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Contingency table analysis for investigating the association between two categorical variables
is common. Methods often employed are the 2 test and Fisher’s exact test. However, they have been
sometimes misused and there has been no systematic evaluation in obstetrics and gynaecology.
Therefore, we aimed to describe the available methods of analysing contingency tables and to evaluate
the performance of recent literature in obstetrics and gynaecology. Searching the first three issues of
the Obstetrics and Gynecology journal in 2008 and 2003 identified respectively 34 (57%) and 46 (62%)
studies with the use of y? test, Fisher’s exact test, or exact 2 test specified or actually performed.
However, only 22 (in 2008) and 28 (in 2003) studies have sufficient data for verifying the actual use of
tests; of which, 82% (exact 95% confidence interval = 60% to 95%) and 67% (exact 95% confidence
interval = 46% to 83%) respectively had at least one inadequate use. Those common ones included non-
reproducible p values, using 2 test without fulfilling its requirements, and using y? test for 2x2 tables
when Fisher’s exact test is available. No significant differences between the two publication years
were observed. Exact 2 test, though not widely implemented, is more appropriate for contingency
table analysis. Substantial inadequate use of tests in contingency table analysis was observed in a
highly ranked journal in obstetrics and gynaecology and no notable improvement if not worsening was
observed over the past 5 years. More effective communications between clinicians and statisticians
are required.
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Introduction the literature. Consequently, a better understanding

Contingency table analysis for assessing the ©f the methods is deemed to be necessary to ensure a

association between two categorical variables is common contingency table analysis is properly performed.

in all disciplines including obstetrics and gynaecology.

For instance, Coutinho et al' reported more women Welch and Gabbe' reviewed the general use

with exteriorised repair surgery experienced moderate
or severe pain 6 hours after surgery than women
underwent in-situ repair. Qiu et al?> compared singleton-
and multiple-birth mothers in terms of their use of drugs,
alcohols, tobacco, etc. In such instances, the chi-square
(x*) test for association is the most frequently used
method®. Besides, the Fisher’s exact test has also been
recommended when the sample size is small*3. Despite
their vast popularity, there have been reported cases of
their misuses, including non-reproducible p values and
their use in paired samples>. Indeed, with the advances
in statistics and computing resources, contingency table
analysis may be performed more accurately by the exact
x> test. However, how the three tests are compared
and when they are used have not been discussed in

HKJGOM 2008; 8 (1)

of statistics in 145 papers published in the American
Journal of Obstetrics and Gynecology in 1994. A
total of 32% had inappropriate use of statistics but it
was reduced to 10% in a subsequent review in 1997
conducted by the same group of researchers'!. However,
there were no systematic assessments on contingency
table analysis in the literature, particularly in obstetrics
and gynaecology. Therefore, we aimed to describe and
contrast the available methods of analysing contingency

tables and to evaluate the performance of recent literature
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Table 1. The 2x2 contingency table of the infrared
gun (IRS) study

Pain improvement Treatment Total
IRS Placebo

Yes 9 4 13

No 3 9 12

Total 12 13 25

in obstetrics and gynaecology.
Contingency Table Analysis

The IRS Study

To ease illustration, we consider a randomised,
controlled trial conducted to compare the effectiveness
of an infra-red gun (IRS Medtec 100) with a mock
transcutaneous nerve (TNS; placebo) in treating patients
with cervical osteoarthritis pain'?. A total of 25 patients
with cervical osteoarthritis pain completed the study with
13 patients received mock TNS (placebo) and 12 patients
underwent IRS. The corresponding 2x2 contingency
table of results is shown in Table 1. The research
question was whether IRS was different from placebo in
treating cervical osteoarthritis pain. Here we are testing
the null hypothesis of no association between treatment
(IRS or placebo) and cervical osteoarthritis pain against
the alternative hypothesis of an association. Therefore,
a sufficiently small p value indicates the rejection of the
null hypothesis and leads to the conclusion of significant
association. Otherwise, there is not sufficient evidence
to conclude association.

The y* Test

The %* test was developed by the very well-
known mathematician, Karl Pearson, in July 1900 as
a goodness-of-fit test>'*. Therefore, it is also known as
the Pearson 7 test. The ? test is a non-parametric test
which bears no assumption on the underlying population
and thus can be applied without the worry of testing any
distributional assumptions. For 2x2 tables, the x> test
can also be taken as testing about the difference between
two proportions.

It is important to note that the p value of a 2
test is calculated asymptotically, i.e. based on the
assumption that the sample size is sufficiently large. In
other words, the % test is only an approximation but its

accuracy increases with larger sample size. To conclude

if a sample is sufficiently large is often guided by the

two conditions':

1. All cells should have expected frequencies of =1;
and

2. At least 80% of the cells in the contingency table

have expected frequencies of =5.

When the two required conditions are not fulfilled,
the accuracy of % test may become questionable.

When the sample size is small, one sometimes uses
the continuity correction suggested by Yates in 193415,
However, it is often criticised to be too conservative'®
1. This can be illustrated by the IRS study where the
uncorrected and corrected p values are 0.027 and 0.070,
respectively. That is, the correction alters the conclusion
from significance to insignificance if we operate at 5%
level of significance. So, should we conclude a significant
association or not?

Indeed, the use of Yates continuity correction
remains controversial. While some recommended its
use®?!, Zar*?> recommended using it only for 2x2 tables
and some others even recommended not using it at all'®
19, Nevertheless, the common statistical packages such
as SPSS provided the corrected p value for 2x2 tables
only. We are not extending nor resolving the controversy

here but suggesting a better option.

The Exact y° Test

The reliance of large sample size in the calculation
of p value of the ¥ test is fortunately not required with
today’s advances in statistical science and computing
resources. Various algorithms have been developed
to facilitate the calculation of exact p value without
requiring a large sample size?. However, the methods
have not been widely implemented. To our knowledge,
statistical packages that support the exact > test were
StatXact, Statistical Analysis System (SAS) and SPSS
Exact Tests*?.

In the IRS study, the exact p value is 0.047.
Therefore, the association between treatment and pain
improvement should be taken as statistically significant
at 5% level of significance.

The Fisher’s Exact Test
The Fisher’s exact test is the most commonly
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used alternative to % test when the sample size is
small. It was developed by a famous statistician Sir
R.A. Fisher in 1925 for 2x2 tables and later generalised
to tables of larger size®’%. This test gives an exact p
value and thus is also not restricted to large samples.
However, it assumes the marginal, i.e. row and column,
totals of the contingency table are fixed across all
possible samples, an assumption which may rarely be
true in practice’.

In 2x2 table analysis, the Fisher’s exact test can be
1-sided or 2-sided. Note the examination of association
in a 2x2 table can be equivalent to testing the difference
between two proportions. A 2-sided test assesses the
difference between the two proportions while a 1-sided
test examines only one side of the difference, e.g. one
proportion is larger than the other, while ignoring the
other side of the difference. In the sequel, one should use
the 1-sided test only when the occurrence of the other
side of the difference is absolutely irrelevant®. This is
again in practice rarely happened but the sidedness of
the test should nevertheless be specified especially when
a 1-sided test is used>.

In general, the computation of p values by the
Fisher’s exact test increases drastically with the number
of cells in the contingency table. Therefore, most
statistical packages do not perform the test in tables
larger than 2x2.

The Recommended Approach

The analysis of association between two
categorical variables should preferably be performed by
the exact y? test. This gives the exact and most accurate

p values without the worry of sample size.

However, one may not have a statistical package
with this test implemented. Under such circumstance,
we may just use the Fisher’s exact test for 2x2 tables
when the Fisher’s exact test is equivalent to the exact 2
test®®. Therefore, although the Fisher’s exact test is often
recommended when the sample size is small, it can also
be used otherwise to give the exact p value, as long as
the statistical package permits. For tables other than 2x2,
we prefer using % test since the Fisher’s exact test relies
on the unnatural assumption of fixed marginal totals
which is rarely true in practice. However, we need to

first check for the validity of the two required conditions
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of % test. In case when the conditions are not fulfilled,
we may try collapsing some neighbouring columns or
rows until the required conditions are satisfied. In the
worst case, the table may be reduced to 2x2 when the
Fisher’s exact test can be employed without fulfilling the

required conditions.

Evaluation of Recent Literature in
Obstetrics and Gynaecology

Identification of Literature

Ahand search was made on the most recent issues
of the Obstetrics and Gynecology journal published in the
year of 2008, i.e. No. 1-3 of Volume 111. The Obstetrics
and Gynecology journal had the largest circulation and
ranking impact factor in all peer-reviewed obstetrics
and gynaecology journals®'. Therefore, assessing this
journal would provide the most optimistic indication of
performance in the obstetrics and gynaecology literature.
Moreover, in order to assess the potential changes over
the years, the first three issues of the journal in 2003 were
also searched. Studies included were those that specified
the use or actually used the 7 test, Fisher’s exact test, or
the exact % test in contingency table analysis.

Data relevant to the use of tests were extracted.
Particularly, when there were sufficient data reported, the
tests indicated in the studies were re-done to determine
if the results were reproducible. Difference between the
two publication years were compared by the exact % test
for categorical variables and by exact Wilcoxon rank
sum test for continuous variables. Paired comparisons
of continuous variables were performed by signed rank
test. A 5% level of significance was used and all analyses
were performed by the SAS version 9.

Evaluation Results

A total of 60 and 74 studies were published in
the first three issues of the Obstetrics and Gynecology
journal in 2008 and 2003, respectively. Of which, 34
(57%) and 46 (62%) had at least one of the three tests
for contingency table analysis specified in the methods
section or actually performed. A summary is provided
in Table 2. Only studies published in 2008 had the
level of evidence since the journal only began this
identification in 2004. The SAS, SPSS, and Stata were
the most popularly used packages which constituted
65% of studies identified in 2008 and 50% in 2003.



Table 2. Identified studies that examined the association between two categorical variables

2008 (n=34)" 2003 (n=46)* Difference
n (%) n (%) p value’
Level of evidence
I 8 (23.5) -
I 19 (55.9) -
I 7 (20.6) -
Statistical packages used 0.272
Not mentioned 7 (20.6) 18 (39.1)
Epilnfo 1 2.9 1 2.2)
SPSS 8 (23.5) 6 (13.0)
SAS 8 (23.5) 12 (26.1)
SAS/JMP 1 2.9 0 )
Minitab 0 0) 1 2.2)
R 1 (2.9) 0 )
StatXact 0 0) 2 (4.3)
StatView 0 0) 1 (2.2)
Stata 6 (17.6) 5 (10.9)
SUDAAN 1 2.9 0 0)
SigmaStat 1 2.9) 0 (V)]
Tests indicated in methods section 0.027
%2 test only 22 64.7) 19 (41.3)
Fisher’s exact test only 1 2.9 12 (26.1)
Exact y? test only 1 (2.9) 1 2.2)
%2 test and Fisher’s exact test 10 (29.4) 14 (30.4)
Tests actually used 0.115
Not verifiable due to insufficient data 12 (35.3) 19 (41.3)
None 1 2.9 1 2.2)
¥? test only 10 (29.4) 8 17.4)
Fisher’s exact test only 0 ) 9 (19.6)
Exact y? test only 1 2.9 1 2.2)
%2 test and Fisher’s exact test 9 (26.5) 6 (13.0)
Fisher’s exact test and exact y? test 0 ) 1 2.2)
%2 test, Fisher’s exact test and exact > test 1 (2.9) 1 (2.2)
Analysed a 2x2 table 24 (70.6) 42 91.3) 0.020

* Identified by a hand search of articles published in the first three issues of the year

" By exact > test

There was only one study in the respective year that
used the exact x? test. This may probably due to the
incapability of most statistical packages (Table 3). On
the other hand, the tests described in the methods section
may be inconsistent to the tests actually performed. The
discrepancies are summarised in Table 4. Moreover,
there were two studies in 2008 and one study in 2003

that inappropriately specified the use of %? test or
Fisher’s exact test for testing about discrete variables,
but the variables were actually categorical. There were
respectively five (23%, exact 95% CI = 8-45%) of 22
verified and six (22%, exact 95% CI = 9-42%) of 27
verified studies in 2008 and 2003 that had inadequate
description of tests (p=1.000).
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Table 3. Availability of the Fisher’s exact test and the exact y? test in statistical packages used in the

identified studies

Fisher’s exact test Exact o* test
Epilnfo (version 3.4.1) v (only for 2x2 tables) X
SPSS Base (versions 14, 15) v (only for 2x2 tables) X
SAS (versions 8, 9) v v
SAS/IMP (version 7) v (only for 2x2 tables) X
Minitab (versions 14, 15) v (only for 2x2 tables) X
R (version 2.6.2) 4 X
StatXact (version 5.8) v v
StatView (version 5.0) v (only for 2x2 tables) X
Stata (version 9.2) v X
SUDAAN (version 9) X X
SigmaStat (version 3.1) v (only for 2x2 tables when cell counts <5) X

Table 4. Differences between tests described in the methods section and the tests actually used

2008 2003 Difference
Total With sufficient  Actually Total With sufficient  Actually in the
data for used data for used actual use
verification n (%) verification n (%) of tests
n (%) n (%) p value”
Test specified in the
methods section’
%> test 32 20 (62.5) 19 (95.0) 33 15 (45.5) 15 (100) 1.000
Fisher’s exact test 12 8 (66.7) 8(100) 26 17 (65.4) 15 (88.2) 1.000
Exact y test | 1 (100) 1 (100) | 1 (100) 1 (100) 1.000
Test not specified in
the methods section’
¥ test 2 2 (100) 1(50.0) 13 10 (76.9) 0 (0) 0.167
Fisher’s exact test 22 19 (86.4) 2(10.5) 20 10 (50.0) 2 (20.0) 0.592
Exact y test 33 21 (63.6) 1(48) 45 24 (53.3) 2(8.3) 1.000

* By exact % test

T Numbers under the column may not add up to the corresponding total since a study may use more than one test

Table 5 shows inadequate uses of tests in
contingency table analysis. For the %? test, 10 (50%,
exact 95% CI = 27-73%) and eight (53%, exact 95%
CI = 27-79%) verified studies in 2008 and 2003
respectively either had non-reproducible p values or did
not have the two required conditions of 1 test satisfied.
For the Fisher’s exact test, six (60%, exact 95% CI
= 26-88%) verified studies in 2008 either had non-
reproducible p values or 1-sided without specifying the
direction of difference, and three (24%, exact 95% CI =
7-50%) verified studies in 2003 had non-reproducible p
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values. We also noted three studies in 2003 and none in
2008 used Fisher’s exact test in tables other than 2x2.
Moreover, all studies did not indicate if Fisher’s exact
test was performed as 1-sided or 2-sided. For the analysis
of 2x2 tables, 11 (65%, exact 95% CI = 38-86%) and 10
(43%, exact 95% CI = 23-66%) verified studies in 2008
and 2003 respectively had either used Fisher’s exact test
only when the sample size was small or used % test only.
On the other hand, there were no studies that used the
tests in paired samples. Besides, there were no general

differences in the various inadequate uses between the



Table 5. Inadequate uses of tests in contingency table analysis

2008 2003 Difference
n (%) n (%) p value®
%2 test (n=20 verified) (n=15 verified)
Non-reproducible p values 9 (45.0) 5 (35.7) 0.728
Did not fulfill the requirements of > test 6 (30.0) 7 (46.7) 0.481
Fisher’s exact test (n=10 verified) (n=17 verified)
Non-reproducible p values 4 (40.0) 3 (17.6) 0.365
Used 1-sided test without defined direction of association 2 (20.0) 0 ) 0.128
Analysis of 2x2 tables (n=17 verified) (n=23 verified)
Used Fisher’s exact test only for small sample size 4 (23.5) 4 (17.4) 0.702
Used y? test only 7 (41.2) 6 (26.1) 0.496
* By exact % test
Table 6. Discrepancies of p values in studies with non-reproducible test results
2008 2003 Difference
n Mean (SD) Median (range) pvalue® n Mean (SD) Median (range) p value* P value’
¥ test
Reported x> test 9 -0.042 -0.008 0426 5 -0.072 -0.008 0.625 0.925
0.257)  (-0.539t0 0.451) (0.155)  (-0.348 t0 0.009)
Reported exact 9 -0.048 -0.001 0.570 5 -0.128 -0.070 0.125 0.364
¥ test (0.268) (-0.577 t0 0.452) (0.151) (-0.349 t0 0.008)
Fisher’s exact test
Reported 4 -0.156 0.024 0.813 3 0.012 -0.024 0.625 1.000
Fisher’s exact 0.411) (-0.770 to 0.099) (0.179) (-0.146 t0 0.206)
test
" By signed rank test
" By exact Wilcoxon rank sum test
two publication years (p>0.05). The discrepancies in p Discussion

values for studies with non-reproducible p values are
summarised in Table 6. There was no evidence that the p
values were tended to be over- or under-reported.

Overall, 18 (82%, exact 95% CI = 60-95%)
and 17 (63%, exact 95% CI = 42-81%) of the verified
studies in 2008 and 2003 respectively had at least one
inadequate use of a test (p for the difference between the
two years = 0.207). The median number of inadequate
use was 1 (range, 1-4) in both publication years. In
2008, the number of inadequate uses was 6 (out of 6
verified, 100%), 10 (out of 13 verified, 77%) and 2 (out
of 3 verified, 67%) in studies with level of evidence I,
II, and III respectively. There was no evidence on the
association between inadequate use of tests and the level
of evidence of the studies (p=0.414).

Contingency table analysis will continue to be
common in practice, and its appropriateness and proper
reporting of methods and results are essential. We
described and contrasted two frequently used methods
and an exact method. The ? test is most frequently
used but it is only an approximation though its accuracy
increases with larger sample size. The Yates continuity
correction would give conservative p values and its use
is becoming obsolete. The Fisher’s exact test bears the
unnatural assumption that all marginal totals remain
fixed across all possible samples. On the other hand,
the exact 7 test is preferable as it is not restricted by
small sample size and does not bear any unnatural
assumptions. Nevertheless, the 2-sided Fisher’s exact
test gives p values identical to the exact y* test for 2x2
tables.
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In the highly ranked journal in the obstetrics and
gynaecology literature, there was moderate proportion
(18% in 2008 and 21% in 2003) of verified studies with
inadequate description of tests. The tests described in
the methods section and the tests actually used may
not be consistent. Although such discrepancies were
also previously reported in rehabilitation research, they
should have been easily avoided if careful proofreading
was performed*.

It is somewhat surprising to observe around
50% of studies verified did not use or report the %>
test adequately with either p values not reproducible
or the test was used without fulfilling the required
conditions on expected frequencies. Non-reproducible
results have unfortunately been not uncommon and
may also happen in major journals. A review conducted
in 2001 revealed 11.6% (21/181) and 11.1% (7/63)
of the statistical results published in Nature and BMJ
journals respectively were not reproducible®®. This may
be due to inadequate reporting of results. We speculate
that some studies may not have reported the number
of missing values which brought to the discrepancies
in p values when tests were performed based on the
reported data. Therefore, more careful reporting and
checking of results is needed. On the other hand, most
statistical packages do provide expected frequencies
upon request. Particularly, common statistical packages
such as SAS and SPSS routinely counts the number
of cells with expected frequency less than five and
may even give warning when either of the required
conditions is violated. However, it seems there has been
an ignorance of checking the requirements.

There was a small proportion (20% in 2008 and
none in 2003) of studies in the Obstetrics and Gynecology
journal that used a 1-sided Fisher’s exact test without
any specification in the methods section. Indeed, 36% of
56 selected studies in six top medical journals between
1983 and 1987 also used the 1-sided Fisher’s exact test
without specifying the sidedness’. The 1-sided Fisher’s
exact test is rarely used in practice since we often cannot
rule out the occurrence of any side of the difference.
Nevertheless, using the test without indicating the
sidedness may mislead the interpretation of statistical
significance since the p value of a 1-sided test is always
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smaller than the 2-sided version®. Particularly, under no
circumstances should one use a 1-sided test because of a

significant p value.

In the analysis of 2x2 tables, 65% of the recent
literature verified (43% in 2003) used the % test. The
analysis could have been improved by using the Fisher’s
exact test which is equivalent to the exact %> test for the
analysis of 2x2 tables. The Fisher’s exact test has often
been recommended when the sample size is small but it
appears no reason why it cannot be used in larger samples
with today’s advances in computing resources. Indeed,
the test has been implemented, at least for 2x2 tables, in
many statistical packages or freely available online. It
is therefore highly accessible and the consistent use of
it, as an equivalent to the exact %> test, is recommended

irrespective to the sample size.

The substantial inadequacy (82% in 2008
and 63% in 2003) in contingency table analysis in
obstetrics and gynaecology research may probably be
due to insufficient collaborations or communications
between clinicians and statisticians. Statisticians need
to have reasonable knowledge and understanding of
the clinical contents and problems before embarking
on the statistical analysis. Indeed, statisticians should
be involved in the whole research process from design
to reporting and interpretation of results, rather than
merely performing the data analysis. All inadequacies
we identified were indeed avoidable should there be
good rapport between clinicians and statisticians. Both
of them must learn to communicate more effectively
and to be willing to collaborate with each other™.
Indeed, training on communication and collaboration
has been recommended in future curriculum in

biostatistics®.

Nevertheless, we did not observe a worsening
nor improvement on inadequate contingency table
analysis in the highly ranked journal in obstetrics and
gynaecology. This may certainly be due to insufficient
sample size but there was likely no improvement if not
worsened over the past 5 years. Real efforts should be
made to provide reliable and valid statistical results by
effective communications and collaborations between

clinicians and statisticians.
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