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Introduction

This article is not aimed to produce new scientific da-
ta. It rather represents an effort to point out the primary
role played by the ‘ecological context’ in exploring caus-
es and dynamics of human health and disease.

Here the phrase ‘ecological context’ is referred not on-
ly to the physical and biological environment of individu-
als, but also to the social-economic condition that weights
on their life. The term environment acquires a relevance
involving aspects neglected by the conventional meaning. 

The interest of naturalists in environmental health prob-
lems began in the ’50s and did not overstep the boundaries
of communicable diseases and their immediate implications
for a long time. Early efforts to study infectious human
pathologies and agents and biological vectors within an eco-
logical framework were focused on the spread of malaria
and its effects on the distribution of sickle-cell traits in poor
regions of the world (1, 2). However, in 1960, the French
physician and geographer Jacques M. May formalized the
theoretical and empirical principles for exploring the close
association between geographical environment and human
disease. In his contribution, May defined disease – any dis-
ease – as ‘a maladjustment to the environment’ (3). 

Nowadays, we know that also degenerative patholo-
gies, like cancer or others, could be investigated by an ef-
fective ecological approach that tends to mitigate some
substantial differences between communicable and non-
communicable diseases. In spite of the common belief that
communicable diseases are always determined by a
unique causing factor – the infectious agent – in the real
world both typologies of diseases often share the traits of
multifactorial and multilevel causation (4, 5). 

Although these similarities are largely recognized, there
has been a gap in managing communicable and non-com-
municable diseases in terms of primary prevention. The
success in reducing infectious diseases was due to the im-
plementation of systemic approaches in planning urban in-
frastructures (i.e. sewers), social policies, and later immu-
nization programs. On the other hand, except for sporadic
cases such as the taxation of cigarettes or the ban of trans
fats from food industry in United States, similar approach-
es to prevent non-communicable diseases lack so far (6, 7). 
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The ecological determinants of disease

The feedback between human health and human ex-
ploitation of land – together with water and biological re-
sources – was traditionally explored by anthropologists.
Studies conducted among pre-contact or isolated nomadic
modern populations of hunter-gatherers showed that
where dietary resources were sufficient, malnutrition was
rare. Moreover chronic diseases were relatively frequent
and infectious disease rates varied mostly according to the
human distribution on the land and to the geographic char-
acteristics of the ecosystems (8).

In the last century, in most Western countries striking
changes were recorded in disease patterns, i.e. the decrease
of infectious diseases, malnutrition and, more recently, car-
diovascular diseases (9). The populations of these coun-
tries became older and incidence rates of long-latency dis-
eases grew as well. At the same time, these ageing societies
were under the influence of new ecological factors linked
to malignancies and to other degenerative pathologies (10).
The reduction of old infectious diseases and the emergence
of new degenerative ones were interpreted as unavoidable
effects of the economic and technological development.
This belief was formalized by the the so-called ‘theory of
epidemiological transition’ (11). According to this theory,
the declining mortality and the ageing population levels
should have been determined by a linear shift in the caus-
es of disease and death. Such a transition was perceived as
a natural cost to pay because of the social advantages pro-
vided by the economic growth, being the GDP (Gross Do-
mestic Product) a primary measure of the well-being of
countries and people. This ‘progressivist’ thinking was de-
veloped for the first time in the Victorian Era but it still af-
fects economists, politicians and scientists. The primary as-
sumption is that the economic progress is real and objec-
tive, and is a universal value of the modern culture as well.
According to this paradigm, the progress of the world is in-
eluctable, no matter that it is referred to humans or other
living creatures (12). The theory of epidemiological transi-
tion was strongly criticized for the apparent relationships
with the old ‘progressivist’ paradigm of natural sciences. It
was argued that the appearance of Homo sapiens was a
necessary step of animal evolution, one that still goes on
through the modern ‘economic evolution’ (12).

Conversely, now we know that no deterministic and
unavoidable force drives the history of the world and
every evolutionary process is a product of multifactorial
and contingent dynamics (13). Moreover, now we under-
stand that health transitions are not linear and unidirec-
tional changes, but they are complex processes showing
counter-transitions with possible reemergence of diseases
previously controlled (14, 15).

Many infectious diseases have an old record of cos-
mopolitan appearance, disappearance and recurrence. The
new challenges introduced by the economic globalization
processes are the scale and the speed by which people,
products and infectious agents can travel across the plan-
et. The number of potentially infectious contacts has ex-
ploded while trade and travel bring goods, organisms and

human beings closer than ever before. Nowadays the
longest intercontinental flight is shorter than the incuba-
tion period of any known infectious pathogen. Moreover,
the existing drugs have lost a substantial part of their ef-
fectiveness. This is especially due to improper practices
that are responsible for the development of new forms of
microbial adaptation which in turn have produced resis-
tance to many antibiotics. The antibiotic resistance has be-
come one of the most critical issues in the fight against
communicable diseases (15).

Emerging and reemerging of communicable diseases

While non-communicable diseases are the most fre-
quent causes of death in Americas, East Mediterranean,
Europe, South-East Asia, and West Pacific, communicable
diseases are coming back in a large part of the world. Even
developed countries are not free from new infectious risks.
Toxic shock syndrome, Chronic fatigue syndrome, Lassa
fever, Ebola hemorrhagic fever, Hantavirus pulmonary
syndrome, AIDS, sexually transmitted diseases, and other
infectious diseases constitute a common and serious
health threat (15).

Tubercolosis (TB) is a dramatic example of the chal-
lenging infectious risk in developed and developing coun-
tries. In 2003, around 9 million people became infected
with TB worldwide, while more than 2 million died due to
this recrudescence. Several causes were proposed to give
an explanation to this alarming surprise. One was the sup-
pression of the immune system of many people who got
the infection, since TB is often the first sign that a person
might have HIV. Other causes included overcrowding,
poor nutrition, and inadequate health care, which are com-
mon among socially and/or environmentally marginalized
people like migrants (15). Migrants from poor regions of-
ten represent a vulnerable fraction of the population, and
the data on the Roma and TB in Central and Eastern Eu-
rope, as well as the current efforts by Governments and
NGOs to address TB in these communities, confirm the
relevance of the problem (16). 

Not surprisingly, also in the American continent mor-
bidity and mortality rates for HIV and TB are several
times higher among migrants in the Northern border
States of Mexico than in the United States as a whole.
Likewise, more than 50% of TB cases in US are reported
in the four States bordering Mexico. The latest entries in
the list of the global recent epidemics are severe acute res-
piratory syndromes (SARS) and avian and swine flu. The
SARS alarm of 2003 was the first serious warning of the
potential health, social, economic, and security conse-
quences of major disease outbreaks. H1N5 avian influen-
za has remained a regional threat, but H1N1 swine in-
fluenza produced a warning in 2009, when the outbreaks
in Mexico and US spread worldwide in a short time (15).

Currently, the world is experiencing both the reemer-
gence of old communicable diseases due to drug resis-
tance and completely new communicable diseases due to
ecologic and yet unclear causes. Drug resistance is a seri-
ous threat to global public health. 
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It would be possible to investigate the evolution of hu-
man disease-causing pathogens in space and time by
crossing molecular analysis of infectious agents with
analysis of interactions between population and environ-
ment. At population level, disease patterns could reflect
the patterns of human-environment interplay: this is a way
to conceive human health and disease dynamics usually
ignored by most biomedical research.

Under this light, infectious diseases do not represent
the lower stage in the progression of disease patterns as it
was predicted by the epidemiologic transition paradigm
(11). There is no linear and mandatory transition from
communicable to non-communicable diseases, so there is
no irreversible shift in the causes of disease and death.
Even though, at first sight, many diseases seem to be typ-
ical of the pre-industrial or post-industrial era, a holistic
approach reveals another story: human disease patterns
depend on multilevel impacts produced by humans on the
environment, as well as on ecological dynamics and con-
tingent events. Exploring the influence of human activities
and economic processes on landscape and pathogen dy-
namics, would be vitally important to prevent a large part
of infectious diseases.

An epidemiological overview on communicable 
and non-communicable diseases

It should be noted that a sharp distinction between
communicable and non-communicable disease is no more
taken for granted. Diseases that once were thought to be
non-communicable have been found to have infection
causing cofactors, and viceversa.

According to the World Health Organization (17),
around one-fifth of all cancers worldwide have shown to
be linked to chronic infections by agents like immunode-
ficiency virus (HIV), human papilloma virus (HPV), he-
patitis B virus, and Helicobacter pylori. Conversely, de-
generative diseases and their treatments may alter the im-
mune system of individuals leading to associated infec-
tions that complicate the clinical work.

Focusing on the epidemiological data of the last two
decades, some interesting trends can be traced. In 2010
there were 52.8 million deaths worldwide and 24.9% of
them were charged to communicable maternal, neonatal,
and nutritional causes (http://www.hsph.harvard.edu/news/
magazine/shadow-epidemic). In 1990, such percentage was
higher of 34.1%. 

On the other hand, deaths from non-communicable
diseases showed an opposite trend, rising by 8 million be-
tween 1990 and 2010, accounting for two of every three
deaths (34.5 million) worldwide. In the same period, 8
million people died from cancer, that is 38% more than
two decades ago. 

While infectious diseases do not show signals of re-
trieving, ageing and growth of world population imply a
progressive increase in the global cancer burden. Howev-
er, population ageing can just partially account for the
general increase of cancer incidence and cannot account
for it in young people. For example, there was an evident

increase of cancer incidence in childhood and adolescence
during the past decades, with an increasing rate of this
trend more recently. In order to explain these data, some
authors have suggested that dangerous exposures occur in
critical periods of the embryonic development, or during
childhood and adolescence (18). Moreover, the environ-
mental factors can become embedded in the biology of hu-
mans due to durable epigenetic alterations that modify
patterns of genetic expression in individuals (19). 

In the Nineties, age-standardised incidence rates were
140 per million in age class 0-14 years and 157 per million
in age class 0-19 years. Over the last three decades, over-
all incidence increased for most tumour types by 1.0% per
year in children, and by 1.5% per year in adolescents (15-
19 years). The most evident increases were recorded for
carcinomas, lymphomas, and germ-cell tumours. The ex-
pected changes in global population of the next two
decades suggest that even if the current global cancer rates
remain unchanged, the incidence of 12.7 million new can-
cer cases in 2008 will rise to 21.4 million by 2030 (20).

The challenges of tackling cancer are enormous and
policies for primary prevention should be encouraged.
Some evidence suggests that a pervasive deterioration of
the environment and lifestyles can play an important role
in promoting this trend of cancer. Not surprisingly, the
global burden of cancer and other non communicable dis-
eases is unquestionably expected to increase in the next
few decades (19). 

Cancer and the reductionist/determinist dogma

A major epistemological reason why biomedical sci-
ences have neglected for a long time the environmental ef-
fects on human carcinogenesis arises from the fact that
most biological research of the last century suffered from
a pervasive reductionism (21, 22). In a significant part of
the traditional studies in life sciences, the environment
was thought to play a negligible role. All biological phe-
nomena were seen to be under a strong control of genes,
and well documented cases in which the environment
deeply regulates human and animal development were
considered as ‘oddities’ (23). The large amount of signals
moving from the extracorporeal milieu of the organism to
the internal one was relegated to a marginal position of
regulating factors and processes. Even today, the reduc-
tionist biology perceives the environment just as a set of
surrounding conditions (i.e. temperature, pH, oxygen,
etc.) which establish whether or not the organisms are au-
thorized to survive and develop. Once the environmental
authorization has been given, all information required to
enable a fertilized egg to become a complete individual
would be present in its genes (the input) (23) and trans-
ferred directly to its phenotype (the output). In other
words, the development would be a simple translation of
instructions fixed in a codified program, that is the genet-
ic makeup of a fertilized egg. 

According to such gene-centered assumptions, the de-
velopment of humans and other metazoans is often
thought of as being ‘program-driven’ so far. However, this
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view is misleading because it does not reflect the real
manner in which living beings organize themselves and
develop (24). A program-driven process needs that all the
information held in the program (the DNA) be present in
advance; furthermore it needs i) to be able of congruent
actions and reactions to a large variety of environmental
contingencies, ii) to be non perishable, and iii) to be
checked continuously. Conversely, an ‘execution-driven’
process does not require all the information be available in
advance, even if it produces similar outcomes in some
general respects (i.e. similar phenotypic architectures in
individuals of the same species). In complex biological
processes like development, both information and dynam-
ics are the result of new structures and interactions gener-
ated during a previous stage, leading to new range of pos-
sibilities and constraints. This new stage gives rise to
emergent properties and draws the paths to next stages in
the construction of the organism’s phenotype. Complex
biological systems develop mainly by such execution-dri-
ven processes, as shown by important data on protein fold-
ing and misfolding (24).

As a result of recent successes in sequencing
genomes of many complex organisms, it has been shown
that the number of genes is too low to predetermine the
course of their development and their diseases, morpho-
logical properties and other traits. In other words, there
is no one-to-one correspondence among the genetic
makeup of an organism and its resulting phenotype (22).
Currently there is a growing amount of biological evi-
dence on the fundamental role of the environment in con-
trolling the organism phenotype. This point is very im-
portant to clarify some trends in both biomedical sci-
ences and health policies. Promoting a predictive, genet-
ically individualized medicine instead a public, struc-
tured action on the ecological (socio-economic and envi-
ronmental) factors to prevent chronic diseases appears to
be a side effect of the old biological reductionist/deter-
minist dogma ‘one gene - one protein’ and of the absurd
separation of human health from human ecology. 

The most important consequence of what mentioned
above is a regression from a universally accessible public
health system to a dramatic race to private and individu-
alised solutions (6). In other words, the problem is that this
paradigm considers human health just as a piece of the
GDP.

Ecology and economy 

Today we live in a globalized world where the eco-
nomic growth paradigm is ever more widespread. Ortho-
dox economists operating within this economic frame-
work believe that living nature is an indestructible capital
asset and that GDP is capable of growing indefinitely
thanks to our technological power in exceeding natural
constraints and enhancing human condition (25). This be-
lief has strengthened the idea that human happiness is al-
lowed by individual initiative and private appropriation
(6), regardless any culture of conviviality and common
goods. Therefore, the precept of the economic growth per-

vades all levels of political agendas as well as internation-
al conventions, multilateral agreements and important
traties, including those aimed to pursue environmental
quality, social equity and global peace.

A linguistic icon of this ideology is well epitomized by
the rhetoric of ‘sustainable development’: a misleading
concept that is largely used (also by professional ecolo-
gists) for justifying the supremacy of economic growth
under the reassuring aegis of environmental and social
justice. A short list of examples can be much more elo-
quent than any conceptual sentence.

Biodiversity loss rates are increasing and the Conven-
tion on Biodiversity has shown not to be effective in pro-
tecting the biosphere. Kyoto Protocol has not reduced
greenhouses gases and global warming is ever more chal-
lenging. Global development programs have not removed
the gap between rich and poor countries. The non-prolif-
eration treaty has left us with more nukes, more countries
possessing nukes, more sophisticated nuclear weapons.
The myth of Green Revolution has reduced food sover-
eignty and security, preventing farmers from adopting sus-
tainable crops and growing methods. Millennium Devel-
opment Goals appear not to be achievable (26). 

It seems that the institutional awareness of the envi-
ronmental crisis supports, rather than fights, energetic
consumption, poverty, chemical contamination, artificial
settlements, biological exploitation, and thus supporting,
at least indirectly, health risks. The international policies
appear to be subordinated to the economic precepts of
commodification of all material and immaterial needs, in-
cluding primary goods and social values. 

The current economic approach to the environmental
and health crisis is ineffective because is wrong. It relies
on the false assumption that the planet ecology is a small
part of human economy, rather than viceversa. A rough
prejudice supporting this anthropocentric vision is not that
the natural world was created for man, but that it was cre-
ated for a development model based on commodification
and over-accumulation. This model entails a science as a
technocratic tool that separates the functioning of the real
world in thousands of mechanisms, included the separa-
tion between living beings and ecological context. Science
is also fragmented in thousands of disciplines or speciali-
ties and, not rarely, its results are privatized or patented by
industry. The owners of scientific knowledge try to estab-
lish the boundaries of the scientific mainstream and how
to plan the research agenda, providing also the contents
and requirements of scientific work, the rules for who is
recruited and who is not, the domain of acceptable theo-
ries, and the vocabulary for dismissing inconvenient ideas
as ‘unproven’, ‘obscurantist’, ‘ideological’ or something
similar. They often have the power of censorship, creating
a scientific bureaucracy and developing the art of public
decision depending on private interest. Even though dis-
closure statements can mitigate the negative effects of
conflict of interest within the scientific literature, this ab-
normal condition can affect the formal validation and
peer-review practices. Therefore, the conflict of interest is
still considered an unavoidable byproduct of the scientific
profession. 
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The integrity and public credibility of academic work
are at risk, as the conflict of interest encourages the social
skepticism about scientific and technological applications
such as drugs and other products. Moreover, the scientific
conflict of interest – that is the overlapping interest among
corporations, international agencies, universities, major
foundations, honorary societies, think tanks, and presti-
gious journals – has created a kind of nomenclatura that
can influence negatively the decision making processes by
producing technocratic drifts that run against the com-
mons and public interest (26).

Human niche construction

The scientific literature looking at the ecological foun-
dations of public health is increasing. Such a trend is
mostly supported by evidence emerging from basic inves-
tigation in life sciences, indicating that a feedback loop
binds organisms and their environment. This feedback
loop gives rise to an interplay that several ecologists call
‘niche construction’ (27). While the adaptionist view of
the organism-environment relationship relies on the as-
sumption that living beings ‘propose’ solutions to solve
problems posed by an autonomous environment (13), a
niche construction-based approach suggests that the pres-
sures of natural selection cannot be considered as forces
independent of the same organisms on which they act.
Many cases show that organisms belonging to a variety of
taxa may actively contribute to shape the local conditions
of the environment in which they are selected. For exam-
ple, by dam construction, beavers (genus Castor) modify
the structure and dynamics of riparian environments and
create local wetlands that can persist for a long time. In
this way, these rodents affect natural selection pressures
on their descendants, who can inherit similar environmen-
tal conditions for an indefinable number of generations. 

One of the most important examples of niche con-
struction on a global scale is provided by the role played
by ancient photosynhetical organisms who led the air con-
centration fraction of oxygen to 21% during millions of
years. According to these and many other proofs, living
beings not only adapt to their environment but also con-
tribute to construct it producing a sort of ‘ecological in-
heritance’(27). 

The darwinian teaching revised in the light of the new
organism/environment interaction approaches shows that
Homo sapiens contributes to his niche construction by al-
tering the environment, just as other species do (28). The
problem is that human beings modify the ecological con-
ditions in which they and their offspring live and develop
in a way that never been done before. 

De facto, humans have extensively altered the global
environment, affecting biogeochemical cycles, modifying
the properties of soils and territories, increasing the biodi-
versity loss and enhancing the mobility of many organ-
isms. In the last three centuries, the intensive consumption
of fossil energy, along with the exploitation and clearing
of forests, have increased the concentration of atmospher-
ic carbon dioxide (CO2) by 30%, with more than 1/2 of

this increase occurring in the past 40 years. As stated by
the WHO (http://www.who.int/globalchange/en/) and
many other health agencies, the increased concentrations
of CO2 and other gases that contribute to climate warming
is a major factor of global instability and a new threat to
public health. Chemical contaminants coming from agri-
cultural, industrial and urban areas has increased pollution
everywhere on the Earth, causing major ecological im-
pacts on natural environments and human, animal and
plant health. 

In the last centuries, our species has deeply modified
half of the ice-free land surface and converted prairies,
forests and wetlands into rural and urban systems. Hu-
mans appropriate more than 30% of the net primary pro-
ductivity on land and consume fish that use 8% of ocean
productivity. Moreover they manage more than 50% of the
available fresh water, but this percentage is expected to
growth to 70% in the next 40 years. The growing potential
of people to migrate and travel has impressively increased
the vagility of organisms from/to all the regions of the
planet. Together these and other changes have riduced the
amount and diversity of the biosphere. Humans have in-
duced the disappearance of 5-20% of the species in many
taxa, and the ecological estimates tell us that the current
rates of extinction are 100-1,000 times greater than natur-
al extinction rates. Furthermore, most recent approaches
to estimating next rates of extinction suggest further ac-
celeration by a factor 10 or more (29, 30).

Dramatic and rapid changes in health and environmen-
tal culture are emerging at global scale, but this transition
does not translate in real action of the International agen-
cies and institutions. Meanwhile, nobody can say what
could be the long-term ecological and societal conse-
quences of the current economic model (31).

Human social ecology

As argued by Lewontin and Levins (32), ‘the ecology
of humans is a social ecology’ that is becoming an ever
more critical, ecological force interacting destructively
with local, regional and planetary dynamics.

The main economic model worldwide is based on
GDP and completely neglects the impressive costs of hu-
man activities. So it is clear that a basic discussion about
the relationship between social and ecological systems
should be developed around the foundations of the mod-
el, not about the solution that can be implemented within
the model. It is worth noting that conventionally GDP
takes no account of the role of ecosystem services and put
under the positive values column the expenses aimed to
remedy depleted and degraded natural resources. As a re-
sult, a country could clear its forests, deplete its fisheries,
pollute its aquifers, causing a heavy damage in its ecosys-
tems and threaten its human population, and this would
be computed only as a positive gain in GDP, without reg-
istering the corresponding decline in assets, public health
and wealth. 

There has been a lack of research on how macro- and
micro-economic determinants correlate with cancer inci-
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dence, and how this relation varies by cancer type and
country (33). So far many barriers exist to the understand-
ing of global patterns of many diseases. However, a grow-
ing evidence shows a correlation between GDP and in-
creased risk of chronic diseases such as cancer and others
(34, 35). More pollution, greater consumption of processed
foods, less time engaged in physical exercise, and other
risk factors closely related to economic growth may par-
tially explain why cancer rates are higher in countries with
higher GDP.

The problem is that human health is both a product and
a determinant of well-being and depends closely on the
environmental health (34). Changes in the quality or quan-
tity of environmental goods and services that regulate and
influence food, air, water and land quality can have very
important impacts on human health.

As emphasized by other works (10), environmental
stress and deterioration induced by humans are increasing,
and the impact on health of populations is more significant
now than in any previous time in history. The general in-
crease of cancer occurrence represents a byproduct
(among many others) of an aberrant human ecology based
on the myth of endless economic growth. The current so-
phistication of man-made environments reshape the biotic
and abiotic environment and produces new patterns of hu-
man disease. Unfortunately, over the last decades, public
health slowly drifted away from environmental concerns,
progressively narrowing its focus on individual disease-
centered intervention strategies based on selective case
management or specific disease prevention technologies
in groups at risk (10). 

Given that biomedical researchers are not used to look-
ing at their work within a historical and spatial perspec-
tive, usually they neglected the eco-evolutionary side of
diseases. Such a bias prevented them from catching the
basic relationship existing between public health and con-
textual determinants of human diseases. 

Different societies living in different environmental
conditions (climate, geo-morphology, fresh waters, veg-
etation cover, biological community, etc.) interact with
them in different ways. The statistical structure of these
man-made environments and the functional correlation
among their components reflect the particular patterns of
interaction of human ecology and public health. There is
a clear indication that ‘human ecology’ – in the broad
sense of environmental variables, lifestyles, culture, and
social organization – has a predominant role in shaping
cancer and other disease profiles (36, 37, 38, 39). The
emergence of a new vision of human ecology can be seen
as a reaction to the positivist approach in life sciences
and the current economic model of environment-human
interaction (10).

Conclusion

Human culture and technologies may act as a selective
force affecting the environment, biology and health of
both human and other species. Given the complex nature
of our species, our ecological niche presents unavoidable,

epistemic implications, which make up what we call ‘hu-
man culture evolution’. The evolution of human culture
involves – quoting Eva Jablonka (28) – ‘changes in the in-
tergenerational transfer of ecological legacies, in the re-
construction of developmental conditions, in the transmis-
sion of behavioural and symbolic information and in the
selective stabilization of practices and preferences’.

As such, human culture can be viewed as a special and
extreme case of niche construction, where human-specific
cultural (economic, political, ideological and religious)
beliefs meet with each other. This should provide the op-
portunity for rethinking the special kind of consequences
that human niche construction produces on the organiza-
tion of the environment and, therefore, on that of physical,
mental and social health of our species. 
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