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a b s t r a c t

Two recent epidemiological studies on clustering of childhood leukemia showed different
results on the statistical power of disease cluster and clustering tests, possibly an effect of
spatial data aggregation. Eight different leukemia cluster scenarios were simulated using
individual addresses of all 1,009,332 children living in Denmark in 2006. For each scenario,
a number of point sources were defined with an increased risk ratio at centroid, decreasing
linearly to 1.0 at the edge; aggregation levels were administrative units of Danish munic-
ipalities and squares of 5, 12.5 and 25 km2. Six statistical methods were compared. Gener-
ally, statistical power decreased with increasing size of aggregated units. In our scenarios,
statistical tests based on individual data usually had lower statistical power than the best
test based on aggregated data. In conclusion, spatial aggregation does not necessarily blur a
clustering effect; this depends on the nature of clustering and the aggregated units.

� 2012 Elsevier Ltd. All rights reserved.

1. Background

In two recent epidemiological studies, we investigated
spatial clustering of childhood leukemia in Denmark
(Schmiedel et al., 2011) and Germany (Schmiedel et al.,
2010). We found clustering for the subgroup of 2–6-year-
old children with acute lymphoblastic leukemia in
Denmark but no clustering of any subgroup in Germany.
The reason for the difference in these results might be that
we relied on aggregated data in Germany (based on admin-
istrative units), whereas the geographical coordinates of all
addresses of each child were available in Denmark. We
therefore decided to study the effect of spatial data aggre-
gation on the statistical power of disease cluster and clus-

tering tests using the individual data available in Denmark,
which gave us a unique opportunity to simulate clustering
with real point data. The simulation was based on a fixed
number of randomly spread circular point sources, each
described by a pre-specified radius with an increased rela-
tive risk (RR) above 1.0 at the centroid. The RR decreased
linearly to 1.0 at the edge of the circle. In addition to the
individual data, we also used the administrative units of
Denmark (‘‘kommunes’’) for aggregation. Furthermore,
we build artificial aggregated units by overlaying the
map of Denmark with a grid based on quadratic squares
of 5, 12.5 and 25 km2.

Studies on the statistical power of disease clustering
tests published by Kulldorff et al. (2003) and Song and
Kulldorff (2003) addressed the power of different disease
clustering tests based on aggregated data by using two
cluster processes: ‘hot-spot clustering’ and ‘global chain
clustering’. They focused on differences in the performance
of the tests by population density (clusters in rural, mixed
or urban areas) and did not analyze whether aggregation
blurs the clustering of a disease in comparison with real
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point data, changing the performance of the test. The effect
of different aggregation levels on the results of disease
clustering tests was analyzed by Gregorio et al. (2005) for
the spatial scan statistic and by Kulldorff et al. (2006) for
nine different statistical tests using cancer data. However,
in both publications the focus was on the results of the sta-
tistical tests using different levels of aggregation without
investigating the individual level. Liu et al. (2009) analyzed
six different putative hazard tests (testing on adverse
health effects around fixed locations). Their simulation on
a unit square area focused on different distributions of
background risk. They investigated the individual level
and did not compare the behavior of statistical power
when using different aggregation levels.

Our aim was to analyze the performance, measured as
statistical power, of the disease clustering tests that are
widely used in analyzing the incidence of rare diseases at
different levels of spatial aggregation including the indi-
vidual level.

2. Methods

The simulation study was based on real addresses in
Denmark. All children aged less than 15 years in 2006
and registered in the Central Population Registry
(n = 1,009,332) were included. The probability of a child
having leukemia was assumed to be 5 per 100,000 on the
basis of the approximate incidence rate of childhood leuke-
mia in Denmark (Svendsen et al., 2007). This corresponds
to 50 expected cases in 2006. In order to increase the num-
ber of cases, we expanded the study period to 20 years. As
we did not account for changes of place of residence, the
simulation can be interpreted as a study in a stable popu-
lation, in which children reaching the age of 15 years were
replaced by newborns. On average, (1,009,332 � (5/
100,000) � 20=) 1009 children were simulated as having
the disease.

2.1. Data simulated under the null hypothesis (H0)

A uniformly distributed random number between 0 and
1.0 was assigned to each address. If this number was
smaller than the cumulative incidence rate over 20 years
(5/100,000 � 20 = 0.001), the child residing at the respec-
tive address was considered to be a ‘case’. This simulation

of cases was used as a reference to create one realization of
the test statistics. We repeated this process 1000 times in
order to evaluate the distributions of all test statistics un-
der H0 and used these distributions to calculate critical
values.

2.2. Data simulated under alternative hypotheses (H1)

The simulation was performed for eight different H1

scenarios, gradually increasing from a single to 200 poten-
tial clusters in Denmark, with the centers of the potential
clusters randomly (complete spatial randomness) spread
over Denmark. Within a circle of radius dmax, an elevated
risk (RR(d)) was determined. The RR was fixed (RR0 > 1)
at the center of the circle, decreasing linearly to 1.0 at
the edge:

RRðdÞ ¼
RR0 � ðRR0 � 1Þ d

dmax
; where d 6 dmax

1 ; where d > dmax

(

The different scenarios and their parameters are listed
in Table 1. The word ‘potential’ was used as our process de-
fined centers in which the chance of additional cases in the
vicinity was increased. This, however, does not necessarily
lead to additional cases.

In order to keep the number of cases constant between
H0 and H1, every time a case inside a potential cluster was
produced, a randomly chosen case outside the potential
cluster(s) was deleted. The individual tests and how their
statistical power were calculated is described in more de-
tail in Section 2.4.

2.3. Aggregation levels

For the simulation, we used the following aggregation
levels:

1. No aggregation. Individual data (addresses) were used.
2. The n = 225 administrative units in Denmark defined

before 2007, called ‘kommunes’ (municipalities), were
used as the aggregation level (Fig. 1a).

3. Denmark was split into quadratic squares of arbitrarily
defined different sizes for three further scenarios of
aggregation levels: 5 km2 (n = 2063, around 40% of the
average size of a municipality in Denmark), 12.5 km2

Table 1
Characteristics of eight cluster scenarios and simulation.

Scenario No. of
potential
cluster

Risk ratio at
centroid
(RR0)a

Radius of a
potential cluster
(dmax) (km)

Average No. of
potential clusters
without cases

No. of addresses out of
1,009,332 in potential
clusters (quantiles)

Incidence rate per 100,000
inside and outside potential
clusters

10% 50% 90%

1 1 10 20 0.0 1338 3454 10,650 96.8, 4.7
2 5 5 10 0.2 12,929 22,839 54,002 23.8, 4.5
3 5 10 5 0.1 2913 5648 14,630 46.0, 4.7
4 20 5 5 2.2 17,663 28,191 53,611 22.6, 4.5
5 30 5 3 11.8 9955 16,226 28,399 20.3, 4.7
6 50 2 5 15.3 52,044 72,325 112,814 9.2, 4.7
7 100 2 5 32.6 110,939 145,466 204,476 8.9, 4.3
8 200 2 5 74.9 225,590 280,809 343,133 8.3, 3.7

a Decreasing linearly to background risk at edge of potential cluster.
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