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Global
Environmental
Change as
“Risk Factor”:
Can
Epidemiology
Cope?

This issue of the Journal includes
2 articles examining the relation-
ship of health outcomes to as-
pects of climatic variability
within the United States. One re-
ports on hospitalizations for viral
pneumonia and temperature fluc-
tuations associated with the El
Niño cycle,1 and the other on
waterborne disease outbreaks
and extreme precipitation
events.2 Studies of this kind have
been stimulated by the recent
rise in interest in the climate–
health nexus, which in turn has
occurred largely in response to
the prospect of global climate
change. Yet as these and other
investigators will acknowledge,
such studies are somewhat, and
unavoidably, tangential to the
central question: What will be
the population health conse-
quences of a multidecadal-scale
change in the world’s climatic
conditions?

The taxonomy of tasks for epi-
demiologists and other public
health scientists in relation to the
question of global climate change
and health is becoming clear.
The issues are complex and, in
many respects, unfamiliar. The
scale of environmental change,
the fact that those changes will
continue to increase and evolve,
the indirectness of many of the
putative causal pathways, and
the expectation that the spectrum
of health impacts will extend well
into the future—all these ingredi-
ents pose a major challenge for
epidemiologic research methods
and collaborations.

First, though, it is important to
understand the wider context
within which this research and
risk assessment narrative is un-

folding. Indeed, this is particu-
larly true when the president of
the world’s greatest greenhouse
gas–emitting nation can, on be-
half of narrow sectional interests
and short-termism, abandon the
fledgling international effort to
avert serious global climate
change. If these coming decades
portend, as expected, widespread
adverse health consequences of
climatic change, then the sooner
we estimate and communicate
these consequences, the better
will be our chance of averting fu-
ture retrograde policy decisions.

RECENT FINDINGS ON
CLIMATE CHANGE AND
ITS CONSEQUENCES

Over the past several years,
there has been a mounting
stream of evidence that humans,
in the aggregate, are overloading
many of the planet’s great bio-
geochemical systems.3 These sys-
tems include, perhaps most
prominently, Earth’s climate sys-
tem. The latest report from the
Intergovernmental Panel on Cli-
mate Change, the international
scientific body established within
the United Nations system to ad-
vise governments on the pro-
cesses and impacts of climate
change, makes 3 things compel-
lingly clear.4

First, human-induced warming
has begun—the particular pattern
of temperature increase over the
past quarter-century has un-
equivocal “fingerprints” that im-
plicate the buildup of green-
house gases due to human
industrial and land-use activities.
Second, a coherent pattern of
changes in simple physical and

biological systems has become
apparent across all continents—
the retreat of glaciers, the melt-
ing of sea ice, the thawing of
permafrost, earlier egg-laying by
birds, the poleward extension of
insect and plant species, earlier
flowering of plants, and so on.
Third, ominously, climate scien-
tists now foresee an average sur-
face-temperature rise this cen-
tury within the range of 1.4° to
5.8°C. This is a faster increase
than was predicted in the panel’s
previous major report, in 1996.
Indeed, even if humankind man-
ages to curb excess greenhouse
gas emissions over the next half
century, the world’s oceans will
continue to rise for up to a thou-
sand years, reflecting great iner-
tial processes as heat transfers
from surface to deep water.

We should not, however, be
preoccupied with global climate
change. It is but one of a much
larger set of destabilizing large-
scale environmental changes that
are now under way, reflecting
the increasing human domina-
tion of the ecosphere.3 All of
these changes—stratospheric
ozone depletion, loss of biodiver-
sity, worldwide land degradation,
depletion of fresh water, disrup-
tion of the elemental cycles of ni-
trogen and sulfur, and the global
dissemination of persistent or-
ganic pollutants—have great con-
sequences for the sustainability
of ecological systems, for food
production, for human economic
activities, and for human popula-
tion health.5

The realization is gradually
dawning on modern societies
that the sustainability of popula-
tion health must be a central
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consideration in this sustainabil-
ity transition discourse. For that
reason, the public, policymakers,
and other scientists show an in-
creasing interest in hearing from
epidemiologists about these mat-
ters. Reflecting this changing
agenda, the World Health Orga-
nization now has a major section
titled Healthy Environments and
Sustainable Development. We
are edging toward a view of pop-
ulation health as an ecological
entity, as an index of the success
of our longer-term management
of social and natural environ-
ments. (And at long last some
epidemiologists are beginning to
shun textbook idiom and to use
the word “ecological” in its cor-
rect, and more important, sense.)

Epidemiologists are thus be-
ginning to engage, albeit tenta-
tively, in this important arena of
research, assessment, and policy
advice. Recently, an international
project on biodiversity loss and
health was jointly initiated by
Harvard University and the
World Health Organization. This
April the first meeting of the Mil-
lennium Ecosystem Assessment,
to be conducted along the lines
of the Intergovernmental Panel
on Climate Change, brought to-
gether scientists from around the
world and from diverse disci-
plines to begin assessing the con-
sequences of ecosystem disrup-
tion. In these new initiatives, and
in the continuing assessments of
stratospheric ozone depletion co-
ordinated by the United Nations
Environment Program, epidemi-
ologists have begun to play an
important role.

TASKS FOR
EPIDEMIOLOGISTS

What are epidemiologists’ re-
search tasks, then, in relation to
global climate change and

health? Three types of studies
are needed. First, analyses of
data from the recent past can
clarify the basic relationships be-
tween climate and health, includ-
ing elucidating how short-term
variations in climatic conditions
can affect health outcomes—as in
the 2 studies reported here.
Some of these studies may pro-
vide analogs for confidently an-
ticipated future climatic changes,
in which case their findings can
be applied by direct extrapola-
tion or modeling to estimate fu-
ture impacts.

Second, we have now reached
the stage in global climate
change at which we should ex-
pect some early health effects to
become apparent. We need,
therefore, to sensitize our anten-
nae and to undertake well-
directed monitoring and research
activities. Third, we must con-
tinue to carry out scenario-based
health risk assessments, using,
where possible, mathematical
models that are well grounded in
theory and that have been vali-
dated against recent and present
observations. This third task is
the least familiar to epidemiolo-
gists. It entails moving out of the
comfort zone of empiric studies—
and also relinquishing any resid-
ual professional delusions that
epidemiologic research is exclu-
sively about the discovery of
novel risk factors.

The second of these cate-
gories of research is tantalizing.
Why, given the other nonhuman
evidence now accruing, is there
a relative paucity of evidence of
early human health impacts?
After all, Homo sapiens is not
immune to climatic stresses—
plenty of studies have reported
acute health effects of heat
waves, floods, and storms and of
interannual climatic variations
(El Niño and vector-borne dis-

eases, for example). However,
research on free-living human
populations involves additional
complexities that do not apply
to studies of glaciers, butterflies,
ticks, or wheat. Not only are
there nonclimatic confounding
factors, but there is the uniquely
human capacity for social and
technological adaptation. Hence,
the challenge for epidemiolo-
gists is to pick the settings offer-
ing the best chance of both de-
tecting early effects and
attributing them to climate
change. Early impacts are likely
to be seen most clearly for rela-
tionships in which the expo-
sure–outcome gradient is steep,
human adaptive capacity is
weak, and there are few compet-
ing explanations.

The best bets for epidemio-
logic studies of early effects in-
clude these 4 possibilities6:

• Vector-borne diseases may
be relatively sensitive indicators,
since transmission involves inter-
mediate organisms, such as mos-
quitoes, that are open to envi-
ronmental influences.

• Enteric infections (food poi-
soning) show very strong sea-
sonal patterns, suggesting a pow-
erful effect of climate variability,
and in some jurisdictions sea-
sonal outbreaks have been rou-
tinely reported for many years.
Changes in the pattern of sea-
sonal occurrence are a likely con-
sequence of climate change.

• Variations in daily and
weekly mortality and hospitaliza-
tion rates, as a function of ex-
tremes of temperature, are likely
to change their patterns as sum-
mers become hotter, winters be-
come milder, and regional cli-
matic patterns become more
variable.

• Deaths, injuries, and illnesses
caused by extreme events (such

as heat waves, cold spells, floods,
and storms) satisfy the condition
of “few competing explanations.”
However, in many populations it
may be difficult to distinguish
the climate change signal from
the modulating effects of social
and economic development.

ENTERING THE ARENA

Momentum in this area is
growing. The European regional
branch of the World Health Or-
ganization has commissioned a
working group to recommend re-
search and monitoring strategies
for the detection of early health
effects of climate change in Eu-
ropean populations.7 Annual
conferences of bodies such as
the International Society for En-
vironmental Epidemiology and
the Society for Epidemiologic
Research now include regular
symposia on research methods
in this topic area. One textbook
dealing with concepts and re-
search methods in this area has
just been published,8 and an-
other is in press.9 And, most en-
couraging, funding agencies at
national and international levels
are now supporting research in
this domain.

The studies by Ebi et al. and
Curriero et al. add to our store of
empiric knowledge about rela-
tionships between short-term cli-
mate and health. Such studies in-
vite further exploration of
climate–health relationships and,
by analogy, suggest research that
should be done on other health
outcomes. They also provide po-
tential input for studies that
model how future changes in cli-
matic variability—a characteristic
that is increasingly confidently
forecast by climatologists as part
of the global climate change phe-
nomenon—will affect human
population health. Thus do we
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feel our way forward, as epidemi-
ologists come to terms with these
unusually large, complex, and
important environmental health
research and risk assessment is-
sues.
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Cautiously
Adjusting to
the New
Millennium:
Changing to
the 2000
Population
Standard

Readers of the Journal are proba-
bly so accustomed to seeing age-
adjusted rates and percentages in
government reports on health
that they scarcely give them a
second thought. The value of re-
calibrating summary measures of
health to eliminate confounding
by differences in age distribu-
tions was recognized very early
in the development of health sta-
tistics. The basic technique of age
adjustment is generally attributed
to the English actuary F.G .P. Nei-
son, who advocated its use for
comparing death rates of differ-
ent geographic areas. Neison
made this recommendation in a
paper presented to the Statistical
Society of London in 1844.1 His
argument proved so convincing
that the use of age-adjusted rates
and ratios has been a standard
feature of official publications of
health data since the middle of
the 19th century. It is one of the
first techniques taught to stu-
dents of epidemiology, biostatis-
tics, and demography.2

WHY AGE-ADJUST?

The logic of age adjustment is
compelling. Age adjustment as-
sumes that the measures of inter-
est are actually the age-specific

rates, yet it recognizes that com-
paring a number of rates is cum-
bersome, particularly if more
than one comparison is to be
made. Such detailed comparisons
run the risk of obscuring the for-
est for the trees. Summarizing
the age-specific rates may there-
fore be necessary, but it is prefer-
able that the summary measure
selected not be “distorted” by the
age distribution of the popula-
tion. For example, in comparing
mortality statistics for Mexico
and the United States, we ob-
serve that all of the age-specific
death rates in Mexico are higher
than those in the United States.
But Mexico’s crude death rate,
an unadjusted summary mea-
sure, is lower than the crude
death rate in the United States
because the population of Mex-
ico is younger.

Although age-adjusted mea-
sures are artificial constructs that
have no intrinsic value and are
useful only for comparison, they
can be more valid reflections of
underlying patterns of health dis-
parities. The disparities of inter-
est are those that result from dif-
ferences in economic, social, and
cultural conditions and from
medical resources and practices,
not differences in age distribu-

tions. From a practical perspec-
tive, age distributions are
“givens,” not amenable to delib-
erate change by human interven-
tion except by methods generally
regarded as unacceptable. In
contrast to the crude death rate
comparison, Mexico’s age-
adjusted death rate is higher than
the age-adjusted rate in the
United States, pointing to a
poorer overall standard of living,
less adequate health services,
and other factors that, unlike the
age distribution, are viewed as
conditions requiring attention
and intervention.

WHY CHANGE THE
STANDARDS?

Our very acceptance of the
usefulness of age-adjusting sum-
mary measures of health, and the
ubiquity of the practice, may
make it all the more difficult to
confront problems inherent in
the procedure. One problem is
that choosing the standard popu-
lation to use in age adjustment is
somewhat arbitrary. For over half
a century, the National Center
for Health Statistics (NCHS) con-
sistently used a standard based
on the age distribution of the US
population in 1940 to age-adjust


