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Abstract. The odds ratio is a frequently used effect measure for two independent
binomial proportions. Unfortunately, the confidence intervals that are available
for it in Stata and other standard software packages are generally wider than
necessary, particularly for small-sample and exact estimation. The performance
of the Cornfield exact interval—the only widely available exact interval for the
odds ratio—may be improved by incorporating a small modification attributed
to Baptista and Pike (1977, Journal of the Royal Statistical Society, Series C 26:
214–220). A further improvement is achieved when the Baptista–Pike method
is combined with the mid-p approach. In this article, I present the command
merci (mid-p and exact odds-ratio confidence intervals) and its immediate version
mercii, which calculate the Cornfield exact, Cornfield mid-p, Baptista–Pike exact,
and Baptista–Pike mid-p confidence intervals for the odds ratio. I compare these
intervals with three well-known logit intervals. I strongly recommend the Baptista–
Pike mid-p interval.

Keywords: st0271, merci, mercii, confidence intervals, odds ratio, mid-p, exact,
quasi-exact, Cornfield, Baptista–Pike

1 Introduction

The odds ratio is an important effect measure for two independent binomial propor-
tions. It is routinely used in case–control studies, frequently used in cohort studies,
and also used in clinical trials and as a summary measure in meta-analyses. Confidence
intervals for the odds ratio are typically based on the approximate normal distribu-
tion of the logarithm of the estimate of the odds ratio. Such intervals are denoted
logit intervals and sometimes include an adjustment to the observed counts of events
and nonevents. Another frequently used interval is the Cornfield exact interval. A
common disadvantage of these intervals is conservatism; they are generally wider than
necessary, particularly for small sample sizes and when proportions are close to 0 or 1
(Fagerland, Lydersen, and Laake forthcoming).

An example is given in figure 1, where the coverage probabilities of the Cornfield
exact and Woolf logit intervals are plotted for a sample size of 20 in each group and
a fixed odds ratio of 3.0. The coverage probability is the probability that the confi-
dence interval contains the true odds ratio. The preference is for it to be close to the
nominal coverage probability, here 95%. A conservative interval is an interval with a

c© 2012 StataCorp LP st0271



506 Exact and mid-p confidence intervals for the odds ratio

too large coverage probability. Exact intervals are required always to be conservative,
whereas approximate intervals satisfy no such criterion. As is plain from figure 1, the
conservatism of the Cornfield exact interval can be quite severe.

The coverage probability is an important index of performance; an interval with
large coverage probability is likely to be wider than an interval with lower coverage
probability. Thus for the sample size and odds-ratio values in figure 1, the Woolf logit
interval outperforms the Cornfield exact interval.

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0.92

0.93

0.94

0.95

0.96

0.97

0.98

0.99

1

p1

C
ov

er
ag

e
pr

ob
ab

ili
ty

Sample size: 20 in each group

 

 
Odds ratio fixed at 3.0

Cornfield exact
Woolf logit

Figure 1. Coverage probabilities of the Cornfield exact and Woolf logit intervals; p1 is
the probability of event in group 1

In Stata, the main commands for producing confidence intervals for the odds ratio are
cc and cci, which calculate the Cornfield exact (default), Woolf logit (option woolf),
approximate Cornfield (option cornfield), and test-based (option tb) intervals. The
approximate Cornfield interval does not always produce an upper confidence limit, even
for straightforward values. For example, the command cci 7 27 1 33, cornfield,
which corresponds to the results of the clinical trial by Perondi et al. (2004), returns
the interval (1.261, .). In fact, for 10,000 randomly selected counts of events and
nonevents with random group sizes in the range 5–50 and excluding situations with 0
events or nonevents, 11% of the calculated approximate Cornfield intervals had a missing
upper limit. The approximate Cornfield interval is thus unsuitable for general use. Test-
based confidence intervals should only be used for pedagogical reasons, never for research
work (see [ST] epitab).

Two more confidence intervals are available with the package sbe30: the Gart ad-
justed logit and the Agresti independence-smoothed logit intervals. These two intervals
perform similarly to the Woolf logit interval, with Gart being slightly less conservative
than the other two intervals (Fagerland, Lydersen, and Laake forthcoming).
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The purpose of this article is to present three alternative confidence intervals for
the odds ratio—the Baptista–Pike exact, Cornfield mid-p, and Baptista–Pike mid-p
intervals—and their implementation in Stata through the command merci (mid-p and
exact odds-ratio confidence intervals) and its immediate version mercii. I illustrate the
performance of these intervals and show how they can improve interval estimation for
the odds ratio.

2 Confidence intervals

Table 1 sets our notation for the observed counts of a 2×2 table. We denote the odds
ratio by θ and use the sample proportions to estimate it:

θ̂ =
n11/n12

n21/n22
=
n11n22

n12n21

Let α denote the nominal significance level, and let zα/2 denote the upper α/2 percentile
of the standard normal distribution.

Table 1. The observed counts of a 2×2 table

Event Nonevent Sum

Group 1 n11 n12 n1+

Group 2 n21 n22 n2+

Sum n+1 n+2 N

2.1 Logit intervals

Logit intervals are based on the approximate normal distribution of the logarithm of
the estimate of the odds ratio, as first proposed by Woolf (1955). A confidence interval
for θ is obtained by exponentiating the endpoints of

log θ̂ ± zα/2

√
1
n11

+
1
n12

+
1
n21

+
1
n22

To calculate the Gart adjusted logit interval (Gart 1966), we start by adding 0.5 to
each cell count:

ñij = nij + 0.5, i, j = 1, 2 ⇒ θ̃ =
ñ11ñ22

ñ12ñ21

We then get a confidence interval for θ by exponentiating the endpoints of

log θ̃ ± zα/2

√
1
ñ11

+
1
ñ12

+
1
ñ21

+
1
ñ22
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The independence-smoothed logit interval by Agresti (1999) is obtained in a similar
manner. Instead of adding 0.5 to all cell counts, we add the values

cij = 2ni+n+j/N
2, i, j = 1, 2

to cells nij and proceed as above.

2.2 Cornfield exact interval

Suppose that we condition on the number of events (n+1) and the number of nonevents
(n+2) such that all marginal totals in table 1 are fixed. Any one table is then completely
characterized by the count of one cell. Let x11 denote the number of events in group 1 for
any table that might be observed given the fixed row and column sums. The probability
of observing a table with x11 events follows the noncentral hypergeometric distribution
(Cornfield 1956)

f(x11|θ) =

(
n1+

x11

)(
n2+

n+1 − x11

)
θx11

n1∑
i=n0

(
n1+

i

)(
n2+

n+1 − i

)
θi

where n0 = max(0, n+1 − n2+) and n1 = min(n1+, n+1). By inverting two one-sided
Fisher exact tests, we obtain the Cornfield exact interval (LC , UC) by solving the fol-
lowing equations iteratively

n1∑
x11=n11

f(x11|LC) = α/2 (1)

and
n11∑

x11=n0

f(x11|UC) = α/2 (2)

The Cornfield exact interval is guaranteed to have coverage probabilities at least to the
nominal level.

2.3 Baptista–Pike exact interval

Instead of inverting two one-sided tests, as in the Cornfield exact interval, Baptista and
Pike (1977) invert one two-sided test using an acceptance region formed by ordered null
probabilities. We make the following adjustments to (1) and (2)

n1∑
x11=n0

f(x11|LBP) × I {f(x11|LBP) ≤ f(n11|LBP)} = α (3)

and
n1∑

x11=n0

f(x11|UBP) × I {f(x11|UBP) ≤ f(n11|UBP)} = α (4)
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where I is an indicator function, and n0, n1, and f are as defined in section 2.2. When
(3) and (4) are solved iteratively such that LBP < UBP, the Baptista–Pike exact interval
is given by (LBP, UBP). The Baptista–Pike exact interval is guaranteed to have coverage
probabilities at least to the nominal level.

2.4 Cornfield mid-p interval

A mid-p value is calculated by subtracting half the point probability of the observed
table from the ordinary p-value. The resulting mid-p test is no longer exact, and the
corresponding mid-p interval can no longer guarantee coverage probabilities at least to
the nominal level. To obtain the Cornfield mid-p interval, we substitute (1) and (2)
with

n1∑
x11=n11

f(x11|LCm
) − 1

2
f(n11|LCm

) = α/2

and
n11∑

x11=n0

f(x11|UCm
) − 1

2
f(n11|UCm

) = α/2

The Cornfield mid-p interval is given by (LCm
, UCm

).

2.5 Baptista–Pike mid-p interval

The Baptista–Pike mid-p interval is obtained by adjusting (3) and (4) in the following
manner

n1∑
x11=n0

f(x11|LBPm
) × I {f(x11|LBPm

) ≤ f(n11|LBPm
)} − 1

2
f(n11|LBPm

) = α

and
n1∑

x11=n0

f(x11|UBPm
) × I {f(x11|UBPm

) ≤ f(n11|UBPm
)} − 1

2
f(n11|UBPm

) = α

The Baptista–Pike mid-p interval is given by (LBPm
, UBPm

).

3 Comparisons of intervals

The Cornfield exact interval is the default confidence interval for the odds ratio when
using Stata’s cc or cci commands. As illustrated in figure 1, the Cornfield exact interval
can be very conservative. We further demonstrate this in figure 2, where the coverage
probabilities of the Cornfield exact and Baptista–Pike exact intervals are plotted against
p1, the probability of event in group 1, for fixed values of the odds ratio. Although both
intervals are rather conservative, the Baptista–Pike exact interval improves upon the
Cornfield exact interval.
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Figure 2. Coverage probabilities of two exact intervals

The coverage probabilities of the logit intervals defined in section 2.1 are shown in
figure 3 for two combinations of sample sizes and fixed odds-ratio values. The three
intervals perform similarly, and they have coverage probabilities considerably closer
to the nominal level than the two exact intervals. The Gart adjusted logit interval
is slightly less conservative (Fagerland, Lydersen, and Laake forthcoming) and slightly
shorter (Agresti 1999) than the other two intervals.
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Figure 3. Coverage probabilities of three logit intervals

Figure 4 illustrates the performance of the Cornfield mid-p and Baptista–Pike mid-p
intervals compared with the Gart adjusted logit interval. The Baptista–Pike mid-p
interval is clearly superior to the other two intervals, particularly when proportions
are close to 0 or 1. The coverage probability of the Baptista–Pike mid-p interval is
sometimes below the nominal level, but the infringement is small and, for most practical
purposes, inconsequential.
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Figure 4. Coverage probabilities of the best-performing intervals

A more thorough comparison of the intervals defined in section 2 can be found in
Fagerland, Lydersen, and Laake (forthcoming).

4 The merci and mercii commands

4.1 Syntax

merci var group var event
[
if
] [

in
] [

, bp cornfield exact midp notable

noccheaders level(#)
]

mercii #n11 #n12 #n21 #n22

[
, bp cornfield exact midp notable

noccheaders level(#)
]

Dialog boxes for merci and mercii can be launched by typing db merci and db mercii
at Stata’s command line.

4.2 Options

bp requests that the Baptista–Pike method be used to calculate the confidence interval
for the odds ratio. bp is the default option, and it will be used if the cornfield
option is not specified.

cornfield requests that the Cornfield method be used to calculate the confidence in-
terval for the odds ratio.

exact requests that the Baptista–Pike exact interval or the Cornfield exact interval be
calculated, depending on whether the cornfield option is specified.
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midp requests that the Baptista–Pike mid-p interval or the Cornfield mid-p interval be
calculated, depending on whether the cornfield option is specified. midp is the
default option, and it will be used if the exact option is not specified.

notable suppresses the 2×2 table from output.

noccheaders requests that group 2/group 1 and event/nonevent be used for the 2×2
table headers instead of the case–control specific headers cases/controls and ex-
posed/unexposed.

level(#) specifies the confidence level, as a percentage, for the confidence interval.
The default is level(95) or as set by set level.

4.3 Saved results

merci and mercii save the following in r():

Scalars
r(or) odds ratio
r(lb or) lower bound of confidence interval
r(ub or) upper bound of confidence interval

Macros
r(method) confidence interval method

5 Examples

In section 1, I briefly mentioned the randomized clinical trial by Perondi et al. (2004)
and that the approximate Cornfield interval fails to produce an upper confidence limit
for it. In that trial, 68 children with cardiac arrest were randomized to standard (n = 34)
or high dose (n = 34) epinephrine. The primary outcome measure was survival after 24
hours, and the results are summarized in table 2. The estimate of the odds ratio is
θ̂ = 8.56, and the Cornfield exact interval, which was reported in Perondi et al. (2004),
is (0.97, 397). The results suggest a reduced survival with a high dose of epinephrine,
but the confidence interval is very wide and includes the null value (θ = 1.0).

Table 2. The results of a clinical trial of high versus standard dose of epinephrine in
children with cardiac arrest

Survival at 24h

Treatment Yes No Sum

Standard dose 7 27 34
High dose 1 33 34
Sum 8 60 68
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Using mercii, we calculate the Baptista–Pike mid-p interval for the data in table 2.
Because this was a clinical trial and not a case–control study, we use the general table
headers by specifying the noccheaders option:

. mercii 7 27 1 33, noccheaders

Proportion
Event Non-event Total Event

Group 2 7 27 34 0.206
Group 1 1 33 34 0.029

Total 8 60 68 0.118

Odds ratio estimate = 8.556
95% Conf. interval = (1.328, 98.838) [Baptista-Pike mid-p]

The Baptista–Pike mid-p interval is considerably shorter than the Cornfield exact
interval and does not contain θ = 1.0. That result is consistent with the results from
the recommended confidence intervals methods for the difference between proportions
and the ratio of proportions in Fagerland, Lydersen, and Laake (forthcoming) and the
recommended tests for association in Lydersen, Fagerland, and Laake (2009).

If it is required to use an exact interval, the Baptista–Pike exact interval is less
conservative than the Cornfield exact interval:

. mercii 7 27 1 33, exact notable

Odds ratio estimate = 8.556
95% Conf. interval = (1.000, 195.495) [Baptista-Pike exact]

6 Discussion

Confidence interval estimation of the odds ratio can be greatly improved by using the
Baptista–Pike method. For exact estimation, the Baptista–Pike exact interval is consid-
erably less conservative—and thereby shorter—than the Cornfield exact interval. How-
ever, the best performing interval is the Baptista–Pike mid-p interval. It is superior to
both exact and logit intervals, and it works well for small as well as large sample sizes.
The Baptista–Pike mid-p interval was recommended in Fagerland, Lydersen, and Laake
(forthcoming) but has not yet been available in any standard software package.

In this article, I presented the new Stata commands merci and mercii, which cal-
culate the Cornfield exact, Cornfield mid-p, Baptista–Pike exact, and Baptista–Pike
mid-p confidence intervals. The Cornfield exact interval is also available with Stata’s cc
or cci commands. The results from merci/mercii and cc/cci will be similar but not
always identical. The confidence limits need to be calculated by an iterative algorithm,
and the implementations may differ in certain aspects.

The only cases for which the two commands produce noteworthy different limits are
when the 2 × 2 table includes one or two cell entries of 0. For example, cci 0 10 5 5
will produce the interval (0, 0.491), whereas mercii 0 10 5 5, exact cornfield will
produce the interval (0, 0.837).
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For this table and for all other tables that I have discovered to give different results
from merci/mercii and cc/cci, the results from merci/mercii are consistent with the
results from StatXact R© 9 (Cytel Inc.).

In conclusion, I strongly recommend the Baptista–Pike mid-p interval for the odds
ratio.
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