When we speak of “outcomes” in clinical trials, we are
typically referring to things that happen to patients (e.g.,
death, surgery, stroke or disease recurrence). As these ex-
amples reveal, most outcomes in clinical trials are nega-
tive events — especially death! An exception is in cardiac
arrest trials, where a commonly reported outcome is sur-
vival-to-hospital discharge. In addition, many outcomes
are dichotomous; that is, the patient either experienced
the event or did not. However, in order to express out-
comes in a 2×2 table format, outcomes need not be di-
chotomous (nor must they be negative). For instance, we
can take a continuous variable such as peak expiratory
flow rate (PEFR) and set a cut-off point, such as 200
L/min, to differentiate a severe from a not-severe patient
group. In this case, the outcome is binary, but not neces-
sarily a negative event.

Risk vs. odds

Next we need to define and differentiate two terms: risk
and odds. Risk is simply the probability of an event occur-
ring.2 The term “risk” generally implies a negative event;
we don’t describe people as being at risk of winning a lot-
tery. However, the clinical event need not necessarily be
unfavourable to the patient even though the results of the
trial are described in terms of risk. Odds differ from risk in
that odds involves 2 probabilities instead of 1, and these 2
probabilities are expressed in the form of a ratio. Specifi-
cally, odds is the ratio of the probability of an event occur-
ring to the probability of the event not occurring.2 This or-
der in the ratio — occurrence over non-occurrence — is
important if one is to interpret the results accurately. For
example, if of every 100 ED chest pain patients with a nor-
mal initial ECG, 60 are found to have an acute coronary
syndrome (ACS) and 40 are not, the risk or probability of
these patients developing ACS is 60/100 or 0.6.2 However,

the odds among these 100 patients of developing an ACS
are 60:40 or 1.5.2

Relative risk (RR)

One way to measure the results in a cohort study or ran-
domized controlled trial (RCT) is to compare the number of
outcome events in the treatment group vs. the number in the
control group.3 The relative risk (RR), or risk ratio, does
just that. It is a measure of the probability of occurrence of
an event in those who received the experimental treatment
(exposed group) compared (relative) to those who received
the standard or control treatment (not exposed).4

The relative risk is defined as (see Table 1 for defini-
tions):

RR = Incidence in treatment group / Incidence in control group
= [A / (A + B)] / [C / (C + D)]
= A (C + D) / C (A + B)

An RR of 1 indicates that the outcome rate is the same in
both groups, therefore, the experimental group is no better
or worse off than the control group. An RR < 1 indicates
that the outcome rate is lower in the exposed (treatment)
group than the unexposed (control) group. This signifies an
effective treatment. If the outcome is a negative event such
as death, an RR < 1 would indicate that there are fewer
deaths in the treatment group than in the control group. In
this case, the experimental treatment is superior to the
standard treatment. Also, the further the RR is from 1, the
greater the effect size or difference between the 2 groups.
It follows that an RR >1 indicates the reverse, suggesting
that the experimental treatment is inferior to the control
treatment.

Table 2 was taken from an RCT of acute asthma treat-
ment, wherein ED patients were discharged with oral corti-
costeroids plus either budesonide (an inhaled corticos-
teroid) or placebo.1 The main outcome event was relapse,
defined as an unscheduled visit for worsening asthma
symptoms within 21 days of discharge. Of the 94 patients
randomized to budesonide, 12 (12.8%) relapsed. Con-
versely, 23 (24.5%) of the 94 patients randomized to
placebo relapsed.
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Table 1. A typical 2×2 table

Outcome events

Yes No
Total no. of patients

per group

Treatment
(exposure) A B (A + B)
Control
(no exposure) C D (C + D)

Total (A + C) (B + D) (A + B + C + D)

Table 2. Asthma relapse with budesonide vs. placebo

Relapse within 21 days

Yes No Total

Treatment
(budesonide) 12 82 94
Control (placebo) 23 71 94

Total 35 153 188
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Measures of association

The incidence of the primary outcome (relapse) was
12/94 (0.128) in the inhaled corticosteroid (ICS) group and
23/94 (= 0.245) in the control (placebo) group. The RR is,
therefore, 0.128/0.245 = 0.522. We can conclude that the
relative risk of asthma relapse with ICS is 0.52. When the
outcome is an adverse event, an RR < 1 suggests the treat-
ment is superior to the control. An RR of 0.52, therefore,
shows ICS to be superior to placebo. Expressed as a per-
cent (52%), we can say that the risk of relapse with ICS is
approximately 52% (or one half) of that with placebo.

Unfortunately, RR does not tell us the baseline event
rate. In this example, the baseline event rate would be the
rate of asthma relapse in patients discharged without ICS.5

RR only reveals whether the outcome rate in the treatment
group is more (RR > 1), the same (RR = 1), or less (RR <
1) than it is in the control group. Another limitation is that
the RR cannot be calculated from non-cohort or RCT stud-
ies. This is because in case–control studies the investigator
selects the number of case and control subjects according
to whether they have experienced the outcome event and,
subsequently, predetermines the proportion of individuals
with the outcome event.4,5 In such studies, the odds ratio
(OR) is a more correct measure of association to apply.

Relative risk reduction 

The relative risk reduction (RRR) is a quantification of
how much the treatment reduces the risk of the outcome
relative to the baseline outcome event rate. Wherein the
baseline risk of an outcome event is the event rate in the
control group defined by C/(C + D), the RRR is the differ-
ence in outcome event rates between the control and treat-
ment groups divided by the outcome event rate in the con-
trol group.

RRR  = ([C / (C + D)] – [A / (A + B)]) / [C / (C + D)]
= (0.245 – 0.128) / 0.245 = 0.48

Since the RRR is expressed as a percent: 0.48 × 100% =
48%. The shorter method of performing this calculation is
from the RR:5

RRR  = (1 – RR) × 100%

= (1 – 0.52) × 100%
= 48%

From the budesonide example we see that ICS reduced the
baseline risk of asthma relapse at 21 days by 48% relative
to placebo.

Although the RRR is the most commonly reported mea-
sure of dichotomous treatment effect, it gives the decision-
maker no indication of the absolute number of people who

might benefit from the intervention and, therefore, no indi-
cation of the cost-effectiveness of the intervention.6 In our
ICS example, an RRR of 48% appears very impressive,
and for those patients who benefit, it is very impressive.6,7

However, it doesn’t tell us what the risk of relapse is with-
out ICS. If the risk of asthma relapse was rare (e.g.,
1:1000), an RRR = 48% means that only about 1:2000 pa-
tients would benefit. In this case, the relative risk reduction
is high, but the absolute benefit to the population is low.6

Alternatively, small relative risk reductions may provide
significant benefit to the population if the condition is
common. An example of a common disorder with signifi-
cant impact on society is stroke. A treatment that produced
a 5% relative reduction in strokes would confer a huge
benefit to the population as a whole.6,7

Absolute risk reduction (ARR)

The ARR has several synonyms, including attributable rel-
ative risk, attributable risk, attributable risk reduction, and
risk difference.5,6 Where RR gives a ratio of risk (an indica-
tion of the relative risk of exposure) and RRR gives the re-
duction in baseline risk relative to control, the ARR com-
bines both the baseline outcome event rate and the risk
reduction in the treatment group to give the actual risk dif-
ference between the treatment and control groups.5

ARR = Incidence in control group – Incidence in treatment group
= [C / (C + D)] – [A / (A + B)]

Using the results from the budesonide example in Table 2:

ARR = 0.245 – 0.128 = 0.117

we convert these numbers to percent by simply multiply-
ing by 100 to arrive at:

ARR = 24.5% – 12.8% = 11.7%

This means that the absolute reduction in 21-day relapse
from asthma in the ICS patients is 11.7%.2 Hence, 11.7%
fewer patients relapsed in the ICS group than in the
placebo group. This is a much lower number than the
RRR, making the treatment effect appear less impressive.
Expressing results in relative terms (the risk of relapse in
the treatment group is 52% of that in the placebo group)
can make them seem very different than expressing them
in absolute terms (11.7% fewer patients relapsed). The
ARR provides more information about treatment effective-
ness, in that it tells us what the consequences are of not
treating the patient (i.e., the percentage of control patients
who experience the outcome event).5,6 The main limitation
of the ARR is the usefulness of this number to the clinician
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who has to decide whether or not to start his or her patients
on this therapy.

Number needed to treat (NNT)

NNT, the number of patients who need to be given the
treatment in order to prevent one outcome event, is a useful
measure for explaining the likelihood of benefit from treat-
ment.6 Moreover, NNT is intuitive to both physicians and
patients. Like the ARR, NNT provides a treatment effect
size result that incorporates both the baseline outcome
event rate and the risk reduction in the treatment group. It
can be argued, the ARR is more useful than the NNT be-
cause it expresses the results in more “concrete” terms and
allows for treatment effect comparisons to be made with
other disorders.6 The NNT is simply the reciprocal of the
ARR:

NNT = 1 / ARR
= 1 / 0.117 = 8.54

Hence, by inverting 11.7% i.e., we arrive at 8.54.2 There-
fore, the number of asthma patients we need to treat with
ICS  to prevent one relapse is 9.1 NNT changes inversely
with both the baseline outcome event rate and the RR;
therefore, an increase in event rate or relative risk mean
that fewer patients need to be treated in order to prevent
one outcome event. Conversely, a decrease in the risk of
the event will result in a higher NNT. 

Odds ratio (OR)

As with the ARR, the OR has a number of synonymous
terms, including relative odds and cross-product ratio.1

Other terms often incorrectly used synonymously with
OR include relative risk (RR) and risk ratio. The OR is
the ratio of the probability of an outcome event in one
group (treatment or exposure) to the probability of the
outcome event the other group (control or non-
exposure).2,3 The OR is a useful measure of treatment ef-
fect in RCTs and, as with the RR, the OR indicates that
the outcome rate in the treatment group is more (OR > 1),
the same (OR = 1), or less (OR < 1) than in the control
group.6 In case–control studies on etiology, the OR indi-
cates the probability of exposure to causative agent given
the outcome.

OR = AD/CB

Many confuse RR and OR. Unlike RR, the OR is not an
accurate measure of risk.4,6 OR tends to slightly overesti-
mate RR, but as the frequency of outcome events or dis-

ease incidence becomes smaller and approaches zero, the
OR and RR will become increasingly equal.4 Thus for rare
events, the OR is a good approximation of RR. We can
also see from the OR formula where the term cross-prod-
uct ratio comes from.8

OR = AD/CB RR = A(C + D) / C(A + B)

From the example above we can calculate the OR:

OR = (12 × 71) / (23 × 82)
= 852 / 1886
= 0.452

The OR (0.452) in this example is quite different from the
RR (0.522).2 However, if we reduce the incidence (A and
C) by a factor of 10 (Table 3), then re-calculate the OR, we
will see that it more closely approximates the RR.

OR = (12 × 917) / (23 × 928) RR = 12 (23 + 917) / 23 (12 + 928)
OR = 11,004 / 21,344 RR = 11,280 / 21,620
OR = 0.516 RR = 0.522

As predicted, the OR approximates the RR as the inci-
dence becomes very small.

Odds ratios are also easily generated from logistic regres-
sion models, where the purpose is to quantify the predictive
relationship between the independent and dependent vari-
ables — using the former to predict the latter.8 An excellent
example comes from the Ontario Prehospital Advanced Life
Support (OPALS) Study Group, who analyzed 6331 cardiac
arrest calls to determine how strongly each of 5 independent
factors contributed to the survival of prehospital cardiac ar-
rest patients.9 The strongest association came from the vari-
ables, “witnessed arrest” and “bystander CPR,” which had
ORs of 3.9 and 3.7 respectively. Knowing this, we can say
that a cardiac arrest victim who suffered a witnessed arrest is
approximately 3.9 times more likely to survive than one
whose arrest was not witnessed. Similarly, patients who re-
ceive bystander CPR are approximately 3.7 times more
likely to survive to hospital discharge than those who do not.
The odds ratio is also the measure of choice in meta-analysis
(systematic reviews) where it refers to the probability that
the outcome will occur in the treatment group.6 In another
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Table 3. Asthma relapse with lower incidence rates

Relapse of symptoms
within 21 days

Yes No Total

Treatment
(budesonide) 12 928 940
Control (placebo) 23 917 940

Total 35 1845 1880
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Measures of association

Canadian study that pooled the results of 6 RCTs comparing
mortality rates of patients treated with prehospital thrombol-
ysis to those treated with in-hospital thrombolysis, the OR
was 0.83.10 Since the OR < 1, we can conclude that the out-
come (all cause mortality) is less common in the experimen-
tal group (prehospital thrombolysis recipients) than in the
control group (in-hospital thrombolysis recipients).

Precision

Measures of association, like all measures, are merely esti-
mates of the truth. Therefore, it is often helpful to calculate
95% confidence intervals (CIs) around the derived esti-
mate. Confidence intervals describe the precision of the es-
timate and help determine whether the result is statistically
significant. The 95% CI represents the value range that the
true value will fall within 95% of the time. In other words,
although we can rarely know the exact true value (e.g., the
proportion of asthmatic patients who relapse — in the
whole world), if we know the 95% CI, we can be 95% cer-
tain that the true population value lies somewhere within
this interval. Since an OR or RR value of 1.0 indicates no
difference between the treatment and control groups, a
95% CI that includes the value 1.0 is not statistically sig-
nificant. In other words, regardless of the value of our
measure of association, if it has a 95% CI that includes 1.0,
it is very possible that there is no treatment effect. Simi-
larly, CIs for the ARR or RRR that include a value of zero
are also not statistically significant. 

Summary

This article has attempted to explain and clarify the advan-
tages and disadvantages of common measures of associa-
tion. With respect to RR and OR, readers should remember
that if these parameters are > 1, the outcome event is more
common in the treatment group. If they are = 1, the out-
come rate is the same in the treatment and control groups,
and if they are < 1, the outcome rate is lower in the treat-
ment group than in the control group.

In the clinical scenario described at the beginning of this
article, you would explain to the patient that, while there
are no guarantees she will remain relapse-free, her chance
of asthma relapse within 3 weeks of ED discharge is about
twice as great without ICS than with ICS (RRR = 48%;
RR = 0.52). You might also explain that approximately
12% (ARR = 11.7%) fewer patients would be expected to
relapse when treated with ICS than with placebo, and that
of every 9 patients treated with ICS, at least 1 will avoid
relapse. Furthermore, you’re unaware of any studies on the

efficacy of echinacea in the treatment of acute asthma in
the emergency setting and are unable to comment on its
possible effectiveness. However, you are aware that high
quality evidence fails to support the use of a variety of
homeopathic treatments in chronic asthma.11
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