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A recent study by Brasch and co-workers reported on the association between size of test chamber
and patch test reaction. The investigators interpreted their data on 495 patients as having conclus-
ively shown that standard preparations of fragrance mix, wool wax alcohols, Kathon CG and
formaldehyde led to more positive test reactions when large Finn Chambers were used for patch
testing. We have scrutinized the statistical aspects of this study and conclude that the authors
should have adopted a statistical approach suitable to analyse dependent samples. After explaining
the correct methodological way of dealing with quadratic contingency tables formed by 2 depend-
ent samples, we reanalyze the data accordingly and compare the results to those of the original
paper. Based on this reanalysis, the conclusions are more complex: the reaction pattern for the
fragrance mix and wool wax alcohols is significantly different between small and large test
chambers; however, this discrepancy arises primarily from changing weak positive reactions with
small chambers to strong positive reactions with large chambers. For formaldehyde, no relationship
between chamber size and patch test reaction was found in the data, while for Kathon CG, statisti-
cal evidence is borderline that more positive test reactions are yielded by large test chambers than
by small ones.
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Valid conclusions from empirical data require valid
statistical procedures for analyzing the data. The
appropriate statistical technique has to be selected
carefully to reflect precisely the research question
to be answered and the study design employed to
obtain the data. In a recent paper in this journal,
Brasch et al. (1) considered the interesting topic in
patch testing as to whether the size of the test
chamber affects the test reaction. Based on a study
comprising 495 patients who were synchronously
tested with 4 standard allergens (fragrance mix,
wool wax alcohols, Kathon CG, formaldehyde)
with small (8 mm diameter) and large (12 mm di-
ameter) test chambers, they compared the test re-
sults. They observed that “for each of the 4 aller-
gens, a significantly higher number of stronger re-
actions was seen with the large chambers as
compared to the small ones” (1, p. 118) and thus
concluded “that large test chambers may be useful
in the detection of weak sensitization to allergens

that are characterized by a low reproducibility of
patch tests with small chambers™ (1, p. 120).

We reconsider the same data, paying special
attention to the statistical problems raised by the
analysis of dependent samples. Particular empha-
sis is laid here on a detailed description of the
methodological aspects of analysing such patch
test data, which also apply to other empirical re-
search in patch testing utilizing a similar design.
For the data by Brasch et al. (1), reanalysis em-
ploying the correct statistical approach for depend-
ent samples yields different conclusions with re-
spect to the effect of the size of the chambers on
the test reactions to those published in the original

paper.

Materials and Methods

Details of study design, selection of patients, prep-
aration of allergens for the 2 sizes of test chambers
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and conduct of the multicentre study are given in
the original paper (1). The outcome data for this
reanalysis consisted of the reaction pairs from all
495 study subjects (1 component for each chamber
size) evaluated 3 days after application of the aller-
gen. Test reactions were grouped into 4 categories:
negative (—), questionable or irritant (?%/IR), posi-
tive (+) and strongly positive (++/+++).

The earlier data analysis by Brasch et al. (1)
used exclusively the standard y>-test for all statisti-
cal evaluations (1, p. 118). This well-known asymp-
totical (i.e., valid only for large samples) test pro-
cedure is appropriate for analyzing (a) the differ-
ences in the distribution of 1 categorical factor
between 2 (or more) independent samples or (b)
the deviation from independence of 2 (or more)
possibly associated categorical factors in 1 sample.
At first glance, it is a surprising feature of the y*-
test that it is a valid statistical test for these 2 tot-
ally different questions. The derivation of a
reasonable test statistic for these 2 situations (a)
and (b) leads, however, to algebraically equivalent
variants of the y-test, as can be found in nearly
all introductory texts on biostatistics (e.g., 2). Per-
haps this perplexing property has led to some con-
fusion among researchers with a non-statistical
background, resulting in the impression that the
%>-test can be used for all purposes of categorical
data analysis, a notion which is definitely not true.

In the present case, we wish to point out that,
unlike the previous evaluation, the statistical
analysis needs to focus on the discrepancies be-
tween the reaction patterns of 2 dependent
samples. The dependency of the samples clearly re-
sults from the fact that the same patients were
tested with small and large test chambers. For this
situation, the standard y>-test is inappropriate and
will give misleading answers. Here, it could only
address the question as to whether test reactions in
small chambers are associated with those in large
chambers. A significant association indicated by
standard y>-test is, however, meaningless, since it
is the design of the study that forces the distri-
bution of test reactions for small and large
chambers to be highly associated, as the obser-
vations consist of pairs of test reactions to the
same allergens seen in the same patients.

The correct approach for this study considers
the complete 4X4 table showing the joint distri-
bution of patch test results observed under the 2
conditions (small and large chambers) and uses
techniques for dependent samples (Table 1).

Based on this quadratic contingency table, the
evaluation of differences in the pattern of test reac-
tions between small and large test chambers can be
formalized statistically in different ways, depend-
ing on the precise research question to be

answered: (i) whether the (marginal) distribution
of test reactions is identical for small and large
chambers or not (statistically speaking, whether
the table fulfils the property of marginal homogen-
eity); or (ii) whether discrepancies in the joint dis-
tribution of test reactions for small and large
chambers vary unsystematically over all possible
discordant assessments of the test reaction or not
(statistically speaking, whether the table fulfils the
property of symmetry or not). Only for the case of
a dichotomous response variable (i.e., here the
patch test reaction when categorized as “not posi-
tive” versus “positive”) are the questions (i) and
(i1) equivalent, and is the statistical procedure for
answering (i) and (ii) the classical McNemar test
(3). As, in our case, the response variable has 4
categories, we have to sdistinguish them. There is
a clear hierarchy between the 2 questions: if sym-
metry holds for a quadratic table, then this implies
marginal homogeneity, but not vice versa. Conse-
quently, if a statistical test of marginal homogen-
eity results in significant evidence (p<<0.05) that the
dependent samples of test reactions from small and
large chambers differ, then there are also auto-
matically significant systematic discrepancies in the
joint distribution of test reactions, and a specific
statistical test of symmetry becomes obsolete.

For practical statistical testing of marginal hom-
ogeneity, a generalization of the Cochren-Mantel-
Haenszel test statistic can be used (4). The sym-
metry can be analysed with the Bowker test (5).
Both tests can be viewed as generalizations of the
McNemar test; however, only the similarity be-
tween Bowker and McNemar test is directly evi-
dent in the test statistic (Table 2). In contrast to
the McNemar test, where an exact test for small
samples can easily be constructed, both generaliza-
tions exist only in an asymptotical form. For the
Bowker test, the validity of this asymptotical pro-
cedure quickly becomes questionable for small
samples, whereas the test for marginal homogen-
eity has better small sample properties. Table 2
summarizes the statistical procedures for analysing
dependent samples with categorical response vari-
ables typically arising in patch test evaluations.
Further statistical details on these methods and a
discussion of alternative procedures (e.g., the ap-
plication of loglinear models or a regression frame-
work for a categorical response variable im-
plementing the generalized estimating equation
(GEE) approach) can be found in statistical text-
books (6, 7).

We reanalyzed the data presented by Brasch et
al. (1) with the techniques described above, util-
izing SAS software (8). Furthermore, we dicho-
tomized the patch test reactions into the 2 response
categories “not positive” (-/?/IR) and “positive”
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Table 1. Layout of the quadratic contingency table showing joint and marginal distribution of patch test results for small and large

test chambers required for statistical evaluation of differences

Small chambers

questionable or

strong positive Marginal distribution

negative (—) irritant (?/IR) positive (+)  (++/+++) for large chambers
negative (—) ny ni ni3 N4 ny,
questionable or irritant
Large (VIR) Ny Nnoo no3 Noy ny,
chambers positive (+) n3; N3y N33 N3y ns.
strong positive
(++/+++) g1 Ny N3 N4 Ty,
Marginal distribution for
small chambers n, ns ns Ny n

Table 2. Summary of properties of statistical tests for analysing dependent patch test data (explanations see text)

No. response Research question Asymptotic Exact
Statistical test categories to be answered Formula distribution distribution
McNemar 2 (i)/(i1) (n12—121)? 7 binomial
Nty
generalized k>2 (1) Very complex, T2 not available
Cochran-Mantel- see (7,p. 234/5)
Haenszel
Bowker k>2 (ii) (nyny)? T2 not available
iz Myt

(+/++/+++) and applied the McNemar test to
this collapsed fourfold table to analyze a difference
in detecting sensitization (of any degree) to the
allergens under the 2 conditions of chamber size.
In addition, we also assessed the degree of agree-
ment between the reaction patterns of small and
large test chambers by estimating the weighted
kappa coefficient (x), the standard measure for
chance-corrected agreement on an ordinal scale (9,
10) and its accompanying 95% confidence interval
(CI). Such an estimation approach provides an at-
tractive supplement to the earlier analysis focusing
completely on statistical testing, as it yields an in-
terpretable quantification of the similarities in re-
action patterns that is more informative than mere
p-values of statistical tests.

Results

The statistical results of the reanalysis are summar-
ised in Table 3 and are compared to those reported
by Brasch et al. (1, p. 119). Whereas the p-values
of the standard y>-test (1st column) have been
interpreted as indicating significant differences in
patch test reactions for small and large chambers
for all 4 allergens (though in fact only expressing
significant association), the reanalysis (differentiat-
ing between testing for marginal homogeneity and

symmetry in the 4X4 table shown in Table 1 and
for a difference in the proportions of positive reac-
tions in the correspondingly collapsed 2X2 table)
revealed a more complex picture.

The overall agreement of test reactions between
small and large chambers is, except for Kathon
CG, high, as shown by the chance-corrected
r-values of 0.82 (wool wax alcohols), 0.79 (fra-
grance mix) and 0.72 (formaldehyde). Differences
in patch test results between small and large Finn
Chambers were only seen in small subsamples of
the study population: for fragrance mix 44 (8.9%),
for wool wax alcohols 23 (4.6%), for Kathon CG
27 (5.5%) and for formaldehyde 23 (4.6%) study
subjects exhibited discordant pairs of test reactions
under the 2 conditions.

Despite the small sample sizes of these subpopu-
lations, the statistical evaluation of discrepancies
in reaction patterns yielded significant differences
between small and large test chambers for fra-
grance mix and wool wax alcohols when looking
for marginal homogeneity and symmetry of corre-
sponding reaction patterns. The p-values of the
Bowker test analyzing symmetry of test reactions
(3rd column in Table 3), however, have to be inter-
preted with caution, as the cell numbers in the 4x4
table are too small for an acceptable approxi-
mation of the test statistics to the y? distribution.
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Table 3. The relationship of patch test reactions in small and large test chambers for 4 standard allergens: statistical evaluations of
reaction patterns in 495 subjects (GCMH =generalized Cochran-Mantel-Haenszel)

Marginal Difference in
Association homogeneity Symmetry pos. reactions A

(Brasch et al. (1)) (reanalysis) (reanalysis) (reanalysis) greement

7-test GCMH test Bowker test McNemar test (reanalysis)
Allergen p-value p-value p-value p-value K (95%—CI)
fragrance mix <0.0001 0.005 0.001 0.115 0.79 (0.73-0.85)
wool wax alcohols <0.001 0.004 0.016 0.092 0.82 (0.75-0.89)
Kathon CG <0.01 0.078 0.015 0.049 0.42 (0.32-0.52)
formaldehyde <0.01 0.154 0.397 0.791 0.72 (0.61-0.83)

A deeper look at the discrepancies for these 2 aller-
gens shows that they arise primarily from changing
positive (“+”") reactions obtained in small Finn
Chambers to strong positive (“++"/“+++") re-
actions seen in the corresponding large Finn
Chambers.

Statistical evidence for differences in patch test
reactions under the 2 conditions is borderline for
Kathon CG (p=0.078 for marginal homogeneity,
p=0.049 for a difference in the proportions of
positive reactions). The results suggest that here
large test chambers may sometimes be helpful in
the detection of sensitization to Kathon CG not
found with small test chambers. For formaldehyde,
there is no evidence for a relationship between size
of chamber and patch test reaction.

Discussion

The primary objective of this reanalysis was to cla-
rify the statistical aspects of analyzing patch test
data obtained by synchronously observing test re-
actions in the same patients under 2 different con-
ditions. The implications of a design statistically
characterized by dependent samples of a categori-
cal response variable are often overlooked in prac-
tical data analysis. In another study recently pub-
lished in this journal, Trattner et al. (11) made a
similar mistake when analyzing the effect of differ-
ent formaldehyde concentrations (1% versus 2%)
on patch test reactions. Investigators planning fu-
ture studies of this kind are encouraged to pay
more attention to the statistical problems of the
analysis along the lines delineated in this paper.
Reanalysis of the data of Brasch et al. (1) with
statistical methods appropriated for dependent
samples yielded a more complex picture of results
than the earlier publication described. Instead of
confirming the conclusion that larger test
chambers lead to more positive reactions for all 4
allergens, we now have to distinguish between the
different allergens in our conclusions. For form-
aldehyde, no relationship between chamber size
and patch test reaction was found, whereas for Ka-

thon CG statistical evidence is borderline that
more positive test reactions are yielded by large test
chambers than by small ones. The reaction pattern
for fragrance mix and wool wax alcohols is sig-
nificantly different between small and large test
chambers; however, the discrepancy arises primar-
ily from changing positive reactions with small
chambers to strong positive reactions with large
champers. Overall, the agreement between test re-
actions with small and large test chambers is high.
Consequently, the subsamples of the study popula-
tions with different reactions under the 2 con-
ditions become rather small and do not allow a
definite conclusion for all 4 allergens. A future
study on this topic would need to recruit a larger
patient population to increase the statistically rel-
evant subsample of study subjects showing differ-
ent test reactions for small and large test
chambers. In such a design, yielding pairs of 2 de-
pendent observations of a categorical response
variable, the number of discordant pairs is statisti-
cally much more important than the total sample
size.
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