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ABSTRACT 

Speculahons on a possible infectbus etiology of childhood leukaemia have long been existent. 

The 'Kinlen Hypoîhesis' postdates that population rnixing in geographically isolated (rural) areas is 

anducive to the spread of infectious agents, and on rare occasions leukaernia occurs as a response to 

exposure to the relevant iafectious agent. Population mixing in rural areas has been found to be 

associated with the occurrence of childhood leukaemia in several ecologic studies conducted in the 

United Kùigdom. In particular, this relationship has bem most consistent for the acute lymphocyîic 

leukaemia (ALL) subtype in cMdren aged O to 4. In order to explore this hypothesis in a new setthg, 

an ecologic study using data fiom the Ontario Cancer Registry and the Census of Canada, t s  

zonducted. The association between population mixing (measured by the percentage change in 

population and the proportion of the population that are migrants), and childhood leukaemia incidence 

in 0ntan.o was ewmined accordhg to levels of geographic isolation (represented by urban-rural s t a t u ,  

distance fiom an urban centre and number of paved highways). Analyses looked at both childhood 

leukaemia as a whole, as well as the ALL subtype in particular, and accounted for the potential 

confaunding effect of socioeconomic status. Net increases in population in rural areas was found to 

be significantly associated wirh an increased incidence of childhood leukaemia, particularly for the 

ALL subtype in children aged O to 4 (adjusteci RR=1.98, 95% CI 1.17-3.33 for greater than 20% 

population change, relative to no increase in population, in rural areas). A similar relationship \vas 

not observed in children aged 5 to 9 and 10 to 14. Also, there was no observed association in any age 

group according to the other hvo indicators of geographic isolation. Results from this stüdy, in 

conjunction with results fiom other similar ecologic studies, are supportive of a role for an infectious 

agent in the etiology of childhood leukaemia- 
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1. INTRODUCTION 

LeukaeMa refen to a c%eterogeneous group of neoplamis of the white blood ~ells,"~ and is 

thougbt to arise in the bone rnarrow.' The four main subtypes, classified by ce11 lineage (lymphoid or 

myeloid) and rnaîurity of the proliferating cells (acute or chr~nic) ,~ include: acute lymphoq.tic 

leukaemia (ALL), acute myeloid leukaemia (AML), chronic lyrnphocytic leukaemia (CLL), and 

chronic rnyeloid leukaexnia? Each subtype Mers in prognosis and qe-at-incidence patterns.'-' In 

CaMda, leutcaemia, and specifically the ALL subtype, is the most common cancer in children aged O 

to 14? 

Recent advances in molecular biology and immunology have led to a bener understanding of 

the sreps in the leukaemogenic process.' As well, advances in treatment protocols and the addition of 

aggressive supportive care have significantly improved survival.' The probability of survival in some 

subgroups of childhood ALL is nearly 90 percent.' Despite this better understanding of childhood 

leukaania, the etiology mnaim largely unknown. Certain agents (ionizing radiation, chemotherapeutic 

agents and inherited conditions) have been implicated as established causal factors for leukaemia in 

children; hoivever, these factors explain only a very small proponion of childhood leukaemia 

diagn0sesg ïhus, further research is required in order to idenafy other relevant factors associated widi 

childhood leukaemia and, therefore, contribute to a better understanding of the etiology of this 

malignancy . 

Both environmental and mfectious etiologies have bew suspecteci for childhood Ieukaemia.lO*" 

Speculations on a virai component to the etiology have b e n  existent since the early I9OOs." Thae 

spearlatons are supported by reported clusters, as well as on the identification of leukaemia vinises 

in animal species and in one fonn of adult leukaemia." One particular hj~othesis pointing to a virai 

causaiion, proposed by Leo Kinlen, focuses on the postulate that childhood leukaemia occurs as an 

aberrant response to a eornmon and widespread infection." 



Accordmg to the Kinlen hypothesis, people living in geographically isolated areas are not 

expsixi to common infectious agerits at usual ages, as compareci to individuals living in urban centres. 

Imm* is the direct r e d t  of idkdon (through Mtural immunization processes).'" Thus, as a renilt 

of a lack of (or delay in) srposure, a large proportion of individuals living in a geographically isolated 

comrnunity are susceptible to infection by these agents. In other words, the herd h u n i t y  to cornmon 

infectious agents can be expected to be low in uneqosed nirai communities. A large nurnber of 

susceptibles and a high rate of contact behveen susceptible and infected individuals is uinducive ro 

transmission of an infectious agent and consequently an epidemic. This condition can arise when there 

is a large population infius into a geographically isolated rural comunity. Thus, when susceptible 

individuais are espsed to uifected people (or carriers) through population rnixing, there is a resultant 

epidemic of the infection, and childhood Ieukaemia can occur as a rare response to th is  infection. 

Using data fiom the Ontario Cancer Registry and fiom the Census of Canada, the Kinien 

hypothsis fofusing on the association between population mixing and chiidhood ieukaemia incidence 

in Ontario was examined for the years 1978 to 1992. This relationship was examinai for various 

ievels of geographic isolation, while accounting for the potential confounding effect of  socioeconomic 

stanis. An scoIogic study design w s  ernpioyed, with the unit of analysis being the census subdivision 

in a 5-year pend.  Analyses looked at both childhood leukaernia as a whole, as well as the ALL 

subtype in particular. 

The following c hapter sumrnarizes current knowledge regarding the etiology of chiidhoai 

leukaemia, and describes evidence pertaining to a viral etiology. A description of past studies 

specifically examining population mixing is included. In chapter 3, the objectives are presented and 

the midy methodology is described in detail. Issues with data quality of both the Census of Canada 

and the Ontario Cancer Registry are discussed in chapter 4. Tne results of the analysis are presented 

in chapter 5, followed by a discussion of the findings in chapter 6. 



2. BACKGROUND 

2.1 Descriptive Epidemiology 

The most recent data for Canada indicates that leukaemia accounts for approsimately one- 

third of al1 cancers in children aged O to 14, with an age-standardized incidence rate of 48.10 per 

1,000,000 in 1993.6 Approximately 80 percent of new cases are of the ALL subtype, vnth the next 

mobt muent king Ah%, accounting for about 12 percent of new cases.6 In Western countries, CML 

accounts for one to 3 percent of new cases while CLL is extremely rare under the age of 30.' 

Approximately 3 percent o f d  cMdtiood leukamias occur in Uifants (less than one year of age), with 

roughly qua1 proportions of ALL and AML occuning." 

Features ofchildhood leukaemia include a slighthtly increased fiequency of incidence in males 

than in fernales16 and, cornmon to both sexes, a distinct peak in incidence between the ages of twvo and 

threz.l7 The incidence peak is attributable to the ALL subtypeI6, and specifically, to B-cell precursor 

ALL, also referred to as 'conunon ALL'." Dis~inct fiom ALL, the peak in incidence for childhood 

AML occurs in the first year of life, decreases through age 4, and finally stays constant throughout 

the remaining childhood y ears .16 

2.2 Established Risk Factors 

Although the majorin/ of chilcihood leukaemia cases are unqlained, environment and heredity 

are related to the etiology in a srnail proportion. Specifically, ionking radiation, chemotherapeutic 

agents, and inherited conditions have been established as causal factors in a minority of w e s .  

2.2.1 Ionizing Radiation 

AIthough not wtirely underrtood, the best substantiated biological mechanism associated with 

inilgemia is through ion+ radiation.lg Molecular and cytogenetic research have clearly shom that 
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many leukaanias and lymphomas are assaiated with chromosornai reanangements thar are consistent 

uith radiation-induced single-strand DNA breaks." The majority of midies supporting a 

leukaemogenic role for ioninng radiation cornes fiorn studies of environmentally and occupatiody 

exposed groups such as Japanse atomic bomb survivors, individuals esposed to fallout fiom nuclear 

wqcms testings, people undergoing radiation therapy, prenatal exposure to diagnostic x-rays, medical 

radiation workers and nuclear industry w o r k e r ~ . ~ ~  Research on these populations reveal an increased 

risk of ieul<aana with radiaton e'tposure. In particular, ionking radiation is mon closely associated 

with CML, AML and ALL20, while CLL shows no association." 

2.2.2. Chemotheraueutic Agents 

Secondary cancers include two or mon independent cancers in the saBe patient, which are not 

metartases or recurrences of the original primary cancer.') Second- leukaemias have ben shotm 

to ocnir in response to chemotherapy (in addition to radiotherapy).19 Sirniiar to the case wiîh radiation, 

biological mechanisms involve DNA strand breaks? The most common leukaemia subtlpe ro occur 

follotving chemotherapy is AML. in children, therapy-relatai leukernia is rare3, however, children 

being treated for ALL, Iymphoma or Hodgkin's diseast are at increased risk ofAML.19 

2.2.3. Inhented Conditions 

An increased risk of leukaemia in children wkh conditions hvolving constitutionai 

chromosomai abnormalities lends support to a role for inherited fiictors in the etiology of c h i l d h d  

leukaemia." The rnost striking observation is the association benveen trîsomy 21 (or DOWI'S 

syndrome) and amte leukaemia (both ALL and AML), where compared to the general population, the 

nsk is 10- to 20-fold increased in children with this Fanmni's anemia, atasia- 

telangiectasia and Bloorn's syndrome are inherited genetic instability qndrornes that are associated 
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with an increased risk of leukaemia." ûther inhented conditions that increase the susceptibility to 

childhood leukaemia are Klinefelter's syndrome, tnsomy G syndrome, neurofibromatosis, and 

Shwachman's ~yndrome.~' Further support for a genetic role in the etiology of childhood leukaernia 

is provided by evidence of leukaemia clustering in fiunilies with excess cancer incidence, and by the 

high degrez of concordance arnongst monozygotic twins for le~kaemia.~ However, this evidence 

additionally supports the role of an environmental factor to which family memben are commonly 

exposed. 

2.3. Suspected Risk Factors 

Given the known role of relative- high doses of ionizing radiation, it is thought that 

background (natural) ionizing radiation, including external gamma radiation and intemal alpha 

particles, may play a role in childhood leukaemia incidence." in one ecologic study on the effect of 

background radiation, it was found that outdoor gamma radiation w s  significantly associated with 

childhood leukaenua, however, in a more ment shdy it was found that once radon was accounted for, 

the effect of both indoor and outdoor gamma radiation was n ~ n - s i ~ c a n t . ~ ~  In addition to ionizing 

radiaîiob non-ionizing electromagetïc field @MF) radiation has been suspected of increasing the risk 

of leukaemia in children. nie role of EMF in the etiology of childhood leukaemia rem- 

contr~versial ,~ '  however, this is likeiy due to problems associated wiîh exposure measurement.I6 

Research fouising on parental exposure to chernicals such as pesticides3' and benzene3 has provided 

evidence supporting an association wvith childhood leukaexnia, and in particular with AML, however, 

the results have been c ~ n ~ c t o r y - ' ~  Materna1 smoking and use of alcohol d u ~ g  p r e v c y  has been 

shom to be asçociated childhood l- however, the evidence is inc~nsistent."~~" Recently 

it has been suggested that patenial smoking pnor to conception may be a relevant risk fktor? 

Matemal factors that have been reportecl to be associated with an increased risk of ALL include 

5 



advanced matemal age and a history of fetal loss." High birth weight has also been found to be 

associateci wiîh cMdhood leukaemia, although in a few midies this relaîionship t a s  not obser~ed.~' 

A recent midy showing an association between childhood leukaemia and anemia duMg pregnancy 

lends support to the mpeckd relationship Mzen childhood ieukaemia and birth weipht since anernia 

d u h g  pregnancy is associated wvith an increased placental ~e igh t .~ '  Pet ownership \sas implicated as 

a risk factor in this same study, although, as the authors state, this result cuuld have been due to 

chance.)' Because of the importance of dietary factors in relation to adult cancers, it has ben 

suggested that child andlor materna1 diet rnay be etiologically relevant, however, to date very few 

shidies have investigatad this fiictor? Another environmental factor which has received considerable 

attention in research is infectious di~ease.~' 

2.4. f otential Viral Etiology 

Speailations on a possible viral component to childhood leukaemia have been existent since 

the early 1900s." One of the mon nrikhg findings suggesting a possible infectious etiology 1ns 

reported in 1963." A cluster of eight childhood leukaemia cases was observeci during a span of four 

years (1 957-1960) in the town of Niles, Illinois following a period of rapid population growth. 

Common to the eight cases were: a particular school, where 7 of the cases either attended or had a 

sibling attending; the time pattern of their onset, which corresponded with the 1957-58 and 1959-60 

school years; and the coinciding appearance of a rheumatic-like illness arnongst other children durhg 

the same s c h d  year periods. These observations, as well as the fàa that space and time clusterhg 

is a charaderistic wmmon to diseases caused by infectious agents," suggested a possible 

microbiological (and perhaps viral) ongin to childhood leukaexnia. 

Numerous cluster analyses, reviewed in 1993 by Alexander," have examineci childhood 

leukaemia w*th respect to space, time and both space and the .  Results are inconsistent, however, 



formal statisrical analyses were not always pertormed, adjustments for multiple t&g were not 

always undertaken, and the definitions for space and time have varied among studies. in any case, 

because of the relatively long latency period" and the possibility that leukaemia is a rare response to 

the relevant infectiona, the observed lack of clustering does not conaadict an infectious etio10gy. 

Some recent studies that assessed clustering of childhood Ieukaemia with respect to space and 

t in~e~*~ '  using f o d  staîistical methods and sinilar space and time definitions have reported evidence 

of space-thne interactions for c h i l d h d  leukaemia. However, it has been suggested that the analysis 

0fspatia.i clustering, which assumes that the relevant risk factors have e s i ~ e d  in the study area for a 

considerable part of the midy period," is more appropriate than space-time clustering when studying 

infectious exposures with relatively long latent pends." Spatial clustering \ras evident in sîudies 

canied out in Great Britain3, G m 4 ?  and Hong ECO&* while midies conduaed in the United States4 

and SwedenJ5 found no evidence of spatial clustering. 

Further research which has addressed a potential viral etiology of childhood leukaemia ha 

focused on such factors as socioeconornic status (SES), birth order and the influence of chilcihaxi 

~ontacts."*~ The underlying rationale, consistent with the Kinien hypothesis, relates to timing of 

srponire to infectious agents? Specificaiiy, it is thought that these factors are associated trith delayeci 

e?cponire to cornmon infectious agents" which can consequently result in childhood leukaemia upon 

later exposure. 

A number of studies have s h o w  a higher nsk of chilcihocd leukaemia associated with a high 

SES at both the eco10gicag and individual l e ~ e l ? ' ~ ~  As well, shidies have s h o m  a decrease in ALL 

risk with increasing birth ~rder . '~  It is thought that high SES is associated with a higher standard of 

hygiene, thereby resulîing in a delay in exposure to common infections." Similarly, delayed exposure 

to m o n  infections is ex& in children of earlier birth order17 while early exposure is more likely 

with later birth order through older siblings." Although several midies have supported a link between 



SES and birth order with ch i ldhd  leukaemia risk, othen have n ~ t . ~ ? ~  

Additional fadors of interest, related to childhood contacts, include household crowding and 

day are  aîtendance. A midy conducted in Greece found that early attendance at nurseries for more 

than three months in die first two yean of life provided significant protection from the risk of 

childhood leukaemia incidence? This decreased nsk of leukaemia was hypothesized to be due to a 

young age of e?rposure to relevant infectious agents. A more recent Greek study aiso found an inverse 

association bet~veen childhood leukaemia and day care aitendance? as well as wiîh household crowduig, 

howeever, the results were statistically non-significant." 

The role of a possible viral agent in the etiology of childhood leukaemia is further supportai 

by the known role of vinises in animal leukaemias, and additionally, in two human hernatopoietic 

cancers." Human T e l l  lymphotropic virus type I (HTLV-1) is a retrovirus hown to cause adult T- 

ce11 leukaemia and the human herpesvirus, Epstein-Barr virus, is associated with Burkitt's 

lymphorna.'' 

2.5. Population M i n g  and Geographic Isolation 

Further evidence supporting a role for Mruses in the etiology of childhood Ieukaemîa corne 

fiom eco1ogic studies examinhg population mixing and geographic isolation. These studies improve 

upon descriptive cluster analyses by including an exposure variable, and therefore, an analytitical 

cornponent to the shidy. The original studies were conducted by Leo Kirden in situations of extrerne 

population m i .  in isokted areas ofthe United Kingdom (UK). Sirnilar midies have been conducted 

by other researchers, both in the UK as well as in other parts of the worId. 

2-5- 1 Kinlen Studies 

In Briîain in the 1980s, clusters of childhood leukaemia were reported in two separate sites, 

8 



SeMeld and Dounreay, both located near nuclear reprocessing plantd3 The increased incidence of 

childhood leukaemia in the residential toms near Sella£ieId and Dounreay led to suspicions b t  

radiation from the nuclear plants were causing the cancers. Several independent studies, however, 

indicaîed that the levels of radiation in these areas were far below that necessary to account for the 

excns of letkiefnia. In detennining alternative factors that were comrnon to these areas, it was noted 

that both sites were geagraphically isolated and undenvent a large population increase upon the 

constniction of the nuclear facilities. Thus, the hypothesis of a viral etiology, with respect to the 

rehionship ktwleen population mkbg in geographicaily isolated areas and chilcihomi leukaernia, rvas 

poshilated by Leo Kinlen. 

To test dus hypothesis, Kinlen identifid a New Town creared in Scotland which was relatively 

sirnilar to the towns near Sellafield and Dounreay, with respect to geographic isolation and the 

experience of a large population influx, yet did not contain any source of nuclear radiation.13 

Glenrothes was designated as a New Town in 1948 and thc population doubled t e ~ e e n  195 1 and 

1967. It was found that in the age group O to 4 years particularly, a signifiant increased mortalip 

rate due to childhood 1-a occurred as the population of Glenrothes doubled. The results of this 

ecolo@c study thus provided initial evidence for the role of population mising on the incidence of 

chîldhood leukaemia thereby pointhg to a possible viral etiology. 

A second study was conducted which investigated al1 British New Towns desipted around 

the same time as Glenrothes (1946-1950)?' ïhese New Towns fell into die two categones of 'rural', 

which cauld be considered isolated, and 'overspill', which were towns near large cities like London 

and Glasgow and were, therefore, reiatively not isolated. Two 20 year periods following the 

designation p e r d  were analyzed (1 946-1963 and 1966- 1985). It was found that in rural New Towu 

there was a significantly increased rate of leukaemia deaths in the 20 year period irnmediately 

foilcnving the designation of the new tom., specifically in the O to 4 year age group. On the other hanci, 



in the second 20 year period in rural New Towns, as well as in both p e n d  in the 'oveapiii' New 

To~vns no excess  vas found. 

Several subsequent ecologic studies, which have examineci other circumstances of population 

rnixing in Great Britain, have been conducted by the sarne group of investigators." Situations and 

populations tbaî have been investigated include: the highly mobile groups of militîry seMemen and 

construction workers, where population mixing LI rural are .  resulted in subsquent increased rates 

ofchildhd leukaemia; changes in commuting level, which showed a signifiant escess of leukaemia 

in c h i l h  in the decile whh the greatest change in commuting; and British \vartirne evacuations, where 

childhood leukaemia in rural areas with increasing proportions of evacuees showeed a significantly 

positive trend. ïhe consistent results fiom these studies thus provided further eiidence for the role of 

population mi.sing on childhood leukaemia in the üK, particularly in the age group O to 4. 

Kinlen's initial studies were conducted on locaiized and temporary situations of population 

mishs in the UK. In an aîtempt to investigate a population mi'ung situation thar t a s  more prolonged 

and covered a Iarger area, a study was conducted which emined c h i l d h d  leukaemia rnortality 

among several different countries (particularly The measure of population mircing used w s  

intemal rural to urban migration in the 1950s and 1960s. h o n g  33 countries srudied, it was found 

that Greece and Italy had the highest level of rural to urban population movement while also haviag 

high chiidhood Ieukaernia rnortaiity rates between 1958 and 1972. In fkct, Greece had the highest 

childhood leukaemia mortality rate among al1 the countries studied. 

Recentiy, five of Kinlen's original midies have been reanaljzed to t es  the hypothesis that 

among e x w s e s  of childhood leukaemia in areas with exverne population miung, the incidence is 

higher for the children of men in occupations involvhg contact tvÏth many individuals? For each 

study, cases in the categories of highest population mixiing were identifid and rhen categorized by 

paternal occupation contact level thus determinhg the observed number of cases by contact level. 



Expected numbers were derived by determining the distribution of patemal occupations by contact 

level among cases in the categories of lowest population rniUng. The data across the midies wre 

pooled and a sigdïcant trend across low to very high exposure categories was found. Within the hi& 

contact group, the hcreased Nk was found to be most associated with occupations involving transport 

and construction. Thus, in areas where population mixing is associated with childhood leukaemia, 

patemal occupations involving many contacts is associated with an excess nsk. 

2-52. Other UK Sîudies 

Several other researchers have examined population mi;uing andlor geopphic isolation at the 

ecologic level using Kinlen7s hypothesis as a rnodel. One such siudy used census data on electoral 

wards of Engknd and Wales to investigate factors related to isolation? The incidence of ALL fiom 

1984 to 1988 ivas examined and it \vas found that greater distance to urban areas ivas significantly 

associated with increased nsk, even when adjusted for urban-mnl stahis and socioeconomic stahis. 

Another study hypoihesized that the degw: of populaîion change in a cornmunity may be more relevant 

than the initial rernoteness of the area." Radier than restricting the analysis to remote areas, as  in 

Kinlen7s original stuclies, this study examimi the percent change in population between 196 i and I 9 7 1 

in al1 local authonty areas of England and Wales. An excess risk of childhoûd leukaemia mortality 

benveen 1969 and 1973  vas found in areas expenencing grearer than 50% increase in population, 

relative to areas expenencing less than 50% increase. 

In 199 1, a report on the geographical and epîdemiological feaîures of childhood leukaemia and 

non-Hodgkin's lymphoma in Great Britain fiom 1966 to 1983 was p ~ b l i s h e d . ~ ~  Among several 

analyses, population nûsing, rneasured by the ratio of the total child population in 198 1 to the total 

chiid population in 1971 and categorized into quintiles, was e~amuied.~' There \vas no ùicrease in 

rates of leukaemia fiom 1966 to 1983 with increasing child population ratio, even when controtled for 



SES and urban-rural staais. However, when the analysis \vas restricted to nual areas and population 

mking was andyzed as dichotomous, it mas found that census tracts wiîh a child population raîio of 

140% or more had a hipher nsk of lymphocytic and unspecified leukaemia in ciuidren aged O to 14, 

relative to census tracts with less than 140% ratio, pariicularly in the highest SES groups. 

A recentIy published study suggesQg that population mixhg, even at reiatively low levels, 

may be important in the etiology of childhood Ieukaemia, analyzed the effect of the proportion of the 

total population, as weli as the proportion of children under age 15, who had not been resident in that 

county in the previous year (i.e. total migrants and child  migrant^).^' For both the O to 4 and 5 to 9 

age groups, child migration was significantly associated iiith childhood leukaemia incidence. Total 

migration, on the other hand, was significantly associated with leukaernia incidence only in the O to 

4 year age group. However, in the 5 to 9 year ase group, total migration accounting for diversity of 

the incorners was sigiificantly associated wiih ALL nsk. 

Overall, the midies conductcd in the UK by Kinlen and by other researchen have showvn that 

childhood leukaernia rates are associated with population rnixing. In particular, this fmding has been 

consistently seen in the O to 4 year age group. 

2.5.3. Studies Outside of the UK 

An emlogic analysis was conducted on data fiom the Aegean and Ionian Greek islands, which 

had been reldvely isolated unîii an increase in tourism.s7 It was expected that population influxes due 

to towism on the islands would resuit in an increase in cfiildhood leukaemia. However, it was found 

that mortality rates between 1976 and 1989 for childhood leukaemia in these island groups were not 

sipificantly different fiom the other Greek regions. An ecologic study conducted in New Zealand 

investigated the effect of population increase and the establishment of new t oms  as a result of 

developmenîs in the for- industry." kukaernia incidence rates in children in these previously non- 



populated areas were compared with rates in the rest of New Zealand. It was found that incidence 

rates in the midy areas were not sign.i£icantly increased during or after the greatest population increase, 

as would be espected according to the population miuing hypothesis. Thus, these shidies, both 

conducted outside the WC, did not provide supportive evidence for the Kinlen's hypothesis. 

A recent study examined clustering as well as the effect of population growth in new toms 

in the New Tenitones of Hong Kong, built in response to the expanding popuhhon and irnbalanced 

population density of the 'Hong Kong protectorate'." Analyses were conducted on total leukaemia, 

ALL and cornmon ALL. In areas where extreme population rnixing occurred an escess of ALL, and 

panicularly common ALL, was found in young age groups, although, this result was not quire 

statisticall y significant. 

2.6. Summary and Methodological Considerations 

The most consistent finding in past studies is the excess of Ieukaemia in the O to 4 year age 

group, which is iikely related to the incidence peak at ages 2 to 3. Because children in this age group 

would have had the least opportunity for eariy exposure to the relevant virus, it is likely that the 

proportion of susceptible children in this age group is larger than the proportion of susceptibles in the 

older age goups? It can therefore be expected that the nsk of leukaernia would be greater in this age 

group. It has also been observed that the excess nsk in the O to 4 p r  age group associated wîth 

popuiaîion mi- and the childhood peak, is concentrated in the ALL su btype. '"" Accordingly, it has 

b m  niggested that the etiology of ALL in the early age group rnay differ fiom that for other ages." 

Most studies have e&ed al1 chiIdhood leukaemia subtypes as one enîiv, and some have even 

included non-Hcdgkin's l~mphoma." Recent shidies, however, suggest that the etiology of ALL may 

diner fiom that of other s~btypes . l~*~~ The study conducted in Hong Kong separaîely e&ed both 

chilâhood leukaemia (al1 sub~pes)  and ALL in relation to population rnising and in doing so 



emphasized the importance of separate analyses of ALL in the childhood peak.18 

Previous studies are for the most part consistent with the hypothesis of a viral etiology to 

childhood leukaemia+ However, the majority that support the Kinien hypothesis were ecologic analyses 

conducted within the UK, Only one of the three studies conducted outside the UK !vas supportive of 

this hypothesis and the results were not statistically significad8 The use o f  rnortality data is of 

concem in some of the past studies, particularly with respect to cases thai have occurred recently. 

Because treatment modalities have improved suMval following diagnosis, mortality cannot 

appro'dmate incidence. Thus, ahhough the sîudy in the Aegean and Ionian islands of GreeceS7 \vas 

not supportive of the Kinlen hypothesis, this could have been a result of the use mortality data. For 

example, it is possible that population mixing due to tourism could have actually resulted in an 

increased incidence of childhood leukaemia but this kvas not captureci in the analysis of mortality. 

The majority of past studies have examined the population mising hypoihesis in study areas 

considered to be isolated. According to the Kinlen hypothesis, herd immunity to common infections 

is low in geographically isolated areas cornpareci to urban areas, either because the opportunity for 

infectious transmission is fewer, or because smdl populations do not allow for the disease to be 

maintained in an endemic form.13 In any case, areas with a low herd h u n i p  are expected to be 

highiy susceptible to an epidernic of infection (and subsequent increase in leukaemia cases) upon 

population mixing. On the other hand, in areas with a relatively high herd immunity, a large 

population influx would not be espected to cause a hi& rate of infection since moa individuais wouid 

be immune. In aîtempting to consider various levek of population mixing, in contrast to Kinlen's 

studies which focused on more extreme levels, a few of the UK studies esarnined the effect of 

population mixing in ail geugraphic regions of England and e ai es.^'.^^^ However, a limitation 

common to these studies is the Mure to account for the varying levels of geographic isolation included 

in the study areas. Regardless, in two ofthe snidies population mixing uas found to be related to rates 



of c h i l d h d  leukaemia.'v5 Hoivever, in one midy, an association \\ris found ody when restncting 

the analysis to rural (Le. isolated) areas." If herd immunity does affect the potential for an epidemic 

of infeceion causing an hcrease in childhood leukaania, then it is possible that the relationship between 

population mixing and childhood leukaemia m e r s  in isolated areas compareci to non-isolated areas. 

This study examinai the possible viral etiology with respect ro the f i l e n  hypothesis using 

incidence d e r  than mortahty data. In con- to most previous studies, pariicularly those of Kinlen, 

which focused on situations of very hi& levels of population mixing in the UK, this study conducted 

in Canada offered the oppomuiity to explore the association of childhood leukaemia with more 

moderate levels of population mising, as suggested in the most recent UK study." In addition to 

studying variations in population mising, vaqing levels of geographic isolation were measured and 

accounted for in the analyses thus offering an oppomuiity to examine possible differences between 

isolated and non-isolated areas with respect to the relationship behveen population mixing and 

childhood leukaemia. Given that the existing literature indicates that the KinIen hypothesis is most 

plausible for ALL among children in the youngest age group, analyses were conducted sepamtely on 

each specific age group and for the ALL subtype. 



3. DESIGN AND METHODOLOGY 

3.1. Objectives 

The objective of this study \vas to determine the ecologic association between population 

mixing and the incidence rate of leukaernia among children, with respect to varying levels of 

geographic isolation. To address possible etiologicd ciifferences by age, and in pdcular  among 

young childreq Nk was exunineci in the three specific age groups of O to 4 , j  to 9, and 10 to 14. In 

addition, risk was exaxnined separately for the ALL subtype. 

3.2. Overview of Study Design 

This shidy employed an ecologic design in order to assess the effect of population mising on 

the incidence rates of childhood leukaemia. The ecologic unit of analysis w a s  defined by the census 

subdivision (CSD) in a 5-year period. Incident leukaemia cases, including al1 diagnostic subtypes, 

occurMg in children aged O to 14 between the years 1978 to 1992 in Ontario were eSarmned. The 

study included diree 5-year periods: 1978-82, 1983-87 and 1988-92. Variables used to represent 

populaùon mixing were changes in population size and migration levels benveen census S e m ,  which 

were both adable fiom m u s  data. The relarionship between each population mixing indicator and 

childhood leukaemia incidence was examined for two levels of geographic isolation, measured by: 

urban-rural status, prorÿmity to an h a n  centre, and highway accessibility. In addition, the possibifih 

of confoundhg by nuclear radiation and socioeconomic staîus were assessed. Specifically, CSD 

characteristics of distance from a nuclear faciliv dong with ernployment, ducation and incorne 

measures were esamined. 

3.3. Study Period 

Incident leukaemia cases between the years 1978 to 1992 were esamined. This study period 



reflected the constraints ofthe census years and the availability of census migration data. Aiso, the 

reqpition of a possible lataicy period was considered in determining the snidy period. Given the age 

peak in incidence o f a p p r o ~ l y  2 to 3, it would be reasonable to assume a latency period behveen 

exposure to populah'on mi- and incidence of childhood leukaemia of about 2 to 3 years. However, 

according to the b i e n  hypothesis, it is a lack of exposure (to population e g )  tbat results in 

susceptibhy to the &ect of population mLxing. Thus, accounting for a period during ivhich there is 

an absence of exposure (likely during inhcy )  and also the age peak, a very short Iatency period of 

perhaps 1 to 2 yean is possible. In rhis study, a latency p e n d  of 1 % years was applied utilizing mid- 

year population and dernographic estirnates from each census, and annual counts of leukaemia cases 

based on the year beghing in January and ending in December. For example, population mixing 

ocnirring between the census years of 1976 to 198 1 corresponded to childhood leukaemia incidence 

betiveen 1978 and 1982. Likewise, population mixing bebveen the census years of 1986 and 199 1 

componded to leukaemia cases baveen 1988 and 1992. Census information \vas obîained from the 

census year included in each of the 5-year periods, Le. 198 1, 1986 and 199 1. 

3.4. Census Geography 

Several levels of geography, relating to census data, are referred to in this midy and are 

describe- in detail in cennis publications.* Bnefiy, the smallest geograp hic area for which census data 

are îMilable is the mumeration area @A). EAs are delineated based on the number of dwellïngs that 

will be canvassed by one Census Representative and varies between roughly 100 to 400 households. 

Al1 larger census areas are made up of aggregated EAs. The next larger census area is the census 

subdivision (CSD) wvhich generally refers to municipalities and includes indian reserves, Indian 

settlements and unorganUed temtories. Census metropohan areas (CMA) and census agglomerations 

(CA) are made up of CSDs. A CA is the economic and socially integrated area surroundhg and 



including an u r h i d  area (core) nith a population of 10,000, based on the previous census. When 

the population ofthe urbanized core is 100,000 or geater, then the area is cailed a CMA. 

3.5. Ecologic Units 

The unit of analysis for this ecologic snidy was the CSD in a 5-year period. CSDs are 

idenhfied by a Standard Geographical Classification (SGC) code by Statistics Canada.6' In Ontario, 

there were 932 CSDs in 198 1, 956 in 1986 and 95 1 in 1991. Exposure information on population 

mi.xing, geographic isolation and other variables of interest were obtained for these 2,839 CSDs from 

census data and other sources and linked to an SGC code. 

The differing numbers of CSDs among census years is prirndy due to geographical boundary 

changes which have o c c u d  with some CSDs, including such events as amalgamations of 

municipditi-s, the splitting of municipalities, and the shifting of boundaries such that the size of one 

CSD Uicreases a l e  the size of an adjacent CSD decreases. Because the population mixing variables 

(changes in population size and rnigmiion levels) reflect changes between census years, it is necessary 

that the geography of a CSD rernain constant between any two census years so that an observed 

change in population in fact reflects a true population change raîher than a change in geographicai 

boundary. ïhus, each CSD associated with the three tirne periods were treated as independent 

geograpfiical units and population miKing indiators were calculateci using values that corresponded 

to a constant census geography based on a given census year. For exarnple, for the 5-year period 1 983 

to 1987 (which corresponds to information on population mixing between the 1981 and 1986 

censuses), if the boundary of a CSD changed behveen 198 1 and 1986, then the population in 198 1, 

adjusted to reflect the population if the boundaries were the same as that in 1986, was used in 

dculations. The adjusted populations were directly available from census data. 

In Ontario, CSDs are also identifid by Minisûy of Healîh (MOH) codes. in the data received 



frmn the Ontano Cancer Re$my, MOH codes were provided as residence information for leukaemia 

cases. For the most part, the geography identified by an MOH code and any boundary changes that 

rnay occur are identical to that identified by the SGC code. nie only differences are where some 

geographic areas associated with an MOH code include more than one CSD as identified by an SGC 

code. ïhese are generally CSDs with small total populations (4,000) and some of the large 

unorganized temtories. There were 54 CSDs identified by MOH codes that corresponded to 130 

CSDs identified by SGC codes. in this study, ecologic units comsponded to the 2,763 CSDs 

identifieci by MOH codes. For areas ideni5e.d by an MOH code that included more than one CSD (as 

idenefieci by an SGC d e ) ,  exponire data h m  the cornprishg CSDs were combinai (Le. populations 

were summed, incorne in ras averaged). 

3.6. Leukaemia Cases 

information on new diagnoses of leukaemia (ICD-9 site codes 204-208) between 1978 and 

1992 arnong the popuiation of children aged O to 14 in Ontario was obtained in cornputerized fom 

from the Ontario Cancer Registry (OCR), which includes cancer patients diagnosed since 1964.~' 

Specific Somation that !vas obtained for each case hcluded: year of diagnosis, ses, age group at 

diagnosis (O to 4, 5 to 9, or 10 to 14), leukaemia site (codeci according to ICD-9), hinolog). 

(corresponding to ICD-O codes), residence (CSD) at diagnosis, 6-digit postal code (when available), 

and the sources of information for case's registration in the OCR 

There were 14 18 cases of ch i ldhd  leukaemia registered at the OCR during the study period, 

of which 1178 were of the ALL subtype. A total of 3 1 cases were not linked to a CSD for such 

reasons as: the case was not assigned to a CSD, the case \vas assigned to a county, or the residence 

code fias incorrect (either a code that had never existed or a code that had changeû between census 

years). For uniinked cases that were assigned a residence code that had changed, a Ming of residence 



code changes, provided by the Ontario Ministry of Heaith, was used to assign rhat o s e  to the correct 

CSD. Also, there were some unlinked cases, correspondhg to the 1986 and 1991 census yean, for 

which postal d e s  were available. For these cases, the Statisacs Canada Posial Code Conversion files 

(which converts 6digit postal codes to CSDs) were used to assign that case to the correct CSD? 

Ofthe 3 1 unlinked cases, 10 were subsequently assigned to a CS D. Thus, there were 13 97 childhocxi 

leukaania cases, of which 1160 were ALL, available for analysis (98.5% of al1 registered cases). For 

each CSD and 5-year period, the number of cases by age group and sex was determineci. 

3.7. Population At Risk 

Population denominator data for each CSD were obtained from the Census of Canada for the 

years 198 1,65 198666 and 199 1:' and manually entered into a database. For rach CSD and census 

year, these mid-year estimates of male and female population in age çroups O to 4, 5 to 9, and 10 to 

14 were muitiplied by five years to calculate the person-yean at risk in each age-sex group over a 5- 

year period. 

3.8. Variables Analyzed 

The main exposure variables related to the Kinlen hypothesis were population mixing and 

geographic isolation. Covariates that were acuiunted for were socioeconomic status and exposure to 

the nudear industry. A sumrnary of the independent variables, including components used in 

calculating the variable and source of information, is provided in table 3.1. 

3.8.1 . Po~uIation Mixing 

Population mising, as it relates to the Kinlen hypothesis, refers to a population influx in a 

geographically isolated area. Two factors based on census data, were used to represent population 



mixing over a 5-year period (i .e. baveen two censuses). 

Percent Change in Population The percentage change in population was used to represent 

population mWng as a nnilt of a net increase in population which, through an increase in population 

density, would increase the potential for contact between susceptible and infected people. This 

variable was calculated for each ecologic unit using the population in a given census year, and the 

population in the preceding caisus year given that the boundaries were the same as in that census year. 

Both population estimates were available h cenws &ta and obtained in computerized f o m  using 

the cornputer soflware package PCennis," provided by the Documents Library at Queen's University. 

For the main analysis, percent change in population \vas analyzed in categones of equal increments 

relative to a category of negative popuiation change. Categones were: sO%, >O% to 3 IO%, >IO% 

to ~ 2 0 %  and >20%. 

Migrant Population The proportion of the total population of a CSD that are migrants represented 

population mixing where a high population growth rnay have been balanced by a high level of out- 

migration, such that the area did not experience a net increase in total population, yet the original 

population may have ben exposed to new infectious agents. Migrants include îhe population 5 years 

of age and older in a CSD who were not a resident of that CSD 5 years before and they can originate 

fiom the same province, fiom a dinerent province or fiom outside Canada.6g The number of migrants 

and the total population greater than 5 years of age were available from PCensus. SUnilar to the 

situation with the percent chanse in population, the proportion of the population that are migrants was 

intended to be chs3ed into four categories mith 10% increments beginning at 0%. However, due to 

the smaii number of CSDs and the absence of leukaemia cases in the lowest (referent) category (>O% 

to 5 IO%), this variable was analyzed in categories of 0% to 220%, >20% to ~ 3 0 %  and S0%. 



3.8.2. Geo-hic Isolation 

The Kinlen fiypothesis specifies that population rniuing results in an increased incidence of 

childhood leukaernia wvithin geographically isolated areas. Thus, the level of geosaphic isolation of 

a CSD was accounted for. Three variabtes w-ere employed as indicators of geographic isolation. Since 

population influx can conceivably alter the isolation of a community (e.g. an innus of population can 

increase the population density, more paved highways rnay be built in response to a larger population), 

geographic isolation ivas measured for the census year starting the 5-year period over which population 

mixing was measured (i.e. the first census of the two relevant census years). 

Wrbnn-nrml srufz~~ Since it is assumed that the herd immunity to the relevant infection would be 

hi& Li an urban centre, where a high population density would facilitate the transmission of infections, 

relative to a rural location, where fiequency of contact between individuals wuId be lower, one 

measure of geographic isolation used tas the degree of urbanization of a CSD. Similar to Statistics 

Canada, an urban centre was defined as a CSD with a population of at least 1,000 and a population 

density ofat least 400 per square Hometre based on the previous c e n s ~ s . ~ ~ ' ~ '  For a given census year, 

populations in the previous census year for each CSD kvas availabk from PCensus. Land areas 

(corresponding to the current census) were obtained from Statistics Canada Census pub~ications"~~ 

and manually entered into the database. Urban-rural status was treated as a dichotomous variable. 

Proximity to an urban centre Travel to an urban centre by individuals living in a rural CSD in 

close proximity to an urban centre can be expected to be fiequent. Thus, although this CSD may be 

considere. r d ,  the herd immunîty would be more similar to that of the urban cenne, where frequency 

of contact between individuals are relatively hi&. For this study, urban centre \vas defied as a 

Census Metroplitan Area (CMA) or a Cennis Aglorneration (CA). in order to detennine prosunity 
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of a CSD to an urban centre, the distance between the centroid of each CSD and the centroid of the 

nearest CMA or CA was caiculated. A centroid refers to the geographical point that represents the 

d location of an m." Cenîroids, in latitude-longitude coordinates, were anilable for al1 CSDs, 

CMAs and CAS fiom PCensus. Because the earth's surfàce is curved and Ontario covers roughly a 

range of 15 degrees in latitude and 21 degrees of longitude, the shortest distance between two centroids 

codd not be simply dculated using Pythagorus's theorem without resulting in significantly distorted 

distance esthates." Rather, distances were calculated using measurements dong the 'great circle 

arc', whic!i is the arc produced when a plane passes through the centre of the earth." With the 

assistance of the Geographic Information Systems Laboratory at Queen's University, the distances 

behveen centroids were calculated in this way. CSDs were then classified into two categories based 

on whether it fell within 50 kilometres or greater than 50 kilometres fiom an urban centre. 

Highway accessibiii~y There are some CSDs, particu lady in northem Ontario, which have only 

one highway going through it. Additionaily, some areas do not have any highways and are accessible 

either through seasonal roads (e.g. ice roads) or through airplane. ïhese areas are, therefore, not 

subject to e;uposure to a high traffic of people through such things as curnmi?ting or travelinç and c m  

be considered isolated. An approxintate central point uithin a CSD !vas identified and the number of 

King's Highways and hvelane hard surfàce secondary and other highwys (as defïned by the Ontario 

Minisay ofTransporiation and Communications Road Maps) was counted for the years 1976, 198 1 

and 1986?'j 'Number ofhigh~ays' was intended to be categorized as zero, one to two, and îhree or 

more. However, due to small numbers in the 'zero' category, CSDs were cIassified as having zero to 

IWO or three or more highways. 



3.8.3. Covariates 

Other suspected risk M o n  for childhood 1eukaemia which were of interest as potential 

confounders were socioeconomic status and proximity to nuclear facilities. 

Socioeconomic Starus (SES) Previous snidies have show a higher risk of childhood leukaernia 

associated with a high SES and this has been observed at both the individual and ecologic levelV4' SES 

is also poientially related to population ming ,  in that areas associateci with a higher SES, for example 

as measured by low unernployment, would likely attract more uicoming individuals and families. 

Thus, it is necessary to account for the potential confounding effect of SES. Variables related to 

employment, incorne and education were cunsidered as indicators of SES in this study. 

It has been shown that when a factor (with several levels) is a confounder because of its 

association with the exposure and outcorne at the individual level, a single summary measure, such as 

the proportion in one category, may not provide adequate control ofüiat confounder at the ecologic 

level and that it is best to use more than just a single summary." M e n  a covariate has several 

possible levels at the individual level, it is recomrnended that the covanate distribution of an ecologic 

unit be summacired by a set of variables representing the proportion of individuals in each level. For 

emple ,  d e r  than anailyzing the proportion of individuals 15 years or older in a CSD with a highest 

level of education at grade 13, the proponions of individuals in al1 education categories can be 

detennined. Categories considered for highest Ievei of education were: less than grade 9, grade 9-23 

(with and without a seconday certificate), trade certificate/dploma, and University degree. Education 

was thus analyzed as a set of continuous variables that were considered simultaneously. Due to 

limitations in the availability of data, income could not be sunilarly analyzed. Income was therefore 

represented by the average individual incorne for a CSD, standardized to a 1986 constant dollar value 

based on the Ontario Consumer Price Indes." Because employment has only wo levels at the 
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individual level, the percent in one category, i-e. unemployed, LW analyzed. Ail SES information vas 

obtained fiom PCensus. 

Proxhity to IVucIear Faciljties Another potential cdounder that  vas considcred \vas p r o d t y  

to nuclear facilities. Research on population mixing was in hct  initiate- by the excess childhood 

leukaania observed near nuclear facilities in England and Scotland. At this time, radiation fiom these 

faciiities was suspected of being the responsible environmentai risk factor. Alrhough the role of 

ionizinp. radiation with respect to childhood leukaemia is weI1 subsîantiated, the evidence regardlig 

nuclear facilities is weak.'' However, since the nuclcar Uidustry can be associated with population 

mi.-, (e.g through the availability of employment leading to a population inflow into an ara) it is 

reasonable to consider its potential confounding effect. CSDs within a 25 kilomctre distance from a 

nuclear fàcility \vas designated as 'near a nuclear facility'. The choice of a 25 klometre distance uas 

based on previous studies which have examined nuclear facilities as a potential point source of 

environmental ri~k.'~*'~ This information was obtained fiom a previous study conducted in Ontario 

where CSDs were ctassified based on their lmon relative to circles with a 23 kilometre radius ciratin 

around each nuclear facili~?' Al1 nuclear facilities in Ontario were already in operation pnor to thc 

beginning of the study 

3.9. Data Anaiysis 

Once the &ta were reviewed for accuracy and completeness, analyses were conducted to 

describe case &ta and population exposure data, as well as to determine the association between the 

main variables and leukaemia rates in children. The statisùcal program SAS8' and EGRET8' were 

used. 



Table 3.1. Summarv of indc iendent variables 
d 

INDEPENDENT VARIABLE 
- - -  - 

f opulation Mïsing 
Percent Change in PopuIation 

P m m t  Migrant Population 

Geographic isolation 
Urban-ml statu 

Prosimity to an urban centre 

Highway accessibility 

Cova riatcs 
Uncmployrncnt Rate 

Average Individual Incorne 

Ro.ximity to a nucleor facility 

VARIABLES USED IET CALCULATION 

Total population in cment census year 
Total population in previous census y m  

Total population aged 5 years and over 
Population 5 years of age or older îhat did 
not live in CSD in previous crnsus 

Total popuiation in previous c a m s  year 
Total population in curent csnsus year 
Land area (current census year) 

Centroidcoordinates foreachCSD 
Centroid coordinates for each CMA or CA 

Total labour force 
Numkr of people unemployed 

Total population aged 15 y m s  and over 
Population aged 15 years and over with 
highest Ievel of schooling Iess than or equal 
to: grade nine 

grade 13 
trade, non-university 
University 

Consumer prîce indices based on 1986 $ 

SOURCE 

Cemus of Canada 
Census of Cana& 

Census of Canada 

Census of Canada 

Census of Canada 
Census of Canada 
Census of Canada 

Clrnsus of Canada 
Cennts of Canada 

Ontario Ministry of 
Transportation and 
Communications Road 
Maps 

Census of Canada 
Census of Canada 

Csnsus of Canada 

Census of Canada 
Cmsus of Canada 
Ccnsus of Canadii 
Census of Canada 

CANSM databasc 

AECB studf' 

3.9.1. Descrbtion of Outcome and Esposure Data 

In order to describe cases of childhood leukaexnia diagnosed between 1978 and 1992 in 

Ontario, the distribution of incident cases by age group, ses, leukaernia subtype and 5-year tirne period 

\vas determined. For al1 Ievels of each ofthe variables, the number of cases and percent ofthe total 

cases included in the study ( 1  3 97 cases) \vas calculated. 



For each exposure variable, the nwnber of CSDs and the population at risk, in person-yean, 

was detennined for each level ofthe variable. For descriptive purposes, continuous SES variablm 

were dichotomized based on the Ontario average for each variable over the study period. 

Analyses were conducted to give an indication of the nature of the relationship between 

independent variables. Chi-square tests and correlation coefficients were used to examine the 

relationships between the three indicators of SES, the relationships between the vanous geographic 

isolaiion indicators and the relationship between indicators of population mixing and SES. 

3.9.2. Poisson Remession Modeling 

In order to evaluate the association between population rnising and incidence rates for 

chiidhood leukaemia, while controliing for the effects of covariates, multiple regression rnodeling was 

used. A traditional linear regression approach is one way to assess this relationship. However, 

because the population at risk in each ecologic unit is of differcnt sizes, the nriability in the rates 

differ arnong each unit." One method to account for this is to conduct a weighted regression where 

weights are assiged to each observation based on the arnount of information they contribute.*' In borh 

the mighted and unweighted regression approaches the dependent variable can take on both negative 

and positive values. Hoivever, incidence rates can ody be positive, therefore, a traditional regression 

may subsequently produce incidence rates which take on negative and therefore meaningless values? 

An aiternative regression method, which has been used in more recent ecologic studies of chilcihood 

l e t ~ h e m i a , ~ ~  is Poisson regression analysis. The Poisson mode1 is suitable for situations where the 

outcorne variable is a count and as well when the outcorne is a rare event such that the Poisson 

distn'bution can be usgi to make inferences."" Thus, since IeukaeMa is a rare event in the population 

aged O to 14, the observe. number of incident cases \vas regressed on the population mising incikator 

and covariates with a log link function, logananthm of the person-years at risk as the offset, and a 
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Poisson error. 

Numeraton for incidence rates were the number of cases, by age group and se% of al1 f o m  

of childhood leukaemia that occurred in each CSD for the 5-year p e n d  of 1978-82, 1983-87 and 

1988-92. Denominators were the person-years at risk, by age group and ses, for that same time 

penod. Analyses were conducted on the whole age group and the three speczc age groups for al1 

childhood leukaemia subtypes mmbined as wll as on ALL separately. Each CSD associated with the 

3 rime periods, was treated as an independent obsexvation, or in other words, as 3 separate ecologic 

units of analysis. 

3 -9.3. Covariate Analvsis 

Since appropnate data were available, the education distribution ofeach CSD representing 

four Ievels of education, was analyzed as a set of three continuous variables representing the 

proportion of the population Ui each of the three highest education categories (rhe proportion of the 

population in the lowest ducation otegory was treaîed as a referent category and therefore ornitteci)." 

Unfortunately, sirnilar information was not available for hcome. Thus, before conducting the 

covariate analysis, it was necessary to determine the best form to represent die variable average 

individual incorne. For average individual incarne, as well as unemplopent rate, the original 

contùiuous form, a quadratic representation and a categorical representation were considered. The 

fonn associated with the smallest p-value, when fit in a mode1 with the outcorne, was subsequently 

used in the avariate analysis. This analysis was canied out with the chia set containhg al1 Ieukaemia 

cases as well as that restncted to ALL. 

Analogous to the case with individual level shidies, a variable is an ecologic confounder if it 

is associated w i t h  the outeorne, and additionaliy, is ecologidy associated with the exposure of interest 

across groups." To select covariates to be included in the adjusted analyses, the 'confounderdisease 
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association' was evaIII=ltPR for eadi ofthe three SES mdiotors and pro'cimity to nuclear facilities. The 

aim was to identiS, variables that \\we asSOciated with the outcome and consequently had the potential 

to confound the relationship between population mixing and the rate of childhood leukaernia. Thus, 

unemployment rate, average income, the education distribution, and proxhity to a nuclear fàcility 

were exatnined for their association with the incidence of childhood leukaemia. A backward Poisson 

regression deietion procedure was conducted to determine which set of SES variables \vas associated 

with the incidence of cbildhood leul<aemia and could therefore be considered as potential confounders. 

To ensure adequate control for confounding, the alpha level for deletion was set at 0.20." This 

conriate analysis was repeated for the subset of data containuig only ALL cases. 

3.9.4. Main Analvsis 

Once the covariate mode1 \vas estabiished, the main variables related to the Kinlen hypothesis 

were examined. Popdation mixing in an acea with a low herd immunity, and therefore a greater 

number of susceptible individuals, is expected to resuit in an epidemic of infection (and mbsequent 

increase in childhood leukaemia cases). On the other hand, population mixing in areas with a high 

herd imrnunity would not result in the same degree of infection since more individuals are immune. 

Thus, herd immunity, measured by geographic isolation, can be considered an effect modifier of the 

re!ationship h e e n  popuIation mWng and the incidence rate of childhood leukaemia. All analyses, 

therefore, examïned the relationship between population mixing and the incidence rate of childhood 

leukaernia among individual levels of gmgraphic isolation. Each population mixing variable was 

separately anaiyzed with each geographic isolation . A test for interaction between population 

rnixing and g e q q h i c  isolation was conducted by inciuding product terms between population mWng 

and gecgraphic isolaàcm in the Poisson regession mode1 containing the main and the selected 

c0vafiateS. The significance of the interaction parameters was tested by the score-test, which tests the 
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nuil hypathesis tha the d c i e n t s  of the parameters associated with the interaction t e m  are zero? 

P-values were calculatecl by comparing the score-test statistic to a chi-square distribution with the 

appropriate degrees of f i d o m .  For each population miung variable, crude and adjusted rate ratios 

at cach level of population mixing for both isolatai and non-isolatesi areas were determined, dong wiih 

the associated 95% confidence interval. For the group of children for which the Kinlen hypothesis is 

most relevant (i.e. AU in cbiidren aged O to 4), the overall association between population mixing and 

AU, adjusted for SES, was examined. A h ,  to determine whether there was any gradient of effect, 

a test for trend was camed out. 

3.9 -5.  Secondarv Analyses 

S ince the Toronto Regional Municipality includes six CS Ds (less than 1 percent of both the 

total number of CSDs and the land area in Ontano) yet contains roughly 20 percent of the population, 

analyses using the same mode1 as in the main analysis were conducted on the set of data with the 

Toronto Regional Municipality excludeci. 'Ihis was done to evaluate the influence of Toronto-area 

data on the observai results. 

Over-reporthg of childhood cancer has ben a cause of concem regarding data quality with 

the 0CR8' The main sources of data for regktration in the OCR are hospitai discharge sumrnaries, 

pathology reports, death certificates and records of referrals to the Regionai Cancer Centres or the 

Princess Margaret H~spital.~' Cases registered exclusively by hospital records are most ofien 

associated with over-reporting8' Since 1975, efforts have been taken to minimize over-reporting due 

to hospital~nly regktered case (Le. confirmation of diagnoses are sought) . Additiondl y, in a previous 

shtdy examining cbildhd leukaernia around nuclear facilities in Ontario, hospitai chart reviews were 

conducted to c m h n  diagnoses for incident cases ocuining fiom 1964 to 1986.'' Confirmation of 

diagnosis for recent cases registered in the OCR (1993 to present) has not yet been completed, 
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howwer, tbese cases are not included in this study . Thus, over-reporthg has been resolved for cases 

included m this saidy. Hoivever, there still existai some hospitalady registered cases. Therefore, to 

eduaîe the influence of possible over-reporting, analyses were carried out using the same mode1 as 

in the main analysis exctuding hospitalady registered cases. 

Since confirmation of diagnosis began only a short ùme prior to the ôeghmg of the study 

. penod, it was possible that over-reporting may have influenced results predominantly in the earlier 

tirne pends. To addras this issue, as wel  as to examine a period effect, subanalyses were conducted 

on each 5-year period separately. 

3.10. Ethical Issues 

The smdy protocol was approved by the Queen's University Health Sciences & Afiiliated 

Teaching Hospitais Research Ethics Board and a confidentiaiity agreement \\as undenaken widi 

Cancer Care Ontario, prior to release of &ta by the OCR. 

The original data file fiom the OCR was used to conduct descriptive analyses and to assign 

individuais to the correct aologic unit. Upon completion of this task, al1 identifiing idormation tas 

removed and the resultant data file was used for subsequent analyses. Al1 snidy results are displayxi 

in the form of aggregate statistics. 



4. DATA QUALITY 

The two main sources ofdata in this study were the Ontario Cancer Registry and the Census 

of Canada. Quaidy of the data, particularly that of the Census of Canada, had an effect on the shidy 

area included as welf as the statistical analyses. 

4.1. Census of Canada Data 

Census of Canada information was in fact obtalied directly in computerized form f?om the 

software package PCennis. Similar to any data collection efforî, census data are su bject to errors. 

The most comrnon types of errors include: average errors, non-response errors, response errors, 

processing errors and sampling errorsbM Several methods of data checkhg are employed and snidies 

are conducted to waluate the quality of responses. In addition to these errors, several other issues widi 

census data are cause for concem over &ta quaiity in this study. A brief description based on 

information fiom census publications follows Pm 

4.1.1. Incorn~lete Enurneration 

In some CSDs, specifically on some indian reserves and Indian settlements, enumeration was 

not completed. This resulted in xnissing data for al1 variables for these areas. Therefore, these CSDs 

were not available for analysis. Figures 4.1 and 4.2 present the distribution of CSDs fiom the 199 i 

census according to wvhether or not they were available for inclusion. 

Because the variable 'percent population change' depends on population estimates for two 

cemus years, ifincomplete enumeration occurred in the previous census, then this variable couid not 

be calculated. Thus, although information on population denominators and covariata mas be 

available, 'percent population change' is missing for some of the CSDs. 









e s t i m ~  agreed to the first decimal place. For srnaller areas, agreement baveen eshmates was not 

as precise, however, relative clifferences were not signjficantly distoned. For example, the relative 

proportions of people in each education group calculated with PCennis data compareci to published 

data was similar. For CSDs where the total education distribution wu not within the range of 90% 

to 1 10%, which were CSDs with very small total populations, counts for these areas were obtained 

h m  published values and manually entered into the database. keas wvith a labour force population 

of 5 people were assigned a missing value for unemployment rate since numerators could only take on 

a value of O or 5 thus resuhg in either a 0% or 100% unemployment rate. 

TabIe 4.1. Calculated variables affected by random rounding 

1 VARIABLE AM) INDICATOR CENSUS VARIABLE USED IN CALCULATION 

Population Mixing 
Percent Migrants w Nurnber of people 5 y w s  of age or older that 

did not live in CSD in previous census 
Total population aged 5 y w s  and over 

Covanates 
Unernploynmt Rate a Total labour force 

Nmber  of people unemployrd 

w Toul population aged 15 years and over 
rn Nurnbcr of people with highest b e l  of 

eduwtion in a c h  category 

Also in the interest of individual confidentiality, area suppression is done, where dl 

characteristic data (icludmg data on education, unemployment, migration, and income) for geographic 

areas with populations below a certain level are excluded. In this situation, the variable percent 

population change as well as population at nsk information may be available, however, information 

on conriates and migrant population would be missing. This occurred for seven CSDs. 

incorne is further suppressed for areas with populations below 250 people. Thus, although 



only seven of the CSDs adable  for analyzing population change were rnissing characteristic data 

based on area suppression, an additional 89 CSDs were missing information only on income. Thus, 

for 96 CSDs, information was available for population change but not for incorne. For 121 CSDs, 

informafion was available for percent migrants but not for Licorne. This has implications with respect 

to adjusted analyses since the nurnber of CSDs analyzed if incorne was included would be different 

than the nwnber of CSDs hcluded in the crude analysis. Because area suppression is conducted on 

the bais of srnail population size, it can be eepected that the population at risk affecteci is very small. 

In fàct, the analyses conducted with income in the mode[ were missing 0.3% of the total population 

at risk (see tabie 4.2). 

Table 4.2. Summary of ecologic units and population at risk 

Numbe r o f  CSDs Population At Risk (ages O to 14) 

1 Total 

(cannot caIcuiats due to missing 
denominator data) 

MOH identified (cannot calculate due to missing 
denornina tor da ta) 

Missing hominators 
Incornpletz rnumera tion 
Area Suppression 

1 Total 

Percent Population Change 
Crude AnaIysis 
Adjusted Analysis 

Percent Migrant Population 
Cnide Analysis 
Adjustd Analysis 



4.1 -4. Non-permanent Residents 

Non-permanent residents are individuais who reside in Canach through student or employment 

authorization, through a Minister's permit or who are refugee cl aimant^.'^ In 199 1, non-permanent 

residents were included in the census for the first tirne. Because of this change, total population 

counts, as weli as counts for a11 other variables, were affected. The inclusion of these residents had 

the potential to artificially inflate estimates of 'percent population change' and the 'percent of the 

popdation that are migrants' for the penod of population m i e  between the 1986 and 199 1 censuses. 

This effect would predomuiantly occur in the major CMAs (i.e. the Toronto CMA) where there is a 

concentration of non-permanent residents. 

Of the total Ontario population, 1.3 percent were non-permanent residents in the 199 1 

c e n s ~ s . ~  The percent of the population that were non-permanent residents in each of the CMAs in 

Ontario (excluding the Toronto CMA) ranged fiom 0.1 to 0.9 percent, af5ect ing population sizes which 

ranged fiom 238,023 to 9 12,095. In the Toronto CMA, 2.5 percent of the population of 3,863,110 

were non-permanent residents. Sin= in each CMA the total population was large and the percent that 

were non-pement midents was quite d l ,  it is unlikely that CSDs were considerably misclassified 

accordhg to population rnixing categones. 

The inclusion of non-permanent residents could infiate denominators in the 1987-92 pend 

causing rates to be underestimated. Again, since the proportion of non-permanent residents is srnall 

and this population would probably consist of mostly adults (e.g. people holding student or 

employment authorizatîons), denominators are likeiy not substantialiy affecteci. 

4.2. Ontario Cancer Registry Data 

As described in the previous chapter, over-reporting of cancer cases may be a cause for 

concem over data quality fiom the Ontario Cancer Registry. There were 30 cases of childhood 

38 



Ieukaemia registered exclusively on hospital records during the study penod. 5 occurred between 

1978-1982, 11 between 1983-1987 and 14 between 1988-1992. Of îhe 30, 13 were of the ALL 

subtype. 



5. RESULTS 

5.1. Description of Leukaemia Cases 

There were 1397 cases of ieukaemia diagnosed in children aged O to 14 behveen the years 

1978 and 1992 and iïnked to a CSD. The distribution of cases by gender, age group, subtype and 5- 

year period is presented in table 5.1. Slightly more males than fendes were diagnosed, and the 

majority occurred in the youagest age group and the ALL subtype. Roughly equal proportions 

occurred in each of the three 5-year periods. 

VARIABLE CATEGORY NLTMBER OF CASES PERCENT 

Table 5.1. Description of cases inciuded in the study 

GENDER Male 
Fmalc 
Total 

AGE O to4 
5 to9  

10 to 14 
Total 

ALL 
AML 
Other 
Total 

5-YEAR PERIOD 1978-82 
1985-87 
1988-92 
Total 

5.2. Description of Independent Variables 

There were 2647 CSDs available for d y s i s  wfüch included 29,003,900 person-years at risk. 

In table 5.2, the independent variables are summarized accordhg to number of CS Ds and person-years 

at risk Each of the independent variables are ecologic measures and therefore are characteristics of 

CSDs. Populati*on miving and geographic isolation indicators were grouped into predefined categories. 



SES variables were dichotomized based on Ontario average values for the census years incIuded over 

the midy pend. Also included are the proportion of CSDs and the proportion of the total population 

at risk t&aî are missing d u e s  for each variable. Although a relatively hi& proportion of CSDs were 

rnissing values for income and urban-rural stanis (4.6% and 3.3% respedvely), this affecteci 0.3% 

or less of the population at risk. 

It was found that the vanvanables distributai differently on CS Ds and individuals. For example, 

although 87% of CSDs are characterized by having at least 55% of the total CSD population with a 

highest lwel of education Iss than or equai to gxade 13, oniy 58% of the total population at risk reside 

in such areas. SMikrly, the mjority of the CSDs of Ontario are rural (77.9%), however, the rnajority 

of the total population at risk reside in urban CSDs (63.9%). In figures 5.1 to 5.6, maps showing the 

distribution of CSDs in 199 1 acccrding to measures of geographic isolation are presented. 

5.3. Covariate Analysis 

5.3.1. Relationshi~s between SES indicators 

Table 5.3 shows the correlations betwecn the k e e  SES indicators for CSDs in the three 

ccnnis years. Average individual income %vas positively correlated at the ecologic level with highest 

levei ofschooling being post-saandary edudon and university. Unemployment rate was only wakly 

correlated with income, post-secondary education and univenity degree. 

5.3 -2. Variable Re~resentations 

Education was analyzed as a set of continuous variables representing the proportion of the 

total population aged 15 and over in each of 3 categones of highest level of schooling. Unemplopent 

rate and average individual income were cowidered in the original continuous fom, a quadratic 

representation and as a categorical variable. Table 5.4 presents rate ratios for childhood leukaexnia 
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and pvdues associated with each form of unemployment rate and average individual incorne. Also, 

the rate ratios and p-values associated with the education variables that were analyzed are included. 

For bth average indivimial hcome and unemployment rate, it was found that the continuou fom of 

the tariable provided the best representation. When the dinerent representations were analyzed wih 

the ALL data set, the same representations ivere selected (results not shoivn). 

Table 5.2. Description of independent variables accordine, to CSDs and population at risk 
Oh OF POPULATION 

CSD CHARACTERISTIC CATEGORY % OF CSDs' AT IUSK 

HlGfIEST LEVEL OF 
EDUCATION s GRAOE 

13 

UNEMPLOYMENT RATE 

AVERAGE INDMDUAL 
rnC0M.E 

PROXIMITY TO A 
NUCLEAR FACILITY 

NUMBER OF PAVED 
HTGHWAYS 

DISTANCE FROM AN 
ZTRBAN CENTRE 

URBAN-RURAL STATUS 

PERCENTAGE CHANGE 
IN P o p m n o N  

MIGRANT POPULAïION 

55% of population aged 15+ 
55% of population aged 153. 

Missing 

> 7% 
s 7% 
Missing 

s %19,000 
> 519,000 
Missing 

Rurai 
Ur ban 
Missing 

s 0% 
> 0% and s 10% 
> 10% and s 20% 

> 20% 
Missing 

2 0% and s 20% 
> 20% and s 30% 

> 30% 
Missing 

Total CSDs = 2M7 
t Total person-years = 29,003,900 















Table 53. Correlations between SES indicators for CSDs in Ontario in census years 1981,1986 
and 1991 

University 1 I I I I I .OO 

Unit of analysis is the CSD, mlations calculatr=d Gom observations which were not missing any values for any of th 

University 

0.63 

Grade 9 or less 

Grade 13 

Pos t-secondary 

SES variable; included (2522 CSDs) 

Correlation 
cwnicient* 

Lncome 

Table 5.4. Rate ratios for the different representations of average individual incorne and 

Grade 13 

-0.03 

-0.38 

1 .O0 

unemployment rate and for the education variables 
I I 

Pos t-secondary 

0.53 

Income 

1 .O0 

Average 
individual income 

Unemplopent 

-0.32 

-0.79 

4.15 

1 .O0 

Highest Ievel of 
education 

-0.5 1 

-0.30 

0.44 

- - - 

Reprcsentation 

Continuous 
Qundntic 

incorne 
Incornc2 

Categoncal 
$3 10,000 
>$10,000 to SS 15,000 
>% 15,000 10 ~$20,000 
>$20,000 

Continuous 
Quaciratic 

Unemployment 
Unmployment2 

Catrgorical 
~ 5 %  
>5% to s 10% 
>IO% to s 15% 
>15% 

% wîth grade 13 
% with pst-secondary 
% ~ 5 t h  universi ty degrec 

Ratc Ratio*? 

1 

Rate ratio for continuous reprrsentation of income is pcr % 10,000 

p-vaiuc p-valuc 
(ovcrall): 

t Rate ratios for a h  ducation variable arc pcr 10% ~Cpopulation; rate ntios for education are adjusteci for =ch otha  
$ Where more than one term is used to reprwnt variable (e.g. quaciratic and cat~gon~al), pvalue refers to the 
çimdtaneous addition of al1 tinms 



5.3 -3. Variable Selection 

Table 5.5 presents resuits pertauiuig to the bachvard deletion procedure. Observations ivhich 

had information on al1 three SES indicators were used in this analysis. There were 2522 CSDs and 

28,9 15,425 person-years at risk included. At an alpha level of 0.20, unemploynent rate was not 

sigdicant while the education chribution and average individual income ivere. Thus, unemployrnent 

rate was deleted and average individual income and the education distribution were refit. Both average 

individual income (p=0.129) and the education distribution (p=0.007) remaineci in the model. When 

fiaing the covariate mode1 including the observations that were originally escluded due to missing 

values for unemployrnent rate, 2524 CSDs and 28,9 15,800 penon-years had information and die p- 

values did not change. Therefore, no more SES variables were deteteci. 

The variable regarding prosimity to nuclear facilities \vas entered into a model containing 

average individual income and the education distribution. The p-value for prosirnity to nuclear 

facilities was 0.720 and thus non-significant at an alpha level of 0.20. The final covanate mode1 

therefore included average individual income and the education distribution. The variable selection 

procedurc \sas also carrieci out using the data set that included only ALL cases and the final covanate 

n ide l  was identical. 

Table 5.5. Results of backwards deletion procedure 
r 

Variable 

Unernplo)ment rare 
P" 

Average individual incorne 
1 

Education distribution: 
i 

2522 CSDs, 2S,9 i 5,425 psrson-years 
t 2524 CSDs, 28,9 15,800 p n - y e a r s  
$ For the education distribution, pvalues rrfa to addition of al1 three educotion indicators simultaneously 

p-values 
L 

Model inciuding al1 SES 
variables' 

0.424 

0.175 

0.010 

After uncmplo~aient mtc 
tieleted? 

- 
0,007 

O, 129 



5.4. Results from Main Analysis 

Foiiowing is a pmmfaîion ofresu1ts regarding the main objective of this study. Each section 

praaits resultr separately for the two udicators of population mixing used (percent population change 

and migrant population). Cnide and adjusted rate ratios (RR) are presented dong with the associated 

95% confidence interval (CI). The discussion of results mainly focuses on the adjusted rate ratios, 

since in many cases there no substantial confounding obsewed. SimilarIy , p-values for interaction 

are presented only for adjusted analyses since differences in p-values behveen crude and adjusted 

analpes were small. Due to area suppression of average individual incorne (se chapter 4), adjusted 

analyses included a fewer number of CSDs. As well, a m ; i . . u r n  of nvo cases may be missing fiom 

adjusted analyses. 

5 -41 .  ResuIts for Childhood Leukaemia Among Children Aged O to 14 

Tables 5.6 to 5.8 present results for analyses of percent population change. Rate ratios are 

presented for increasing levels of percentage change in population, relative to a referent category of 

negative to zero population change, and stratified by geographic isolation (as represented by urban- 

rural stahis, distance fiorn an urban centre and number of paved hiçhways). Tests for interaction 

b a v e e n  each of the three indicators ofgeogdphic isolation and percent chan~e in population (referring 

to analyses adjusted for SES) were ail statistîcally non-significant. 

According to the variable urban-niral stahis, there  as some indication that percent population 

change influence. Ieukaemia nsk. In partjcular, a slightly elevated risk rvas observed for al1 categones 

of population change, relative to n@ve population change, in mral areas. in urban areas, there was 

no association between percent population change and nsk of childhood leukaem*a d e r  adjustment 

for SES. Rate ratios associated with percent population change in areas both distant and near an 

urban centre did not differ significantly from the null. Similarly, in both isolated and non-isolated 
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areas, m t e m  of number of paved highways, percent population change did not appear to influence 

risk of developing childhood leukaemia. 

Table 5.6. Rate ratios for childhood leukaernia according to percent change in population, by 
urban-rurai status for children aged O to 14 

i 

CRUDE RR AiAJU!FïED CRUDE RR iUMWTED RRt 
RRn(95% Ci) 1 C%FS (95Oh CCI) (95% CI) 

1 1 .O0 (refcrence) 1 .O0 (refcrencc) 1 181 1 .O0 ( n f m c e )  1 .O0 (ref~mce) 

I p (intcractionr = 0.273 
Tkrct cases missing fiom analps of urban-rural siatus 

t RR adjustcd for average individual incornt and the cducation distribution 
$ TWQ additional cws missing in adjusted ~ a l r ~ i s  
5 P-\-alut fiom test of mixing4isolation, sdjustcd for SES variables, using 1' wilh 3 degres of f i d o m  

Table 5.7. Rate ratios for childhood leukaemia according to percent change in population, by 

1 p (inleiaction)' = 0.744 
RR adjustcd for average individual incomç and the eduution distribution 

f Two arses mising În a d j d  uialysis 
$ P-\duc fiom test of ~ ~ g % o l a t i o n ,  adjustd for SES variables, ushg X' wilh 3 &gms of fitedom 

distance from nearest urban centre for children aged O to 14 
s!jû ULOSIETRES 

# OF CRtiDE RR ADJC'STED RR' 
CASES (9S0h Ci) (95% CI )  

238 1.00 (rcfmce) 1 .O0 (refcrencc) 

% AIN 
POPüLATIOX 

s0 

>50 MLOMETRES 

il OF CRUDE RR ADJL'STED 
CASES (95% CI) RRef (95% CI) 

3 1 1 .O0 (refcrmcc) 1.00 (refrrcce) 



Table 5.8. Rate ratios for childhood leukaemia according to percent change in population, by 

p (intaaction): = 0.98 1 1 
* RR adjluitd for average individuai incorne and the cducstion distribution 
t Two cases mising in adjrtsid analysis 
$ P-\dut tiom test of mixing*isolation, adjustcd for SES varinblcs, using x2 with 3 d e p c ~  of f i d o m  

number of paved highways for children aged O to 14 

Tables 5.9 to 5 .  11 present results for analyses examining the population mising variable of 

migrant population. Rate ratios are presented for increasing concentrations of migrant populations, 

relaiive to a referent category of 20% or las, and stratified by geographic isolation (as represented by 

urban-rural natus, distance from an urban centre and number of paved h i g h y s ) .  Tests for 

intelaction behveen ach of the three indicatoa ofgeographic isolation and percent migrant population 

were dl siatistically non-significant, thereby implying no efFect modification by geographic isolation. 

Overd, the level of migrant population did not appear to have a strong influence on leukaemia 

risk in either isolated or non-isolakd areas, with respect to al1 thne indicatoa of geographic isolation. 

In isolated areas, none of the rate ratios diEered significantiy fiom the null. However, in areas 

classified as urban where migrants constituted greater than 30% of the-total population, a slightiy 

i n c d  risk of chiidhaxi leukaemia was observed in the adjusteci analysis (RR4.23, 95% CI 1.00- 

1.5 1). 

>2 PAVED HIGHWAYS 

#OF CRUDE RR ADJU5ïED RR' 
CASES (95% CI) (95% CI) 

./r AIN 
POPULATIOX 

s2 PAVED HICHWAYS 

#OF CRUDE RR ADJUflED 
CASES @SOh Cr) RRr (95% Cl) 



Table 5.9. Rate ratios for childhood leukaemia according to percent of the population that are 

p (htctaaion)t =O.6 1 8 I 
Thrsc cases missing h m  analyses of urùan-rural mus 

7 RR adjusid for average individwl incomc and the education distribution 
$ Two additional cases miuUlg in adjusted mlysis 
5 P-value ûom test of milOngaisolalion. adjusid for SES ~luiablcs, ushg X' with 2 &grces of W o m  

migrants, by urban-rural status for children aged O to 14 

% MIGRAET 
POPULATION 

I p (intentaion)' 4 . 6  t 3 I 
RR adjustcd for avcragc individuai incorne and the cducation distribution 

t Two cws misring in adjustcd ana [pis 
$ P-due fiom test of'mixing%olation, a d j ~ c d  for SES variables, using X' with 2 dcgm of firedoni 

Table 5.10. Rate ratios for childhood leukaemia according to percent of the population that are 
migrants, by distance from nearest urban centre for children aged O to 14 

Table 5.11. Rate ratios for childhood leukaemia according to percent of the population that are 

RURAL 

# OF CRUDE RR A I N U S E D  
CASES' (95% CI) RFP(9S% Ci) 

I 

URBAN 

# OF CRUDE RR ADJIJSTED Mt 
CASES (95% CI) (95% CI) 

550 IiILOMETRES 

# OF CRUDE RR ADJUSTED RR' 
CASES (95% CI) (95% Ci) 

560 1 .O0 (rcfamcc) 1 .O0 (rcfmcc) 

% MICRAhT 
POPULATION 

O to 20 

rn MLOMETRES 

# OF CRUDE RR ADJUSTED 
CASES (9S0h Ci) RIZ" (95% CI) 

39 1 .O0 (refinicc) 1 .O0 (rcfwmcc) 

migrants, by number of paved highways for children aged O to 14 
>2 PAVED HIGHWAYS 

, 

# OF CRUDE RR clDJUSTED RR' 
CASES (95% CI) (95% CI) 

515 1 .O0 (rrfmce) 1 .O0 (rcfctcnce) 

479 0.90 (0.80, 1.02) 022 (0.80, 1.05) 

245 0.98 (0.85, 1.14) 1.08 (091, 1.29) 

% M I C I W T  
POPULATION 

O to 20 

>20 to 30 

>30 

p (interaction)' ~ 0 . 9  17 

RR a d j a d  for average individuai incomc and i)ic education dhibution 
f Two cws missing in Idjuslui analysis 
$ P-value 6rom 1st of miungOisoIa;ion. adjudcd for SES variables, ushg X' wî ih  2 &prixs of îreedom 

r2 PAVED HIGHW'AYS 
' 

# OF CRUDE RR MNUSTED 
CASES (95% Cr) RR" (95% Ci) 

54 1.00 (rcftrence) 1.00 (rcference) 

49 0.94 (0.64, 139) 0.99 (0.67, 1.47) 

25 1.09 (0.68, 1.76) 1.08 (0.66. 1.78) 



3 A.2. Results for Childhood Leukaexnia Amone Specific Aee Subgoups 

Tables 5.12 to 5-14 present &ts for anaiyses of percent population change in children aged 

O to 4. Tests for interaction between the tIuee indicaton of geographic isolation and percent change 

in population indicated statisticaily signifiant effect modification by urban-rural status only 

(@.O 16). In areas classified as nual, an increased risk was observed arnong al1 levels of population 

change. The adjusted risk estimate was sbtistically significant in areas with a level of population 

change between 0% and 10% (RR4.60, 95% CI 1.10-2.33). Conversely, a slightly decreased risk 

was observed arnong al1 three categories of population change in urban areas. For the analyses 

straîified by number of paved roads and distance from an urban centre, rate ratios in both isolated and 

non-isolated areas did not differ significantly from the null. 

Table 5.12. Rate ratios for childhood leufcaemia according to percent change in population, by 
urban-rural status for children aged O to 4 

I 
1 L 

#OF CRUDE RR ADJUSED 1 #OF CRUDE RR ADJUSTE0 RR* 1 
CASES* (95% CI) RRY (95% CI) CASES (95% Cf) (95% CI) 

b . . 
RR adjustcd for average individual incomc and ihr: education distribution 

t Ont case misshg in adjusteci amlysis 
$ P-MIUC fiom test of miIang%olation, adjustcd for SES Mnablcs, using z' wiih 3 dtgrees of f i d o  



Table 5.13. Rate ratios for childhood leukaemia according to percent change in population, by 
distance from nearest urban centre for children aged O to 4 

Tabie5.14. Rate ratios for childhood leukaemia according to  percent change in population, by 

>20 

$50 WLOLIETRES 

#OF CRUDE RR AAWSTED RR* 
CASES (95% CI) (95% Cr> 

127 1.00 (rcfcrence) 1-00 (rtfercncr.) 

%AIN 
POPULATION 

$0 

4 0.87 (0.29.2.58) 0.66 (0.19.2.27) 1 122 0.92 (0.72. 1.i8) 0.98 (0.73. 1.32) 

>20 6 0.96 (039.2.33) 0.82 (0.3 1,2-16) 120 0.91 (0.71, 1-18) 0.96 (0.71, 1.30) 

p (interaction)' =0.79 1 
RR adjustcd for average individu1 incomt and the cducation dimibution 

t One case mtrùlç in adjustcd analysk 
$ P-MIUC 6om t a  ofmixingçisohtion, adjusrd for SES variabis, using n: wiùi 3 dcgrccs of  ficedom 

>50 KKOMETRES . 
#OF CRUDE RR W S T E D  
CASES (%%Cf) RR' (%O/. CI) 

17 1-00 (rcfmce) 1.00 (rc fmce)  

p (intcracfion)' -0.879 f 
RR adjusted for average individual incomc and the cduaition distribution 

t Ont GLSC missing in adjusbai analysis 
$ P-valuc fiom test of mixingaisolation, adjustcd for SES variabla, using X' wîlh 3 degrecs of fieedom 

nurnber of paved highways for children aged O to 4 

M e n  e.xamhhg the &a of migrant population in children aged O to 4, tests for interaction 

indicated no significant effect modification by any of the three indicators of isolation (tables 5.15 to 

5-17), In both isolated and non-isolated areas, according to al1 three indicators of  isolation, most of 

the rate ratios were near the nul1 value- 

>2 P M D  HIGHWAYS 

# OF CRUDE RR ADJUSTED RR* 
CASES (95% Cl-) (95% CI) 

119 1 .O0 (rcfmencc) 1 .O0 (tcfcrmcc) 

O h  A IN 
FOPUWTlON 

s0 

$2 PAVED HiGfiWAYS 

# OF CRUDE RR ADJUSTED 
CASES (95% CI) RR" (95% CI) 

25 1.00 (rcférmce) 1 .O0 (refcrcncc) 



I p (interadon)' ~ 0 . 8  t 0 I 
RR adjusted for avmge mdi4dual incomc and the educaiion distribution 

t One case k i n g  in adjustcd Malpis 
$ P-value h tcst ofmixing'isotation, adjusrd for SES variabtes, using X' 4 t h  2 d e s e  of &dom 

Table 5.15. Rate ratios for childhood leukaernia according to percent of the population that are 
migrants, by urban-rural status for children aged O to 4 

Table 5.16. Rate ratios for childhood leukaemia according to percent of the population that are 

k 

% hfrCRANT 
POPUUTION 

O to 20 

>20 to 30 

>30 
J 

p (U l t~na ion )~  a0.744 I 
' RR adjusteci for average individu! income and the education disiribution 
t OM case missing in adjusid analysis 
t P-value from test of mixing%olation, adjusteû for SES Mnablcs, using x2 with 2 &grtes of Gccdorn 

RURAL 1 URBAY 

migrants, by distance frorn nearest urban centre for children aged O to 4 

Table 5.17. Rate ratios for childhood leukaemia according to percent of the population that are 

#OF CRUDERR AarUSTED 
CASES (95% Cr) RRy (95% CI) 

86 1.00 (rcfcrence) 1 .W (rrfmce) 

83 0.89(0.66,1.20) 0.92(0.67,1.25) 

# OF CRUDE RR ADJUSïED RR' 
CASES (95% CI) (95% CCT) 

24 1 1 .O0 (nfemclr) 1-00 (refcmtce) 

209 0.91(0.75,1.09) 0.92(0.75,1.12) 

250 KILOMETRES 

#OF CRUDE RR AaJUSTED RR' 
CASES (95% CI) (95% CT) 

306 1 .O0 (re facncc) 1 .O0 (refaencc) 

% n1icRm-r 
POPULATION 

O to 20 

p (inmaion)' =0.889 1 
RR adjustcd for average indisiduai Ïncome and ihe ducation distribution 

t One case missing in adjustcd adysis 
$ P-\duc fiom test of mixing8ijalation, a d j i ~ ~ t d  for SES miables, ushg X' w i h  Z dcgrcrs of fretdom 

63 0.95 (0.69, 1.32) 1.01 (0.70. 1.44) 1 84 1.02 (0.80, 131) 1.14 (0.86.1.51) 

>50 WLOMETRES . 
# OF CRUDE RR iUNUSTED 

CASES (95% CI) RR" (95% CI) 

2 1 1.00 (nfcrcnce) 1.00 (rcfzrcnce) 

migrants, by nurnber of paved highways for children aged O to 4 

>2 PAVED HICmi'AYS 

# OF CRUDE RR ADJUSTED RR' 
CASES (95% CI) (95% CI) 

'h hlICRANT 
POPUWTtOX 

s2 PAVED HIGHWAYS 
' 

#OF CRUDERR W S T E D  
CASES (95% Cr) RRY (95% Ci) 



R& for analyxs of percent population change in children aged 5 to 9 is presented in tables 

5-18 to 5.19. ïhere was no significant effect modification by any of the three indicators of isolation. 

Risk edmaks for percent population change accurding to levels of al1 three isolation indicators were 

not sigüficantly Werent h m  the null. 'Ihere was some indication of a decreased risk in the category 

of 0% to 10% change in populaîion in areas with two or less highways (RR=0.56,95% CI 0.24- 1 X ) ,  

and in the highest category of popdarion change in areas greater than 50 hlometres fiom an urban 

centre (RR=0.46, 93% CI 0.06-3.67), however, the confidence intervals associated with these 

estimates were wide and incIuded the nuH value. 

Table 5.18. Rate ratios for childhood leuliaemia according to percent change in population, by 
urban-rural status for children aged 5 to 9 

I p (intcnaion)l=0.755 1 
Onc case rnissing for analjsis of uhan-rural staius 

+ RR adjusicd for average indisidual incomc and the ducation distribution ' One addîtional case misshg in adjustcd anal>tD 
5 F d u e  fiorn icst of miwg*isolation, adjusted for SES ~an'ables, using X' with 3 degrecs of W o r n  

% AIN 
POPULATION 

RUML 

#OF CRUDERR AWUSTED 
CASES* (95% CI) RFt" (9S0h CI) 

URf3.u 

#OF CRUDE RR ADJUSTED RR' 
CASES (95% CI) (95% Cl-) 



Table 5.19. Kate ratios for childhood leukaemia according to percent change in population, by 

>50 IüLOMETRES 
% A IN 

WES (95% 0 RR-' CI) 

to 9 
s50 IüLOMETRES 

# OF CRUDERR ADJUSTEDRR' 
CASES (%O/, Cr) (95% CI) 

70 1.00 (refcrcnce) 1 .O0 (tcfçmict) 

168 0.87 (0.66, 1.14) 0.95 (0.71, 1.26) 

57 0.85(0.60,1.20) 1.08(0.74,1.58) 

56 0.79 (0.56, 1.12) 1.02 (0.67, 1.54) 

I p (intaaction)' -0.887 

RR djusttd for avnagc individual UIcome and ihc cducation distribution 
t One case missing in adjusted anaiysk 
$ P-value h m  tcsc of mixing*isolation. adjusrcd for SES variabla, using X' wiif, 3 dcgrea of ticzdom 

Table 5.20. Rate ratios for childhood leukiemia according to percent change in population, by 

#OF CRUDE RR AlMUSTED RR* 
CASES (95% CI) (95% CI) 

number of  paved highways for children aged 5 to 9 
t 

O h  A IN 
POPULATION 

SimiIar results were observed in the andysis of the effect of migrant population in children 

aged 5 to 9 (tables 5.2 1 to 5.23). Tests for interaction were consistent with no efSect modification by 

geographic isolation. As well, rate ratios for the effect of migrant population were not significantly 

different fkorn the null. In areas greater than 50 kilometres fiorn an urban centre in the highest 

category of migrant population concentration, a decreased risk uas observed, however, the rate ratio 

was associated with a wide confidence interval (RR=0.43,95% CI 0.05-3.36). 

$2 PAVED HIGHWAYS 
, 

# OF CRUDE RR ADJUSTED 
CASES (9S%CI) RR*' (95.h CI) 

,20 

s0 15 1.00 (rtfmce) 1 .O0 (wfmace) 

p (interaction)' 80.623 

RR adjusted for average indiwbial incorne and ihc &cation distribution 
t One case k i n g  in adjustcd analysis 
$ P-valuc from test of mixülgmisala~ion adjuscd for SES viuinblcs, using xz w i ~  3 degrecs of frczdorn 

4 1.16 (0.39.3.50) 0.92 (0.26.3.18) 54 0.79 (0.55, 1.13) 1.00 (0.65, 1.52) 



Table 5.21. Rate ratios for childhood leukaemia according to percent of the population that are 
migrants, by urban-rural status for children aged 5 to 9 
t 1 i i 

>30 25 0.80 (0.49, 1.31) 0.99 (0.58,1.70) 0.88 (0.62. 1.26) 1.06 (0.71, 1.59) 

p (inicraction)t 4.849 

Onc case missing h m  analyses of urban-rural sîatus 
t Rit adjusfcd for average individual incomc and the cducation distribution 
f Ont idditional case mishg in adjustd analpis 
5 P-valut fiom tcst of mixing5soIatio~ adjusttd for SES van'abls, using nz wilh 2 &grecs of &dom 

94 MIGRANT 
POPULATION 

O to ao 

Table 5.22. Rate ratios for childhood leukaemia according to percent of the population that are 

RURAL 
' 

# OF CRUDE RR AWWTED 
WES' (95% CI) RFte(%% CL) 

43 i .oo ( r ~ f e r ~ n ~ ~ )  1.00 ( R ~ ~ c c )  

I p (inicndion)' ~0 .688  

RR adjustcd for avcngt individual incorne and the cducation dhibuiion 
t Onc auc misshg in adjusltd a~lysis 
$ P-duc h m  tes! of mkhg*isolaiion, adjusicd fot SES variables, using x2 wiih 2 degrces of frecdom 

URBcLhi 

#OF CRUDE RR ADJUSTED RRt 
CISES (95% Cl) (95% Cl) 

126 i .OO (r~fmncr) 1 .oo ( ~ ~ f a ~ n ~ e )  

migrants, by distance from nearest urban centre for children aged 5 to 9 

Table 5.23. Rate ratios for childhood leukaernia according to percent of the population that are 

$50 KILOMETRES 

#OF CRUDE RR ciaJUSTED RR* 
CASES (95% Cl) (35% CI) 

159 1 .O0 (refsence) 1 .O0 (rcfcrcncç) 

% MIGRANT 
POPULATION 

O to 20 

>30 7 I.17(0.47.290) 1.21(0.47,330) 1 57 0.77 (0 57, 1 .05) 0.90 (0.63, 127) . 
p (hm~lion)~ 4 . 8  I O  

RR adj& for average indivkfual income and the cducation distnbulion 
t One case missing in adjusicd mlysis 
f P-mfuc hm t a t  of mixi.ngeisolation, adjusid for SES using 1' wiih 2 degres ofkdorn 

AJLOMETRES 

# OF CRUDE RR âDJUSi'ED 
CASES (9S%CI) RR" (95% Cl) 

1 1  1.00 (rcfmce) 1.00 (refcrcncc) 

migrants, by number of paved highways for children aged 5 to 9 
>2 PAVED HICHWAYS 

#OF CRUDE RR AJNUSTED RR' 
CASES (95% CI) (95% CI) 

156 1.00 (rcftrcnct) 1.00 (rcfmce) 

KbfIGRANT 
POPULATION 

O to 20 

52 PAVED HIGIWAYS 
' 

#OF CRUDERR AiNüSTED 
CASES (95% CI) RR*' CI) 

14 1.00 (nfcrcncc) 1.00 (rcftrence) 



Rate ratios for percent change in population in children aged 10 to 14 are presented in tables 

5-24 to 5.26. No significant effect modification by geographic isolation was observed. In areas 

cIassified as rural, a siightiy increased non-significant risk due to percentage population change w s  

observed. As weU, elevated risks were obsewed in urban areas, which appeared to be stronger when 

adjusted for SES. in urban areas experiencing greater than 20% change in population, a statistically 

significant adjusted rate ratio of 1.84 (95% CI 1 -0 1-3.34) was observed. In areas greater than 50 

Mometres from an urban centre rate ratios were generally surrounded by wide confidence intervals. 

In areas l e s  than 50 kilometres fiom an urban centre, an elevated risk  vas observed in al1 categorics 

of population change. The risk in areas experiencing greater than 20% change in population was 1.90 

(95% C I  1.16-3.12). Rate ratios accordmg to number of paved highways were elevated in both isolated 

and non-isolated areas, although in the isolated areas the confidence intervais were relatively !vide. 

In the category ofgreater than 20% population change in areas with more than two paved highwap, 

the observed elevated nsk was statistically significant (adjusted RR 1.77,95% CI  1.08-2.93). 

Table 5.24. Rate ratios for childhood leukaemia according to percent change in population, by 

I p (ultnacri~n)~ -11232 
Tm, cases mishg for ina1ysi.s of urbamniral statu 

urban-rural status for children aged IO to 14 

t RR adjustcd for average individual income and rhc ducaiion disiribution 
$ P - d u c  ûom rn of mixingohlarion, adjtmcd for SES using X' with 3 &grecs of f i d o m  

URBAS 

# OF CRUDE RR ADJC'STED RR' 
CASES (9S0h CI) (95% CI) 

"/O A IN 
POPULATION 

RURAL . 
# OF CRUDE RR AAJüSTED RRt 

CASES' (95% CI) (95% CI) 



- - 

p (intcraclion)' 4 . 9  1 9 

RR adjusteci for average individual imxnnc and th cducation distribution 
t P-value firom test of mi.xing%olaljcm, adjtutcd for SES variables, ushg X' with 3 &grecs of W o m  

Table 5.25. Rite ratios for childhood leukaemia according to percent change in population, b 
distance from nearest urban centre for children aged 10 to 14 

Table 5.26. Rate ratios for childhood leukaemia according to percent change in population, by 

sSO NLOMETRES 

#OF CRüDE RR ADJIISTED RR' 
CASES (%Or6 CI) (95% CI) 

*h A IN 
P O P U T I O N  

I p (ini~raction)~- 0.694 I 
RR adjusrtd for average individual incorn and iht cduation distribution 

7 P-valut fiom 1 s t  of mi&~isolation adjusttd for SES variables, using X' with 3 &grces of fkedom 

>50 IcuOMETRES 

#OF CRUDERR ADJUSTEDRR* 
CASES (%'!!Cr) CgS% CO 

number of paved highways for children aged 10 to 14 

Raults relating to migrant population and the risk of childhood leukaemia in children aged 

10 to 14 are presented in tables 5.27 to 5.29. Tests for interaction provided some indication of effect 

modification by urban-rural natus (p=0.060). A slight excess nsk was observed in rural areas where 

greater than 30% of the population are migrants (RR=1.32,95% CI 0.77-2.28). Elevated nsks were 

aiso observed in al1 categories of percent *grant population, relative to the category of 0% to 20%. 

h the highest category of concentration of migrant population, the rate ratio was significant at 1.8 1 

(95% CI 1.13-2.91). ïhere was no significant effect due to concentration of migrant population in 

areas considered isoIated based on distance fiom an urban centre. However, in areas less than 50 

>2 PAVED RIGHIVAYS 

# OF CRUDE RR ADJUSTED RR' 
CASES (95% CI) (95% CI) 

O h  A IN 
POPUWTlON 

s2 PAVED HIGHWAYS 
, 

#OF CRUDE RR ADJUSTED RR' 
CASES (%O/, CI) (95% CI) 



kilometres fiom an urban centre, the rate ratio associateci with greater than 30% of the population 

being migrants was significandy elevated (RR4.73, 95% CI 1.18-2.52). Increased rate ratios were 

found m isolated and non-isolaîed areas, with respect to number of paved highivays. Ln areas haMn5 

greater than 30% of the population thaî are migrmis and more than two paved highways, a statistically 

significant risk estimate of 1.66 (95% CI 1.12-2.45) was observed. 

Table 5.27. Rate ratios for childhood feukaemia according to percent of the population that are 
migrants, by urban-rural status for children aged 10 to 14 

1 I 1 

1 p (in!mctim)t - 0.060 1 
T w  cases mising f k n  anal- of urban-rural statu 

t RR rdjusicd for avetagc individual incomc and the ducation dislrihiion 
$ P-duc h test of mixing%olation, adjusteci for SES variables, using x2 wirh 2 dcgccs of k d o m  

POPULATION 

Table 5.28. Rate ratios for chiidhood leukaemia according to percent of the population that are 

# OF CRUDE RR AAiUSTED RRt 
CASES* psOh Cr) (95% CI) 

# OF CRUDE RR ADJUSTED RR* 
CASES (95% CI) (95% CI) 

migrants, by distance from nearest urban centre for children aged 10 to 14 
5 

I p (intarction)' 4.659 I 
RR tdjusted for ivargc individual inoomc and the cducliim distribution 
P-talue h m  test of mixing4 isolation, adjusteci for SES miables, ushg X' uiîh 2 &gr- of frecdorn 

a/. h l I G M T  
POPüLATION 

>50 KïLOMETRES 
' 

#OF CRUDERR ARNSïEDRR' 
WEs (95% CI) (%% Cr) 

rSO IULOMETRES 

#OF CRUDE RR AfltüSTED RR' 
CASES (95% CZ) (95% CI) 



Table 5.29. Rate ratios for childhood leubernia according to percent of the population that are 

I p (int~raaion)' 4.754 I 
RR adjusteci for average individual income and the cducation distribution 

t P-valut h m  test of ~ g * i s o l a t i o n ,  a d j d  for SES variables, wing xf with 2 dtgrces of fietdom 

migrants, by number of paved highways for children aged 10 to 14 

5.4.3. Results for ALL Amone Children Aeed O to 14 

Tables 5.30 to 5.32 present raults for the nsk of ALL arnong hcreasing levels of percentage 

population change in chiidrai hcluded in the whole age group (O to 14). Tests for interaction provided 

some indication of effect modification by urban-mal starus (p=0.084). Rate ratios for percent 

population change at al1 levels of isolation, as indicated by al1 three isolation variables, were not 

sigiificantly different from the nul1 except for areas classified as rural. A staûstically significant 

elevated risk was observe. for rural areas expenencing between 0% and 10% (RR=i .35, 95% C I  

1 .O 1-1.8 1) and greater than 20% (RR4 -59, 95% CI 1.10-2.29) changes in population. 

Table 5.30. Rate ratios for ALL according to percent change in population, by urban-rural 

>2 PAVED HICEWAYS 

#OF CRUDERR ADJWTEDRR' 
CASES (%O/* CI) (9S0r6 CI) 

93 1.00 (refmce) 1 .O0 (mference) 

O h  MIGRANT 
POPLTLATION 

O to 20 

r2 PAVED HIGHWAYS 

#OF CRUDERR ADJU!TI'ED RR* 
CASES Po/. CI) (95% CI) 

7 1 .O0 (dm) 1 .O0 (nfmce) 

status for children aged O to 14 

URBAV 

# OF CRUDE RR ADJUmED RRT 
CASES (95% CI) (95% CI) 

157 I .O0 (refcmcc) 1 .O0 (rcfmcc) 

Oh A I N  
POPlfLATION 

$0 

RURAL 

# O F  CRUDE RR ADJUSFED 
CASES' (95% CI) RRrr(95% CI) 

66 1.00 (rcfcrmcc) 1-00 (rcfmnœ) 



Table 5.31. Rate ratios for ALL according to percent change in population, by distance from 

p ( i n ~ o n ) ' = O . 8 5 2  

RR adjusted fw amage indi\iduaI incorne and the ducation distribution 
t Olk: case misshg in adjusied analpis 
$ P-due h test of rnixing"hIation, adjustd for SES miabla, using with 3 d c g e s  of &dom 

nearest urban centre for children aged O to 14 

Table 5.32. Rate ratios for ALL according to percent change in population, by number of paved 

r50 NLOMETRES 

#OF CRUDE RR ADJUSTED RR' 
CASES (95% Cl) (95% cl) 

% A iN 
POPULATIOK 

POPULATIOS # OF CRUDE RR CRUDE RR ADJUSTED RR' 1 CASES (95% CI)  (95% CT) (95% Ci) 

>50 KILûMETRES 

#OF CRUDERR W S T E D  
C.SES (95%CI) RRy(%% CI) 

% A I N  

highways for children aged O to 14 
1 I 

- 

- 
- 
b 

p (intcn~tion)~=0.8 10 
RR adiustcd for average i n d h i h l  incomc and the ducation distribution 

sZ PAVED HIGHWAYS 

Resuits of the rehonship behveen concentration of migrant popuIation and ALL in children 

aged O to 14 is p m t e d  in tables 5.33 to 5.35. There was no evidence of effect modification by any 

of the three indicators of geographic isolation. In general, the level of migrant population did not 

appear to innuence the risk of ALL in either isolated or non-isolated areas, with respect to al1 three 

indicators of geograptu'c isolation. in areas cbif ied as urban where migrants constituted greater than 

30% ofthe total population, a slightly increased risk of M L  w?is observed (RR=1.22,95% CI 0.97- 

1.53)- in areas with h o  or less paved highwa!.s, the rate atio for areas with greater than 30% of a 

migant population was slightly elevated (RR4 -27, 95% CI 0.74-2.17). 

>2 PAVED HIGDYAYS 



Table 5.33. Rate ratios for ALL according to percent of the population that are migrants, by 
urban-rural status for children aged O to 14 

i 

I p (intcraction)'=0.699 I 
Two cases misring h m  analyses of urban-rural statu 

t RR adjusted for avcragc individusr hcome md the ducation distribution 
$ Onc additional case rnissing in adj& analysis 
§ P-value fiom tcst of mixing'isotation, adjudrd for SES variables, using x2 wilh 2 &grta of f i d o m  

POPULATION 

Table 5.34. Rate ratios for ALL according to percent of the population that are migrants, by 

#OF CRUDE RR ADJUSI'ED 
CASESa (95% CI) RIP(%%CI) 

- - -  

p (intmadon)t=0.797 I 
* RR adjustcd for average individual incorne and the cducatim disiribution 
t One case missing in adjusied analysis 
$ P-value fiom test of mixuigaisoIation, ndjusled for SES variabla, using X' with 2 degrees of ficedom 

#OF CRUDE RR W S T E D  RR' 
CASES (%O16 CI) (!K"/o Cr) 

distance from nearest urban centre for children aged O to 14 

p (inlcnai~n)~ 4.686 I 
RR djusted for average individual incomc and the cducaiion disuibution 

sSO EüLO31ETRES 

# OF CRUDE RR rlDJUSTED RR' 
CASES (95% CI) (95% CI) 

% MIGRANT 
POPULATION 

Table 5.35. Rate ratios for ALL according to percent of the population that are migrants, by 
number of paved highways for children aged O to 14 

>50 KILOMETRES 
' 

# OF CRUDE RR ADJUSED 
CASES (9S0/. CI) RRY (95% Ci) 

>2 PAVED HICHWAYS 

# OF CRUDE RR ;UXIUSTED RR' 
Ci\SES (95% CI) (9S0h Cl) 

455 1 .O0 (rc fèrencc) 1-00 (rcfnence) 

402 0.9 1 (0.79, 1.04) 0.92 (0.80, 1.07) 

197 0.95(0.80.1.12) 1.04(0,86,1.27) 

O/. MIGRAKT 
POPULATION 

I 

O to 20 

>20 to 30 

>30 
r 

s2 PAVED HIGEWAYS 

# OF CRUDE RR ADJUSTED 
CASES (%% Cr> IUv(9S% Cf) 

42 1.00 (rcfmce) 1.00 (rcfacnce) 

42 1.03 (0.68, 1.59) 1.10 (0.71, 1.69) 

22 1.24(0.74,2.07) 1.27(0.74,217) 



5.4.4. Resuits for ALL Amone Specific Aee Suberoups 

In cMdren aged O to 4, ALL risk was infiuenced by population change (tables 5.36 to 5.3 8). 

Stahstically sipificant effect modification by urban-rural statu was O bserved @=O. 002). In areas 

classified as urban, a slightly decreased Nk was observed. In rural areas, eievated nsks w r e  

observed for al1 levels of population c h g c .  Rate ratios were statisticdly significant for rural areas 

experiencing between 0% and 10% (RR=1.96,9j% C I  1.27-3.0 1) and greater than 20% (RR= 1.98, 

95% CI 1.17-3.33) population change. The overall association behveen percent population change 

and ALL in rural areas sas statidcdy significant @=0.0 16). Some indication of a gradient of effect 

\\as observed @-value for the trend t e~H .058 ) .  Accordmg to number of paved highwvays and distance 

fiorn an urban centre, risk estimates for isolated and non-isolated areas were generally near the nul1 

value. There was no significant overall association or trend between percent population change and 

ALL in iwlated areas according to number of paved highvays and distance from an urban centre @- 

values not presented). 

Table 5.36. Rate ratios for ALL according to percent change in population, by urban-rural 
status for children aged O to 4 

I 1 I 

CRUDE RR ADJUSTED WR' # OF CRUDE RR ADJUSTED RR' 
(9S0/. CI)  1 CASES (95% Cr) (95% Cr) 1 

p (inlaadon)'-0.002 l 
RR adjutcd for average individu1 income and the educalion distribution 

t P - d u c  fiom test of mixingeisol;uion. adjustcd for SES using x2 with 3 dcgrrts o f k d o m  



Table 5.37. Rate ratios for ALL according to percent change in population, by distance frorn 

>20 2 0.61(0.14,2.74) 0.64(0.14,2.88) 107 0.94 (0.72, 1.23) 1.04 (0.76, 1.44) 

p (inteni~tion)~=0.868 

RR adjusted for average individual i n m e  and the chcation distribution 
t P-value h tcst of mixing*isolation, adj& for SES variables, wing X' with 3 degrecs of fiedom 

nearest urban centre for chiidren aged O to 4 

Table 533. Rate ratios for ALL accordhg to percent change in population, by number of paved 

SSO NLOMETRES 

# OF CRUDE RR ADJUSTED RR' 
CASES (%O/. CI) (95% CI) 

1 09 1 .O0 (dm)  1 .O0 (rcfmce) 

./ô A rn 
POPULATIOS 

20 

>20 4 0.94 (0.32,2.80) 0.99 (033.2.96) O 0.9 1 (0.70, 1.20) 1.00 (0.72, 1.38) 

p (inieroaion)'=0.657 
RR adjustcd for average individual incomc and the ducation distribution 

t P-mlut fiom ttsl of mixing8isola~ion. adjusted for SES variables, using zz wiih 3 dcgrccs of fitedom 

>50 KILOMETRES 

#OF CRUDE RR ADJUmED RR' 
CASES (95% Cr) Cas0h CT) 

12 1 .O0 (refcrcnce) 1 .O0 (rcferarcc) 

highways for children aged O to 4 

ALL nsk in children aged O to 4 associated with the concentration of migrant population is 

presented in tables 5.39 to 5.41. There was no indication of effect modification by any of the three 

isolation variabIes. Risk estMates associateci with population were generally ail near the nul1 

value accordhg to ail levels of each isolation indicator. In the isolated areas, accurding to al1 three 

indicaiors, there was no statisticaily significant overall association or trend (p-values not presented). 

~2 PAVED HIGHWAYS 

#OF CRUDE RR ADJUSTED RIZ' 
CASES (95% Cf) (%% CI) 

104 1 .O0 (refmce) 1 .O0 (rcfmce) 

./a A IN 
POPULATION 

rO 

s2 FAYE0 HIGfWAYS 
L 

#OF CRUDERR ADJUSTEDRR* 
CASES (9S0h Ci) (9S0h Cr) 

17 1 .O0 (refmcc) 1 .O0 (rcfmnce) 



Table 5.39. Rate ratios for ALL according to percent sf  the population that are migrants, by 

I p (intdon)r 4.828 

RR adjuskd for average individual incomc and tfie education distribution 
t P-value h lcsr of Mxingisofatiori, adjusttd for SES variabls, uskg xZ wi ih  2 d c p s  of freedorn 

urban-rural status for children aged O to 4 

Table 5.40. Rate ratios for ALL according to percent of the population that are migrants, by 

%MIGRAPiT 
POPULATION 

OC020  

p (inicracri0n)~4.613 
RR adjusid fm a m g c  individuat incomc and thc cducation disuibution 

t P-vatue fiom 1 s t  of Mxing*isolatioq adjustcd for SES variables. using X' with 2 &grces of fiudom 

RURAL 

#OF CRUDERR ADJUSTEDRR* 
CASES (%%CI) (95% CQ 

73 i .O0 (dcrencc) 1 .O0 (rcfcrcnoc) 

distance frorn nearest urban centre for children aged O to 4 

Table 5.41. Rate ratios for ALL according to percent of the population that are migrants, by 

UR.BAN 

#OF CRUDE RR ADJUSTED RR' 
CASES (95% CI) (95% CI) 

207 1-00 (rcfemux) 1.00 (rcfclcnce) 

t 

%hlIGRANT 
POPULATION 

O to 20 

I p (intaad0n)~=û923 I 
RR adjustcd for average individual incorne and the cducation d i b u i i o n  

t P-value h m  lest ofmixingaisolalion. adjusltd fw SES wiablcs, using X' wiih 2 dcgres of ticcdom 

>50 WLOMETRES 
' 

# OF CRUDERR ADJUSTEDRR' 
CASES (95% CI) (9S0h CI) 

16 1.00 (rtfacncc) 1 .O0 (fcfcmicc) 

number of paved highways for children aged O to 4 

rSO NLOMETRES 

#OF CRUDE RR W W E D  RR* 
CMES (95% CI) (%Oh Cr) 

264 I .O0 (rcfcmcc) 1 .O0 (rcfcrcnce) 

%MIGRANT 
POPULATION 

O to 20 

s2 PAVED HIGHWAk'S 

# OF CRUDE Rit ARIUSTED 
WE!5 (%%CI) RRy (95% Ci) 

23 1.00 (ref~~c~lce) 1 .O0 (rcfrrcncc) 

>2 PAVED HfCHïVAYS 

#OF CRUDE RFt ADJUSTED RR* 
CASES (9S0h CI) (95% CI) 

257 1.00 (rcfmncc) 1.00 (rcfacnce) 



Tables 5.42 to 5.44 present the nsk for AU in children aged 5 to 9 accordhg to percent 

change in population. No significant effea modification uas observed for any of the geographic 

isolation variables. Generally, percent change in population did not appear to influence ALL risk in 

children aged 5 to 9. Decreased nsks were observed in areas with two or l e s  paved highttays 

eqerinicing betweai 0% and 10% change in population (R.R=0.57,95% CI 0.23-1.43) and in areas 

greater than 50 kiiometres fkom an urban centre experiencing greater than 20% change in population 

(RR=0.50, 95% CI 0.06-4.04), however, both risk estimates were associateci with wide confidence 

inte rvals. 

Table 5.42. Rate ratios for ALL according to percent change in population, by urban-rural 

p (inmetion~=O.ïï3 

+ One case missing for wlysis of urban-rural s!atus 
t f?R adjusted for avcr;ig individual income and the cducaiion disrribution 
$ Onc additional case missing in adjustcd analysis 
5 P-raluc fiom ks t  ofrnixing'kolation, adjustcd for SES variables, using x2 with 3 degrce of f i d o m  

status for children aged 5 to 9 

Table 5.43. Rate ratios for ALL according to percent change in population, by distance from 

URBAY 

#OF CRUDE RR rianlSTED RRb 
CASES (95% Cr) (9S% CZ) 

Oh A IN 
POPULATION 

1 p (intm&0n)~=O.844 

RR adjusid for average individual incomc and tht ducation distribution 
t Onc asc mking in adjusteci rnniysis 
$ f-\duc from test of rnixÏng+isoiation, adjustd for SES mrïabls  using x2 with 3 d c g m  of &dom 

RURAL 

# OF CRUDE RR AAlUSTED 
CASES' (950/.Cn RRc (95% CI) 

nearest urban centre for children aged 5 to 9 
$50 IULOMETRES 

# OF CRUDE RR ADJESTED RR* 
CASES (95% CI) (95% Cr) 

, 

6 1 1-00 ( r c f m )  1.00 (rcfcrence) 

% AIN 
POPULATION 

s0 

* KILOBIETRES 

#OF CRUDE RR ABiüSCED 
CASES (95% CI) RRr (%% Ci) 

8 i .O0 (nfacnce) 1.00 (referniœ) 



Table 5.44. Rite ratios for ALL according to percent change in population, by number of paved 

I 
-- - 

p (iniraclion)' =0.692 

RR adjustd for average ind iv ia  incorne and the ducalion distribution 
t Ont case rnissing in adjudd ~ I y s i s  
t P-valut h m  test of mkhg%otation, adjMd for SES using X' with 3 &gms of &dom 

highways for children aged 5 to 9 

Results for the &kt of migrant population in chikiren aged 5 to 9 are presented in tables 5.15 

to 5.47. Tests for interaction indicated no signifiant effect modification by geographic isolation. 

None of the rate ratios were sigdicantly different than the null. in areas with two or Iess paved roads, 

elevatwi nsk estimates were observed for increasing concentrations of migrant population, however, 

confidence intervals were d e .  As well, rate ratios were slightly elevated in rural areas. 

Table 5.45. Rate ratios for ALL according to percent of the population that are migrants, by 

>2 PAVED HICMVAYS 

#OF CRUDE RR AWUSTED RR' 
CASES (%O/. CI) (95% CI) 

% A IN 
POPULATION 

s2 PAVED HIGHWAYS 

# OF CRUDE RR ADJUSïED 
CASES (95OA CI) RRr (95% CI) 

CRtlDE RR CRUDE RR W S T E D  RRb 
(95% CI) (95% CI) I 

urban-rural status for children aged 5 to 9 

p (Uitcraclion~ 10.82 1 I 
' One case missing h anai- of  urban-nid statu 
f RR idjustcd for average individuai incomc and rhc cduca!ion diibution 
$ Onc additional missirtg in adjutcd analysis 

P-value 6orn tcst ofmixingaisol~tion, adjusta! for SES variabla. using X' wilh 2 degrecs o f  6 d a m  

O h  MIGRAPiT 
R U W  

' 
URBAX 



Table 5.46. Rate ratios for ALL according to percent of the population that are migrants, by 

1 .O0 (rcfcrmcc) 1 .O0 (nfenncr) 1 134 1 .O0 (rcferencc) 1 .O0 (referma) 

distance from nearest urban centre for children aged 5 to 9 

l p (intcraaion)'10.677 I 
RR adjrisird for average individu31 incomc and the ducation disuibution 

f One case &hg in rdjusted analysis 
$ f -kalue hm test ofmixing'isolation, adjustcd for SES variables, using 1' with 2 &gres of f i d o m  

s5û ZULOhIETRES 

# OF CRüDE RR ADJüSTED RR* 
CASES (%O/. CI) (95% CI) 

1 a NLOAlETRES 

ALL risk associated with percent population change in children aged i O to 14 is presented in 

tables 5.48 to 5.50. There was no simcant interaction between percent change in population and 

any ofthe three isolation hdicators. in areas with two or less paved highways, an increased nsk \+as 

observed, particuiarly in the two highest categories of population change, however these risk estimates 

were associated with wide confidence intervals. In the non-isolated areas, according to ali îhree 

indicators of geographic isolation, a percent change in population greater than 20% \vas associated 

with a slightly eIevated nsk of ALL. 

./. h l I G ~ W  
POPULATION 

Table 5.47. Rate ratios for ALL according to percent of  the population that are migrants, by 
number of paved highways for children aged 5 to 9 

' 

# OF CRUDE RR ADJU!XED 
CASES (95% Cl) RRy (95% CI) 

>2 PAVED HIGEWAYS 

# OF CRUDE iZR ADJUSTED RR' 
CASES (95% CI) (95% CI) 

133 1.00 ( n f m c c )  1.00 (refcmcc) 

110 0.84 (0.65, 1.08) 0.93 (0.71, 1.22) 

5 1  0.81(0.59,1.12) 0.98(0.68,1.42) 

./O MIGRANT 
POPULATION 

O to 20 

>f O to 30 

>30 

p (intcmetion)'=0.527 

RR adjustcd for averrge individual inwme and rhc ducaiion disiribution 
t One case missing in adjustcd analysis 
$ P-vduc h m  test of rnixing'isola~ion, adjusid for SES ~ ~ . ~ i a b l a ,  using X' with 2 drgrta of Gtedom 

s2 PAV'ED HIGHWAYS 
' 

# OF CRUDE RR i u N U f l E D  
CASES (%%CI) RRT (95% CI) 

I l  1.00 (refcrcnce) 1.00 (rcfemce) 

12 1.12 (0.50.2.54) 136 (0.59.3.14) 

7 1.49(0.58,3.84) 1.69(0.61,4.68) 
- 



Table 5.48. Rate ratios for ALL according to percent change in population, by urban-rural 
status for children azed 10 to 14 .. 

p (intcrncii~n)~ q . 8  10 

Onc case missing for ~ a l y s i s  of urban-niral datus 
t RR adjustcd for avcragc individual i n m e  and the educatini distribution 
$ P-MIUC fiom test of rnixing*isolaiion, adjusttd for SES variable, using xZ wiîh 3 degr- of f i d o m  

O/. AIN 
POPULATION 

so 

* to 10 

w10 t o  20 

>20 

15 1 ( f )  1 .O0 (rcfcmce) 

26 097 (0.51, 1.83) 1.01 (0.53, 1.93) 

10 0.98 (0.44,2.18) 1.06 (0.46,2.46) 

IO  0.93 (0.42,2.07) 1.10 (0.45,2.64) 

p (intcra~ion)~=0.999 I 
' RR adjusted for avmgc individual incornc and rhc cducation distribution 
t P - d u e  fhm tat of mi.xing8isalaiion, adjustcd for SES variabla, using X' with 3 degrces of ficedom 

RURAL 

# OF CRUDERR AWU!XEDRRt 
CASES' (9S01CCl) (9S% CI) 

Table 5.49. Rate ratios for ALL according to percent change in population, by distance from 
nearest urban centre for children aged 10 to 14 

Table 5.m. Rate ratios for ALL according to percent cl 
hiohwa s for children a ed 10 to 14 

s2 PAWD HICHWAYS 
./o AIN 

CRUDE RR ADJUmED RR* 
CASES (95% CI) (95% CI) 

URBAY 

#OF CRUDE RR W S T E D  RR' 
CASES (95% CI) (95% Cr> 

ange in population, by number of paved 

sSû NLOMETRES 

# OF CRUDE RR ADJUSTED RR' 
CASES (95% CI) (95% CI) 

29 1.00 (rrfcmicr) 1.00 (rcfetmce) 

83 1.09 (0.72, 1.67) 1.13 (0.73, 1.74) 

26 1.02 (0.60, 1.73) 1.12 (0.63,2.00) 

32  1.24 (0.75, 2.05) 1.53 (0.84,2.81) 

Vo A IN 
POPUWTION 

50 

M to 10 

>10 l o  20 

>20 

#OF CRUDE Ri2 ADJUJILD KR- / 
CASES (95% CI) (95% CI) 

%û KiLOMETRES 

#OF CRUDE RR ADJUSTED RR' 
CASES (%%CI) (95% CI) 

4 1-00 (wfmcc) 1.00 (rcfrrnirr) 

4 1.11(0.28,4.43) 1.13(0.28,4.53) 

1 l.OS(0.12.9.26) l.OJ(0.12.9.34) 

1 1.15 (0.13.10.32) 1.29 (0.14.1 1.60) 

1 p (intmaion)'=û.636 l 
RR adjustcd fct avcngc indivickrsl h c  Md ihe ducation dislribuGon 

t ~ - & c  fhn tcst oî&rigaisolafi~ adjustcd for SES -ables, using x2 uith 3 degrecs of fiardom 



Similar resuhs were observed for W risk in children aged 10 to 14 associated with migrant 

population (tables 5.5 1 to 5.53). There was some indication of eEect modification by urban-rural 

statu Q~û.055).  Raîe ratios did mt cliffer significantly fiom the null. Non-significant elevated risks 

were observed in the non-isolaid areas (according to al1 three isolation indicators) where greater than 

30% of the population were 

Table 5.51. Rate ratios for ALL according to percent of the population that are migrants, by 

* One case missing fiorn analyscs of urban-rural s t a t u  
t RR adjuslai for avmgc individual incorne and the cducation distribution 
f P-wiuc h test of mixingeisoiation, adjustai for SES variabla, using X: with 2 &grces of frecdorn 

urban-rural status for children aged 10 to 14 

Table 5.52. Rate ratios for ALL according to percent of the population that are migrants, by 
distance frorn nearest urban centre for chitdren aged 10 to 14 

URBitY 

# OF CRUDE RR ADJUSTED RRb 
CASES (95% CI> (95% CI) 

Yo MIGRANT 
POPULATION 

1 p (inleraction)' -0.744 I 
* RR adjustcd for average individu1 incorne anâ the cducation disiribution 
t P - d u e  h t a  of mixing%oIation, adjusteci for SES variables, using xZ with 2 degres OC Gadom 

R U M L  
' 

# OF CRUDE RR ADJUSTED RRt 
CASES* (%% CI) (95% CI) 

./O MIGRANT 
POPULATION 

O io 20 

-- -- 

=-SI IiILOAI&TRES 
' 

# OF CRUDE RR ADJUSTED RR' 
CASES (95% CI) (9S0h Ci) 

6 1.00 (nfcrtnce) 1 .O0 (rc fmcc)  

- -- 

rSO IULOXIETRES 

# OF CRUDE RR ADJUSïED RR* 
CASES (95% CI) (95% CT) 

67 1-00 (rcfcrcnce) L .O0 (rcfcrcnu) 



Table 5.53. Rate ratios for ALL according to percent of the population that are migrants, by 

I . - 1 
RR adjusted for average individual i n c m  and the & d o n  distribution 

t P-valut fiom test of rnixing%olation, adjusttd fot SES variables, using x2 with 2 &grecs of ficedom 

auinber of paved highways for children aged 10 to 14 

5.5. Results from Secondary Analysis 

presentation of resuits 

>2 PAVED HIGHWAYS 

#OF CRUDE RR AïAJüSïED RR* 
CASES (95% CT) (%"/O CI) 

65 1 .O0 (rtfmncc) 1.00 ( d m c e )  

./. MICRclNT 
POPULATION 

O to 20 

fiom the analyses 

s2 PAVED HIGHWAYS 

#OF CRUDERR ADJUSTEDRR' 
CASES (%%Cr) (95% CI) 

8 1 .O0 (rcfcrrnct) 1.00 (rtf'œ) 

conducted to address the issue 

resuits being influenced by the Toronto Regional Municipality or by possible over-reporting in the 

Ontario Cancer Registry, and to examine a p e n d  effect. The analyses focused on the geographic 

isolation indicator of urban-nird status, since this !vas the main variable used to represent isolation 

in Kinlen's studies and \vas the only indicator found to interact with population rnixing in this study. 

Also, the analyses focused on the whole age group and also on the O to 4 year age group, where 

elevated nsks were observed in the main analysis. Because of the increased rate ratios observed in 

chiidren aged 10 to 14 in mainly non-isolated areas, the analysis that excludesi the Toronto Regional 

Municipality also was conducted on this age group. 

5 5.1. Influence of the Toronto Regional Municioalitv 

In the andysis that excluded the six CSDs that comprise the Toronto Regionai Municipalitl;, 

childhood 1eukaemia (aii subtypes) and ALL in the whoIe age group and in the specific age groups of 

O to 4 and 10 to 14 were examuied. Because the exclusion of the Toronto area affects only the 

obsenations in the non-isolated areas, only the rate ratios for these areas are presented. Tables 5.54 



to 5.56 present r e s u l ~  for urban areas. 

Risk of ctiildhood leukaemia in the whole age group did not substantially change when Toronto 

. . 
was excluded. When eumumg the O to 4 year age group, rate ratios chged  only slightly. In the 

1 0 to 14 year age group, however, the observed risk increased when Toronto \vas excluded. In thz 

andysis of ALL (results not shown), linle change occurred in the whole age group and in the O to 4 

year age group. in the 10 to 14 year age group, a slightly increased risk was observed upon exclusion 

of the Toronto Regionai Municipahty. SSimilar results were seen with the other isolation variables and 

with the variable 'proportion of the population that are migrants' (results not shown). 

Table 5.54. Cornparison of rate ratios for childhood leukaernis in children aged O to 14 in urban 

>20 1 149 2,969,075 1.04 (0.8 1, 133) 149 2,969,075 0.96 (0.73,1.27) 

RR adjustcd for avcragc individual incomc and the &cation distribution 

areas usinp: the whole data set and excluding Toronto 

Table 555. Cornparison of rate ratios for childhood leukaemia in children aged O to 4 in urbm 

ESCLUDING TOROSI'O REGIONAL 
MUNICIPALITY 

# Casa Pcrscin-y- RR' (95% CI) 

PERCENT 
CHANGE IN 
POPUUT1 ON 

WHOLE DATA SET 

' 

# C w s  Person-ynn RR' (95% CI) 

areas using the whole data set and excluding Toronto 

PERCENT 
C W C E  IN 

POPULATIOIS; 

r O  

Al to 10 

w10 to 20 

>20 

W O L E  DATA SET 

' 

# CM Person-ycarr RR* (95% CI) 

RR adjustecf for average îndi~iduil inamie ud the education distribution 

107 1,0093 50 1 .O0 (ref~encc) 

273 3,274,775 0.80 (0.64,l.OI) 

77 987.800 0.78 (0.56,1.07) 

77 1,016,025 0.81 (0.58.1-14) 

EXCLUDING TORO.TiTO RECIOSAL 
MUNICIPALITY 

# Cases Pcmon-ycan RR* (95% CI) 

67 588.150 1.00 (ttfcrcnœ) 

175 1,874,050 0.82 (0.62,1.09) 

63 834,650 0.66 (0.46.096) 

77 1,O 16,025 0.69 (0.48,l.O 1 )  



Table 5.56. Cornplrison of rate ratios for cfddhood Ieukaemia in children aged 10 to 14 in urban 

>20 1 33 960,275 1-84 (1.0 1334) 33 960,275 2.35 (1.15,4.78) 
RR adjusted for average individual i n m c  and the education distribution 

areas using the whole data set and excluding Toronto 

5.5.2. Influence of Hos~ital-onlv Reeistered Cases 

Possible over-reporting of leukaemia cases in the OCR was addressed by analyzing data that 

excluded cases that were registered based on hospital records only. Results of these analyses were not 

dserent fiom results that included these cases. Rate ratios for c h i l d h d  leukaemia and for ALL in 

children aged O to 4, by urban-rural statu, are presented in tables 5.57 and 5.5 8. P-values for 

interaction between urban-rural stahis and percent change in population did not substantially diEer 

behveen the tw data sets (whole data set: p-value for interaction=O.O 16 for childhood leukaemia and 

0.002 for ALL; excluding hospital only diagnosed cases: p-value for interaction=O .O 10 for childhood 

leukaemia and 0.002 for ALL). The esclusion of hospital-only registered cases did not affect rate 

ratios for childhood leukaemia or ALL substantially. Similady, rate ratios were not affecteci according 

to the other geqgaphic isolation indicaton or with the 'proportion of the population that are migrants' 

(results not shown). 

ESCLUDISG TORO3TO REGIONAL 
~ I ~ I C X P ~ I T Y  

# Cases Person-y- RR' (95% CI') 

PERCENT 
CHXVCEIN 

POPULATION 

WXOLE DATA SET 

' 

# Cases Person-ycan RR' (95% CI) 



Thle 5.57. Cornparison of rate ratios for childhood leukaemia in children aged O to 4 in urban 
and rural areas using the whole data set and excluding hospital-only registered cases 

1 1 UR' C95% CL): RURU. 1 RR' (95% Ci): URBAN 1 

I >20 1 1-58 (0.99.2.5 1) 1.62 (1  .O 1,2,60) 1 0.81 (O.S8,1.14) 0.79 (0.56,1.12) 
RR adjusttd for average individus1 incorne and thc education distribution 

PERCENT 
mCE t3 

POPULATION 

s0 

Table 5.9. Cornparison of rate ratios for ALL in children aged O to 4 in urban and rural areas 
usinp the whole data set and excluding hospital-only registered cases 

1 1 RR' (95% CI): RUR4L RR' (95% CI): URBAN 1 

, 

WHOLE DATA SET EXCLUDIXG 
HOSF i'T'ALûNLY 

CASES 

1 .O0 (ref-) 1.00 (nfmce)  

, 
WHOLE DATA SET LXCLUDING 

HOSPITAGONLY 
CASES 

1.00 (refmcnce) 1.00 (reference) 

CHANCE*N 
POP UWTIOPi 

20 

5 3 -3. Examination of a Period Effect 

Analyses of percent change in population by urban-rural status for children aged O to 4 were 

conducted on each 5-year p e n d  separately (tables 5.59 and 5.60). In a11 three 5-year pends, there 

was s t a b m d y  si@cant effect modification by urban-nird status (p-values for 1978-82, 1983-87 

and 1988-92 were 0.024, 0.032, and 0.021, respectively). In rural areas, the risk due to percent 

popuiation change appeared to decline over time. The O bsewed trend and ns k estimates in rural areas 

held when hospitalaly registered cases were removed (results not shoiin). In urban areas, there w s  

no apparent change in N k  estimates according to 5-year perd.  

I 

WHOLEDATASET ESCLUDING 
HOSPITALONLY 

CASES 

I .O0 (~fcmicc) 1.00 (refmcc) 

>20 

WHOLE DATA SET IXCLUDISC 
HOSPITACONLY 

CASES 
1 

1 .O0 (nfercncc) 1 .O0 (rcfmcs) 

1.98 (1.17,333) 1-97 (1.L7.3.32) 1 0.83 (0.57.1.19) 0.82 (0,57,1.18) 

RR adjustcâ for average indiMdud incornc and ttic ducation distribution 



Table 559. Comparison of rate ratios for ALL in children aged O to 4 in rural areas among the 

I >20 1 3.68 (1.38.9.81) 2.52 (1.17.5.43) 1 1.45 (0.32.6.71) 
RR adjustcd fbr avcragc individual incomc a d  the &cation distribution 

tbree 5-year periods 

Table 5.60. Comparison of rate ratios for ALL in children aged O to 4 in urban areas amonp the 

PERCEEIT C ~ ' G E  IN 
POPULATION 

s0 

1 >20 1 0.69 (033. 1.45) 1 0.79 (0.39, 1.60) 1 0.85 (0.38. 1.88) 
RR djustcd for average individual i n c m  and the educniion distribution 

RATE RATIOS (9.5% CI)' 

three 5-year periods 

PERCENT CHANGE IN 
POPULATION 

1908-92 

1 .O0 (refmacc) 

1918-82 

1 .O0 (rcfcrnict) 

198347 

1 .O0 (rcfmnce) 

RATE RATiOS (9S0h CI)' 

1978-02 1 1983-87 1-8-92 



6.  DISCUSSION 

6.1. Summary of Objectives and Main Analysis 

An association between population mixing and childhood leukaernia has been observed in 

several ecologic shidies conducteci in the In each, study areas which were relatively 

ex-treme in their combinai attributes of population mixing and geographic isolation were contrasted. 

Only one of the three midies conducted outside of the LJK was consistent with UK resuit~, '~ and 

like\vke, this was observed in a situation of ehqrerne population growth in a vew isotated setting. in 

this study, the objective tvas to e&e the effect of variations in the level of population mixing on 

the risk of chi ldhd Ieukaemia in a study area that experienced relatively moderate levels of 

population mixing. A large study a r a  (i.e. the province of Ontario), which also varied in levels of 

geogaphic isolation, was investigated. Since isolation is a key component of the population rnising 

hjpathesis and is a factor upon which study areas have been restricted to in past research, differences 

in risk according to ievel of isolation were determined. 

Leukaemia risk was investigated among the entire childhood population (ages O to 14) and 

specific age groups. The inclusion of interaction terms benveen population mixing and geographic 

isolation provided risk estimates for increasing levels of population mising according to two levels of 

geographic isolation. Based on past -dies which implicated an association between SES and 

chïldhood Ieukaemia, and the fact that SES is conceivably associateci with population rnixing, 

measures of SES ùiat were found to be associaid with chiIdhood leukaernia incidence were controlled 

for in the anaiysis. 

The consistent increased risk due to population mixing found in past studies has m d y  been 

a rdeaïon of risk in specific subgroups, particularly children aged O to 4 and specificaily related to 

the AL,L subwe.ls*" It has therefore been postulated that the etiology of ALL in the youngest age 

group may differ from that for older children." In regard to this hypothesis, leukaemia risk w a s  
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examineci in subgroups of the midy population defineci by age (04,j-9, 10- 14) and leukaemia subtype 

(al1 subtypes combined and ALL separately). 

6.2. Summary o f  Key Findings 

Krmen's origuial hypothesis postdates that a population infius into a geographically isolated 

(d) area results in an increased risk of leukaania." Past midies point to this association being most 

consistent for ALL among young ~hildren.' '~~ In areas classified as rural in this study, resdts 

according to percentage change in population were suggestive of an increase in risk for childhood 

leulaania among the whole age group. When this reiationship was esamined arnong specific groups 

of the siudy population, it \vas found that this relationship was strongest among the group for which 

the hypothsis is most relevant based on past studies, i.e. ALL in young children (adjusted Mt= 1.98, 

95% CI 1.17-3.33 for greater than 20% population change in rural areas). 

However, when isolation was represented by number of paved highways (2 or less) and 

distance fiom an urban centre (>50 kilometres), there was no increased nsk of leukaemia (dl subty-pes 

or ALL) related to percentage change in population amon3 O to 4 year oId children. Also, when 

population mi>ting was represented as the percent of the population that are migrants, no association 

was observed for ALL or al1 leukaemias for children aged O to 4. 

In conaast to wvbt \vas observed arnong O to 4 year old children, increased risks of leukaemia 

(all subtypes or ALL) due to percentage change in population were not observed for children aged 5 

to 9 or 10 to 14 in rural areas. Similarly, no association \vas observed according to percent of the 

population that are migrants. As well, population rnixing was not found to be associateci nith 

leukaemia risk according to oîher measures of isolation for these age groups. 

In non-isolated areas, there was no significant association observed between leukaemia (all 

sub~pes and ALL separateIy) and either of the population mixing indicaton, among children aged O 

8 1 



to 4. Similarly, there no association observed in children aged 5 to 9. In children aged 10 to 14, 

a significantiy increased nsk of leukaemia of al1 subtypes \vas observed in the highest categories of 

both population fixing variables in areas considered to be non-isolated according to al1 threz 

geographic isolation indicators (adjuaed RR=1.84,95% CI 1 .O 1-3.34, for greater than 20% change 

in population in urban areas). When the same analysis was restncted to ALL cases, risk estimates 

associated with high levels of population mLxing were diminished and no longer staustically sigificant. 

EwniPation of ALL among O to 4 year old children by period showed that the eEect due to 

percent population change observed in rural areas  vas found to be strongest in the first of the three 

5-year periods (1978-82). In the following hvo 5-year periods, rate ratios progressively declined. 

Removal of cases that were registered exclusively on hospital records did not affect the risk estimates 

by 5-year p e n d  

6.3. Main Indicator Variables of the Kinlen Hypothesis 

6.3.1. Geogra~hic Isolation 

Three diEerent Lidicators of geographic isolation were analyzed for their effect in modifjmg 

the relationship between population mixing and the incidence of childhood leukaemia, yet only one 

(urban-nirai stanis) was found to interact with the effect of population rnising. The distribution of the 

population at risk by categories of each isolation indicator \vas different for each variable (see table 

5.2, chapter 5) and resulted in very srna11 populations in the isolated categories of the two variables 

'nurnber of paved roads' and 'prosirnity to an urban centre'. Althou& a lack of sratistical poiver t a s  

a &or in the isolated areas, base. on these nvo variables, risk estirnates were rarely sirnilar to that 

observed in rural areas and sometimes rate ratios were in the opposite direction. 

In pst mtdies of childhood leukaemia which have considered geographic 

isohion, i8*.r45335gs99iz urban-rural status has most ofien been employed as an indicator of isolation. 
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Thedore, it is informative to cornpare the hi'o additional measures of isolation used in this study with 

this more traditionaiiy used indicator. According to the variable 'number of paved highways', it i\as 

found that 44% of the CSDs that were classified as urbm were categorized as isolated (and 5 1% of 

rural CSDs were categorized as non-isolated). With respect to the variable 'distance from an urban 

centre', 10% of urban CSDs were ciassifd as wlated (and 68% of rurai CSDs were considered non- 

isolated). Figures 5.1 to 5.6 (chapter 5 )  illustrate that isolated and non-isolated areas basically 

correspond to northem and southem Ontario, respectively, according to 'distance from an urban 

centre' and 'number of paved roads', while according to urban-rural status, many isolated areas also 

Iocateû in southern Ontario. Of note is that man. of the very d l  CSDs considered urban in southern 

Ontario are classified as isolated, particularly with the variable 'number of paved highways' (see 

figures 5.1, 5.3, and 5.5). 

Regarding the population Msing hyphesis and the conditions for transmission of infections, 

it is likely that the initial population density of an area is an important factor in establishinç herd 

immunity. The definition of urban-rural status \vas based on population density and therefore 

accounted for this &or. On the other han4 'number of paved high\vays ' and 'distance frorn an urban 

centre' did not diredy account for initial popdation density. Thus, the absence of effect modification 

by 'nurnber of paved highways' and the lack of similanty behveen nsk estimates fiom rural areas and 

from areas with two or less highways is probably due to misclassification of the shidy population 

according to initial population density. The effect of misclassification is pro bably not as hi& wîth the 

variable 'distance fiom an urban centre', and it is more lîkely a lack of statistical power that is 

affecthg results according to this variable. Nonetheless, assuming that initial population density is 

of importance in establishing herd irnmunit).:, urban-rural status provided the best m a u r e  of 

geographic isolation. 



6 -3 -2. Po~ulation Mixins 

Population miuing was me& on the bais of nvo variables, which have ben used in a few 

previous studies.1w7*4gJs n i e  percentage change in population provided an indication of whether a 

CSD was experiencing decreasing, stable or uicreasing populations. Any net increase in population 

would contribute to an increase in population density thereby increasing the potential for contact 

benveai people (susceptible and infected), and thus facilitating the transmission of infe~tions.'~ The 

proportion ofthe population that are migrants aliowed for the examination of population mising ivhere 

a high population growth \vas balanced by a high level of outmigration, a situation that ivould not bs 

captured in the analysis of percentage population change. The rationale for employing this measure 

ofpopulation m i e  was that although an area may not experience a net increase in total population 

(or population density), a large proportion of migrants could nonethelas contribute to esposure (by 

the original population) to new infectious agents to which the population do not have an established 

herd immunity . 

In this sh~dy, mal areas with a large proportion of migrants did not esperience an increased 

risk of Ieukaemia. If the incorners were fiom other rural areas and therefore not previously exposed 

to the relevant infecrious agents, then a hi* concentration of migrants in rural areas would not be 

espected to resuit in an hcreased risk of childhood Ieukaernia. Unfortunately, information is not 

adab le  on the migrants' çpaific origins (relating to urban versus rural areas). However, given that 

areas that esperienced a hi& change in population would presumably also have a hi& proportion of 

m'gants, it is probably not the case that migrants to rural areas were predominantly individuals that 

were previously unexposed (and therefore not infecteci or &ers of the relevant infection). 

In rural areas, it  vas found that the correlation between the two rneasures of population 

mi.xing (at the CSD level) \vas not very high ( ~ 0 . 3  2) thus indicating that these îsvo indicators were 

not measuring similar aspects of population mixhg. Although it is likely îhat areas that experienced 
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a net positive change in population would aiso have a hiph proportion of migrants, it does not similariy 

follow that areas with a high proportion of migrants have eqerienced a high change in population, 

since in-migration has the potential to be balanced by out-migration. It is even possible that areas with 

a relativeiy hi& proportion of migrants expenenced negative population gronth. An increase in 

population density can be espected to lead to an increased potentiai for contact b m e e n  individuals 

in an ami. It therefore seans reasonable that the percatage change in population, which d s o  captures 

changes in population deflsity, provides a better measure of population mixhg than the concentration 

of the migrant population. 

In contrast, the elevated risks observed for 10 to 14 year old children in urban areas were 

. . 
apparent when esmumg both percentage population change and proporiion of the population that arc 

migrants. In faa, raults for the trvo population mising indicaton in urban aras among the odier age 

groups were also sdar .  In urban areas, it \vas found that the correlation behifeen the two population 

mking indicaton was 0.65. Thus, in contrast to rural areas, the concentration of migrant population 

appears to provide a measure of population mising that is sirnilar to the percentage change in 

population in urban areas. 

6.4. Methodologicd Considerations 

6 -4.1. Ecolo~ic Fallacv 

The major methodological problem affecting aologic studies is the potential for ecologic bias, 

also referred to as the 'ecologic fallacy'," which is the failure of estimates of effect at the ecologic 

level to reflect the effect at the individual level." The ecologic fallacy is an issue when testing 

etioIogical hypotheses by using aggregatc measures of exposure to predict rates of disease, with the 

intait of erbapolating effect estirnates to the indi~idual?~ ïhe fâilure of ecologic estimates of effect 

to represent individual level effects anses fiom three sources: ivithïn-group bias, confounding by 
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group, and effect modification by group." 

Within-group bias refen to biases, confounding and misclassification that occur at  the 

individual level within each ecologic unit. Since there is no possibility of obtaining information on 

confounders at the individual level, it is not possible to account for this effect. Confounding by group, 

also referred to as  specification bias, occurs when a factor that is associateci with the outcome at the 

individuai Ievel is differentiaily distributed across ecologic uni&." In other words, specification bias 

OCCUTS ifthis factor is an mlogic dounde r ,  regardas of whether it is a confounder at the individual 

level. In this study, the potential risk factor of SES was accokted for in order to rninimize this bias. 

A h ,  exposure to nuclear facilities w s  considered for its possible confounding effect. Unfortunately, 

because little is known about the etiology of chiIdhood leukaernia, it !vas not possible to control for 

other unknown potential ecofogic confounders. EfEect modification by group can occur when risk 

estimates due to the exposure of interest varies across certain groups. In this study, herd immunity 

measured by geographic isolation, \vas suspecteci of modiSing risk due to population mising. 

Therefore, risk due to population mising \vas examined among CSDs grouped according to isolation 

s ta tu .  Although SES and geographic isolation were accounted for, the possibility esists that rate 

ratios are biased due to  unknown risk factors or effect modifiers that were differentially distributed 

across CSDs. 

6.4.2. Confoundin3 

Confounder control is also problematic in ecologic studies, since ecologic masures do not 

necessarily reflect individual measures." To minimize biases due to this rnisspecification of 

conf~unden,'~ the covariate distribution of highest level of education was analyzed. Ideally, incorne 

would have been anaiyzed similady, however, adequate data were not available. In any case, 

inadquate confounder control is most likely due to the lack of knowledge regarding risk factors for 
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c h i l d h d  leukaernia, and therefore, an inabiliq to control for ali possible confounding effects. 

6.4.3. Po~ulation Denominators 

Person-years at risk were calculated by multiplying the population counts in the census of 

which each 5-year pend \vas centered on by £ive. If a CSD eqerienced a relatively high net increase 

in population during a 5-year period, then denominators may have b e n  overestimated by using a 

population estimate following a penod of population growth to calculate person-years at nsk. The 

efféct ofthis wodd be to widerestinÿue the incidence rate. LikRwe, in areas where population growth 

was negative, denorninators may have ken underestimateci through the use of a population estimate 

following a period of population decline. in this case, incidence rates in the referent category may have 

been overestimated. The overall effect of this would be to decrease observed rate ratios. Thus, 

assuming that population counts fiom the census were adequateIy estirnateci, elevated risks observed 

in this study are not Uely a result of bias due to inaccurate caIculations of population at nsk. On the 

other hand, nul1 nsk estimates may have subsequently resulted due to ttiis effect. 

6.5. Cornparison with Previous Studies 

A summary of the literature that is discussed in this section is presented in table 6.1. Sirnilar 

to many previous studies, this study showed an increased nsk of childhood leukaemia, specifically of 

the ALL subtype in children aged O to 4, due to population mixîng in rural areas. indicators of 

population mLxi.ng and methods to estimate relative risks have vaned among past studies. In Kinlen's 

studies, standardized mortality ratios (SMR) were calculated to estimate nsk due to population 

mixing." Rate ratios for the highest categories of population mising in this study were ivithin the 

range of the SMRs associated with the highest categories of exposure to population rnising in each of 

the 5 original Kinlen studies (1.47 to 2.79 for the ages O to 14). However, a similar Ievel of N k  uas 
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a h  observai in the lowest categoxy of population mWng in this study. Becaux different measures 

of population mixing were used in Kinlen's 5 studies, it is difficult to d e  cornparisons across 

shidies. However, in the sîudy of New ~owns ,~ '  percent population change \vas measured and it \tas 

found that the increased leukaemia rnodity among cfiildren aged 0 to 4 was obsewed in areas that 

esperienced greater ihan 150% change in population. Rural areas expenencing Iess than this level of 

population change were not studied. 

The resuits of this study were consistent with the three LTK midies ivhich, sirnilar to this study, 

covered a b m d  region with more variation in population rnising and geographic isolation compared 

to Kinien's studie~."*~~.~' Rate ratios h this study, however, were slightly hi@er, particularly for 

ALL. In the study by L,an&ord,ss relative risks were not determineci for different levels of isolation 

therefore, it is possible that risk estimates were obscured by differences in nsk by isolation. in that 

study, it \vas also found h t  the effect of population mising on childhood leukaemia mortality among 

local authority districts of England and Wales occurred at a threshold vatue benveen 30% and 50% 

population change. In this study, Ieukaernia nsk was elevated even between 0% and 10% change. 

Stiller and Boyle4' attanpted to esamine threshold effkts by comparing the top decile of ecologic uniu 

with the bottom deciIe. Similar to the results of this study, it was concluded that the association 

behveen childhood ALL and population miuing is not restricted to extrerne levels of mixing. In another 

sr~dy,''~ an associatîon between childhood ieukaemia and population mising uas found only when 

examining the risk of lymphocytic leukaemia in rural areas of hi& SES. Reniits of this study are 

consistent in that the strongest associations were found for risk of ALL in rural areas. 

The results of this snidy are also consistent wîth the one study conducd outside of the UI; 

which supportai bien 's  hypothesis.18 In that midy, the most elevated (although non-significant) risks 

were seen in the youngest age groups. As well, nsk estimates were highest ivhen the analysis  vas 

restricted to ALL and common ALL. 



Title, Author, Year, 
Reference no. 

Epidemiologicai evidmce 
for an infective bmis in 
ch i ldhd  leukaemia 
Kinlai, W, 1995,40 

Table 6.1. Summarv 

.- 

Childhwd leukaemia 
rnortality and population 
change in England and 
Wales 1969-73 
Langford, 1, 1993,55 

of arevious literature discus r- 

Socic~economic factors in 
relation to childhood 
Ieukaemia and non- 
Hodgkin lynphomas: an 
analysis based on s m l l  
aresi statistics for casus  
tracts 
Rodrigues, L et al., 199 1, 
4 9 

EtTect of population 
rni.sing and 
sacioeconomic status in 
England and Wales, 
1979-85, on 
lymphoblastic leukaernia 
in chikiren Stiller, CA, et 
al., 1996.47 

Clusterhg of c h i l d h d  
leuitaemia in Hong Kong: 
association with the 
ch i ldhd  peak and 
cornmon acute 
Ipphoblastic lcukamïa 
and with ppulation 
mishg 
Alesander FE et al., 
1997.18 

-- 

Description Leulaternia 
Out corne 

Review article 
including 
Kuilen's five 
original studies 

S tudy 
examinhg al1 
1365 local 
authority areas 
of England and 
WaIrs 

S tudy 
esamining al1 
m s u s  tracts in 
England and 
Wales 

S tudy 
csamining al1 
countirs of 
England and 
Wales 

Study 
examining new 
toms in New 
Tm-tories in 
Hong Kong 

Generall y, 
childhood 
leukaexnia, al1 
subt,pes among 
children aged O 
to 14 

C hildhood 
leukaemia 
mortdi ty among 
childrm aged O 
to 14 (corn 
1969-73) 

Childhood 
leukaemia 
incidence 
among children 
aged O to 14 
( 1966-76 and 
1977-83) 

ALL in children 
aged O to 14 
(from 1979-85) 

Childhood 
Ieukaemia, 
ALL, and 
common ALI, in 
children aged O 
to 14 (1984-90) 

Population Mixing 
Indicator 

Main Results 

Formation of New 
Towms, military 
servicemat, 
migrant 
construction 
workers, situations 
of commuting, 
wartime 
evacuations 

SMRs varied tiom 
1 A7 to 2.79 in the 
highest categories of 
population mi&g for 
îhe ages O to 14 

Percent population 
change ktwm 
1961 and 1971 

RR= 1.408 for 
childhood leukasrnia 
arnong children aged 
O to 14, for areas 
experimcing >50% 
population inmase 
relative to al1 other 
aras  

Percmtage 
population ratio 
(ntio of child 
population at 198 1 
census to that at 
1971 census) 

No apparent 
association k t ~ v e a  
childhood leukaemia 
and population ntio, 
esccpt for crnsus 
mets wirh a 
population ratio of 
140% or more in rura! 
aras of the 3 highrst 
SES quintiks 
(RR= 1.4 for ALL) 

Proportion of total 
migrants and child 
migrants 

Significant trends in 
ALL incidence at ages 
O to4and5 t09 with 
child migrants 

Population growth 
in prriviously 
uninhabittd a r a s  

Non-significant 
increased risk of ALL 
in young age groups 
associateci wîth 
population growth 



6.6. Interpretation of Results 

The escess risk of leukaemia in children !vas observed in areas considered rural and that 

expenenced some amount of population growth. Transmission of infections and the progress of an 

epidemic require a relatively large population of susceptibles and a high rate of contact between 

Ulfected and susceptible people.'" A large proportion of susceptibles, or in other words a low herd 

hunity, is expected to be found in isolated areas, therefore it is not surprishg that increased n s h  

were observeci primariiy in rural areas. These areas were also characterized by havhg a net increase 

in population. Thus, not only did the population $ow but the population density would have increased 

rhereby resulting in an increased likelihood of contact b e ~ e e n  individuals. Assuming the incomen 

were either infected or were carriers, population growth in these isolated areas provided an 

environment conducive to the spread of infection. The fact that the associations werc not ieplicated 

in urban areas furiher s u p p o ~ ~  the m e n  hypothesis since the initially high population density in these 

areas would have facilitateci contact between infected and susceptible people, rendering a high level 

of herd immunity. The lack of an association observed in rural areas according to the population 

rnixinç indicator of migrant population is likely due to the fact that increases in population (and 

population density) are not strongly correiated with percent of the population that are migrants. 

The increased leukaemia nsk in rural areas was found to bc strongest for the ALL subtype. 

This result provides support to the suggestion that the etiology of ALL differs fiom that of other 

s ~ b t . ~ e s . " ~ ~  Smail numbers preclude su banalyses by other leukaemia subtypes, howvever, the 

observed weakening of risk estimates when dl leukaemia subtypes were analyzed is consistent with 

oiher subtypes king unrelateci (or inversely reiated) to population mixing in rural areas. DîfYerences 

in the descriptive ep ideMology of ALL and A M L ~ ~ B "  as well as suggestive evidence that risk factors 

for ALL and AML may aiso support the fact that the etiology of ALL may M e r  fiom that of 

AML and other leukaemia subtypes. 



Accordingly, an irnmunological mode1 specific to common ALL and relate. to Kinlen's 

population rni.xhg hypothesis has b e n  proposeci by Greaves." It is postulated that comrnon ALL 

requires two sequential genetic events (Le. spontaneous mutations) for its clinical manifestation.* 

Because 3 cell precursors have a hi& proiiferation rate during early developmental stages and at 

idàncy, they are at a high Nk of spontaneous m~tation.~' Thus, the first spontamus mutation likely 

occurs in irtero and results in a pre-leukaernic subclinical state of acute leukaemia. A second event 

in a ce11 belonging to the esishng pre-leukaernic clone is required to precipitate overt leukaemia. ?bis 

second event is thought to be induced by an a b n o r d  pattern of infection esperiened by the individual 

due to immunological isolation (i.e. delayed exposure). Normal or eariy exposure to common 

infectious agents is expected to occur around the timc of birth through mothers or postnatdly through 

breast feeding and contacts with others, such as older sib~ings.'~ This first esqosure establishes 

immune protenion (denved From tramplacental matemal antibodies or through breast milk) and i d 1  

modulate the infat's imrnunological system. When subsequent esposure occun, immunocornpetent 

B-lymphocytes wilI be reIeased. However, when first exposure is delayed, thz immune system is 

unmodulated. When first exposure occurs at an older age, stress is put on B c ~ f  1 precursors. n i e  

proliferative stress thus puts the pre-leukaemic clone at risk for the second spntaneous mutation 

which results in overt leukaemia. 

According to thîs hypothesis, delayed exposure occurs due to a lack of rqosure in infancy. 

Upon later exposure, on rare instances, rather than cespondin3 in the usual manner, leukaemia (Le. 

common ALL) results. Since young children would have had the least opporrunity to have been 

i n f i  the proportion of susceptibles would be higher in this age group.' Thus, the observed escess 

risk of ALL among children in the youngest age group is expected. At older ages, more children 

would have had the oppoxtunity for esposure and subsequently would have been accorded some f o m  

of immunig (if leukaemia did not occur). The relative proportion of suscepuble children ivould 
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therefore be srnaller in older age p u p s  compared to younger children and the nsk associated wvith 

popuktion mi'cing would be expected to be lower. In fact, a lower non-significant risk of ALL due 

to population mixing in children aged 5 to 9 was observed. Likewise, there w s  little risk of ALL 

associated with population mking in rural areas for children aged 10 to 14. 

In chiidrai aged O to 4, the risk of ALL due to population mi'ring in rural areas was found to 

be strongest in the first of the three 5-year periods included in the study peiod. Rate ratios declined 

in the next two 5-year periods. This observation is also consistent with the population mixing 

hypothesis and was observed by Kinlen."s In the ivay that age offers individual immunity (due to 

increased opportunities for esposure), thne following a penod of population mixing can offer herd 

immunity to a geographic area. Assuming that the increase in the incidence of leukaemia was due to 

inféctious tranmiûsion through population mising, then for those individuals that did not respond by 

developing leukaernia, irnrnunization was established, One would expect that newly born children 

should be at risk since they have not been directiy excposed hoivever, according to Greaves ' hypothesis, 

a newbm's immunity ni11 reflect that of their mothers.19 Since herd imrnunity is a characteristic of 

the group and is dependent upon individual imrnunity, as more individuals become immune, the herd 

immunity will increase, Thus, over tirne, the herd immunity of Ontario should be increasing. 

Population growth has occurred in both urban and rural areas during ail three t h e  periods. in fact, 

a Iarger proportion of CSDs were caiegorîzed in the highest levels of population change in both urban 

and rural areas in the las 5-year penod, comparai to the first two 5-year pen'ods. On dus observation 

alone one would expect a higher nsk of leukaemia in rural areas in this period. However, given that 

population xnixing and an associated increased incidence of leukaemia occurred in the =lier period, 

it is possible that the individuals that did not get leukaemia, either responded in the usual manner to 

the i n f i o n  and developed immunity, or went throuçh a process of symptomless im~nunization.~' In 

effécS the concentration of susceptibles wvould have decreased in rural areas during the study period. 
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The increased nsk of leukaemia in children aged 10 to 14 associated with hi& levels of 

population ~~ in urban areas iris not expected accordhg to Kinlen's hypothesis. In urban areas, 

the herd immunity to common i d d o u s  agents is expected to be hi@. As well, the rnajority of 

children in this age group are expected to be immune by virtue of their age and havuig had m y  

opportuni.ties for exposure to common infections. If the cause of leukaemia in rural areas is due to 

transmission of a comrnon infection during population mixing, it seems unlikely that a common 

infection is causing leukaexnia in 10 to 14 year old children in urban areas. 

Whereas increased risks of leukaemia in rural areas was seen at al1 levels of population 

change, relative to zero or negative population change, the effect in urban areas arnong older ctiildren 

seerned to be concentrated in the highest categories of population mixing. One hypothesis for this 

une- fincimg is that some &or awociated with high levels of population mixing in urban areas 

is causing t h s  observed increased risk. The adjustment of rate ratios by income and educaîion was 

done to exclude SES as an alternative explanation. 

A number of environmentai factors are suspecteci in the etiology of childhood ~ e u k a e r n i a , ~ ~  

however, since the etiology of childhood leukaemia is largely unknom, it is difficult to measure and 

control for unlaiown confounding Mors.  If any leukaemogenic factor is associated wîih population 

mixing in urban areas, thai it is possible that this factor is resulting in Ieukaemia in the 10 to 14 year 

oid age group. In one study, population density in urban cities kvas found to be associated nith 

Ieukaemia and non-Hodgkin's Ijmphoma in children aged O to 14? The effect w a s  found to be 

stronger in the youngest age group (O to 4), therefore, the association \vas attributed to the infectious 

hypothesis. Since a change in population would also change the population density of an area, an 

environmeniai (Ieukaemogenic) fhctor associated with density, other than a conunon infectious agenL 

cwld account for the e f k t .  In a s~ idy  conducted in DenmarkYs ambient air levels of volatile organic 

compounds associated with traffic exhaust &esy including benzene which is hown to be 
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leukaemogenic in adults," \vas found to be higher in urban areas (where popularion deasity is hi&) 

than in nird areas. Outdoor measurements were, however, not found to be comparable to personal 

eqmues .  Nonetheless, ifhigh levels of population change in urban areas, and the resulting uicreasz 

in population density, conûibutes to an increase in the levels of certain environmental leukaemogenic 

mors ,  then it is possible that the increased concentration of these factors are related to an increased 

nsk of leukaemia in children aged 10 to 14. If cumulative esposures are relemnt, then this would 

account for the Iack of relationship observed in the younger age groups. 

In evaluatùig the duence of the Toronto Regional Municipality, the CSDs that comprise this 

area were excluded in a secondaxy analysis. Rate ratios in urban areas were found to increase. The 

exclusion ofthis region had the &kt ofavcluding cases and population at risk primarily fiom the two 

lowest categories of population change. The population densities of the CSDs that comprise thz 

Toronto Reg ional Municipality are among the ten highest in Ontario in al1 three censuses covered in 

the study period. ifan aiviromentai factor related to population density is associated with leukaemia 

in children, then it is possible that in areas with a very hi& population density, the levels are invariabiy 

high and consistently canaibuthg to cumulative expsure. Thus, the rates of leukaemia are hi&. The 

exclusion ofthe areas with very high population density that expenenced negative to zero population 

change, decreases the rates in the referent category, thereby increase rate ratios in the highest 

categories. 

If such an environmeniai exposure associated with hi& population density is in fact resultkg 

in leukaania arnong older chiidren in urban areas, thm the absence of a relationship in rural areas (Le. 

less population dense) can be accounted for by the fact that concentrations of diese environmental 

pollutants do not achieve as hi& concentrations. Hi& levels of population mkxing, even if it d o a  

increase environmental le& in rural areas, d o a  not contribute to a large curnulative exposure amoq 

children. 



Given that there was no a priori expectation that an increased risk of leukaemia would be 

observed arnong children in this age group, this i n t e rphon  is presented only as a hypothesis. In any 

case, the evidence regardmg chiidhaxi leukaariia m 10 to 14 year old children supports the suggestion 

that the etiology of childtiood leukaemia not ody diffen by subtype, but also by age? 

6.7. Strengths of the Study 

Approliimately 29,000,000 person-yean were included as part of the study population at risk. 

This gave nse to appmximately 1400 cases during the 15 year study penod. The relatively large 

population size included in the study aiiowed for analyses to have adequate staîistical power. The use 

of existing databases (i.e. the OCR) to obtain information on leukaemia cases aliowed for the 

examination of this large population in a timely marner. As well, the methods used by the OCR 

ensured high quality data were analyzed in this study." 

Population rnixing can be considered an environmental factor, representing contact between 

susceptible individuals and infected people or carriers. To measure an individual's exposure to 

population rnixing would require m e a s u ~ g  a susceptible individual's achial exposure to infecteci 

individuals. Homer,  it is unlikely that one would be able to identify al1 the individuals they were in 

contact with and, in addition, identify who were infected. In fact, this exposure measurement would 

be impossible since the actuai inf'ectious agent that is potentially responsible for causing childhood 

leukaexnia is unknonn. Thus, in light of the limitations of exposure data at the individual level, an 

ecologic mdy offered a fa ib le  approkh to measurement ofexposure to this unknoivn pathogenic 

agent through the ecologiic m a r e  of populaùon mixing. 

6.8. Suggestions for Further Research 

The resufts of this study are consistent with findings fiorn many UK studies and one study 
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conducteci m Hong Kong about the relaîionship between population mi,uing and childhod leukaemia 

in Wlated areas. AU together, results fiom these studies provide support to the hypothesis regarding 

an inféctious component to the etiology ofchildhood leukaemia. 

AU these sîudies, however, were ecologic studies, and therefore subject to the biases discussed 

in section 6.4.1. Also due to the ecologic nature of the midy, it is unknown whether it was the original 

population of a rua l  area or radier the incoming population that experimced the increased nsk of 

leukaemia following population mCUng. Thus, no clear conclusion about an infectious etiology of 

chiIdhood leukaemia can be made. 

Analyses by time period in this study suggested that the nsk due to population rnixing  as 

declining over t h e ,  thereby implying a possible increase in herd imrnunity over time. However, 

leukaeniia rates in Ontario have rernained relatively stable throughout the snidy period and in r e m t  

tirnes. Herd immuniy and population mixing are both ecologic maures, and it is possible that rhe 

risk due to population mishg is decreasing over time. However, given that rates are not concurrently 

decreasing, if the etiology of leukaexnia involves an infectious component, then individual factors are 

probably maintainhg the stable rates. Because of individual variation in imrnunity as well as in 

exposure to the relevant Uûectious agent or agents, in order to adequately examine the infectious 

etioloa hypothesis, it is necessary to conduct a shidy at the individual level. 

Based on this study as well as past studies, it appears that an infectious etiology is mon  

pertinent to the ALL su btype. Greaves' hypothesis which is specific to ALL, also refers to timing of 

exposures. Specifically, exposure to infections in Uiâncy sams to be relevant in protection fiom 

leukaemia Nk. Further examination of the potential Uifectious etiology of leubernia in children 

requires the restriction of cases to the ALL subtype and the assasrnent of exposure should accouat 

for tMing with respect to age, specifically whether exposure occurred in intancy. Because the causal 

pathogenic agent is unknown, a deiailed assessrnent of occurrence of cornmon infections in infan- 
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may provide ches?' Since an infectious etiology of ALL may be most likely in the yomgest age 

group, it is Mpomt  that attention be given to age at diagnosis in future midies. 

6.9. Conclusions 

In this shidy, the objective was to e x d e  the ar>logic effect of population mixing on the rare 

of childhood 1eukaem.h. The intention of this study was to provide information which, in conjunction 

with resuits ofother similar snidies, could generate hypotheses with regard to a Wal component to the 

etiology of childhood leukaexnia. In facS resuits fiom this study were supportive of previous research, 

and fùrihermore, the association was demonstrate. in a new senhg. In accounting for different Ieveels 

of geographic isotation, it was found that the relationship between population rnising and childhood 

ledamk, with respect to the infectious hypothesis, was specific to rural areas. Analyses by age and 

subtype ernphasizal the importance ofaccounting for possible etiological ciifferences by these factors. 

In total, the results from ecologic studies of the Kinlen hypothesis provide information suggestive of 

an infectious etiology of chi ldhd ALL, and requires a more indepth examinarion. 
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