
Briefe an den Herausgeber

Gender-dependent Reference Limits

Sir,
In a recent article [1] Weiss.et al.<letermined the refe-
rence interval for three adhesion factors in serum.
The statistical methods need some comments, which
may be of interest.

The number of reference persons were 30 males
and 30 females. The approved recommendations from
the IFCC [2] state that the number of individuals
should be at least 120, and that this number should ap-
ply for each subclass of partition, e.g. gender. Further-
more, in the same recommendations the Andersen-
Darling test is preferred before the Kolmogorov-Smir-
nov, because the former is more likely to reject the hy-
pothesis of a Gaussian distribution. The reference in-
terval should include the central 95 % of the reference
population, i.e. 2.5 % of healthy individuals shall dis-
play values outside this interval. This means that at
least 40 individuals are needed to find one such person
on each side.

These facts prompted me to further scrutinize the
statistical methods of the article [1]. Generally, varia-
bles displaying a small biological Variation compared
with the mean value tend to form reference distributi-
ons close to Gaussian, whereas otherwise a positive
skewnes is frequently seen. For the three analytes,
sCD44, sCD44(v5), and sCD44(v6) the range/mean
ratios were 0.9, 1.3, and 1.6 respectively, indicating
that the first of them (sCD44) might be randomly sam-
pled form a Gaussian distribution, whereas the others
probably should reveal a positive skewness if the num-
ber of observations was increased sufficiently. The
great range/mean ratios indicate that the authors may
have made an Type II error stating that sCD44(v5)
and sCD44(v6) were Gaussian distributed.

The gender differences of the reference limits can
be tested statistically. The reference ränge using a pa-
rametric design is the mean ±1.96 SD. For a true
Gaussian distribution the Standard deviation Sr of this
limit is:

where , r2, sri, and sr2 are the reference limits and
their Standard deviations, respectively.

Applying this test on the upper limits (the lower li-
mits may not be of clinical interest) in Table l of the
study [1], no gender difference was found for sCD44
(t=0.96, n.s.), whereas for sCD44(v5) and sCD44(v6)
the differeqces were statistically significant (t=4.99,
and t=4.56 respectively, p <0.001). This fact supports
the conclusion of the authors, that there is a gender
difference for the latter two quantities, but not for the
first. However, note that the test infers a Gaussian dis-
tribution, which may be false.

Determinations of reference intervals are important
in clinical chemistry, but many (especially new) me-
thods are expensive, and'it is tempting to use too small
a number of reference indivduals. The reasons for
using a sufficient number are clearly stated in the ap-
proved recommendations from the IFCC [2]. Therefo-
re no exceptions should be made from this rule, unless
sampling from healty individuals may be controversial
(e.g. lumbar puncture) and/or the method is very ex-
pensive.
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Reply to the Comment
"Gender-dependent Reference Limits"

where s is the sample Standard deviation, and n is the
number of observations [3]. Differences in reference
limits can therefore be tested by a Student's t-test:
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Sir,
Dr. Öhman takes our publication on CD44 proteins in
serum [1] äs an opportunity to comment upon the de-
termination of reference intervals. There is no questi-
on that every author is glad when attention is paid to
bis articles and they spark off discussion. We are the-
refore grateful to Dr. Öhman for having addressed
this theme, which is always topical. No objections can
be made to his general comments and the stipulation
that all reference intervals should be determined ac-
cording to the IFCC guidelines [2]. Owing to the ex-
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pcnsivc lest melhods, 120 malcs and 120 females could
not bc included in each group in our study. As Dr. Öh-
man confirms, this is also thc reason why the iFCC ac-
ccpts smaller groups. Our study diel not claim lo de-
lermine refcrcnce intcrvals in strict compliancc with
the IFCC guidclincs. Our rcmark about having pro-
ceeded according to the IFCC rules referrcd only to
the ccntral 95% referencc interval used for dctermi-
ning the gender-specific reference limits. We believe
thai all oihcr statistical cvaluation methods used have
becn adequately described in the paper, so that there
is actually no reason for us to comment on the remarks
of Dr. Öhman. However, to prevent furlher misun-
derstandings we would like to make the following ob-
servations with regard to Dr. Öhman's comments:

1. The JFCC guidelines do not by any means rule
out a determination of reference limits on the basis of
smaller numbers of probands [2]. This is referred to in
the paragraph on „intuitive assessment" [2]. Nevert-
helcss, in such a case the tentative nature of the limits
obtained should be mentioned. Although our number
of lest persons of 30 men and women in each group
implies this, we should have emphasized the prelimi-
nary nature of the reference limits in our study more
strongly.

2. The method of examining the distribution accor-
ding to Kolmogoroff-Smirnoff, which was criticized by
Dr. Öhman, is described in the IFCC recommendation
äs a simple and quick testing procedure. A compelling
reason for using the Anderson-Darling Test is not gi-
ven in the IFCC recommendation, although it is men-
tioned that this test is more powerful than the Kolmo-
goroff-Smirnoff test. Also, in textbooks on statistics
[3], the Kolmogoroff-Smirnoff test is recommended
for smaller and intermediate numbers of test persons,
so that there is no reason for objections in principle to
this method. In addition, the Kolmogoroff-Smirnoff
test (in contrast to the Anderson-Darling procedure)
is part of many statisticai Computer programs and thus
is readily available.

3. Dr. Öhman concludes from the range/mean ratios
of 0.9, 1.6 and 1.3 for sCD44std, sCD44(v5) and
sCD44(v6), respectively, that there is perhaps no
Gaussian distribution for both the variants v5 and v6.
Our calculations with the Kolmogoroff-Smirnoff test
do not suggest such an assumption. A correct evaluati-
on with the help of the range/mean ratios requires se-
parate calculations for each gender if there are gender
dependent values äs proved in our study. The gender-
dependent differences for all the three CD44 proteins
examined were demonstrated in the parametric äs well
äs in the non-parametric tests.

4. Dr. Öhman proves that the calculations of the
gender dependence of the upper reference limits show
gender-dependent differences for CD44 variants v5
and v6, but not for the Standard form CD44. In doing
so, he does not take into consideration that, especially
with respect to adhesion factors, lowered values could
also be of diagnostic interest. Using the formula men-
tioned by Dr. Öhman, it can be demonstrated that the
lower reference limits for sCD44std show gender-de-
pendent differences, but that the reference limits for
variants v5 and v6 do not. Since we had the opportu-
nity to determine the soluble CD44 proteins for only a
limited time and äs its diagnostic value is still unexplo-
red, we have intentionally indicated the upper and the
lower limits of the central 95% reference intervals.
The IFCC recommends "that the fractiles should be
preferably accompanied by confidence intervals, e.g.
0.90 confidence intervals around the reference limit"
[2]. Thus it appears, with CD44std for instance, that
the confidence intervals of the lower reference limits
for women (136-250 pg/1) and men (285-375 pg/l) do
not overlap. Misunderstandings would have been
avoided if we had indicated these intervals in our pu-
blication.

5. Reprints of our article were much in demand.
This shows a general interest in this parameter. Despi-
te the limited numbers of test persons, we still do be-
lieve that the reference ranges indicated for sCD44
molecules in serum are a valuable addition to the in-
structions for CD44 determination. If this public dis-
putation again draws attention to general problems of
reference value determination, it is surely consistent
with the intention of Dr. Öhman.
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