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Study population
The Yorkshire Register of Childhood Diabetes records demographic details for incident cases of 0- to 16-year-old subjects
diagnosed with IDDM while resident within
OBJECTIVE — To improve understanding of the etiology of IDDM by analyzing spatial and the three counties of North Yorkshire, West
space-time distribution of the incidence in children.
Yorkshire, and Humberside in the north of
RESEARCH DESIGN AND METHODS — Statistical tests to detect clustering were England (Fig. 1). The register is 97% comapplied to a population-based register of 1,490 children (aged 0-16 years) with IDDM in York- plete for the years 1978-1990 (11) and
shire, northern England. The Knox test analyzed clustering in space and time, and the Potthoff- holds information on 1,490 children.
Whittinghill test quantified spatial differences in incidence between small-area census units
The alphanumeric postal code of each
(electoral wards). The Potthoff-Whittinghill test was conditioned for childhood population address at the time of diagnosis was validensity and deprivation (Townsend index).
dated using the U.K. Postcode Address File,
which also assigned each case a map grid
RESULTS — Both tests demonstrated clustering of IDDM in Yorkshire children. Space-time reference (to 100 m) and a small-area cenand spatial clustering is strongest in the younger children (0-4 and 5-9 years of age), even after
sus unit (an electoral ward). The date of
conditioning for known associations. Clustering was more common in the county of Humberside during the years 1982-1985 and in wards of low population density (<0.26 0- to 16- diagnosis was assigned as the date of the
first insulin injection.
year-old subjects per hectare).
The population denominators for the
CONCLUSIONS — The study revealed a nonrandom space-time distribution of IDDM in 536 electoral wards were taken from the
children not accounted for by known covarying demographic factors. The Potthoff-Whit- 1981 U.K. census: mean childhood poputinghill test has not previously been applied to childhood IDDM. The new finding of strong lation for each ward was 6,450. Childhood
clustering in young children is consistent with early exposure, possibly in utero, to infectious population density was calculated as the
agents or localized environmental sources.
number of children per hectare. The
Townsend index of deprivation is a composite score of four census indicators:
he etiology of IDDM involves both locations, and population density (5-9). household overcrowding, car ownership,
genetic susceptibility and environ- A tendency for cases to aggregate, known unemployment, and housing tenure (12).
mental exposures, with the former as clustering, indicates an infectious orinecessary but not sufficient for disease gin or localized or point sources as the Tests for clustering
development. Involvement of an environ- environmental cause of a disease. Interest The Knox test was applied to examine
mental component is demonstrated by a in clustering of childhood leukemias has space-time clustering (13), using Mantels
concordance rate of 13-40% for monozy- prompted extensive development of robust modification (14) to calculate a £ statistic
gotic twins (1,2). The nongenetic determi- statistical tests applicable to distributions of (standard normal deviate) as a measure of
nants of IDDM remain unknown, but rare chronic diseases (10). The population- significance. Thresholds were selected to
recent studies have shown a nonrandom based Yorkshire Register of Childhood Dia- include a range of distances in both space
geographic distribution of IDDM (3,4), sug- betes collects cases of childhood IDDM, and time that were likely to be interpretable
gesting that exposures that vary geographi- and the aim of the present study was to while remaining within the resolution of the
cally are important. Rates may vary in seek evidence of spatial and space-time data. The space and time thresholds were 1,
2, 4, 6, 10, 15, and 20 km and 90, 180,
relation to levels of deprivation, urban/rural clustering.
360, 540, 720, and 900 days, respectively.
Comparison of the observed and
expected cases occurring in a geographicarea unit can provide evidence for spatial
clustering. The electoral wards in the U.K.
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minimum cluster is two cases and deter-
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Figure 1—Yorkshire Register oj Childhood Diabetes study area.
mines whether pairs occur more frequently
than expected in a random distribution. A
test score (standard normal deviate) (17)
indicates whether the excess is significant.
The expected numbers were calculated by
applying the age- and sex-specific incidence
rates for the whole area to each small unit.
To adjust for known variation in incidence
associated with demographic variables, conditioning was imposed on the expected
number of cases based on a relative risk
derived from the incidence rates in quartiles
of childhood population density and the
Townsend deprivation index.

significantly more pairs of cases diagnosed
within 1 km and up to 900 days of each
other than would be expected by chance.
The most significant excess occurred closer
than 1 km and diagnosed within 360 days (z
score 2.54, one-sided P < 0.05). For all
cases, the Potthoff-Whittinghill test (Table 1)
showed evidence of spatial clustering,
although after conditioning for the effect of
population density and deprivation, clustering is not significant. Results for subgroups
are shown in Table 1 and summarized in
Table 2. Significant spatial and space-time
clustering was seen in the younger agegroups (0-4 and 5-9 years), with spatial
clustering remaining significant after conditioning for levels of childhood population
density and deprivation. Space-time clustering was present in Humberside and during
the years 1982-1985, and spatial clustering
was seen in low-population-density wards.
There was an absence of clustering for boys
or girls separately

Variation in clustering between
subgroups
Variation in clustering for different time periods of diagnosis (1978-1981, 1982-1985,
1986-1990), age at diagnosis in years (0-4,
5-9,10-16), sex, county of residence (Humberside, North Yorkshire, West Yorkshire),
and childhood population density (<0.26,
0.26-3.71, or >3.71 0- tol6-year-old subjects per hectare) were investigated. The vari- CONCLUSIONS—The small-scale
ation in space-time clustering between geographic distribution of childhood diabetes is poorly described, thereby missing
subgroups was tested using a x2 test.
opportunities for identifying environmental
RESULTS— The Knox test for space- etiologic factors. The current study took a
time clustering on 1,490 cases showed high-quality population-based register of
754

children with diabetes to test for space-time
and spatial clustering of disease. A recent
Swedish study demonstrated space-time
clustering in childhood diabetes (3), and
analysis of the Yorkshire register tested this
hypothesis while extending investigations
using recently developed methodologies.
The Knox test clearly showed the onset
of IDDM in children and young people
clusters in space and time. Significant
excesses were present for those living within
1 km over a long time span (90-900 days),
with the highest level occurring at 1 km and
360 days. Compared to the Swedish study
where the most significant thresholds were
15 km and 7 months (3), the clustering
appeared closer both in space and time;
however, the Swedish population was from
a predominantly rural area and an extended
spatial distance would be expected.
The occurrence of diabetes is influenced
by genetic susceptibility and cases may
therefore cluster in families. Nine sib pairs of
cases contributed to the significant results of
the Knox test, and removing them from the
analysis did not affect the level of statistical
significance. Therefore, familial clustering is
not able to explain our findings.
Efforts were made to clarify whether
the overall clustering was associated with
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Table 1—Results of clustering tests on the register of childhood IDDM in Yorkshire
Potthoff-Whittinghill (z)
Crude
Conditioned

Subgroup

Childhood population density
Sparse (<0.26)
Mid
Dense (>3.71)
County of residence
Humberside
North Yorkshire
West Yorkshire

1.92*

1.05

1.12T

—

2.31*
5.58*
0.26

2.00*
3.61*
0.20

1.56+
1.02
1.19

X2 = 6.65
df=2
P = 0.036

0.39
1.59
0.18

0.61
1.30
-0.02

0.95
1.19+
1.05

X2 = 8.04
df=2
P = 0.018

-0.19
0.27

-0.61
-0.17

1.17
1.03

X 2 =1.57
df = 1
P = 0.210

1.92*
-1.00
0.61

1.30
-0.96
0.44

NA
NA
NA

0.94
0.27
0.17

0.66
-0.03
-0.26

1.26+
1.02
1.04

X2 = 7.74
df=2
P = 0.021

*P < 0.05 (one-sided); ta subgroup with a significantly high O/E ratio, Childhood population density is
tertiles of the number of wards ranked by the childhood (0-16 years) population density (people per
hectare).

other factors. Space-time clustering was
strongest during the period 1982-1985
and significantly different from that for the
time periods before and after. Other European studies have shown differences in the
level of clustering over time, such as Sweden during 1981-1985 (3) and Poland
from 1982-1985 (18). Temporal changes
are not related to increases in incidence,
and changes in the genetically susceptible
population will not account for space-time
Table 2—Summary of significant clustering
results

Subgroup
Age-group
Year of
diagnosis
Sex
Childhood
population
density
County of
residence

Clustering
Spatial
Space-time
Entire (U)
0-4, 5-9
NS

Entire
0-4
1982-1985

NS
Sparse (U)

NS
NS

NS

Humberside

U, unconditioned test only.
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clustering of such short duration. Thus,
etiology may be related to an environmental factor that varies over time, such as epidemics of infectious diseases.
Clustering in the younger age groups
was significant. Other epidemiological
characteristics of IDDM have shown different patterns in young children compared
with the older age groups; for example,
seasonality at presentation appears to be
minimal or absent in these very young children (19-21).
Humberside has a 25% excess incidence (22), and attention is now focused on
this area as the one in which cases are more
likely to cluster compared with the other
two counties. An explanation is not readily
apparent, but Humberside may experience
differential rates of infections, more intense
epidemics, or, alternatively, exposure to
chemical pollutants dispersed over the area.
Electoral wards were the smallest areas
of analysis, and population density varies
from <0.01 to 24.7 children per hectare.
Transmission of infections is known to be
highest in areas of high population density,
and the absence of clustering in the densest
areas may be a result of early exposure priming the immune system and ensuring that
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Full register
Age-group at diagnosis
0-4
5-9
10-16
Year of diagnosis
1978-1981
1982-1985
1986-1990
Sex
Male
Female

~

Knox test
Heterogeneity
O/E
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