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A B S T R A C T

The objective of this research is to propose and to validate two different statistical techniques to test the hypothesis of

an association between surnames and pathologies, in a population participating in a screening procedure for a given pa-

thology. We propose two statistical methods: a first technique is based on the rarefaction method, and second one is based

on the principle of resampling, and it can be considered a special case of a randomisation test. Both the techniques are

applied to a data set of babies screened for congenital hypothyroidism (CH), and they gave similar results. The large

overlapping of the results seems to suggest a substantial validity of the proposed techniques.
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Introduction

In societies where surnames pass from father to chil-
dren, the Y chromosome is passed down in the same way
that a surname.

Therefore, we can consider surnames as genetic char-
acter linked to the Y chromosome1. The difference lies in
the fact that although all of the offspring get the sur-
name, only half of them – the sons – get the Y chromo-
some.

Hence, surnames have been used effectively as mark-
ers of biodiversity among different populations, rather
than other biological markers that are more complicated
both to obtain and to study, such as hypervariable region
of mtDNA2. There are already several applications for
surnames in anthropology and biodemography, while the
possible role of surnames in genetic analysis has only re-
cently been discussed by Jobling3.

A detailed review regarding the use of surnames in
epidemiological research has been proposed by Cook et
al.4. They considered two different applications for sur-
names, both as indicators of ethnic or national origin,
and as part of the identifying information needed for re-
cord linkage or follow-up studies.

More recently, several authors have used surnames as
markers for pathologies5–10, but these authors based their
works on different assumptions: (a) surnames are useful
tools for the identification of ethnicity in multiethnic
populations. In this case, surnames provide an easy and

effective means of subdivision for epidemiological pur-
poses7; (b) the role of surnames as pathology markers
may be explained as a consequence of the founder effect,
especially in the case of geographical (and also genetic)
isolates; (c) from a broader standpoint, surnames can be
considered »alleles« of a genetic locus that is associated
with another genetic locus coding for a pathology. As an
example of the last consideration, a surname analysis of
over 40,000 Wisconsin cancer mortalities over the period
1979–1985 was performed by Cleek8 to demonstrate the
genetic component associated with various major cancers
(i.e. male and female leukaemia, and male lung cancer).

In this paper, we propose two different statistical
techniques to test the hypothesis that some surnames
are linked to certain pathologies.

Obviously, this approach doesn’t take into account the
factor that probably is the most important in case of ge-
netic disorders of recessive inheritance: the risk of the
disease is high in familiar groups with high degree of con-
sanguinity, where individuals are sharing the same sur-
names. Nevertheless, the approaches presented in this
study should actually be interpreted as an exploratory
tool to detect the association between surnames and pa-
thologies, without taking into consideration the patho-
logical model of the disease.

Moreover, we only consider the case of pathologies
that are screened for.
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Materials and Methods

The first statistical technique that we propose is
based on the rarefaction method, developed by San-
ders10, and corrected and modified by Simberloff11. This
technique is usually applied in biodiversity analysis.

The second statistical technique is an adjustment of a
resampling method (i.e. a randomisation test).

The rarefaction method

This technique is based on the assumption that we
know the surname distribution of the population partici-
pating in the screening procedure. More specifically, we
know:

N – number of screened people;
S – number of surnames in the screened population;
n – number of subjects that test positive in the

screening (n<N);
x – number of surnames in the set of positive

subjects (x�n);
Ni – number of subjects in the population, with the

i-th surname (i=1,2,…,S), so that: N Nii

S �
�� 1

.

Both the expected value E(x) and the variance Var(x)
of x can be obtained using the rarefaction method:
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Note that E(x) can be interpreted as the number of
surnames expected in a sample of size n, randomly ex-
tracted from the known distribution of surnames.

Once the E(x) and Var(x) are known, we can easily
perform a z-test; if the observed value of x is significantly
smaller than the expected value of x, then we can reject
the null hypothesis.

The statistics z
x E x

Var x
� � ( )

( )
is approximately distrib-

uted as a standard normal distribution under the null
hypothesis. The test can be performed as a one-tailed
test, because it is reasonable to fix the alternative hy-
pothesis unidirectionally.

The decision rule (at a 5% significance level) is: if
z<–1.645 we can reject the null hypothesis and we can

conclude that there is an association between surnames
and the given pathology.

The randomisation method

Once the surname distribution in the population of
subjects participating in the screening is known, we can
randomly extract a high number of samples (at least
1,000) having the same size as the subpopulation that
test positive in the screening (this procedure is named
resampling).

For each sample the number of observed surnames is
counted. We can then arrange all the samples according
to the number of recorded surnames. Among these sam-
ples, we record the position occupied by the positive
subpopulation. The decision rule is then applied, i.e.: if
the positive subpopulation occupies a position within the
5-th percentile (one-tailed test) we can reject the null hy-
pothesis and conclude that there is an association be-
tween surnames and the pathology. The detailed algo-
rithm for this randomisation test is the following:

• step 1: compute the number of surnames in the posi-
tive subpopulation (denote this number with the sym-
bol x* and the size of the positive subpopulation with
n);

• step 2: randomly extract k samples (with k=1,000) of
size n from the population (of size N>n);

• step 3: for each of the k samples, compute the number
of observed surnames (denote this number with the
symbol xk);

• step 4: arrange the (k+1) results (i.e., the x* and all the
xk) in an increasing order, and denote the ordered xk

with the symbol x(k));

• step 5: note the position r of x*;

• step 6: if r<k×0.05 we can reject the null hypothesis;

• step 7: compute the p-value as p=r/k.

Results

Data set

We have considered the complete database of neonatal
screening for Congenital Hypothyroidism (CH) in the
Marche region (Italy) in the 16-year period 1981–1996.

In this period, N=186,690 newborns participated in
the screening and n=92 tested positive.

Results of rarefaction method

We observed x=88 different surnames in the set of n=
92 babies testing positive for CH.

The expected number of surnames under the null hy-
pothesis (i.e., no association between surname and pa-
thology) was E(x)=89.9, and the variance of x was Var(x)
=1.83.

The test statistics z results z � � � �88 89 9

1 83
1 404

.

.
. .

According to the decision rule, we cannot reject the
null hypothesis, and the observed value of probability
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(p-value) resulting from the statistical table of the nor-
mal gaussian distribution is p=0.0808.

Results of randomisation method

We denoted with x*=88 the number of different sur-
names out of n=92 babies testing positive for CH.

We performed k=10,000 resampling and for each
sample we computed the number of surnames (xk). We
then rearranged the samples in increasing order (x(k)).
The position of x* among the x(k) values coming from the
resampling procedure was r=714.

Since 714 is greater than 500 (=10,000×0.05), we
cannot reject the null hypothesis, and the observed value
of probability (p-value) was: p=0.0714.

Discussion and Conclusion

In this paper we proposed and analysed two different
statistical techniques able to detect an association be-

tween surnames and pathologies, in the particular case
of diseases for which a screening program is developed.

The first technique is based on the rarefaction me-
thod, while the second one can be considered a special
case of the randomisation test.

When these techniques were applied to a data set of
babies participating in a regional screening for congeni-
tal hypothyroidism (CH) the results appeared largely
overlapping. Hence, the proposed methods appear to be
substantially valid.

However, it should be emphasized that, in order to ap-
ply these techniques, the knowledge of the surname dis-
tribution in the screened population is necessary.
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PREZIMENA KAO BILJEZI BOLESTI – DVIJE STATISTI^KE METODE I NJIHOVA PRIMJENA

S A @ E T A K

Cilj ovog istra`ivanja je predlo`iti i procijeniti dvije razli~ite statisti~ke metode za testiranje hipoteze povezanosti
prezimena i bolesti u populaciji testiranoj za odre|enu bolest. Mi predla`emo dvije statisti~ke metode: prva metoda se
temelji na rarefakcijskoj metodi a druga na ponovljenom odabiranju uzoraka i mo`e se smatrati posebnim slu~ajem
testa nasumi~nog odabira. Obje metode primijenjene su na podacima o dojen~adi testiranim na uro|eni hipotireoizam
(CH) i dale su sli~ne rezultate. Velika podudarnost rezultata upu}uje na zna~ajnu preciznost predlo`enih metoda.
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