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Odds ratios deconstructed: A new way to understand
and explain odds ratios as conditional risk ratios
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Abstract
Objectives: The aim of this analysis was to provide an alternative derivation of the odds ratio (OR) to provide an intuitive
meaning, freeing it from any mention of odds, which may make it a more useful concept for clinicians to use when describing treatment
effect.

Study Design and Setting: By examining the four possible combinations of treatment/control and corresponding outcomes, we
considered the conditional risk ratio (RR, also known as relative risk) of an event with the treatment compared with an event with the
control for pairs of patients for whom treatment and control would yield different results. Both matched and unmatched studies are
considered.

Results: We found that the OR could be derived as the RR of an outcome with treatment compared with an outcome with control con-
ditional on the treatment and control resulting in different outcomes, thus providing a measure of the net benefit of treatment.

Conclusion: It has been claimed that the OR comparing the effect of treatment vs. control does not have the same clinical interpret-
ability as RR because it involves ratios of odds and so is difficult to explain in terms of patient numbers. This new derivation provides an
interpretation of the OR as an RR but conditional on treatment and control resulting in different outcomes. This may help explain the reason
ORs cause interpretation difficulties in practice. Moreover, the OR may be a more clinically useful parameter to patients because it deals
with only those situations where the outcome differs between the two groups. � 2016 Elsevier Inc. All rights reserved.

Keywords: Conditional probability; Matched pairs; Number needed to treat; Odds; Odds ratio; Relative risk; Risk; Risk difference; Risk ratio; Unmatched

pairs
1. Introduction

There are a number of commonly used numerical mea-
sures of clinical effect that report the results of clinical
trials, whether they be randomized controlled trials, cohort
studies, or caseecontrol studies. These measures are
estimates of probabilities, namely parameters that represent
the likelihood of an event or an outcome under different
conditions in a hypothetical population of patients. Some-
times, the term risk is used interchangeably with probabil-
ity although risk involves conditions such as time duration
or a population denominator. A treatment effect is gener-
ally measured by the probabilities of the occurrence of
events.
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For comparing two populations with rates p1 (treatment)
and p2 (control) for adverse events,

1 a number of commonly
used measures (defined in the Appendix) in the literature
are risk difference (RD), risk ratio (RR), odds ratio (OR),
relative risk reduction, and number needed to treat
(NNT). The emphasis in this article is on the OR and its
comparison with RR.

These populations are conceptual only. The samples
come from the same pool of patients, and it is the random-
ization to treatment or to control that generates samples. In
addition, the manner in which data are collected to estimate
parameters does not change their meaning. An OR should
1 Instead of adverse events, we may instead consider beneficial events

in which risk is replaced by the probability of a beneficial event, but for the

purpose of this article, events are taken as adverse. A parallel interpretation

for beneficial events extends appropriately, mutatis mutandis, so will not be

repeated here.
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What is new?

� It has been widely asserted that the odds ratio
comparing the effect of treatment vs. control does
not appear to have the intuitive interpretability that
the risk ratio has because it involves ratios of odds
and is therefore difficult to explain from a probabi-
listic perspective that can be understood in terms of
patient numbers.

� In this article, we provide a novel derivation of the
odds ratio as a ratio of probabilities rather than a
ratio of odds, that is, a conditional risk ratio of
an event with treatment compared with an event
with control among pairs of patients, both matched
and unmatched, for whom treatment and control
would yield different results, thus providing a mea-
sure of the net benefit of treatment.

� This derivation obviates some of the concerns that
have been expressed, all of which emanate from
the fact that odds are not probabilities.
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represent the same quantity regardless of whether it is esti-
mated by independent cohort studies or by matched pairs. It
is a quantity that depends only on p1 and p2.

To keep the discussion concrete, consider data extracted
from a blinded randomized trial in which a tibial shaft frac-
ture was treated with either reamed intramedullary nailing
or unreamed intramedullary nailing [1]. Table 1 shows
the data for patients having closed fractures. The adverse
event involved a primary composite outcome, including
nonunion requiring implant exchange or bone grafting
and dynamization of the nail.

The estimated treatment risk is shown as bp15 a
aþb5

45
4165 0:1082, whereas the control risk is bp2 5 c

cþd5
68
4105 0:1659, giving an RR of treatment to control2
2 F

RR and

if the m
cRR5
bp1bp2

5
0:1082

0:1659
50:65:
The statistic used to estimate the OR would be
dOR5
bp1=ð1� bp1Þbp2=ð1� bp2Þ

5
bp1ð1� bp2Þbp2ð1� bp1Þ

5
ad

bc
50:61 ð1Þ
Thus, if 1,000 patients were treated with reamed intra-
medullary nailing, we would expect about 45/
416�1000z108 to experience an adverse event, whereas
of 1,000 treated with unreamed nailing, we would expect
about 68/410�1000z166 to experience an adverse event.
Thus, the proportion of treated patients relative to control
or clarity of exposition, we distinguish between parameters such as

their estimates, correspondingly denoted as cRR, for instance, even
eaning is clear from the context.
who would be expected to experience an adverse event is
108/16650.65, which is the RR shown in Table 1.

The RR thus has a direct meaning to a physician in terms
of patient numbers as a comparison of two risks. What
about the OR?

ORs and RRs are different measures and because a
larger odds reflect a larger risk, and vice versa, then the ra-
tio of two odds, just like the ratio of two probabilities,
clearly provides some measure of the relative effectiveness
of treatment vs. control or two treatments. Is there a corre-
sponding meaning in terms of patient numbers?

A number of articles in this journal have recently used
the OR in epidemiologic studies but generally with respect
to comparison of conclusions with those derived using RR
instead [2e6]. In fact, as pointed out in the Cochrane Hand-
book [7] ‘‘The nonequivalence of the risk ratio and odds ra-
tio does not indicate that either is wrong: both are entirely
valid ways of describing an intervention effect. Problems
may arise, however, if the odds ratio is misinterpreted as
a risk ratio.’’

Yet, among all comparison measures, the OR seems to
be the measure that is least understood intuitively [8].

It is our view, that if users are going to refer to the OR,
then they should have a careful and rigorous appreciation of
what the OR conveys as a parameter in simple language.
Unfortunately, denoting an OR as a ratio of odds does not
endow it with such an intuitive meaning. We therefore
wondered whether ORs have a meaning that could be sim-
ply understood in a manner similar to how an RR may be
understood.

In this note, we hope to provide a simple novel deriva-
tion of the OR that completely bypasses odds and uses only
probabilities, from which the OR is then derived as a bona-
fide ratio of risks.

Precisely, we point out that the OR is the RR of an
outcome with the treatment compared with an outcome
with the control conditional on there being a difference in
outcomes between the treatment and the control. This is
obvious, once stated, but we have not found such a state-
ment in the literature and believe that this observation is
new, useful, and obviates some of the concerns that have
been expressed, all of which emanate from the fact that
odds are not probabilities.
2. Common OR as a conditional RR: parallel groups

Whichever of RR or OR is used for comparison of two
treatments or comparison of treatment with control, the
choice is to provide a comparison between two probabili-
ties (risks) p1 and p2. Applying such comparison to an indi-
vidual patient, a researcher may then envisage the
possibility of giving the treatment and control simulta-
neously to the same sample from the target population of
individuals and under the same conditions. Of course, this
is not possible. Instead, one might have a parallel group



Table 1. Reamed and unreamed intramedullary nailing

Choice Adverse
Not

adverse Totals Risk Odds
Risk
ratio

Odds
ratio

Treatment
(reamed)

a 5 45 b5 371 416 0.1082 0.1213

0.65 0.61
Control
(unreamed)

c 5 68 d5 342 410 0.1659 0.1988

Totals 113 713 826

Table 2. Expected results for 1,000 pairs: reamed vs. unreamed
nailing

Both
adverse

Neither
adverse

Only treatment
adverse

Only control
adverse

18 744 90 148

3 We use the term excess to refer to a situation where either control or

treatment results in an event, but not both, or equivalently, when the out-

comes are different.
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design, as in the aforementioned example in Table 1, in
which n1 patients are randomized to the treatment and n2
patients are randomized to the control. If a, c are the
numbers of patients experiencing adverse events observed
in the two groups, whereas b, d are the corresponding
numbers not experiencing adverse events, then the sample
proportions bp15 a

n1
; bp25 c

n2
are estimates of p1 and p2 and

may be substituted for them to obtain corresponding esti-
mates of RR and OR.

Consider comparing treatment and control, but now
collect data pairwise in unmatched pairs in which n pairs
of patients are randomized within each pair, one to treat-
ment, one to control, but instead of merely calculating
event rates in each group separately, we now have four
possible combinations of outcomes, depending on whether
there was an adverse event or not in either pair. This is
shown in Table 3 in the Appendix.

Because p1 and p2 are the individual (marginal) proba-
bilities of occurrence of events with treatment and control,
respectively, then because the pairs are unmatched, the out-
comes in each pair are independent, meaning that the joint
probabilities of all four possible combinations of outcomes
are given by the products:

1. Event with both treatment and control:
probability 5 p1p2.

2. No event with both treatment and control:
probability 5 (1�p1)(1�p2).

3. Event with treatment, no event with control:
probability 5 p1(1�p2).

4. Event with control, no event with treatment:
probability 5 (1�p1)p2.

It is easier to use integers to interpret these probabilities
[9,10] by considering the expected breakdown for 1,000
pairs of randomized patients, according to the results of
treatment (reamed) or control (unreamed) data in Table 1.

1. In 45/416 � 68/410 � 1000 z 18 pairs, both treat-
ment and control lead to an event.

2. In 371/416 � 342/410 � 1000 z 744, neither treat-
ment nor control leads to an event.

3. In 45/416 � 342/410 � 1000 z 90 pairs, the treat-
ment yields an event but not the control.

4. In 371/416 � 68/410 � 1000z 148 pairs, the control
yields an event but not the treatment.

Table 2 summarizes these computations.
Thus, of 1,000 pairs of randomized patients, we expect
about 18 þ 744 5 762 to show no difference in outcome
between reamed or unreamed nailing. Of the remaining
238 patients, a fraction 90/238 5 0.3782 would experience
an adverse event that occurs only with the treatment,
whereas in a fraction 148/238 5 0.6218, the adverse event
would occur only with the control. The corresponding RR
of treatment, conditional on a difference in outcomes be-
tween treatment and control, is 0.3782/0.6218 5 0.61 or
equivalently, the RR that an event occurs with treatment
among those cases where treatment and control produce
different outcomes is 0.61, which is just the OR.

Thus, the OR is like an RR, but only in cases where the
outcomes would be different for treatment and control. It
has an interpretation in terms of patient numbers, like the
RR, but gives different information concerning the possible
benefits of a treatment.

So, in the aforementioned example, in situations where
there is a difference between treatment and control, then
61% of the time, the treatment will be better.

Consider then the perspective of a patient deciding be-
tween treatment or control based on Table 3. The first col-
umn can be summed and divided by the common sample
size n to arrive at bp1; estimating the probability of an
adverse treatment event, and likewise summing the first
row and dividing by n gives an estimated probability bp2
of an adverse control event. Division then yields an esti-

mated risk ratio cRR5 bp1bp2.
Alternatively, it might be reasoned using Table 2 as fol-

lows. For cases (1) and (2), neither treatment nor control
yields an excess adverse event.3 In case (3), the treatment
results in an excess adverse event, and in case (4), the con-
trol results in an excess adverse event. Because the first two
cases yield the same outcome of interest and so have the
same effect (ignoring any other attributable to the treat-
ment), they might reasonably be excluded from compari-
son. In other words, it could be considered how likely
case (3) is relative to (4), which is the probability of case
(3) divided by the probability of case (4), that is,
OR5
p1ð1� p2Þ
p2ð1� p1Þ5Conditional RR ð2Þ
(and would be estimated by Eq. (1)) the familiar OR now
arrived at without introducing odds, then taking the ratio
of two odds and simplifying, but instead obtained directly
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as an RR comparing the probabilities of excess adverse
events under treatment and control.

We point out that a patient would not know in advance if
she would be in a discordant group. If not, then the ex-
pected effect of treatment or control would be the same.
But if she is, the OR then reflects the (conditional) RR
of an event occurring with treatment, as indicated
previously.

We have thus freed ORs from any mention of odds
themselves. The fact that the OR has traditionally been ex-
pressed as a ratio of odds may obscure its meaning as the
RR of an excess adverse event and so having a direct inter-
pretation as a ratio of probabilities. In other words, the OR
is just an RR but conditional on treatment and control re-
sulting in different outcomes.

3. General OR as a conditional RR: matched pairs

Benefit of pairing accrues when the pairs are matched to
reduce variation, so next consider how the aforementioned
ideas extend to matched pairs (for instance, pairs of twin pa-
tients who are randomized one to treatment and one to con-
trol or caseecontrol studies). The only difference is that we
can no longer assume independence of outcomes within each
pair nor with caseecontrol can we even estimate p1 and p2.

The four possible combinations of outcomes and proba-
bilities are now the following:

1. Event with both treatment and control:
probability 5 p11.

2. No event with both treatment and control:
probability 5 p00.

3. Event with treatment and no event with control:
probability 5 p10.

4. Event with control and no event with treatment:
probability 5 p01.

Here, the first subscript represents treatment whereas the
second subscript represents control, and 1 represents event
while 0 represents no event. A table of expected values like
Table 2 of pairs of combinations can be constructed, and
likewise, a patient using such a table would argue exactly
as in the unmatched case.

The natural definition for the OR parameter would no
longer be Eq. (2), as for independent samples, but instead
it should be defined more generally as
OR5
p10
p01

ð3Þ
subsuming Eq. (2), and this is the general definition that we
are proposing for the OR.

Following a reviewer’s suggestion, we can express Eq.
(3) as a ratio of expected number of discordant events in pa-
tients responsive to treatment relative to the expected num-
ber of discordant events in patients who are responsive to
control because we can multiply both numerator and de-
nominator in Eq. (3) by the number of pairs, in which case,
both the numerator and denominator become expected
number of events, as is done in Table 2.

The issue of estimation of OR then becomes secondary
and dependent on the sampling method. An estimate might
be given by Eq. (1), assuming independence within each
pair, or by
dOR5
X10

X01

ð4Þ
if the pairs were dependent.
However, regardless of the sampling design, the OR,

considered as a parameter, rather than an estimate, would
still be given by Eq. (3), consistent with our interpretation
as a conditional RR.
4. Generalizing RD and number needed to treat

Referring again to Sections 2 and 3, observe that
p2ð1� p1Þ � p1ð1� p2Þ5p2 � p15RD:
In n unmatched pairs of patients, randomized one to treat-
ment and one to control, np1(1�p2) are expected to experi-
ence an adverse event with treatment and not control,
whereas np2(1�p1) are expected to experience an adverse
event with control but not treatment. The difference
n( p2(1�p1)�p1(1�p2)) is the net number of excess adverse
events with control and not treatment. So on average, it
takes n pairs to obtain n( p2(1�p1)�p1(1�p2)) additional
net excess adverse events with the control, and on average,
it takes n/n( p2(1�p1)�p1(1�p2))51/p2�p1 pairs to have
one additional adverse event. This recovers NNT on the ba-
sis of net adverse events in an unmatched paired experi-
ment. Note that in this context, we are viewing NNT as a
parameter rather than an estimate based on data. However,
the same conclusions hold for the latter because algebrai-
cally bp2ð1� bp1Þ � bp1ð1� bp2Þ5 bp2 � bp1.

This suggests definitions of RD and NNT applicable to
matched pairs by replacing p2(1�p1) with p01 and replacing
p1(1�p2) with p10. This leads to the following proposed
definitions of RD and NNT in such settings
RD5p01 � p10
NNT5
1

p01 � p10
:

Thesedefinitions follow fromp15 p10þ p11,p25 p01þ p11
implying p2� p15 p01� p10 because the common p11 cancels.
These parameters can be estimated from data available from
matched pair and caseecontrol studies.
5. Discussion

A number of authors have observed that the OR does not
have the same clinical interpretability as the RR. Sackett
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et al. [11] present five properties of ORs that interfere with
their clinical application; Bland and Altman [12] state that
ORs can cause difficulties in interpretation; Katz [13] re-
gards ORs as intuitively difficult to explain, in contrast to
RR; Fleiss [14] states that ORs are intuitively less under-
standable than RRs; Knol et al. [15] warn of potential
misinterpretation of ORs, in particular when the incidence
rate is large, whereas Sinclair and Bracken [8] say
that ‘‘In our view, this nonuse is quite justified not only
is there a lack of clinical meaning but also there may be
several grounds for confusion when the treatment effect is
expressed as an odds ratio.’’ Sometimes an OR has even
been misinterpreted as an RR, as pointed out in Refs.
[15,16].

Walter [17] notes that often the OR is compared with an
apriori standard, the RR, and is not considered as useful
because the two measures differ. He states that it is not a
sufficient reason to reject use of OR in favor of RR merely
because of having different values. He stresses the impor-
tance of separating the statistical evaluation of data with
communication of risk to physicians and patients in
comparing the different parameters RD, RR, OR and pro-
vides numerical and graphical examples examining the
behavior of a treatment group risk as the control group risk
varies while each parameter simultaneously remains
constant.

We believe that the difficulties and criticisms expressed
previously lie not so much with odds themselves, but rather
in a lack of understanding of ratios of odds. Probabilities
and odds are easier to understand than an OR, which is a
ratio of ratios.

The risk p of an event can be understood in terms of
patient numbers. In a random sample of n patients, the
number of events is given by a binomial random variable.
If independent random samples of size n1, n2 are taken
from populations with risks p1, p2, respectively, then
the numbers of corresponding events are binomial
random variables on n1, n2 trials and success probabilities
p1, p2, respectively. As a result, the risks can be under-
stood in terms of patient numbers. This accounts for
the success of NNT in translating an RD to more con-
crete terms, despite NNT and RD merely being inverses
of each other.

In the same spirit, the RR can be understood in terms of
a ratio of numbers. For instance, if RR 5 0.5, then one
would expect roughly half as many events with treatment
vs. control for the same sample sizes. As a result, both
RD and RR have a concrete clinical interpretability.

With respect to odds and ORs, such interpretations are
not as apparent. An odds is the ratio of the probability
that an event occurs divided by the probability that it
does not occur. It is however difficult to relate odds to pa-
tient numbers. Rather, odds are commonly used in games
of chance because they relate directly to payoffs, which
are expressed as payoff odds vs. the true odds and so
have a meaning to a gambler by directly indicating what
the payoff is compared with what the payoff should be if
a game were fair. In fact, it is stated by Sinclair and
Bracken [8] that risk is familiar to physicians, whereas
odds are familiar to gamblers, yet an OR is a stranger
to both physicians and gamblers. But in clinical situa-
tions, there is no game of chance with a numerical
payoff.

Just as RR can be understood in terms of a ratio of
numbers, now so can OR. If OR 5 0.5, then one would
expect roughly half as many events with treatment vs. con-
trol for the same sample sizes in those cases where treat-
ment and control would give different outcomes.

This interpretation also provides a nonmathematical
explanation for the known fact that RR ! 1 implies OR
! RR. Recall that OR considers only those situations
where treatment pairs have the expected effect (treatment
does not result in an adverse outcome, whereas control
does) vs. where the treatment pairs have the nonexpected
effect (treatment results in an adverse outcome, whereas
control does not) and is the RR for such pairs. When RR
! 1, it is more likely, when the outcomes are different,
for the control to have yielded an excess adverse event, thus
making the corresponding conditional RR, in other words,
the OR, smaller than it would be if the concordant events
were also included as in the RR. In other words, RR ! 1
implies OR ! RR. Of course, this inequality is obvious
from algebra, and our explanation merely serves to provide
some insight.

Note that if RR O 1, then a parallel argument gives the
opposite inequality OR O RR.
6. Conclusions

We believe that if health researchers use statistical terms
in communicating research results, there should be a clear
understanding of the clinical meaning of these terms. In this
article, we examined the OR, whose use has been subject to
criticism and have provided a new derivation that omits
mention of odds and which can be extended to a more gen-
eral definition of the OR. Whereas RR describes how a
treatment will compare with control with a long sequence
of patients by giving the ratio of events our derivation gives
the OR a clinical interpretation as a RR of treatment
compared with control in a large sequence of patients for
whom treatment and control yield different results, thus
providing an interpretation of another measure of the net
benefit of treatment. Our purpose was to provide an under-
standing of the OR that can be described in words, and we
have shown how the interpretation applies equally to paral-
lel groups, to matched pairs, and to unmatched pairs.

We hope that our perspective dispositions the criticisms
leveled at the OR as lacking clinical value while at the same
time providing an easily understood intuitive meaning.



Table 3. Pairing

Control

Treatment

Event No event

Event X11 X01

No Event X10 X00
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Appendix

Suppose that p1!p2 represent event rates of adverse
events in a treatment group and control group, respectively.
Among the measures of clinical benefit, most commonly
used are:
risk difference5RD5 control risk

� treatment risk5p2 � p1
risk ratio5RR5
treatment risk

control risk
5
p1
p2
odds5
risk

1� risk
5

p

1� p
odds ratio5OR5
treatment odds

control odds
5
p1=ð1� p1Þ
p2=ð1� p2Þ ð5Þ
relative risk reduction5RRR5
RD

p2
number needed to treat5NNT5
1

p2 � p1
In the definition of odds, the risk p may be either p2 or
p1: The relative risk reduction 5 1 � risk ratio and so pro-
vides no additional information than the latter, while the
number needed to treat (NNT assumes p1!p2:) is the in-
verse of the risk difference and likewise provides no addi-
tional information than the risk difference except that it is a
more intuitive measure to grasp in terms of patient numbers
needed to achieve some outcome on average.

Unmatched pairs

Suppose data are collected with unmatched pairs of pa-
tients who are randomized, one to treatment and one to con-
trol. The results are summarized in Table 3 with the same
convention on subscripts as in Section 3. For instance,
X10 is the number of pairs with a treatment event but no
control event.

Because the pairs are unmatched and independently ran-
domized within each pair, the random variables in Table 3
are marginally binomial. (In fact, more generally the random
vector of the four possible combinations of outcomes has a
multinomial distribution with the above probabilities of
success.)
X11 |Binomialðn;p1p2Þ
X00 |Binomialðn; ð1� p1Þð1� p2ÞÞ
X10 |Binomialðn;p1ð1� p2ÞÞ
X01 |Binomialðn; ð1� p1Þp2Þ
The estimated probability of an adverse event following
treatment is bp15 X11þX10

n , while with a control, it is

bp25 X11þX01

n ; yielding an estimated risk ratio cRR5bp1bp2 and

an estimated odds ratio cOR; as if there were no matching,
which is given by Eq. (1).

Our intention in this paper has been on interpreting the
odds ratio, for which existing estimators are well known,
for instance as developed in [18]. When the data represent-
ing treatment and control groups arise independently, as
described by Table 1, the appropriate estimated odds ratiocOR is given by Eq. (1) whose variance is estimated by
cOR2
�
1

a
þ 1

b
þ 1

c
þ 1

d

�

The same estimator is used in a matched pairs situation,
when the pairs are independently randomized to treatment
or control or where the matching is on variables not associ-
ated with the outcome of interest, leading to independence
within pairs and then a 5 X11 þ X10; b 5 X01 þ X00;
c 5 X11 þ X10; d 5 X10 þ X00 with the notation of Table 3.

Matched pairs

Paired data arise more generally when the pairs are
matched on similar characteristics. Such data can also
be represented by a table like Table 3, but we cannot as-
sume independence of outcomes within each pair. The
random variables in Table 3 are still marginally binomial
but with occurrence probabilities that are not products,
rather
X11 |Binomialðn;p11Þ
X00 |Binomialðn;p00Þ
X10 |Binomialðn;p10Þ
X01 |Binomialðn;p01Þ
A patient using the data in Table 3 would argue exactly
as in the unmatched case and come up with an estimated
odds ratio
cOR5
X10

X01
as given by Eq. (4) because X10

n estimates p10 and X01

n
estimates p01: Now, the variance of the estimated odds ratio
is given by
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cOR2
�

1

X10

þ 1

X01

� F.M. Hoppe et al. / Journal of Cl
Eq. (4) is known as the ManteleHaenszel estimate of the
odds ratio from matched pairs caseecontrol data [19, 20].
The ManteleHaenszel estimate is given by
cORMH
5

Pn
i51aidiPn
i51bici

ð6Þ
where fai; bi; ci; dig play the same role as fa; b; c; dg in Eq.
(1) but with respect only to the data from pair 1 � i � n:
The possible values of fai; bi; ci; dig are in f0; 1g and Eq.
(6) then reduces to Eq. (4).

Not only is the odds ratio, as we have derived it, a con-
ditional risk ratio, but, curiously, it is also a conditional
odds (not ratio) being the ratio of probabilities of two
events that are conditionally mutually exclusive, as we
can see by writing
OR5
p1ð1� p2Þ

p1ð1� p2Þ þ p2ð1� p1Þ
�

�
1� p1ð1� p2Þ

p1ð1� p2Þ þ p2ð1� p1Þ
�
5Conditional Odds
We can then define a conditional risk given that there is a
difference in outcomes as follows. In the usual manner in
which an odds can be converted into a probability, a conditional
odds ratio of OR considered, as we have just shown, to be a
conditional odds, is equivalent to a conditional risk (not ratio)
Conditional Risk5
OR

1þOR
ð7Þ
which can be interpreted as a conditional probability that
the treatment does not prevent an adverse event in those
cases where treatment and control have different outcomes.

Interestingly, an equation identical to Eq. (7) appears as
Equation (5.2) in [20] in the context of casee
control studies although in an earlier Eq. (2.13) of [20] the
odds ratio is still defined as a ratio of odds as in Eq. (5) unlike
our more general Eq. (3) that does not involve odds.
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