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It is widely recognised that migration and health  
are linked. Movements of people to new environments 
has been noted for having both positive and 
detrimental impacts on the health of those who  
move, those they join, and those they leave 
behind. One emerging area of research in the 
field of migration and health has been the role of 
population mixing in influencing population health. 
Population mixing can be defined as the movement 
and interaction of people over time and space, and 
can have a direct influence on local disease rates 
through the introduction of infections to susceptible 
populations. As well as increasing the risks of 
communicable diseases, population mixing has 
been implicated in the development of childhood 
leukaemia and type 1 diabetes. This paper reviews 
the growing body of research which links population 
mixing to these diseases, and highlights key 
priorities for future research.

Introduction
Research in epidemiology, geography and public health 
has shown that where people live influences their health, 
independently of individual socio-demographic characteristics.1 
For example, researchers have found associations between 
health and environmental characteristics of places such as 
exposure to air pollution and radon gas, features of the built 
environment including access to shops selling health food or 
high levels of green space, as well as social features such as levels 
of crime or social capital.2 One characteristic of places that has 
received increased attention has been the study of population 
movements between places over time. It is widely recognised 
that migration and health are linked, with movements of people 
to new environments having both positive and detrimental 
impacts on the health of those who move, those they join, and 
those they leave behind.3, 4 One emerging area of health and 
migration research has been the role of population mixing in 
influencing population health. Although population mixing 
has been defined in diverse ways,5–7 it can be broadly described 
as the movement and interaction of people over time and space. 
Population mixing can have a direct influence on local disease 
rates through the introduction of infections to susceptible 
populations,8 and has been implicated in the development of  

the childhood diseases of acute lymphoblastic leukaemia9 and 
type 1 diabetes.10 Childhood leukaemia and type 1 diabetes  
have many epidemiological and potential aetiological factors  
in common.11, 12

Although the role of infections in the aetiologies of both  
diseases has been considered for some time,13–16 links with 
population mixing are relatively recent7, 8, 17 and remain poorly 
understood. This paper reviews the growing body of research 
which links population mixing to the aetiologies of childhood 
leukaemia and type 1 diabetes and is organised into three 
sections. The first two sections review current research on the 
association between population mixing and both childhood 
leukaemia and type 1 diabetes, while the third summarises this 
literature and highlights some priorities for future research. 

Population mixing and childhood leukaemia
Leukaemia is a cancer of the bone marrow18, 19 and although 
overall incidence is rare, it is one of the most common  
childhood malignancies.20, 21 Since the mid 1960s there has  
been a significant increase in the incidence of leukaemia among  
New Zealand children consistent with similar rises reported in 
other affluent populations.21, 22 Although the aetiology of this 
disease remains uncertain, both genetic and environmental 
factors have been associated with its development. The final 
event that precipitates the onset of leukaemia however, is most 
likely to be environmental.23

Infections were initially implicated as an environmental trigger 
in the early twentieth century.24 This followed observations that 
the age distribution of leukaemia was similar to that of common 
childhood infectious diseases, and also that many patients had 
infections before or coincident with diagnosis.25 Infection as a 
cause lost favour when it was recognised that leukaemia was not 
contagious16 but is now being reconsidered due to the discovery 
of viruses as causative factors in adult T-cell leukaemia26 and 
in leukaemia in domestic cattle, cats and chickens.25 Work by 
Greaves17 has since shown that at least two genetic mutations 
are required for childhood leukaemia to develop, with the 
first mutation usually occurring in the uterus. His ‘delayed 
infection’ hypothesis postulated that the second mutation could 
be triggered some years later by infection. A central tenet of 
this hypothesis is that the immune system is programmed to 
anticipate infectious exposure neonatally and in infancy. Absence 
of infections in early life (a feature of affluent hygienic societies), 
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thus leaves the immune system weak, and subsequent exposure 
to infection can place undue stress on the body, resulting in the 
onset of leukaemia.25 

Research linking childhood leukaemia incidence to population 
mixing began in the early 1980s in the United Kingdom after 
apparent clusters of the disease were reported around the nuclear 
reprocessing plants of Sellafield and Dounreay. Subsequent 
research showed that the excess of leukaemia cases around 
the plants could not be explained by levels of radiation in the 
environment,27 28 or by paternal occupation at the plants.29, 30 
Epidemiologist Leo Kinlen noted that the increases in leukaemia 
occurred after an influx of migrant professional workers to these 
previously remote areas.7 Consequently, he hypothesised that 
childhood leukaemia is a rare response to a common infection 
introduced through population mixing to non-immune children. 
This is consistent with Greaves’ delayed infection hypothesis.17 
He tested his theory by examining leukaemia mortality in 
Glenrothes, a new town in rural Scotland with no nuclear plants 
and which experienced a doubling of its population in the 1950s 
and 1960s. A significant excess of leukaemia deaths (7 observed, 
1.5 expected) was found in those aged under 5 years for the 
period of greatest population growth. Following directly on from 
this study, Kinlen, Clarke and Hudson31 inspected leukaemia 
mortality in other new towns in the United Kingdom. These 
were separated into two categories: overspill new towns, where 
the majority of new residents came from adjacent urban areas, 
and rural new towns, with incomers from diverse origins. The 
density of children was higher in the rural new towns compared 
with the areas where the incomers originated, with the converse 
true for the overspill new towns. These two factors were 
postulated to encourage a greater rise in the appropriate infection 
in the rural new towns, with the potential to trigger excess cases 
of leukaemia. The results supported this theory and showed a 
significant increase in leukaemia deaths at ages 0–4 years in the 
rural new towns between 1946 and 1965. 

Kinlen’s subsequent work has investigated the occurrence of 
childhood leukaemia in the UK and Europe using various 
population mixing measures, at both the area and individual 
level. At the area level, for example, significant excesses of 
childhood leukaemia were found in areas which experienced 
increased commuting;32 in rural areas of England and Wales 
which witnessed an influx of military personnel;33 in rural areas 
of Scotland which received a large influx of oil workers;34 in rural 
areas of England and Wales with a high proportion of war-time 
children evacuees from London;35 near large rural construction 
sites in Pembrokeshire and in Scottish hydroelectric counties 
while construction was underway;36 in countries in Europe with 
high levels of rural migration;37 in Orkney and Shetland when 
troops outnumbered local people during the second world war;38 
and in West Cumbria when the construction and operation 
of Royal ordnance factories resulted in influxes of workers 
to the area.39 Individual level analyses have shown leukaemia 
incidence to be higher in children with fathers in very high 
contact occupations, especially those working in transport and 
construction, in the UK as a whole,40 in rural areas of Scotland,41 
and in rural counties of Sweden.42 

Work by other researchers overwhelmingly supports the general 
findings of Kinlen and colleagues; that increased levels of 
population mixing are significantly and positively associated 
with childhood leukaemia. Almost all of these studies are 
ecological in design, with most using population growth as a 
way of measuring population mixing. Of these studies, work 
conducted in Hong Kong,43 Canada44 and the USA45 support 
the UK findings. Studies using more complex measures of 
population mixing, such as the proportion of in-migrants and 
the diversity of origins of in-migrants to an area, generally 
support the trends noted for population growth46–51 with four 
exceptions. Ecological work concentrated in Yorkshire in the UK 
between 1986 and 1996 found childhood leukaemia incidence 
to be significantly lower in areas of high population mixing, and 
significantly higher in areas of low population mixing.6 These 
results are supported by further ecological work carried out in 
Yorkshire by Feltbower and colleagues52 and by a case-control 
study of children with leukaemia in England, Scotland and 
Wales.5 The only study conducted in New Zealand found no 
significant relationship between age-adjusted rate ratios for 
childhood leukaemia in three population growth areas in the 
1950s in the North Island when compared to the rest of  
New Zealand.53

Population mixing and childhood type 1 diabetes
Childhood type 1 diabetes is a chronic autoimmune disease, 
the incidence of which is rising in many parts of the world,54–57 
including Australia58, 59 and New Zealand.60 Although the precise 
aetiology of the disease remains unclear, it is widely recognised 
that both genetic and environmental factors are important.61–64 
No single environmental agent has been identified but evidence 
from animal studies 65–67 and serological and epidemiological 
studies 68–71 suggests an important role for infections. 

One theory regarding the protective role of infections, the 
hygiene hypothesis, postulates that reduced exposure to common 
microbial infections in early life can increase the risk of type 
1 diabetes in childhood.10, 72 The hygiene hypothesis has an 
essentially similar immunological argument to Greaves’ delayed 
infection hypothesis17 formulated to explain the development of 
childhood leukaemia.25 An ecological study in Northern Ireland 
found indirect evidence to support the hygiene hypothesis.  
A significantly lower incidence of childhood diabetes was found 
in areas of both high population density and high levels of 
household overcrowding. A possible explanation is that children 
living in these areas were exposed to common infections in early 
life conferring protection against the subsequent development of 
type 1 diabetes.73 A similar inverse relationship with population  
density and household overcrowding was noted in Northern 
England,74 and with population density alone, in Scotland75  
and Finland.76
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A case-control study conducted in Southampton, England, into 
early infection and subsequent onset of type 1 diabetes acted 
as a more direct test of this hypothesis. The findings showed 
that infection during the first year of life was associated with 
a reduction in diabetes risk.69 Children in a Lithuanian case-
control study were also less likely to develop diabetes if they 
experienced one or more infections in the first six months of 
life.77 A further case-control study in Yorkshire investigated the 
link between childhood type 1 diabetes and early social mixing 
as measured by attendance at day-care facilities and infections 
occurring under one year. Attendance at day-care centres for 
infants below one year of age showed a significant inverse 
association with childhood diabetes. There was also a reduced, 
but non-significant, risk of diabetes for children experiencing 
any episodes of infection before their first birthday.70  
Pre-school day-care attendance was also found to be inversely 
associated with childhood diabetes in data from seven European 
population-based registers.78 

At the area level, population mixing variables have recently 
been used by researchers as a proxy for measuring exposure to 
infections, and therefore to test the hygiene hypothesis. Similar 
measures of population mixing to those used in studies of 
childhood leukaemia have been employed. For example, work 
by Parslow and colleagues8 measured the diversity of origins of 
incoming migrants to electoral wards in Yorkshire following 
Stiller and Boyle.51 Regression models were then used to calculate 
the effect of any age and child population mixing on the 
incidence of childhood diabetes whilst controlling for population 
density, ethnicity and the proportion of migrants. Areas with 
low levels of child population mixing had significantly higher 
incidence rates of childhood diabetes (0–14 years). A similar 
study carried out in the same area but using slightly different 
methods came to the same conclusion; rates of type 1 diabetes 
were significantly higher in areas of low population mixing.52  
A recent study in Tayside, Scotland, investigated the association 
between childhood type 1 diabetes and a number of different 
measures of population mixing.79 Variables which have been 
used previously, and a new categorical variable based on different 
combinations of in-migration and migrant diversity, were 
employed. Areas with a higher percentage of child in-migrants 
had significantly lower rates of type 1 diabetes and areas with 
both low child in-migration and low child migrant diversity had 
the highest incidence of type 1 diabetes. 

An agenda for future research
In summary, the majority of childhood leukaemia studies  
show raised rates of the disease in areas with high levels of 
population mixing. However, three recent studies show an 
inverse relationship between leukaemia and population  
mixing,5, 6, 52 and another shows no association with any 
population mixing measure.53 Although only three studies  
have been conducted on population mixing and type 1 diabetes, 
all showed an increase in type 1 diabetes to be related to areas  
of low population mixing.8, 52, 79 In view of these findings,  
this review highlights three priorities for further research. 

Firstly, it is important to examine the health effects of 
population mixing in a wider range of geographical settings.  
To date, the majority of studies have been conducted in the  
UK, with only one study undertaken in New Zealand. 
This omission is perhaps surprising given the high levels of 
immigration into New Zealand and the rapid movement of 
people within the country. For example, 23% of New Zealanders 
were born overseas,80 and between 2001 and 2006, 60% of 
residents changed their address at least once.81

Secondly, a number of theoretical and methodological 
limitations need to be addressed. Population mixing is still 
poorly defined with the majority of definitions to date being 
influenced primarily by the data available. Most previous studies 
have defined, and therefore measured population mixing, as 
population change.7, 31, 43–45, 82 This approach is unsatisfactory  
as it does not directly measure the inflow of new people to an 
area; it includes data on births and deaths as well as migration.  
In addition it does not take into account where migrants 
originate and is thus an inadequate proxy for the range of 
infections introduced. We therefore recommend that population 
mixing measures consistently include some gauge of both 
the volume of people entering an area, and an indication of 
where they came from. In addition, more frequent and short 
term movements of people need to be considered including 
commuting patterns32, 51 and everyday trips such as to shops or 
schools. Similarly, the influence of tourist flows could usefully  
be assessed, particularly in countries such as New Zealand  
which receive increasing numbers of overseas tourists every 
year,81 often to previously isolated areas. 

Finally, limitations relating to study design offer opportunities 
for improvement. The timing of exposure to population mixing 
needs to be captured more accurately whilst routinely accounting 
for the latency period of the diseases.44, 45 Similarly, the issue 
of change in levels of population mixing over time needs to 
be addressed. Moreover, comparable to most studies of the 
contextual determinants of health, the influence of scale effects  
 not well established. It is feasible that the statistical relationship 
between population mixing and health is sensitive to the choice 
of geographical unit of analysis. Further research which tests  
the effects of population mixing at different geographical scales  
is warranted. 

There is now considerable evidence that population mixing 
influences childhood health. However many future challenges 
remain. The theory behind this phenomenon requires further 
attention, as do current methodologies for investigating its 
role in disease causation. Population mixing also needs to be 
examined in other geographical settings, especially those  
with increasingly mobile populations. New Zealand is one  
such setting.



15Australasian Epidemiologist  April 2007  Vol. 14.1, 12–15  Population mixing in the aetiology of disease: a NZ perspective, Miller L et al.

References
1.  Tunstall HVZ, Shaw M, Dorling D. 

Places and health. Journal of Epidemiology 
& Community Health. 2004;58(1):6-10.

2.  Macintyre S, Ellaway A, Cummins 
S. Place effects on health: how can we 
conceptualise, operationalise and measure 
them? Social Science & Medicine. 
2002;55(1):125-39.

3.  Bentham G. Migration and morbidity: 
implications for geographical studies 
of disease. Social Science & Medicine. 
1988;26(1):49-54.

4.  Hull D. Migration, adaptation and illness: 
a review. Social Science & Medicine. 
1979;13A:25-36.

5.  Law GR, Parslow RC, Roman E. 
Childhood cancer and population mixing. 
American Journal of Epidemiology. 
2003;158(4):328–36.

6.  Parslow RC, Law GR, Feltbower R, 
Kinsey SE, McKinney PA. Population 
mixing, childhood leukaemia, CNS 
tumours and other childhood cancers in 
Yorkshire. European Journal of Cancer. 
2002;38:2033–40.

7.  Kinlen LJ. Evidence for an infective cause 
of childhood leukaemia: a comparison 
of a Scottish new town with nuclear 
reprocessing sites in Britain. The Lancet. 
1988(8624):1323-7.

8.  Parslow RC, McKinney PA, Law GR, 
Bodansky HJ. Population mixing and 
childhood diabetes. International Journal 
of Epidemiology. 2001;30:533-8.

9.  Greaves MF. Aetiology of acute leukaemia. 
The Lancet. 1997;349(9048):344-9.

10.  Kolb H, Elliot RB. Increasing incidence 
of IDDM a consequence of improved 
hygiene? Diabetologia. 1994;37:729-31.

11.  Feltbower R, McKinney PA, Greaves 
MF, Parslow RC, Bodansky HJ. 
International parallels in leukaemia and 
diabetes epidemiology. Archives of Disease 
in Childhood. 2004;89(1):54-6.

12.  Staines A. The geographical epidemiology 
of childhood insulin independent diabetes 
and childhood acute lymphoblastic 
leukaemia in Yorkshire [PhD Thesis]: 
University of Leeds; 1996.

13.  Harris HF. A case of diabetes mellitus 
quickly following mumps. Boston Medical 
and Surgical Journal. 1899.

14.  Maugh TH. Diabetes: epidemiology 
suggests a viral connection. Science. 
1975;188:347-51.

15.  Pierce M. Childhood leukemia.  
Journal of Pediatrics. 1936;8:66-95.

16.  Ward G. The infective theory of acute 
leukaemia. British Journal of Children’s 
Diseases. 1917;14:10.

17.  Greaves MF. Speculations on the cause of 
childhood acute lymphoblastic leukaemia. 
Leukemia. 1988;2:120-5.

18.  Leukaemia Foundation. Understanding 
leukaemia and related bone marrow 
disorders. Mosman: Leukaemia 
Foundation; 2003.

19.  Liesner RJ, Goldstone AH. ABC of 
clinical haematology: the acute leukaemias. 
British Medical Journal. 1997;314:733-40.

20.  Belson M, Kingsley B, Holmes A. Risk 
factors for acute leukemia in children: a 
review. Environmental Health Perspectives. 
2007;115(1):138-45.

21.  Ministry of Health M. Our children’s 
health: key findings on the health of  
New Zealand children. Wellington: 
Ministry of Health; 1998.

22.  Dockerty JD, Cox B, Cockburn MG. 
Childhood leukaemias in New Zealand: 
time trends and ethnic differences. British 
Journal of Cancer. 1996;73:1141-7.

23.  McNally RJQ, Parker L. Environmental 
factors and childhood acute leukemias 
and lymphomas Leukemia & Lymphoma. 
2006;47 (4):583-98 

24.  Cooke JV. The incidence of acute leukemia 
in children. Journal of the American 
Medical Association. 1942;119:547-50.

25.  Greaves MF. Infection, immune responses 
and the aetiology of childhood leukaemia. 
Nature Reviews Cancer. 2006;6 (3): 
193-203.

26.  Gallo RC, Essex ME, Gross L. Human T-
cell leukaemia/lymphoma virus. New York: 
Cold Spring Harbour Laboratory; 1984.

27.  Black D, Independent Advisory Group. 
Investigation into the possible increased 
incidence of cancer in West Cumbria. 
Report of the Independent Advisory 
Group. Chairman: Sir Douglas Black. 
London: HM Stationery Office; 1984.

28.  Committee on Medical Aspects of 
Radiation in the Environment. Second 
report: investigation of the possible 
increased incidence of leukaemia in 
young people near the Dounreay Nuclear 
Establishment, Caithness, Scotland. 
Chairman Bobrow, M. London: HM 
Stationery Office; 1988.

29.  Parker L, Craft AW, Smith J, et 
al. Geographical distribution of 
preconceptional radiation doses to 
fathers employed at the Sellafield nuclear 
installation, West Cumbria. . British 
Medical Journal. 1993;307:966–71.

30.  Urquhart JD, Black RJ, Muirhead MJ, 
et al. Case-control study of leukaemia 
and non-Hodgkin’s lymphoma in children 
in Caithness near the Dounreay nuclear 
installation. British Medical Journal. 
1991;302:687-92.

31.  Kinlen LJ, Clarke K, Hudson C. 
Evidence from population mixing in 
British new towns 1946-1985 of an 
infective basis for childhood leukaemia. 
The Lancet. 1990;336(8715):577-82.

32.  Kinlen LJ, Hudson CM, Stiller CA. 
Contacts between adults as evidence for an 
infective origin in childhood leukaemia: 
an explanation for the excess near nuclear 
establishments in West Berkshire? British 
Journal of Cancer. 1991;64:549-54.

33.  Kinlen LJ, Hudson C. Childhood 
leukaemia and poliomyelitis in relation 
to military encampments in England and 
Wales in the period of national military 
service, 1950-63. British Medical Journal. 
1991;303(6814 p1357(6)):1357-62.

34.  Kinlen LJ, O’Brien F, Clarke K, Balkwill 
A, Matthews F. Rural population mixing 
and childhood leukaemia: effects of 
the North Sea oil industry in Scotland, 
including the area near Dounreay 
nuclear site. British Medical Journal. 
1993;306(6880):743-8.

35.  Kinlen LJ, John SM. Wartime evacuation 
and mortality from childhood leukaemia 
in England and Wales in 1945-9. British 
Medical Journal. 1994;309(6963):1197-
201.

36.  Kinlen LJ, Dickson M, Stiller CA. 
Childhood leukaemia and non-Hodgkin’s 
lymphoma near large rural construction 
sites, with a comparison with Sellafield 
nuclear site. British Medical Journal. 
1995;310:763-8.

37.  Kinlen LJ, Petridou E. Childhood 
leukaemia and rural population 
movements: Greece, Italy and other 
countries. Cancer Causes and Control. 
1995;6:445-50.

38.  Kinlen LJ, Balkwill A. Infective cause 
of childhood leukaemia and wartime 
population mixing in Orkney and 
Shetland, UK. The Lancet. 2001;357:858.

39.  Kinlen LJ. Childhood leukaemia and 
ordnance factories in west Cumbria during 
the Second World War. British Journal of 
Cancer. 2006;95 (1 ):102-6.

40.  Kinlen LJ. High-contact paternal 
occupations, infection and childhood 
leukaemia: five studies of unsual 
population mixing of adults. British 
Journal of Cancer. 1997;76:1539-45.

41.  Kinlen LJ, Bramald S. Paternal 
occupational contact level and childhood 
leukaemia in rural Scotland: a case-
control study. British Journal of Cancer. 
2001;84(7):1002-7.

42.  Kinlen LJ, Jiang J, Hemminki K.  
A case-control study of childhood 
leukaemia and paternal occupational 
contact level in rural Sweden. British 
Journal of Cancer. 2002;86:732-7.

43.  Alexander FE, Chan LC, Lam TH, et al. 
Clustering of childhood leukaemia in Hong 
Kong: association with the childhood peak 
of common acute lymphoblastic leukaemia 
and with population mixing. British 
Journal of Cancer. 1997;75:457-63.

44.  Koushik A, King WD, McLaughlin JR. 
An ecologic study of childhood leukemia 
and population mixing in Ontario, 
Canada. Cancer Causes and Control. 
2001;12(6):483-90.

45.  Wartenberg D, Schneider D, Brown 
S. Childhood leukaemia incidence and 
the population mixing hypothesis in US 
SEER data. British Journal of Cancer. 
2004;90:1771-6.

46.  Boutou O, Guizard AV, Slama R, Pottier 
D, Spira A. Population mixing and 
leukaemia in young people around the La 
Hague nuclear waste reprocessing plant. 
British Journal of Cancer. 2002;87:740-5.

47.  Dickinson HO, Hammal DM, Bithell 
JF, Parker L. Population mixing and 
childhood leukaemia and non-Hodgkin’s 
lymphoma in census wards in England and 
Wales, 1966-87. British Journal of Cancer. 
2002;86:1411-3.

48.  Dickinson HO, Parker L. Quantifying 
the effect of population mixing on 
childhood leukaemia risk: the Seascale 
cluster. British Journal of Cancer. 
1999;81:144-51.

49.  Labar B, Rudan I, Ivankovic D, et al. 
Haematological malignancies in childhood 
in Croatia: Investigating the theories of 
depleted uranium, chemical plant damage 
and ‘population mixing’. European Journal 
of Epidemiology. 2004;19(1):55-60.

50.  Rudant J, Baccalni B, Ripert M, et al. 
Population-mixing at the place of residence 
at the time of birth and incidence of 
childhood leukaemia in France. European 
Journal of Cancer. 2006;42(7):927-33.

51.  Stiller CA, Boyle PJ. Effect of population 
mixing and socioeconomic status 
in England and Wales, 1979-85, on 
lymphoblastic leukaemia in children. 
British Medical Journal. 1996 23 
November;313:1297-300.

52.  Feltbower RG, Manda SOM, Gilthorpe 
MS, et al. Detecting small-area similarities 
in the epidemiology of childhood acute 
lymphoblastic leukemia and diabetes 
mellitus, type 1: a bayesian approach. 
American Journal of Epidemiology. 
2005;161(12):1168-80.

53.  Dockerty JD, Cox B, Borman B, 
Sharples KJ. Population mixing and 
the incidence of childhood leukaemias: 
retrospective comparison in rural areas  
of New Zealand. British Medical Journal. 
1996 11 May;312:1203-4.

54.  DIAMOND. Incidence and trends of 
childhood type 1 diabetes worldwide 
1990–1999. Diabetic Medicine. 
2006;23(8):857–66.

55.  Karvonen M, Tuomilehto J, Libman 
I, LaPorte R. A review of the recent 
epidemiological data on the worldwide 
incidence of type 1 (insulin-dependent) 
diabetes mellitus. Diabetologia. 
1993;36:883-92.

56.  Karvonen M, Viik-Kajander M, 
Moltchanova E, Libman I, LaPorte R, 
Tuomilehto J. Incidence of childhood 
type 1 diabetes worldwide. Diabetes Care. 
2000;23(10):1516-26.

57.  Onkamo P, Väänänen S, Karvonen M, 
Tuomilehto J. Worldwide increase in 
incidence of type I diabetes - the analysis 
of the data on published incidence trends. 
Diabetologia. 1999;42(12):1395-403.

58.  Craig ME, Howard NJ, Silink M, Chan 
A. The rising incidence of childhood type 
1 diabetes in New South Wales, Australia. 
Journal of Pediatric Endocrinology and 
Metabolism. 2000;13(4):363-72.

59.  Haynes A, Bower C, Bulsara MK, Jones 
TW, Davis EA. Continued increase in the 
incidence of childhood Type 1 diabetes in a 
population-based Australian sample (1985-
2002). Diabetologia. 2004;47(5):866-70.

60.  Willis JA, Scott RS, Darlow BA, 
et al. Incidence of type 1 diabetes 
mellitus diagnosed before age 20 years in 
Canterbury, New Zealand over the last  
30 years. Journal of Pediatric 
Endocrinology & Metabolism. 
2002;15:637-43.

61.  Akerblom HK, Vaarala O, Hyoty H, 
Ilonen J, Knip M. Environmental  
factors in the etiology of type 1 diabetes. 
American Journal of Medical Genetics. 
2002;115:18-29.

62.  Brown LJ. Genetics and the environment: 
understanding geographical variations in 
the incidence of childhood diabetes. New 
Zealand Geographer. 1993;49(2):32-9.

63.  Leslie RD, Elliott RB.  
Early environmental events as a cause 
of IDDM. Evidence and implications. 
Diabetes. 1994;43(7):843-50.

64.  MacFarlane AJ, Scott FW. Environmental 
agents and type 1 diabetes. In: Pickup JC, 
Williams G, editors. Textbook of Diabetes 
1. 3rd ed. Oxford: Blackwell Publishing; 
2003. p. 17

65.  Leiter EH, Serreze DV, Prochazka M. 
The genetics and epidemiology of diabetes 
in NOD mice. Immunology Today. 
1990;11:147-9.

66.  Schwimmbeck PL, Dyrberg T,  
Oldstone MB. Abrogation of diabetes 
in BB rats by acute virus infection. 
Association of viral-lymphocyte 
interactions. The Journal of Immunology. 
1988;140(10):3394-400.

67.  Yoon J-W. A new look at viruses in type 1 
diabetes. Diabetes/Metabolism Reviews. 
1995;11:83-107.

68.  Filippi C, von Herrath M. How viral 
infections affect the autoimmune process 
leading to type 1 diabetes. Cellular 
Immunology. 2005;233(2):125-32.

69.  Gibbon C, Smith T, Egger P, Betts P, 
Phillips D. Early infection and subsequent 
insulin dependent diabetes. Archives of 
Disease in Childhood. 1997;77:384-85.

70.  McKinney PA, Okasha M, Parslow RC, 
et al. Early social mixing and childhood 
Type 1 diabetes mellitus: a case-control 
study in Yorkshire, UK. Diabetic 
Medicine. 2000;17(3):236-42.

71.  Szopa TM, Titchener PA, Portwood 
ND, Taylor KW. Diabetes mellitus due 
to viruses - some recent developments. 
Diabetologia. 1993;36:687-95.

72.  Bach JF. Six questions about the hygiene 
hypothesis. Cellular Immunology. 2005 
Feb;233(2):158-61.

73.  Patterson CC, Carson DJ, Hadden 
DR. Epidemiology of childhood IDDM 
in Northern Ireland 1989-1994: low 
incidence in areas with highest population 
density and most household crowding. 
Diabetologia. 1996;39:1063-9.

74.  Staines A, Bodansky HJ, McKinney PA, 
et al. Small area variation in the incidence 
of childhood insulin-dependent diabetes 
mellitus in Yorkshire, UK: links with 
overcrowding and population density. 
International Journal of Epidemiology. 
1997;26(6):1307-13.

75.  Patterson CC, Smith PG, Webb J, et al. 
Geographical variation in the incidence 
of diabetes mellitus in Scottish children 
during the period 1977-1983. Diabetic 
Medicine. 1988;5:160-5.

76.  Karvonen M, Rusanen J, Sundberg M, 
et al. Regional differences in the incidence 
of insulin-dependent diabetes mellitus 
among children in Finland from 1987 
to 1991. Childhood Diabetes in Finland 
(DiMe) Study Group. Annals of Medicine. 
1997;29(4):297-304. .

77.  Pundziute-Lycka A, Urbonaite B, 
Dahlquist G. Infections and risk of type 
I (insulin-dependent) diabetes mellitus 
in Lithuanian children. Diabetologia. 
2000;43:1229-34.

78.  EURODIAB. Infections and vaccinations 
as risk factors for childhood type I (insulin-
dependent) diabetes mellitus: a multicentre 
case-control investigation. Diabetologia. 
2000;43(1):47-53.

79.  Cox M. Geographic variations in the 
incidence of diabetes mellitus in Tayside, 
Scotland [PhD Thesis]: University of St 
Andrews; 2007.

80.  Statistics New Zealand. Quickstats 
national highlights: 2006 Census. 
Wellington: Statistics New Zealand; 2006.

81.  Statistics New Zealand. Quickstats 
about population mobility: 2006 Census. 
Wellington: Statistics New Zealand; 2006.

82.  Langford I. Childhood leukaemia 
mortality and population change in 
England and Wales 1969-73. Social Science 
& Medicine. 1991;33(4):435-40.


