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ABSTRACT

The association between the risk of childhood leukaemia before age 7 years and popula-
tion-mixing at the place of residence at birth was investigated by retrospectively consider-
ing all the children born in mainland French communes between 1st January 1990 and 31st
December 1998. An increased risk of acute lymphoblastic leukaemia was found with higher
levels of migration for children residing at birth in isolated communes with a population
density >50 people per km? (SIRR = 2.59, 95% CI: 1.48-4.49). No association was observed
with lower population densities. For children residing in non-isolated communes at birth,
the results were similar but less marked. The risk tended to increase only for population
densities >5000 people per km? (SIRR = 1.57, 95% CI: 0.99-2.52). The findings are consistent
with epidemic models and support the hypothesis of an infectious aetiology relating to
population-mixing. Population density may be seen as an indicator of the opportunity of
contacts between inhabitants and should therefore be taken into account when investigat-
ing an infectious hypothesis. This is the first systematic study of population-mixing at the
place of residence at the time of birth to be conducted on a national scale.

© 2006 Elsevier Ltd. All rights reserved.

1. Introduction

In earlier studies, various criteria were used to define the
isolated status of an area. Authors have used “rural status”

Kinlen suggested that childhood leukaemia could be a rare re-
sponse to a common viral infection.! According to this
hypothesis, population-mixing in an isolated area may lead
to increases in childhood leukaemia. The spread of infection
in a given population is regulated by the proportion of in-
fected, carrier, susceptible and immune subjects and by the
rate of contacts between susceptible and infected or carrier
subjects.?? Susceptible subjects are those who have not previ-
ously been exposed to the virus. In an isolated area, the pro-
portion of subjects susceptible to the unidentified viral agent
may be high enough to result in epidemics when infected and
susceptible subjects arrive with a large migrant population
and imbalance group immunity.

* Corresponding author: Tel.: +33 1 45 59 50 38; fax: +33 1 45 59 51 51.

E-mail address: clavel@vjf.inserm.fr (J. Clavel).

often based on national institute definitions,*** population
density**'* and distance from a large population centre.»®7:1>
A variety of variables have also been used to express popula-
tion-mixing. Population increase has been frequently
used.»?101216.17 Migration influxes, both global'® and specific,
have also been studied. The specific characteristics of incom-
ers include incomer migration distance,'**® incomer diversity
of origins using Shannon’s diversity index,****2° military
servicemen’s professional relocations,*®'® construction
workers’ professional relocations,®”*® incomer age,*'81°
migration movements at country level,** and wartime govern-
ment evacuees.” Commuting'® and commuting increase?®
between home and work has also been investigated. While
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commuting is not migration it nonetheless engenders con-
tacts between individuals.

Most of those authors reported significant higher rates of
childhood leukaemia with increased population-mixing,
mainly in isolated areas,>* 101213152122 [;t 3150 in urban
areas'! or in areas for where urban/rural status was not spec-
ified.’®*81922 Only two papers reported no significant associa-
911 although increased risks were observed
by Dickinson and colleagues.'’ However, Law and colleagues™*
recently revisited 17 published studies on acute lymphoblastic
leukaemia (ALL) and population-mixing with a critical view on
subgroups analysis and concluded that these studies did not
support consistently Kinlen’s hypothesis.

The aim of the present study was to investigate the asso-
ciation between the risk of childhood leukaemia before age
7 years and population-mixing at the place of residence at
the time of birth in mainland France. This is the first system-
atic study of population-mixing at the place of residence at
the time of birth to be conducted on a national scale.

tion in rural areas

2. Patients and methods

The study addressed all the communes of mainland France,
excluding overseas départements. The commune is the smallest
administrative unit. In 1999, there were 36,565 communes. The
average area was 15km? and the average population 1600
people (87% of the communes had a population of less than
2000). The communes make up 95 départements of average area
5700 km?, and 22 régions, the largest administrative unit, of
approximate average area 25,000 km?.

The demographic and geographic data on the communes
were obtained from the last two censuses, which took place
in 1990 and 1999 (French National Institute of Statistics and
Economic Studies [INSEE]).

2.1. Birth cohort

All the children born in the communes of mainland France be-
tween 1st January 1990 and 31st December 1998 were consid-
ered retrospectively and anonymously. Leukaemia incidence
before the age of 7 years or to the end of 1998 for children
born in 1992 or after was estimated. The 0-6 year age group
corresponds to the highest incidence rates for acute lympho-
blastic leukaemia (ALL).

Person-years at risk, the sum of the number of years of fol-
low-up for each child, were estimated for each French com-
mune of residence at birth, taking into account the live birth
counts and number of deaths before age one year for each com-
mune from 1990 to 1998, assuming that children who died be-
fore age one year died in the commune where they were born.
Deaths occurring after age one year were not considered.

The leukaemia cases were obtained from the French Na-
tional Registry of Childhood Leukaemia and Lymphomas
(NRCL).?® The Registry has an average of 2.5 sources per case
and 99.2% exhaustiveness for leukaemia.”® The cases were as-
signed to their communes of residence at the time of birth.
Administrative authorisation was required in order to obtain
the parents’ commune of residence at the time of the child’s
birth from the place of birth registered in the NRCL. The data
could not be obtained for 38 cases out of 1576 (2.4%): 4 chil-

dren were homeless, the place of residence at birth could
not be obtained from the administrative authorities for 7
cases, and 27 children were unknown to the administrative
authorities, probably because of mistakes in noting the place
of birth. Eleven of the 27 (41%) unknown children had at-
tended the same hospital in the “Provence-Alpes-Cotes-
d’Azur” région, while 6.7% of the cases were diagnosed in that
hospital.

2.2. Demographic characteristics

2.2.1. Isolated status

The 1990 census data were used to characterise the initial
status of each commune. The French urban zoning system
(ZAU) provides for 7 categories of commune on the basis of
the commune’s dependence and influence in terms of
employment (Table 1).>*?® ZAU categories 1, 2 and 3 are pre-
dominantly urban area while categories 4, 5, 6 and 7 are pre-
dominantly rural area. Urban (ZAU 1) and rural (ZAU 5)
‘poles’ are attractive communes in terms of employment in
that they attract commuters living in other communes. Non-
pole communes were inhabited by 35% of the total French
population and accounted for 90% of the communes in 1990.
Conversely, 65% of the total population lived in urban and
rural ‘poles’ but those areas only accounted for 10% of the
communes.

INSEE has also elaborated a classification according to the
size of urban units. An urban unit is a commune or group of
communes containing a built-up area in which no dwelling is
more than 200 m from its nearest neighbour.?” This classifica-
tion was obtained from the 1990 census.

For the analysis, both classifications were used. Isolated
communes were defined as non-pole communes from urban
units of population less than 5000 people. They accounted
for 89% of communes and 31% of French population in 1990.

Two further INSEE variables: accessibility of facilities and
services and population density were also employed.

Accessibility of facilities and services is the average dis-
tance of the commune from 36 predefined basic facilities and
services. This characteristic was obtained from the 1998
Municipal Inventory.?®

We used population density as an indicator of the opportu-
nity of contacts between inhabitants. Since density is linked
to spread of infections,>® our hypothesis was that in too
low-density isolated communes, contacts between individu-
als would be insufficient for an epidemic to occur during pop-
ulation-mixing. Similarly, in non-isolated communes, where
the frequency of susceptible subjects is supposed to be smal-
ler, higher level of population density could favour contacts
and engender spread of infections in susceptible individuals.

Cut-point of density was defined a priori in order to con-
trast low- and high-density communes in both isolated and
non-isolated categories of communes. Density lines were 50
inhabitants per km? for isolated communes and 5000 inhabit-
ants per km? for non-isolated communes. These cut-points
correspond to the 10th and the 85th percentiles of the cohort
person-years. Population density was also obtained from the
1990 census.

For communes which merged or subdivided after the 1990
census, the merged definition of the communes was retained,
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Table 1 - INSEE ZAU urban zoning categories and numbers (percentage) of communes and ZAU population at the 1990

census

Urban zoning categories (ZAU)

Definition

Communes

N (%)

Population (million)

N (%)

Predominantly urban area
ZAU 1 Urban pole

At least 5000 jobs and not belonging
to the peri-urban area of another
urban pole

2791 (8%)

34.4 (61%)

ZAU 2 Peri-urban area At least 40% of the working 7892 (22%) 6.9 (12%)
population has a job in a given urban
pole or its peri-urban area
ZAU 3 Multipolarised dependence Not ZAU 1 or 2 where at least 40% of 2536 (7%) 2.0 (4%)
on urban poles the working population has a job in
several urban poles or their peri-
urban areas
Predominantly rural area
ZAU 4 Weak dependence on urban Not rural pole and between 20% and 8876 (24%) 5.1 (9%)
poles 39% of the working population has a
job in urban poles or their peri-urban
areas
ZAUS Rural pole Between 2000 and 5000 jobs. Total 594 (2%) 2.1 (4%)
number of jobs must be greater than
the total number of workers living in
the rural pole
ZAU 6 Dependence on rural pole Not ZAU 4 or 5 and at least 20% of 2934 (8%) 1.1 (2%)
active residents working in rural
poles
ZAU 7 Rural isolated Not belonging to other ZAUs 10912 (30%) 5.1 (9%)

Total number of communes: 36,535. Total population: 56.7 million.

and the entity was assigned the values of the most urban of
its constituents.

2.2.2. Population-mixing

Detailed data on the origins of incomers were extracted from
the 1999 population census. The number of incomers to each
commune was the number of inhabitants in 1999 who had
been living in a different commune on 1st January 1990. Immi-
gration rates were calculated as the number of incomers be-
tween the 1990 and 1999 censuses divided by the 1999
population. Three definitions of immigration were consid-
ered: incomers from another commune, incomers from an-
other département and incomers from another région. The
four départements of Paris and its immediate suburbs were
considered a single département. Migration rate cut-points
were defined a priori for each category of communes.

2.3. Statistical method

The expected numbers of cases were calculated by year of age
from the national incidence rates.?® Yearly standardised inci-
dence ratios (SIR) were calculated as the ratio between the ob-
served number of cases (0) in each category of commune and
the expected number (E) in that category. The SIR ratio (SIRR)
was used as an estimate of the Incidence Rate Ratio, which
assumes that age-specific incidence rates in each categories
are proportional to age-specific reference incidence rates.
For a given level of migration rate, SIRR was calculated as
the ratio of the corresponding SIR to the SIR with the lowest
incomer rates. The 95% confidence intervals were calculated

on the basis of Breslow and Days recommendations for SMR
ratios.?’ SIRR were calculated for all leukaemia, ALL, B-cell
common ALL, other ALL (T-cell and unspecified ALL), acute
myeloblastic leukaemia (AML) and non-ALL non-AML leukae-
mia, and for ages 0, 1-6 and 0-6 years. SIRR were also calcu-
lated after excluding the Provence-Alpes-Cote d’Azur région
since it had the most missing data.

3. Results

A total of 6 602,974 children were born in France during the
study period, and 35,597 deaths before the age of one year
were reported. The cohort totalled 28 230,352 person-years.
A total of 1576 cases were registered, and consisted in 1273
ALL (81%), 283 AML (18%) and 20 non-specified AL (1%). B-cell
common ALL accounted for 88% of ALL. Incidence rates per
million and per year for the cohort were 55.8 for all AL, 45.1
for ALL and 10.0 for AML.

The cross-distribution of cohort person-years by isolated
status and by urban zoning categories, size of urban unit,
accessibility of goods and services and population density
are shown Table 2. The two groups of communes according
to the isolated status appeared well contrasted. Only 0.4% of
the person-years of isolated communes were accounted for
by communes providing the 36 facilities and services, com-
pared to 66.9% for non-isolated communes. Similarly, 9.5% of
the person-years of isolated communes were accounted for
by communes with a population density of more than 200
people per km? compared to 93.0% for non-isolated
communes.
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Table 2 - Person-years distribution by isolated status and
by urban zoning categories, population size of urban

unit, accessibility of facilities and services, and
population density

Demographic All Isolated® Non-isolated
variables communes communes communes
(36,535 26% of 74% of

communes) cohort person- cohort person-
(%) years (32,494  years (4041

communes)  communes)
(%) (%)
Urban zoning categories
1 66 - 89.6
2 11 33.1 3.2
3 3 10.0 0.8
4 8 25.9 1.3
5 3 - 4.7
6 2 6.1 -
7 7 24.9 0.4
100 100 100
Population of urban unit
<5000 26 100 0.9
5000-19,999 10 - 13.6
20,000-99,999 14 - 18.4
100,000-199,999 7 - 9.7
>200,000 43 - 57.4
100 100 100
Accessibility of facilities and services (km)
>4 10 36.0 0.2
1.6-4 16 47.2 5.0
0.1-1.5 25 16.4 27.9
0 49 0.4 66.9
100 100 100
Population density, People per km?
<50 11 39.9 0.2
50-199 18 50.6 6.8
200-999 22 9.3 26.9
1000-4999 33 0.2 44.7
>5000 16 = 21.4
100 100 100

a Isolated communes were defined as non-pole communes from
urban units of population less than 5000 people.

Table 3 shows the estimated SIRR for ALL cases aged 1-6
years among children living at birth in isolated communes,
which accounted for 26% of the person-years, by rate of
migration from another commune, another département and
another région. ALL risk increased with migration rate in iso-
lated communes with population density of at least 50 people
per km? The trend towards an increase was more marked
for migrations defined at the highest level of aggregation (ré-
gion) and corresponding to the longest average migration dis-
tance. Below the population density of 50 people per km?, no
association was observed.

A similar but weaker trend was observed for children liv-
ing at birth in non-isolated communes that accounted for
74% of the person-years (Table 4). Those living at birth in com-
munes with a population density greater than 5000 people per
km? were at increased risk of leukaemia when exposed to
higher rates of population-mixing, while no relationship

was observed for those living at birth in communes with a pop-
ulation density of less than 5000 people per km?

Table 5 shows results of migration from another départe-
ment for different categories of AL cases: AL age 0-6, AML
age 0-6, ALL age 0-6 and 1-6, B-cell common ALL age 1-6
and other ALL age 1-6 years, for both isolated communes with
a population density of more than 50 people per km? and for
non-isolated communes with a population density of more
than 5000 people per km?. The associations were less marked
for all AL and the AML categories. The results for B-cell com-
mon ALL were similar to those for all ALL, with no differences
in terms of ALL sub-type.

When the data for the “Provence-Alpes-Cote d’Azur”
région, which accounted for 41% of the unknown places of
birth, were excluded, the results were similar.

4, Discussion

The present study was carried out to test the hypothesis
that ALL is a rare sequel of a specific infection and that
population-mixing may lead to micro-epidemics. For this
purpose, the demographic parameters and their categoriza-
tion were a priori defined with INSEE. A clear positive asso-
ciation between ALL incidence and the migration rate of the
place of residence at birth was observed before the age of 7
years when the population density was sufficiently high.
Below a population density of 50 people per km? for iso-
lated communes and 5000 for non-isolated communes, no
association with the indicators of population-mixing was
observed.

Bias due to missing data is unlikely. First, only 2.4% of the
data was missing. Secondly, there is no obvious reason why
cases without an address at the time of birth would have
lived in communes with the lowest immigration rates, since
the presence or absence of that item mainly depends on
whether or not the hospital files include the place of birth. Fi-
nally, exclusion of the “Provence-Alpes-Cote d’Azur” region,
which had the greatest number of missing places of birth,
did not alter the results. Person-years were calculated with
the assumptions that the children lived in the same commune
until the age of one year, and that deaths occurring after that
age could be discounted. In fact, in the period 1990-1998,
deaths between ages 1 and 6 years accounted for 22% of
the deaths before age 7 years and 0.1% of all the births
included.

Isolated communes were defined as non-pole communes
from urban units of population less than 5000 people. Two
complementary criteria were thus combined: a functional
one, based on influence and dependence in terms of employ-
ment, and a more geographic one, referring to the physical
continuity of urban units. As an INSEE report on Europe’s
towns®® points out, European countries do not share a
clear-cut definition of rural and urban zones. This makes
international comparisons difficult.? Interpreting previous
studies on population-mixing and urban/rural status is com-
plicated by the fact that clear definitions are not always
stated.

Population density was considered a marker of the pro-
bability of contact between individuals. Contact frequency
is a pivotal parameter for modelling the propagation of
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Table 3 - Isolateda communes: observed numbers of cases (O) and ratios of SIR (SIRR) for risk of ALL (age 1-6 years) by

measure of population-mixing for children residing in isolated communes at the time of birth

% incomers in commune

Population density <50/km? O = 139

Population density >50/km? O = 184

(0] SIRR 95% CI (0) SIRR 95% CI
From another commune
<30% 47 1.00 = 43 1.00 -
30%-39% 66 1.15 [0.78-1.71] 97 1.31 [0.90-1.92]
40%-49% 23 1.20 [0.70-2.02] 37 1.41 [0.89-2.25]
>50% 3 0.93 [0.18-2.89] 7 2.04 [0.77-4.57]
From another département
<10% 46 1.00 = 49 1.00 -
10%-19% 71 0.93 [0.63-1.38] 94 1.37 [0.96-1.98]
20%-29% 18 0.79 [0.43-1.40] 31 1.80 [1.11-2.89]
>30% 4 0.71 [0.19-1.95] 10 2.36 [1.07-4.71]
From another région
<6% 25 1.00 = 33 1.00 -
6%-11% 67 1.25 [0.78-2.06] 85 143 [0.95-2.21]
12%; 17% 30 1.06 [0.60-1.88] 41 1.70 [1.05-2.78]
>18% 17 1.22 [0.62-2.35] 25 2.59 [1.48-4.49]

a Isolated communes were defined as non-pole communes from urban units of population less than 5000 people.

Table 4 - Non-isolated communes: observed numbers of cases (O) and ratios of SIR (SIRR) for risk of ALL (age 1-6 years) by

measure of population-mixing for children living in non-isolated communes at the time of birth

% incomers in commune

Population density <5000/km? O = 665

Population density >5000/km? O = 173

(o) SIRR 95% CI O SIRR 95% CI
From another commune
<30% 237 1.00 - 61 1.00 -
30%-39% 314 0.90 [0.76-1.07] 66 0.93 [0.65-1.34]
40%-49% 108 0.98 [0.77-1.23] 46 1.20 [0.80-1.79]
>50% 6 0.66 [0.24-1.47] 0 - -
From another département
<15% 300 1.00 - 26 1.00 -
15%-19% 179 0.98 [0.81-1.18] 33 1.43 [0.98-2.01]
20%—24% 103 0.89 [0.70-1.12] 90 1.76 [1.41-2.16]
>25% 83 0.96 [0.74-1.23] 24 1.78 [0.98-3.22]
From another région
<10% 273 1.00 = 31 1.00 -
10%; 14% 257 1.02 [0.86-1.21] 49 1.35 [0.84-2.18]
15%; 17% 60 0.71 [0.53-0.95] 39 1.86 [1.13-3.09]
>18% 75 0.84 [0.65-1.09] 54 1.57 [0.99-2.52]

epidemics.?? In isolated communes, where the frequency of
susceptible subjects may be high, a certain population density
was assumed to be necessary to induce sufficient contacts
between infected and susceptible people to lead to small epi-
demics. In contrast, in non-isolated communes, the frequency
of susceptible subjects may be small, and a very high popula-
tion density may be necessary for virus transmission. Kinlen
and colleagues, in a study of rural new towns in the UK, which
experienced a marked increase in population in the 1950s,
observed a greater leukaemia excess in the rural new towns
with the highest population density’® and suggested that this
finding could be explained by the increase in contacts between
individuals.

The finding that the strongest association was between
leukaemia and migrations defined at the higher levels of

aggregation (département and région) and thus corresponding
to the longest average migration distances, also argues in fa-
vour of an infectious aetiology. It was assumed that, on aver-
age, the subjects would have had more contact with incomers
from other communes than with those from other départements
or other régions. Incomers from closer places may have been
more likely to share current infections with the local host
population. Distant populations may exhibit greater contrasts
with respect to the hypothetical viral agent than proximity
populations.

The results reported herein may be the product of chance.
However, the strength of the relationship and its increase
with the degree of population-mixing suggest the contrary.
Moreover, there is no obvious confounding factor, since no
presently known or suspected risk factor for ALL is expected
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