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Table 8. Estimated bivariate power distributions P([,s) x 1000 of the proposed circular spa-
tial scan statistic for the clinal non-circular cluster D = {12, 14, 15,20, 26,27, 31, 33,40, 42} with
relative risk 8p = (1.8,1.8,1.8,2.2,2.4,2.4,2.2,2.2,2.0,1.8) and n =200. g =0.05 and 1000
trials were carried out.

Proposed circular scan

a1 Length Include s usual power
) clinal regions
g 1 2 3 4 5 6 7 8 9 10
0.05 1(12 0 0.039
2 6 3 0
3 0 0 0 O
4 0O 0 0 0O 18
0.10 1 6 0 0.285
2 4 1 0
3 2 0 0 o0
4 0 0 0 0 266
5 0 0 0 O 6 0
0.20 1-3 9 1 0 0 0.496
4 0 1 0 1 410
51 g 0 0O 3 68 0
6 6 0 9 0 0 1 0
7 0 0 0 0 0 0 0 0
8 o 0o 0 O 0 0 2 40 D
0.30 1-3 T 0 0 0 0.513
4 0 1 0 1 356
5 o 0 0 3 0 0
6 0 0 0 0 0 101 0
7 0 0 0 0O 0 17 0 0
8 0 0 0 0 1 a 23 0 0
9 0 0 0 o0 0 0 3 0 0 0
0.40 1-3 5 0 0 O 0.512
4 0 1 0 0 353
5 0 0 0 2 0 0
6 0 0 0 O 0 97 0
7 0O 0 0 O 1 0 0 0
8 0 0 0 0 4 0 41 0 0O
9 0 0 0 0O i 0 4 0 0 0O
10 0 0 0 O 0 0 0o 0 0 0 0
11 0 0 0 O 0 0 2 0 0 O 0
12 0 0 0 o0 0 0 0 0 0 O 0
13 0 0 0 0 0 0 0 0 0 1 0

cluster D exactly and 2) the support of the Kulldorff’s estimated bivariate power distribution
was scattered over the broader area than that for ihe cluster C on the plane {(l,s): 1> s, [ =
1,2,...,62, s=0,4,5,...,10} by swallowing up many additional regions. Similar to the results
for the cluster C, the support of the proposed circular spatial scan statistic was distributed in a
relatively confined area on the plane (l,s) but the result with a; = 0.05 was also miserable, i.e.,

the usual power was quite low 0.039. As the value of o, increases, the usual power increased
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to 0.285, 0.490, 0.513, and 0.512 for a; = 0.10, 0.20, 0.30 and 0.40, respectively. The results that
the highest probability was observed at (l,s) = (4,4) irrespective of ¢ also seems to be due to
the geographical configulation of the cluster D.

The results shown in Tables 5-8 suggest that, for larger clusters with smaller relative risk, 1)
the usual power of Kulldorff’s circular spatial scan statitic was higher than that of the proposed
circular spatial scan statistic, 2) but the Kulldorffi’s MLCs tended to be much larger than the
true cluster to try to include the true cluster within the MLC, and 3) the proposed circular
spatial scan statistic had higher powers of detecting a part of the true cluster when ay = 0.30 or
0.40.

5.2 Case of Non-rare Disease

As an example of cluster models of non-rare diseases, we adopted the most likely cluster E =
{6,7,8,18,22,23} with s* = 6 to be detected by the proposed scan statistic in section 5. The total
observed number of cases in the study area is assumed to be n = 45,700 and then the expected
number of cases per region is roughly on the average 400. As the relative performance of the
proposed scan statistic compared with Kulldorff’s scan statistic has been quite similar regardless
of the cluster type in our experience, we considered here a hot-spot cluster and changed the
value of constant relative risk to examine the effect of the size of relative risk on the performance
of both scan statistics. As the value of constant relative risk # for the cluster E, we have
chosen five values § = 1.04, 1.06, 1.08, 1.10, 1.12 so that the probability of being significant at
0.05 level under individual region’s test within the cluster has a range from 24 ~ 37%(0 = 1.04)
to 85 ~ 99%(6# = 1.12). In Table 9, we omitted the estimated bivariate power distributions for ease
of comparison and, instead, showed three measures, 1) the exact detection probability P(6,6), 3)
usual power and 4) max [ extracted from the estimated bivariate power distributions. As to the
proposed scan statistic, we selected three results with a; =0.1,0.2,0.3. Table 9 shows that the
proposed scan statistic performed better than Kulldorff’s scan statistic for a1 = 0.20 and 0.30.
5.3 Choice of a1

Tables 3-9 indicate that the probability of detecting irrelevant regions outside the true cluster
tends to get larger as the value of a; becomes larger in all the results. Tables 3-4 show that the
case of a; = 0.10 could be the best but the case of a; = 0.20 ~ 0.40 were also good. Tables 6,
8 show that the case of a3 = 0.30 or 0.40 could be the best. Table 9 shows that the case of
a1 = 0.20 could be the best for = 1.04 ~ 1.08 and the case of a; = 0.10 could be the best for
¢ = 1.10 ~ 1.12. However, the results with a1 = 0.20 or 0.30 were also shown to have good results
for all the values of # considered.

These results suggest that, for ag = 0.05, we might have the following guidance:

1. a; =0.10 ~0.20 to detect small clusters with a sharp increase in risk.
2. @y = 0.20 ~ 0.30 to detect small to middle-sized clusters with a moderate increase in risk.
3. a; =0.30 ~ 0.40 to detect larger clusters with a slight increase in risk.
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Table 9. Three sorts of powers extracted from the estimated bivariate power distributions
P(l,s) x 1000 of Kulldorff’s circular spatial scan statistic and the proposed circular spatial scan
statistic for the hot spot circular cluster E = {6,7,8, 18, 22,23} with the common relative risk
8, where # = 1.04, 1.06, 1.08, 1.10, 1.12 and n = 45,700. ag = 0.05 and 1000 trials were carried
out. Bold numbers indicate the optimal values.

f Prob.*  Kulldorff’s circular scan Proposed circular scan
(%) P(6,6) Usual max a;  P(6,6) Usual max
power l power 1
1.04 24~37 0.047 0.167 30 0.10 0.061 0.111 7
0.20 0.108 0.208 9

0.30  0.090 0.205 10

1.06 39~62 0.245 0.556 29 0.10  0.337 0.448 8
0.20 0.421 0.634 10
0.30  0.351 0.630 10

1.08 57~83 0.492 0.897 27 0.10 0.729 0.857 8
0.20 0.678 0.932 10
0.30  0.573 0.931 10

1.10 73~95 0.641 0.992 18 0.10 0.875 0.985 8
0.20 0.757 0.996 10
0.30  0.672 0.996 10

1.12 85~99 0.722 1.000 18 0.10 0.901 0.999 8
0.20 0.791 1.000 9
0.30  0.737 1.000 10

*: The range of probability of being significant at 0.05 level under
individual region’s test within the cluster.

Other simulation studies considering other cluster models resulted in a similar finding (data not
shown). Although the risk size and cluster size assumed in a geographical cluster detection study
or disease surveillance might depend on their purposes, it seems to me that we can set a; = 0.20

as a default based on our simulation results.

6. Discussion

Our work is motivated by a surprising result observed in a simulation study done by Tango
and Takahashi (2005) where Duczmal and Assungéo’s spatial scan statistic (2004) detected quite
large and unlikely peculiar shaped clusters that had the largest likelihood ratio among the three
spatial scan statistics. To avoid such an undesirable property of the likelihood ratio test statistic
proposed by Kulldorff (1997), Tango and Takahashi discussed a possibility of using penalized
likelihood approach where a penalty is considered for the complezity of the cluster shape. Kull-
dorff et al. (2006b) explored an elliptic version of the spatial scan statistic by introducing the
eccentricity penalty that discourages eccentric clusters. Regarding the penalized likelihood ap-
proach, Assuncdo et al. (2006) made an important comment that this approach is a possible
solution but certainly plagued with a large dose of subjectivity in the penalty parameters and
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that what is not working properly is the maximum likelihood method, not the proposed methods
to find the arbitrarily shaped most likely cluster. I would like to cast one vote for Assuncao et
al.

Instead of using the penalized likelihood ratio, we proposed a restricted likelihood ratio
Ar(Z) which makes the spatial scan statistic scan only the region with elevated risk at oy level.
This simple modification is based not only on the fact that there could be a situation where the
likelihood ratio increases when a window absorbed an adjacent region with relative risk less than
1.0 but also on a natural idea that the regions with non-elevated risk should not be included in
the most likely cluster. The circular spatial scan statistic based on the proposed likelihood ratio
was, via Monte Carlo simulations, shown to have good ability to identify the whole of, or a part
of, the true cluster assumed in the simulation more correctly than Kulldorff’s circular spatial scan
statistic by choosing value of a:; appropriately. In contrast, an undesirable property of Kulldorff’s
circular spatial scan statistic was reconfirmed. Namely, it was shown to have relatively high usual
power but to tend to detect the MLC much larger than expected from the data. When applied
to a non-circular cluster, the supports of the bivariate power distribution P(l,s) of Kulldorff’s
circular spatial scan statistic were scattered over a wide range of points (I,s). On the contrary,
the proposed circular spatial scan statistic was shown to have the bivariate power distribution
concentrated on confined several points.

Regarding the choice of a1, our simulation study suggests that, when we use ao = 0.05, 1)
a1 = 0.10 ~ 0.20 to detect small clusters with a sharpe increase in risk, 2) a; =0.20 ~ 0.30 to
detect small to middle-sized clusters with a moderate increase in risk and 3) oy = 0.30 ~ 0.40 to
detect larger clusters with a slight increase in risk. These results further suggest that we may set
o; = 0.20 as a default. We think that these criteria could be a rough but helpful guidance to the
choice of a;. Since our Monte Carlo simulations have been based on a relatively small number of
cluster models and sample sizes, the results observed here may not be representative. However, as
we have examined typical sets of cluster models, we do not expect drastically different conclusions
to be derived for other situations not examined here, although we need a further simulation study
for more detailed investigtions.

Furthermore, we assumed here only one hot-spot cluster and did not consider the case of
multiple clusters. Therefore, we need a further simulation study to examine the performance of
the proposed circular spatial scan statistic. However, we think the relative performance of the
proposed circular spatial scan statistic in contrast with Kulldorfi’s circular spatial scan statistic
will not change very much even for the case of multiple clusters. Our appoach may be applied to
a space-time disease cluster detection and a prospective disease and/or syndromic surveillance
(Kulldorff, 2001; Lawson and Kleinman, 2005), in which available data (ni,&:) are replaced by
(nit,&ie) within the region i and time period t and the spatial windows are replaced by the
cylinders.
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As the primary purpose of this paper is to compare the performance of Kulldorff’s circular
spatial scan statistic with the circular spatial scan statistic based on the restricted likelihood
ratio, we did not investigate the peformance of other non-circular spatial scan statistics with the
restricted likelihood ratio. The circular spé.tial scan statistic based on the restricted likelihood
ratio was shown to eliminate undersirable properties associated with the ordinary likelihood ratio
test statistic and to have better performance than Kulldorff’s circular spatial scan statistic in
all the cluster models considered. This finding may suggest that if other spatial scan statistics
for detecting arbitrary shaped clusters adopt the proposed likelihood ratio, their performance
would be expected to be improved. Judging from my experience of using both circular and non-
circular spatial scan statistics based on the ordinary likelihood ratio, circular and non-circular
spatial scan statistics are complementary tools that each have their strengths and should be
used together. However, we do not have any information on the relative performance among
circular and non-circular spatial scan statistics with the proposed likelihood ratio. Therefore, to
answer the practical question how to use the spatial scan statistics proposed so far, we need a

comparative simulation study under a wide range of cluster models.
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Abstract

For data analysis in spatial epidemiology. it is important first to observe the geographical distribution of a disease within a
population, Disease map is an useful tool to show the distribution. In this paper, we consider maps which show the relative
risks in small areas. including the Standardized Mortality Ratio (SMR). Next we discuss the disease clustering, and the
clustering test using scan statistics. Some softwares are also introduced. Data of gallbladder cancer deaths in Niigata.

Yamagata and Fukushima prefectures is used to illustrate the analysis.

Keywords: disease mapping, disease clustering, Standardized mortality
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(i 7% Z D OHIg)
(i i1 Z DI DRbE)

d; ~ Poisson (0, X ¢;)
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DOEDDT 4 Y RETZIZRNUTREZRVET EHBE
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&Iz, REIN-HROREOLERT EOBRMIRME
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| T A O 8 TR 46 21.05 2.19 0.022
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L TWA0N, IRSE (contextual effect) HEFEETHOMMEMI L. 39T OIZ0IA (BMETI9%) @3 EE
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Abstract

Health disparities have received growing attention in recent years from research community. Regional differences are one
of problems that disease maps describe. We analyzed regional differences on dental caries in Japanese 3-year-old children.
First, we collected caries prevalence for each municipality. Variations in caries prevalence in municipalities with small
populations became smaller after being adjusted by the empirical Bayes estimation model. Disease map of caries prevalence
showed marked geographical differences. Then we search for the cause of the differences. In ecological study. result of
multiple linear regression analysis showed significant associations of caries prevalence with sociodemographic
characteristics. Associations between dental health related indices and caries prevalence were none or small. Finally, we
conducted a cross-sectional study to determine the community contextual effect on dmft (total number of decayed. missing
and filled teeth) among 3-year-old children. Results of a multilevel regression analysis on 3301 children from 39

TO80-8575 UE B AN 4-1
4-1 Seiryo-machi, Aoba-ku, 980-8575 Sendai, Japan
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municipalities showed that variance in dmft both individual and community level occurred significantly after adjusting for
individual level variables. Community level indices related to social cohesion and access to grocery stores showed significant
associations with dmft after adjusting for community level income. There are statistically significant effects of social context
on dmft in municipalities in Japan. These results suggested that caries differences were unfair because the differences were
consequence of an unjust distribution of the underlying social determinants of health. In order to reduce dental caries

disparities, effective public health interventions might be required in Japan.

Keywords: caries. disease map, empirical Bayes estimation, health inequality, multilevel analysis
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Syndromic Surveillance Using a Cluster Detection Test
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Abstract

Early detection of discase outbreaks enables public health offcials to implement disease control and prevention measures at
the earliest possible time. A time periodic geographical disease surveillance system based on a cylindrical space-time scan
statistic has been used extensively for disease surveillance along with the SaTScan software. In this paper, we discuss a
syndromic surveillance method based on the prospective space-time scan statistic. Some surveillance data are used to
illustrate the method with real data.

Keywords: syndromic surveillance. scan statistic, disease clustering. clustering test
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