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Abstract: This commentary demonstrates that ‘Geography and chronic disease’ can be associated in unique ways and 
may point to links in the chain of disease causation in epidemiological studies. Examples from the 1900s and 2000s 
evince that critical causal insights into disease were gained by utilizing opportunities provided by geography. In the 
1940s, studies that investigated why some cancers were more frequent in specific geographical areas than in others have 
provided important etiological clues. After comparing disease incidences in Africans versus African-Americans, 
Kennaway suggested that environmental, rather than genetic or ethnic, factors contribute to hepatic cancers. Further clues 
into disease etiology were provided through the investigation of “epidemiological islands”. One example is the discovery 
of “new mechanisms for the origin and dissemination of infectious diseases,” for which Gajdusek was honored as a co-
laureate of a Nobel Prize in 1976. As early as the beginning of the 1900s, scientists suggested that studies of cancer 
development in regions around the Earth’s North Pole could be a promising research avenue. Still today, studying cancer 
in populations that live at extreme latitudes seems to be a promising geographic approach to better understand public 
health, given that two of the world’s most frequent malignancies, namely breast and prostate cancer, are very rare in 
populations residing north of the Arctic Circle. Overall, this commentary serves as a reminder that the geographically 
different distribution of chronic diseases across the globe may provide unique opportunities for investigating what protects 
geographically confined populations against, or what makes them more susceptible to, chronic disease. 
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INTRODUCTION 

 In this commentary, we will address the following 
questions: What has been the past and what can be the future 
role of analyzing links between ‘geography and chronic dis-
ease’ to understand chains of causation that are capable of 
being broken? 

 When investigating the theme, we were surprised how 
little attention is paid – judged by the few papers published 
in the field – to study options based on geography since they 
promise substantial gains in medical and epidemiological 
knowledge. 

 In our time of great expectations to understand diseases, 
such as cancer, from molecular viewpoints, it certainly is 
beneficial to consider some ‘observed facts’. According to 
the 2000 landmark twin study [1], which investigated how 
environmental and inherited genetic factors contribute to or 
cause cancers, 0 – 4 out of 10 cases of malignancies at 11 
different sites were empirically linked to heritable factors. In 
other words: the robust analyses of data from nearly 45,000 
sets of twins in the Nordic countries of Sweden, Denmark 
and Finland have demonstrated that environmental factors 
contribute to 60 (prostate) – 100 (cervix uteri, corpus uteri) 
percent of the risk of sporadic cancers at these 11 locations. 
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 With this – empirical – background, it seems wise to 
identify environmental determinants of health and disease in 
man. The editorial [2] which accompanied the aforementio-
ned landmark study (according to Thomson Reuters’ web of 
knowledge cited reference search, as of October 14, 2011, it 
was cited by 1,219 other scientific articles) concluded that 
“Geographic differences, trends over time in the risk of 
cancer, and detailed studies of migrant populations over-
whelmingly implicate environmental exposures as major 
causal factors and often identify the responsible carcinogens 
(e.g., tobacco, alcohol, radiation, occupational toxins, infect-
ions, diet, drugs).” This line of reasoning supports our argu-
ment and fits to the objective of this commentary, which is to 
illustrate the value of looking into not only what determines 
disease excess but also disease deficits in some geographical 
regions, but not – or less so – in others. 

HISTORICAL EXAMPLES OF THE USE OF GEO-
GRAPHY TO UNDERSTAND NON-MALIGNANT 

CHRONIC DISEASE 

 A very visible example where geography helped to 
identify disease and its probable cause – and possibly a class 
of disease in humans which is caused by unique infectious 
agents – is Kuru. In the mid 1900s, an epidemic of an 
incurable brain disease was observed among a Neolithic 
people in the highlands of Papua New Guinea. The outbreak 
appeared to be fuelled by practicing cannibalism at funerals 
by the Fore people. As a co-recipient, Gajdusek was awarded 
the 1976 Nobel Prize in Physiology or Medicine for 
“discoveries concerning new mechanisms for the origin and 
dissemination of infectious diseases” [3-5]. Work to eluci-
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date the cause [6] of the devastating disease which claimed 
thousands of lives in the 1960s eventually led to the 
suggestion that this transmissable spongiform encephalo-
pathy [TSE] was caused by prions [7] and is thus related to 
Creutzfeldt-Jakob-Disease, to which it was already compared 
in 1957 [8, 9]. For his discovery that prions were the 
infectious agents of TSEs, Prusiner won the 1997 Nobel 
Prize. Intriguingly, eliminating cannibalism proved to be a 
highly effective intervention as the devastating disease, 
which had clustered geographically, disappeared within one 
generation. 

 Geography has been used to investigate further neuro-
logical disease determinants in isolate island populations. 
This approach is referred to as “epidemiological islands”, 
“island biogeography” [10] and “island epidemics” [11]. 
Examples, in which epidemiological isolation has contribu-
ted to the description of diseases, and in some cases its 
causes, include a very high proportion of islanders suffering 
from achromatopsia on Pingelap [12, 13], an atoll in 
Micronesia. Apparently, this extremely rare condition of 
color-blindness is so frequent there due to a devastating 
typhoon in 1775, which spared only a small number of 
survivors. Via inbreeding with a typhoon survivor who was a 
carrier of complete achromatopsia, the prevalence of achro-
matopsia rose, such that one tenth of today’s inhabitants 
have the condition to a varying degree. Moreover, on Guam, 
there is a clustering of Lytico-Bodig [14] disease which has 
still defied the unambiguous identification of its cause(s) 
[15]. 

 A very recent example of where geography has been used 
as an option to gain insights into the complicated facets of 
the links between cause and immunodeficiency disease has 
been provided through the analyses of SIV (simian 
immunodeficiency virus) in monkeys on Bioko Island, about 
30 km off the coast of Cameroon [16]. This island has been 
isolated from Africa for some 10,000 to 12,000 years. And 
yet, a substantial proportion of the monkeys were found to 
be sequence-confirmed SIV positives. As a simian origin of 
HIV has been suggested, these findings could imply that 
HIV may also be much older than currently estimated. The 
possible relevance of this finding lies in the fact that, if really 
so, a long-time co-evolution between HIV and humans 
would suggest that a short-term attenuation of HIV 
pathogenicity should not be expected [16]. 

HISTORICAL EXAMPLES OF THE USE OF GEO-
GRAPHY TO UNDERSTAND MALIGNANT CHRO-

NIC DISEASE 

 In a remarkable contribution to cancer research in the 
1940s, Kennaway [17] suggested that the very high 
incidence of primary cancer of the liver in African popu-
lations – when compared with respective incidence data in 
African-Americans – was not explainable by racial character-
istics but could be due to some extrinsic factor. He arrived at 
this conclusion through the diligent comparison of the 
“geographical distribution of cancer of the liver in …. the 
negro in Africa …. [and] the negro in America.” His 
suggestion that ethnic or genetic factors would not be 
associated with the differential liver cancer occurrence 
among Africans, on the one hand, and African-Americans, 
on the other, was subsequently explained by the different 

geographical distribution of “extrinsic factors”, such as 
hepatitis B infections and the influence of aflatoxin on food 
products. 

 Further important contributions to cancer research by 
using geographical cues have been made in the field of 
‘arsenic and cancer’. In 1879 [18], inhaled arsenic was 
recognized as a cause of lung cancer in miners in Saxony. 
With regard to a carcinogenic potential of ingested arsenic, a 
series of observations suggested links between arsenic in 
drinking water and skin cancer in various countries between 
the 1930s and the 1960s. One of the populations possibly 
affected by skin cancer via drinking water arsenic was 
confined to a geographical area on the southwest coast of 
Taiwan. Remarkably, as evinced by the high prevalence of 
chronic arsenicism there, a large population of some 100,000 
individuals had been exposed to water from artesian wells 
with high concentrations of arsenic for more than six 
decades [19]. For more than 40 years, so-called ecological 
studies in Taiwan played a pivotal role not only for 
generating hypotheses for cancer etiology but also for the 
very risk assessments. Taiwan provided the geographical 
setting for hypothesis-generating and hypothesis-testing 
because the artesian wells in use since 1900-1910 exposed a 
large population with significant amounts of arsenic. After 
initial studies of blackfoot disease, a distinct peripheral 
vascular disease very prevalent in southwestern Taiwan, and 
of skin cancer in the 1960s [20] and 1970s [19], very high 
mortality rates due to internal cancers were reported in 1985 
[21], and subsequently shown to be significantly associated 
with ingestion of high-arsenic artesian well water [22]. 
Finally, once again, an ecological study in Taiwan 
demonstrated dose-response relationships between ingested 
arsenic levels and age-adjusted mortality for a variety of 
malignant neoplasms, including cancers of the skin, lung, 
liver, kidney, bladder and prostate [23]. By way of 
examining the geographical distribution of blackfoot disease 
[24] in various regions of Taiwan, the researchers first 
zeroed in on the southwest coast of the island to then link the 
vascular disease and skin cancer to arsenic from the Earth’s 
crust there. The ecological study results in Taiwan were 
confirmed by numerous studies in other countries (e.g. 
Japan, Argentina, Chile), both of ecological design and by 
observational studies with more methodological weight. 
Intriguingly, stemming from geographically confined studies, 
cancer risks from drinking water which contains geogenic 
arsenic at the old standard of 50 μg/liter have been shown to 
be more than 100 times greater than for any other drinking 
water contaminant [25]. 

FUTURE PERSPECTIVES OF THE USE OF GEO-
GRAPHY TO PROMOTE CHRONIC DISEASE RE-

SEARCH AND PREVENTION 

 In 2000, Hoover advocated that “for cancer at many sites 
there are limited effective options for prevention…unique 
opportunities to expand our knowledge of risk factors should 
be exploited regardless of their source” [2]. As we explain in 
more detail below, systematically pursuing the described 
‘geography and chronic disease’ approach, for instance in 
Arctic populations, would exemplify taking advantage of 
such a unique opportunity. 
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 In the past, having used geographical cues in medicine to 
better understand chronic disease has certainly been helpful 
in its own right, as research into respective geographical 
clusters of disease has contributed to curing them, to 
alleviating the severity of their symptoms and to the 
prevention of further outbreaks. 

 But beyond the possibility of elucidating determinants of 
health and disease, including cancer, in one geographical 
setting, investigations in geographically confined areas may 
allow us to understand what may be prevalent elsewhere in 
more obscure forms. Note as an example that Gajdusek  
et al., already in 1957 referred to Kuru as “galloping 
senescence of the juvenile” [8]: in this vein, this tragic fast 
paced course of disease may help to understand aging 
processes which in other geographical areas may be less 
overt to observe and study. A second example could be 
neurodegenerative diseases, such as Lytico-Bodig. After all, 
it seems to provide the unusual combination of what seem to 
be distinct neurological manifestations elsewhere in the 
world, namely Amyotrophic Lateral Sclerosis [26], dementia 
and Parkinsonism. It has been hypothesized that some 
environmental cause may be responsible for this disease 
‘entity’ [15]. A third example of possible lessons learned 
from research in one geographical area for people living in 
other places of the world might be breast and prostate cancer 
in populations living at the extremes of latitude, namely the 
Arctic [27-31]. Indeed, it could be very important to find out 
why malignancies such as breast and prostate cancer, which 
rank among the most frequent cancers worldwide, are so rare 
in Arctic populations [32]. This information stems from 
registries in the Arctic regions of Alaska, Canada, and 
Greenland which have systematically monitored cancer 
incidences among some 85,000 up to 110,000 individuals for 
decades. The case for studies in Arctic populations may be 
even more compelling as the scientific rationale has been 
advanced which predicts that hormone-dependent cancers 
could be rare at the extremes of latitude because of ambient 
light conditions. More generally, the idea that exposure to 
visible light may be a contributing factor to, or cause of, 
internal cancers [31] is gaining some momentum in recent 
years. But trying to find out whether ubiquitous light can 
really have such effects in men and women leads to the 
critical question: How can epidemiology study cancer risks 
in populations which are differentially exposed to – more or 
less – light? One idea to examine populations which are 
exposed to visible light in different ways was to use 
geography as a means to achieve some light dosimetry 
[“light dosimetry by geography”] [33]. This is why turning 
to the Arctic may be a worthwhile step: extended darkness 
during the day over many months in Arctic winters, it was 
postulated [27], should lead to higher melatonin levels 
(melatonin has been called the antithesis of light [34]; light 
of sufficient intensity suppresses melatonin), which in turn 
have been implicated as possibly protecting against cancer 
development. As circumstantial evidence, there is rich data 
evincing that melatonin may offer some protection [35, 36] 
against all six ‘‘hallmarks of cancer’’ [i.e., self-sufficiency in 
growth signals; insensitivity to growth-inhibitory signals; 
evasion of programmed cell death (apoptosis); limitless 
replicative potential; sustained angiogenesis; tissue invasion 
and metastasis] suggested by Hanahan and Weinberg in 
another 2000 landmark paper (according to Thomson 

Reuters’ web of knowledge cited reference search, as of 
October 14, 2011, it was cited by 8,903 other scientific 
articles) [37]. With specific regard to the theme of this 
commentary, during the celebration of the 4th International 
Polar Year [38], it has already been suggested that the Arctic 
could be used as a unique opportunity provided by geo-
graphy to better understand the promotion of health and the 
development of diseases, including breast and prostate 
cancers [32], in humans. 

 A principal point is in order here as well: clearly, it may 
be very informative to investigate links with health and 
disease in stable populations in one geographical setting. 
Equally clearly, as demonstrated by so-called migrant studies 
[39], it can be very telling to look diligently on what happens 
in terms of health and disease in those who move in or out of 
a geographically confined environments and on what 
happens to their descending generations. We are likely to see 
more of these types of observational studies as time goes on 
due to the growing ease of mobility through technology and 
globalization. 

 But this leads to a key methodological point which 
applies to many migrant studies and beyond. In numerous 
instances, studies of ‘geography and chronic disease’ will be 
– at least in the beginning – of an ecological nature, implying 
that so-called aggregate, rather than individual data, are 
considered. In other words: the unit of observation with 
respect to disease will be groups of people, rather than 
individuals. In addition, the units of exposure will pertain to 
geographical areas, rather than to individuals. Such data can 
lead to inappropriate inferences because associations observed 
between variables on an aggregate level may not represent 
biologic effects at the individual level. With this background, 
therefore, with rare exceptions – such as some of the 
aforementioned ecological investigations in the field of 
‘ingested arsenic and cancer’ – such ecological studies must 
remain heuristic or hypothesis-generating. While, as we 
argue in this commentary – analyses of the variation in 
cancer occurrence can provide important study leads for 
promising study locations and populations, to ultimately test 
the validity of specific hypotheses, in most instances, 
ecological studies must be followed-up by observational 
studies with a higher methodological weight. To exemplify, 
analytical studies which are built upon a host of information 
at the individual level are required to disentangle the relative 
roles of environmental and inherited genetic factors in the 
causation and for the development of cancer as quantified by 
one starting point of this paper, namely the remarkable twin 
study of sporadic cancers in Nordic countries. 

 With further regard to the introduction of this paper, 
more aspects raised in the New England Journal of Medicine 
editorial [2] apply to our theme. Certainly, it seems wise, if 
not imperative, to focus on environmental factors since they 
determine the vast majority of cancers. Knowledge of what 
the relevant environmental factors are, could have the 
potential to help elucidate insights into possible genetic 
factors, be they facets of protection against or susceptibility 
to cancer developments, as well. Moreover, if environmental 
and genetic factors act together, i.e., only when being both 
present they produce risk or when combined they produce 
greater risks than the sum of their effects when acting 
independently, their effects will be eliminated via removal of 
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either the environmental or the genetic cause alone. To 
illustrate this crucial point with an example [40]: prevention 
of phenylketonuria is possible by low dietary phenylalanine 
or – in theory – by removing the phenylketonuria gene 
mutations from populations. Via either preventive approach, 
100 percent of cases could be avoided. But this also shows 
that, while focusing on environmental factors which 
contribute to disease developments, environmental and 
genetic factors may appear to be inseparable [40]. 

 As an important basis for determining how and why 
certain geographic factors and disease patterns correlate, we 
need to continue to develop tools to facilitate the observation 
of disease rates. With regard to the example of cancer, the 
International Agency for Research on Cancer (IARC)’s mono-
graph series on the “cancer incidence in five continents” 
(CI5) [41] and IARC’s new initiative, Globocan [42], which 
aims to provide cancer incidence estimates at the national 
level for every country, could prove to be invaluable 
resources when trying to determine disease patterns based on 
geographic (i.e. environmental and cultural) settings. 

CONCLUSION 

 This commentary serves as a reminder that epidemio-
logical studies of both environmental and heritable factors 
under geographically confined circumstances can be a 
promising approach in order to understand how diseases 
develop in different populations – be the populations small 
or large, or the disease rates more or less. Clearly, this 
approach is not foolproof and can not provide progress in 
every setting. But, equally clearly, this genuine epidemio-
logical approach continues to have the potential to contribute 
new research vistas and to open doors to important 
discoveries for the health of individuals and populations, 
where other study designs may not reveal the root of the 
problem. 
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