|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu

THE STATA JOURNAL

Editors

H. JosepH NEWTON
Department of Statistics
Texas A&M University
College Station, Texas
editors@stata-journal.com

Associate Editors

CHRISTOPHER F. BAUM, Boston College

NATHANIEL BECK, New York University

RiNO BELLOCCO, Karolinska Institutet, Sweden, and
University of Milano-Bicocca, Italy

MAARTEN L. Buis, WZB, Germany

A. CoLIN CAMERON, University of California—Davis

MARIO A. CLEVES, University of Arkansas for
Medical Sciences

‘WiLLIAM D. DUPONT, Vanderbilt University

PHILIP ENDER, University of California—Los Angeles

DaviDp EpSTEIN, Columbia University

ALLAN GREGORY, Queen’s University

JAMES HARDIN, University of South Carolina

BEN JANN, University of Bern, Switzerland

STEPHEN JENKINS, London School of Economics and
Political Science

ULricH KOHLER, WZB, Germany

Stata Press Editorial Manager
LisaA GILMORE

NicHoras J. Cox
Department of Geography
Durham University
Durham, UK
editors@stata-journal.com

FRAUKE KREUTER, Univ. of Maryland—College Park

PETER A. LACHENBRUCH, Oregon State University

JENS LAURITSEN, Odense University Hospital

STANLEY LEMESHOW, Ohio State University

J. ScorT LONG, Indiana University

ROGER NEWSON, Imperial College, London

AusTIN NicHoLs, Urban Institute, Washington DC

MARCELLO PAGANO, Harvard School of Public Health

SoPHIA RABE-HESKETH, Univ. of California—Berkeley

J. PATRICK ROYSTON, MRC Clinical Trials Unit,
London

PHILIP RYAN, University of Adelaide

MARK E. SCHAFFER, Heriot-Watt Univ., Edinburgh

JEROEN WEESIE, Utrecht University

NicHoras J. G. WINTER, University of Virginia

JEFFREY WOOLDRIDGE, Michigan State University

Stata Press Copy Editors
DaviD CULWELL and DEIRDRE SKAGGS

The Stata Journal publishes reviewed papers together with shorter notes or comments, regular columns, book
reviews, and other material of interest to Stata users. Examples of the types of papers include 1) expository
papers that link the use of Stata commands or programs to associated principles, such as those that will serve
as tutorials for users first encountering a new field of statistics or a major new technique; 2) papers that go
“beyond the Stata manual” in explaining key features or uses of Stata that are of interest to intermediate
or advanced users of Stata; 3) papers that discuss new commands or Stata programs of interest either to
a wide spectrum of users (e.g., in data management or graphics) or to some large segment of Stata users
(e.g., in survey statistics, survival analysis, panel analysis, or limited dependent variable modeling); 4) papers
analyzing the statistical properties of new or existing estimators and tests in Stata; 5) papers that could
be of interest or usefulness to researchers, especially in fields that are of practical importance but are not
often included in texts or other journals, such as the use of Stata in managing datasets, especially large
datasets, with advice from hard-won experience; and 6) papers of interest to those who teach, including Stata
with topics such as extended examples of techniques and interpretation of results, simulations of statistical
concepts, and overviews of subject areas.

The Stata Journal is indexed and abstracted by CompuMath Citation Index, Current Contents/Social and Behav-
ioral Sciences, RePEc: Research Papers in Economics, Science Citation Index Expanded (also known as SciSearch,
Scopus, and Social Sciences Citation Index.

For more information on the Stata Journal, including information for authors, see the webpage

http://www.stata-journal.com



http://www.stata-journal.com

Subscriptions are available from StataCorp, 4905 Lakeway Drive, College Station, Texas 77845, telephone
979-696-4600 or 800-STATA-PC, fax 979-696-4601, or online at

http://www.stata.com/bookstore/sj.html

Subscription rates listed below include both a printed and an electronic copy unless otherwise mentioned.

U.S. and Canada Elsewhere
1-year subscription $ 79 1-year subscription $115
2-year subscription $155 2-year subscription $225
3-year subscription $225 3-year subscription $329
3-year subscription (electronic only) $210 3-year subscription (electronic only) $210
1-year student subscription $ 48 1-year student subscription $ 79
1-year university library subscription $ 99 1-year university library subscription $135
2-year university library subscription $195 2-year university library subscription $265
3-year university library subscription $289 3-year university library subscription $395
1-year institutional subscription $225 1-year institutional subscription $259
2-year institutional subscription $445 2-year institutional subscription $510
3-year institutional subscription $650 3-year institutional subscription $750

Back issues of the Stata Journal may be ordered online at

http://www.stata.com/bookstore/sjj.html

Individual articles three or more years old may be accessed online without charge. More recent articles may
be ordered online.

http://www.stata-journal.com/archives.html

The Stata Journal is published quarterly by the Stata Press, College Station, Texas, USA.

Address changes should be sent to the Stata Journal, StataCorp, 4905 Lakeway Drive, College Station, TX
77845, USA, or emailed to sj@stata.com.

~ | BELE
Press

Copyright © 2012 by StataCorp LP

Copyright Statement: The Stata Journal and the contents of the supporting files (programs, datasets, and
help files) are copyright © by StataCorp LP. The contents of the supporting files (programs, datasets, and
help files) may be copied or reproduced by any means whatsoever, in whole or in part, as long as any copy
or reproduction includes attribution to both (1) the author and (2) the Stata Journal.

The articles appearing in the Stata Journal may be copied or reproduced as printed copies, in whole or in part,
as long as any copy or reproduction includes attribution to both (1) the author and (2) the Stata Journal.

Written permission must be obtained from StataCorp if you wish to make electronic copies of the insertions.
This precludes placing electronic copies of the Stata Journal, in whole or in part, on publicly accessible websites,
fileservers, or other locations where the copy may be accessed by anyone other than the subscriber.

Users of any of the software, ideas, data, or other materials published in the Stata Journal or the supporting
files understand that such use is made without warranty of any kind, by either the Stata Journal, the author,
or StataCorp. In particular, there is no warranty of fitness of purpose or merchantability, nor for special,
incidental, or consequential damages such as loss of profits. The purpose of the Stata Journal is to promote
free communication among Stata users.

The Stata Journal, electronic version (ISSN 1536-8734) is a publication of Stata Press. Stata, STATQ, Stata
Press, Mata, MATA, and NetCourse are registered trademarks of StataCorp LP.



http://www.stata.com/bookstore/sj.html
http://www.stata.com/bookstore/sjj.html
http://www.stata-journal.com/archives.html

The Stata Journal (2012)
12, Number 3, pp. 505-514

Exact and mid-p confidence intervals for the
odds ratio

Morten W. Fagerland
Unit of Biostatistics and Epidemiology
Oslo University Hospital
Oslo, Norway
morten.fagerland@medisin.uio.no

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

(© 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.

Sample size: 20 in each group
Odds ratio fixed at 3.0
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Figure 1. Coverage probabilities of the Cornfield exact and Woolf logit intervals; p; 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 2x 2 table. We denote the odds
ratio by 6 and use the sample proportions to estimate it:

'9\_ n11/n12 _ N11N22
7121/7122 N12M21

Let a denote the nominal significance level, and let z, /o denote the upper a/2 percentile
of the standard normal distribution.

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

Event Nonevent Sum

Group 1 ni1 N1 N1y
Group 2 No1 N99 No+
Sum Ny Nyo 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 0 is obtained by exponentiating the endpoints of

~ 1 1 1 1
logﬂj:za/Q _t— 4+ — 4+ —
ni1 ni2 n21 22

To calculate the Gart adjusted logit interval (Gart 1966), we start by adding 0.5 to
each cell count: o
Mo =ng+05, ij=12 = 0= 2102

Ni2M21

We then get a confidence interval for 6 by exponentiating the endpoints of

~ 1 1 1 1
logaiza/g\/~+~+~+~
nii ni2 n21 N22
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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/N2, i,j = 1,2

to cells n;; and proceed as above.

2.2 Cornfield exact interval

Suppose that we condition on the number of events (ny1) and the number of nonevents
(ny2) such that all marginal totals in table 1 are fixed. Any one table is then completely
characterized by the count of one cell. Let x1; 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 z1; events follows the noncentral hypergeometric distribution

(C()I‘nﬁ(ﬂd 1956)
<n1 ) ( N9 > h11
1| ) T11 Nyl — 211

i ni+ noy P
1 ny1 — )

i:no

f($1

where ng = max(0,n41 — n24) and n; = min(ni4,n41). By inverting two one-sided
Fisher exact tests, we obtain the Cornfield exact interval (L¢c, Ue) by solving the fol-
lowing equations iteratively

S flenlLe) = a/2 W

T11="N11

and
ni1

S fenlUe) = af2 (2)

T11="no
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)

ni

> flenlLep) x I {f(zn|Lep) < f(nu|Lep)} = o (3)
and -
Y flenlUsp) x I{f(z11|Usp) < f(n11|Usp)} = « (4)

T11=n0
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where I is an indicator function, and ng, n1, and f are as defined in section 2.2. When
(3) and (4) are solved iteratively such that Lgp < Upp, the Baptista—Pike exact interval
is given by (Lpp, Upp). 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

ni

> flenlle,) - %f(nlﬂLCm) =a/2

T11="N11

and
ni1

> fenlUe,) - 3fmlUe,) = af?

T11="0

The Cornfield mid-p interval is given by (L¢,,,Ug,, ).

2.5 Baptista—Pike mid-p interval

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

S° FlanlLoe,) x I{f@nlLsr,) < f(mlLoe,)} — 5 fm|Lop,) = o

T11=n0

and

> f@ulUse,) x I{f(z1|Usp,,) < f(nu1|Usp,.)} — %f(n11|UBPm) =a

T11=n0

The Baptista—Pike mid-p interval is given by (Lgp,, ,Upp,,).

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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Sample size: 30 in each group Sample size: 15 in group 1, 5 in group 2
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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.

Sample size: 30 in each group Sample size: 40 in group 1, 20 in group 2

Odds ratio fixed at 2.0 Odds ratio fixed at 2.0

0.99 0.99
> >
= 098} = 0.98F
2 2
8 o097 8 097
=] =]
ot et
S o968 S o096
o [N
% %
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15 5]
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= = = Gart adjusted logit = = = Gart adjusted logit
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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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Sample size: 20 in each group Sample size: 40 in each group
1
Odds ratio fixed at 3.0 . Odds ratio fixed at 3.0
0.99+
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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 wvar_group var_event [zf] [m] [, bp cornfield exact midp notable

noccheaders level (#) ]

mercii #ny1 #nio #No1 #Noo [, bp cornfield exact midp notable
noccheaders 1eve1(#)]

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.




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

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 2x2 table from output.

noccheaders requests that group 2/group 1 and event/nonevent be used for the 2 x2
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 1evel(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
6 = 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 (0 = 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

0dds 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 § = 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

0dds 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 x 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® 9 (Cytel Inc.).

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