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NUTRITION AND DISEASE

Widening the horizons of ‘evidence’:
Nutrition and disease in ecological
perspective

National Centre for Epidemiology and Population Health, Australian National University,
Canberra, Australia
A J McMichael

Nutrition science draws on human, animal and tissue studies. Nutritional epidemiology faces four basic
methodological difficulties: (i) the diet is a complex exposure; (i) dietary intake is difficult to estimate; (iii) the
biological impact of diet is often age/stage-dependent (affecting choice of study design and duration); and (iv)
reductionist assumptions are often inappropriate — whole diets may be more important than specific nutrients in
determining health risk. Beyond these research challenges lies a penumbra of other questions. For example: What
health risks result from intensified methods of food production? What are the global and local environmental
consequences, and resultant health risks, of the escalating demand for food (driven by population size and changing
consumer preference)?
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Arising from the above are questions about the range and quality of evidence that is appropriate within the broad

field of ‘nutrition science’. Those issues include consideration of:

1. The health consequences of integrated whole-diets (Mediterranean, ‘PolyMeal’, low GI diet, etc.) versus seeking
classic, atomistic, evidence of risks/benefits from specific nutrients or foods.

2. Life-course dietary data versus short-term controlled-trial dietary interventions. The former provide low-quality but
high-relevance data; the latter provide high-quality but often low-relevance (short duration, age/stage-specific)
data.

3. Palaeo-anthropological and historical data on the types of diet that have prevailed during long, formative, periods
of human biological evolution — e.g. palaeolithic diet v. modern industrial diet. What profile of nutrient intake are
we humans best equipped to consume?

4. Evidence of collateral human health risks from modern modes of food production, distribution and availability. For
example:

e extravagant use of antibiotics in commercial high-volume livestock production, resulting in antibiotic-resistant
bacteria

e chemical contamination of factory-farmed foods: pesticides, heavy metals, hormones

¢ intensified methods of livestock production, leading to health risks such as human variant Creutzfeldt-Jacob
disease (due to ‘mad cow’ disease, or bovine spongiform encephalopathy), Nipah virus disease and avian
influenza

e diversion of grain as livestock feed, versus availability as food for Third-World populations: a source of food
deprivation, malnutrition and its health consequences

e contribution of forest clearance and livestock production to greenhouse gas emissions, climate change and its
adverse health impacts (now and, more so, in the future)

e adverse health impacts of loss of small-farmer livelihoods as food-producing conglomerates and supermarket
chains consolidate ‘production units'. (This applies in both high- and low-income countries.)

Items 1 and 2 suggest that we can gain useful, integrated, information from a synthesising analysis of whole diets as
the determinant of health risks/benefits. Item 3 helps us understand how we have deviated from the nutrient profile
of the human ancestral diet. Item 4 underscores the other ecological and socioeconomic risks that we take when we
intensify food production and treat food primarily as a (profit-making or foreign exchange-generating) commodity
rather than as a life-sustaining dividend from the natural world and its food-producing (and often human-managed)

ecosystems.
Introduction non-experimental) is an essential component of nutrition
science, both as a source of new information about the
Nutrition science draws on human, animal, tissue and relationships between foods/nutrients and altered states
cell studies. Epidemiological research (which is mostly of health in human populations, and as a reality check for
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relationships observed in non-human or experimental
situations.

Research in nutritional epidemiology faces four particular
methodological difficulties:

e First, the human diet is a very complex (and
changeable) exposure.

e Second, dietary intake is difficult to estimate.

e Third, the biological impact of dietary intake is often
age/stage-dependent (and this bears on the choice of
study design and duration).

e Fourth, though harder to characterise and quantify,
whole diets (multiple nutrients and their interactions)
may be more important than specific nutrients in
determining health risk.

Beyond the frame of conventional epidemiological
research lies a broad penumbra of other, larger-scale,
health-related research questions. What risks to health
result from intensified methods of food production? What
are the public health consequences of free-trade regimes
and cash-cropping? What are the global and local
environmental consequences and hence the resultant
risks to population health (now and into the future) of the
escalating aggregate demand for food? And so on.

Issues of scale and of
aggregation versus
reductionism

There is a general, understandable, assumption that the
closer the research design of a study is to a classic
laboratory-based experiment, the easier it will be to draw
inferences about ‘cause’ and ‘effect’. Western science
has evolved and flourished over the past four centuries on
the basis of this hypothesis-testing, reductionist,
experimental approach. Hence, within the framework of
‘evidence-based’ medicine and ‘evidence-based’ public
health we accord the highest weighting to randomised
controlled trials. Intermediate weighting is assigned to
non-experimental studies where groups of patients or
subjects are compared (preferably over time — as in case-
control or cohort studies — to facilitate elucidation of the
chronology of the relationship of interest), and minimum
(if any) weighting is accorded to non-experimental
studies that compare whole communities or populations
with one another or over time.

This approach to evidence is central to the now widely
used meta-analytic methods of the Cochrane
Collaboration in which, often, only randomised controlled
trials are admissible." However, this type of formal
approach to the assessment of the evidence has three
weaknesses.

First, although this formulaic approach minimises both
the selective use of published results and subjectively
biased assessments of the spectrum of results, it also
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tends to marginalise the role of critical thinking about
apparent anomalies in the body of published evidence.

Second, there is often a spurious assumption that the
same research question is being asked (and indeed can
be asked) via each of those different study designs. But
this is often not so. Different study designs are often able
to address different aspects of the central question.? In
particular, many important nutrition-health research
questions cannot be addressed by controlled trials. For
example, the relationship between the long-term relative
weight of individuals and their risk of type 2 diabetes can
neither practically nor ethically be investigated by
experimental studies. This question needs to be
addressed by either cohort studies with long follow-up
(e.g. 10 - 20 years) or case-control studies able to obtain
valid retrospective information about long-term or even
lifetime relative weight.

Third, this approach throws into sharper relief the inverse
law that often applies in the domain of population health
research: the more substantial and important the
question, the less tractable it is to experimental and
reductionist design. In other words, the more
fundamental and complex the research question, the less
well can it be investigated by the ‘gold-standard’ method
of bivariate experimental research.

Let us consider further some examples of each of the
second and third of those three caveats.

Horses for courses: Different
research questions often
require different study designs

Consider, first, how observational epidemiological
research can often capitalise on naturally varied
behaviour within ‘free-range’ human populations. It can
thus sometimes make observations and answer questions
that would be logistically and ethically unattainable in a
controlled trial. The following is an example from
Zimbabwe.

Breastfeeding prevents millions of child deaths every year
by protecting infants from diarrhoea and other infections
— but it also causes almost 40% of all childhood HIV
infections. However, a recent study in Zimbabwe® found
that exclusive breastfeeding substantially reduces HIV
transmission from mother to infant, compared with
partial breastfeeding. From a population of 14 000 pairs of
mothers and newborns enrolled in a study of the effects
of vitamin A supplementation, 2 060 infants born to HIV-
positive mothers were followed up from birth to age 2
years. Information about infant feeding was collected at
ages 6 weeks, 3 months and 6 months. All infants were
breastfed, but were categorised as exclusive (breastmilk
only), predominant (breastmilk and non-milk liquids) or
mixed (breastmilk and animal milk or solids)
breastfeeding.
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Infants who were introduced to solid foods or animal milk
within the first 3 months were at 4 times greater risk of
contracting HIV through breastfeeding compared with
those who were exclusively breastfed, and had a 3 times
greater risk of death by age 6 months when compared
with exclusive breastfeeding.

It is likely that reducing the amount of breastmilk taken
(by substituting with infant formula) causes the breast to
respond as if it were undergoing weaning — resulting in
an increase in the white cell count in the milk (and hence
the HIV viral load). This makes the breastmilk much more
infectious. Further, it has been shown (Bloom and
Sherman, in press) that lactose intolerance is universal in
some African populations. This suggests that irritation in
the gut due to exposure to bovine lactalbumin would
further increase the infant's susceptibility to HIV
infection. Hence, exclusive breastfeeding by the HIV-
positive mother, followed by rapid weaning onto a
nutritious, lactose-free supplement, seems to be the best
option for women in developing countries who may not
know their HIV status (R Short — personal
communication).

Can controlled trials address long-
term influences of diet on disease
risk?

Most experimental trials are designed to yield an answer
within several years, if not months. Their currency is
rarely that of decades or lifetimes. This poses an obvious
problem for studying the eventual disease outcomes of
long-time dietary habits or nutritional status. On the
other hand, controlled trials are very useful for examining
shorter-term phenomena — such as the impact of dietary
supplementation on pregnancy outcome, or the effect of a
change in diet on impaired glucose tolerance. An
example of appropriate use of a controlled trial is the
large ongoing trial in Ghana of vitamin A
supplementation in pregnant women, infants and
children, wherein health outcomes of interest accrue
within a relatively short time, up to several years (B
Kirkwood et al., ongoing).

Consider, in contrast, the Finnish dietary-
supplementation intervention trial of lung cancer risk
reduction in high-risk older adults — smokers or asbestos-
exposed workers.* A combination of two antioxidants —
vitamin E (alpha tocopherol) and beta carotene — was
randomly assigned to half of the men. That intervention
group was compared with the other 50% of randomised
subjects, who were given no such supplementation.
Surprisingly, the subsequent incidence of lung cancer in
the intervention group was higher, not lower, than in the
control subjects. (The trial was promptly stopped, and an
embarrassing public enquiry was conducted.)
Improbably, this result might have been a mere statistical
fluke. More probably, the antioxidant intervention was
applied at an inappropriately late stage in the disease
process and it may, unexpectedly, have actually
stimulated the proliferation of well-advanced malignant
clones.

o
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Several subsequent studies have also failed to find a
secondary-prevention protective effect of vitamin E
against cardiovascular disease outcomes, despite its
proposed beneficial effect via antioxidant action.”

There are two critical questions about the rationale of the
Finnish study.

e First, was the intervention made too late? Would it not
have been more appropriate to enquire about the effect
of having ingested higher amounts of these
antioxidants during the preceding decade or two, or
perhaps during the whole of life?

More generally, this question obviously applies to very
many diet-disease relationships. For example, dietary
fat intake in adulthood may not be an important
independent risk factor for breast cancer — and, indeed,
the various case-control studies and cohort studies,
done in high-income country populations, have yielded
equivocal results on this relationship. Meanwhile,
however, dietary fat intake in childhood as an
important determinant of energy intake, rate of growth
and onset of menstruation may be a significant risk
factor.

A similar argument may apply to the pathogenesis of
oesophageal cancer, which occurs at high rates in
eastern Africa: at what stage of life are the dietary
exposures (e.g., nitrosamines or deficits of key
micronutrients such as zinc and selenium) most
important? Likewise, dietary aflatoxin in the aetiology
of liver cancer, which also occurs frequently in south-
eastern sub-Saharan Africa. This potent carcinogen,
produced by a mould, Aspergillus flavus, which grows
in some stored foods (e.g. ground-nuts), is one of the
two main causes of liver cancer in Africa. As with the
dietary causes of oesophageal cancer, its carcinogenic
effect probably acts throughout life. The other cause is
hepatitis B virus, an infection that is almost universally
contracted in early childhood and, in contrast to the
two other African cancer examples, often causes liver
cancer in early life.®

Yet if the outcome variable of the trial is the onset of (or
death from) a chronic disease such as cardiovascular
disease, diabetes, osteoporosis or cancer, then,
realistically, trial-based dietary interventions must
necessarily be made in the late, preclinical, stages of
the chronic disease process. This can tell us nothing,
directly, about the influence of that dietary ‘exposure’
in earlier years upon the risk of the specified outcome.
Indeed, as we have seen above, such an eleventh-hour
intervention may even yield paradoxical, perhaps
misleading, results.

Second, is ‘medicalised’ intervention with dietary
supplements appropriate as a dietary intervention,
compared with supplementing with foods known to
provide a high intake of those two vitamins? After all, in
public health terms, is it not more likely that
community-wide risk reductions would most likely
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come from a change in usual dietary habits? Further,
might the biological impact of these antioxidants be
influenced by other components of the diet? Indeed,
might not more beneficial effects be obtained by diets
rich in a range of micronutrients? For example, fresh
fruits and vegetables contain a great range of
biologically active secondary metabolites such as
flavonoids and glucosinolates, and these may act
synergistically.

Mendelian randomisation

As knowledge about the human genome accrues and
molecular genetic techniques advance, there is a new
recognition that the essentially random distribution of
individual genotypes within the population, via inter-
generational random genetic reassortment, provides a
new opportunity to elucidate nutrition-disease causal
pathways. The relevance of this ‘Mendelian
randomisation’ to epidemiological research was
recognised in the late 1990s.” The essential point is that
genetic randomisation acts to eliminate potential
confounding by environmental/behavioural factors as
does random allocation in randomised controlled trials.

In recent years, many genes have been identified that are
involved in nutrient metabolism. If a particular genetic
variation (allele) is statistically associated with some
disease (e.g. a type of cancer) and also influences how
the body handles an individual micronutrient or other
dietary component, this provides evidence of a causal
link between that factor and cancer. For example, the
positive association of prostate cancer with a genetic
allele that specifies a defective vitamin D receptor on the
cell surface implicates vitamin D (probably acting via its
immuno-modulatory action) in the aetiology of that
cancer.®

This technique, however, still makes assumptions that
may sometimes be invalid. For instance, the particular
gene of interest may have other unknown actions, or it
may be linked to another nearby gene that is truly causal.

Quality versus importance of
evidence: an inverse law?

The second of the abovementioned caveats refers to the
‘inverse law'. Consider two examples relating to diet and
coronary heart disease (CHD).

Many epidemiological studies have sought to identify, in
experimental and non-experimental studies, specific
components of the diet (saturated fats, trans fatty acids,
fibre, folate, fish, wine and so on) that reduce the
incidence or fatality of CHD. Results of such studies tell
us how the risks for individuals vary in relation to these
nutrient intake differentials. Yet, the really important
public health question is whether, and how much, a
generalised, population-wide, shift in the social diet-at-
large would help to lower the rates of non-fatal or fatal
CHD.

o
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The first example is the Lyon Diet Heart Study in which
the investigators wanted to know if secondary dietary
intervention in persons who have recently had a heart
attack would reduce the subsequent mortality from any
further such events.® They might have decided to choose
one or more of the specific ‘heart-healthy’ dietary
ingredients mentioned above — and also assumed that
those ingredients act independently of the rest of the
diet.

In fact, the investigators decided to compare the
protective effects of whole diets: the ‘Mediterranean’ diet
versus the diet prescribed by the American Heart
Association. The merit in this approach is that: (i) it does
not prejudge which specific dietary items are likely to be
most effective; and (if) importantly, it allows for the
likelihood that it is diets in toto that confer maximum
health benefit — that is, the ‘whole’ of the diet is greater
than the sum of its parts. A third benefit is that the
study’s findings potentially support a public health
message, from other lines of research, about health-
promoting whole-diets that reduce risks across a
spectrum of diseases.

The second example asks how quickly a change in
population mortality from CHD might occur following
wholesale changes in some or all major risk factors?
Since CHD is a ‘chronic disease’, with an underlying
pathogenesis assumed to extend over several decades (or
even reaching back to fetal and perinatal life), it seems
likely that changes in CHD mortality would accrue over
the several decades following a shift in population diet. In
fact, the experience of the Norwegian population during
World War II, when the German army occupied Norway,"
and the more recent experience of the Polish population
following the collapse of communism (with its high-fat
food subsidies) and that country’s opening to the
international food industry, both show that mortality from
CHD declines within several years of a widespread
change in the patterns of dietary intake of fat and of fresh
fruit and vegetables.”

In public health and, indeed, in political terms, one wants
to know what impact a change in national diet will
actually make to the CHD death rate — and just how
quickly that change will occur. The sooner the health
gain can be expected, the more (politically and
economically) attractive the intervention becomes.

Consideration of these studies of health risks in relation
to differences in whole diets reminds us, too, that the
search for conventionally persuasive reductionist
evidence of the role of specific dietary components,
including mutagens in relation to cancer risk, may
actually lead researchers up a false path. After all, it is the
diet in aggregate that determines the total energy intake
and thus contributes to the incidence of overweight and
obesity. This weight excess, either by its association with
physical inactivity, or in its own right by influencing
metabolic responses (including the secretion of
oestrogenic hormones and insulin, or the secretion of pro-
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inflammatory agents by adipose tissue), then affects the
risk of various major diseases such as type 2 diabetes,
cardiovascular disease and large-bowel cancer.

There are even larger-scale research issues, amenable to
formal analysis, that bear on food, nutrition and human
health. Patterns of environmental use/misuse, supplies of
fresh water, trade regimes and political context are all
important to consider. For example, Labonte and
Schrecker'” have recently written: ‘As early as 1987, a
UNICEF-sponsored study indicated that a combination of
global recession and the austerity measures adopted by
national governments as the price of debt relief had the
effect of reducing such basic indicators of child welfare
as nutrition, immunization levels and education.’

Those austerity measures are particularly characteristic
of the national structural adjustment programmes of the
1990s, imposed by the International Monetary Fund on
economically struggling poor countries. At the same
time, ironically, Europeans and Americans have been
dumping artificially cheapened food in African markets
for several decades, thereby compromising local food
security. The structural adjustment process often
exacerbated this problem by imposing the agri-export
model on all states across the global South, at the
expense of stabilising domestic agricultures (P
McMichael, personal communication). Sahn,'® however,
cautions that although structural adjustment may have
contributed to increased poverty and food insecurity in
various Asian and Latin American countries, the same
deleterious consequences did not necessarily occur in
Africa. To assume otherwise, he argues, overlooks both
the differences in economic and food-security conditions
before reform and the actual nature of the adjustment
process in Africa. Further, general conclusions about the
impacts of structural adjustment on food security for a
region as large and diverse as sub-Saharan Africa is
perilous.

Evidence from knowledge of the
ancestral hunter-gatherer diet
that shaped much of human
biological evolution

Circumstantial evidence of the grandest kind can also
assist our judgement about the type of diet best suited to
human biology and good health. Consideration of the
ancestral palaeolithic diet indicates that we modern
humans have developed diets, very recently, with a
markedly different nutrient and energy profile from that of
our hunter-gatherer forebears. Some or all of those
differences are likely to cause biological dysfunction and,
perhaps, impair health.

Such ‘evidence’, of course, departs strikingly from the
strict criteria of ‘evidence-based’ synthesis of published
findings. Yet, our knowledge base would be the poorer if
we did not consider the long prehistory of human biology,

o

food and eating. All animal species have been biologically
honed by natural selection, via the rigours of survival and
breeding, to have optimal biological function when eating
the foods that prevailed during that natural selection
process.

The major changes in nutrient profile between the
palaeolithic diet consumed by archaic and then modern
Homo sapiens over the past several hundred thousand
years and that of today’s developed societies are shown
in Fig. 1. Two other major differences are: (i) the average
duration of breastfeeding differs by an order of magnitude
between hunter-gatherer and modern western cultures —
approximately 3 years versus 3 - 4 months,
respectively;'®'® and (ii) hunter-gatherers typically eat over
100 different plant species, many of them seasonally,
whereas the typical agrarian diet contains only 10 - 15
species of plants."”

(1]

Fig. 1. Comparison of the nutrient profile of the
palaeolithic hunter-gatherer diet (estimated) and the
modern Western diet. (From McMichael, ™ p. 134).

Whatever moral or health-related views one holds about
carnivory, it is clear that most hunter-gatherer
populations (with their bigger brains and more compact
colons, acquired over the past 1 - 2 million years)
consumed much meat — albeit game meat that was low
in saturated fats and relatively high in unsaturated fats
(including omega-3 fatty acids). Indeed, meat intake often
accounted for up to two-thirds of daily energy intake, and
provided a high-grade nutrient source. Modern diets
contain less meat and more total fat and carbohydrate
(which, further, is increasingly weighted towards simple
sugars). Dietary fibre, salt, trace elements and vitamins
all display marked differences, towards levels that we
would now associate with increased risks to health.*

The modern rise of obesity as a mass phenomenon in
urban populations is a striking example of this
discordance between evolutionary-biological legacy and
current dietary practice. That is, obesity reflects a ratio of
energy intake versus energy expenditure that differs
greatly from that of our hunter-gatherer and subsistence
farmer forebears. Similarly, the widespread modern rise of
dental decay in children and young adults, in populations
with inadequate fluoride intake from water and food,
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reflects a large and sustained intake of simple sugars at
levels that were simply not available in ancestral diets.

This approach can also help us understand why some
populations are better equipped, by evolution, to handle a
particular change in diet than are others. For instance,
following the diffusion of modern processed foods into
many cultures, and the associated rise of obesity, a
divergence in the rates of type 2 diabetes and levels of
insulin resistance has emerged between regional
populations. Weight-for-weight, populations of European
origin have lower rates of glucose intolerance and
diabetes than do other populations (Amerindians,
Polynesians, Chinese, Australian Aboriginals, Africans
and South Asians). This presumably reflects, at least
partly, a regional divergence in population genetics due
to the different timings and types of agrarian transitions
(especially the resultant change in sugar content and
glycaemic index) that have occurred around the world,
independently, during the past eleven thousand years.

We know that such genetic divergence can occur within
such a relatively brief time-span. Other well-known
examples of human evolution occurring within several
thousand years in response to the oft-intense selection
pressures of diet and infectious disease include sickle-cell
anaemia, thalassaemia, lactose tolerance and gluten
enteropathy (coeliac disease).”

The health of humans and the
biosphere: widening the
evidence base

Modern population health research, in seeking to provide
balanced and broadly-based evidence for policy-making,
must reach towards more distant, often unfamiliar,
horizons. In recommending food and nutrition policies
and practices, what is the full range of relevant evidence?

A ready illustration of this matter is contained in a recent
paper by Walker and colleagues, outlining the full-cost-
accounting approach to health risk assessment in relation
to meat consumption.” As countries become wealthier
and food preferences ‘globalise’, so the demand for meat
increases. Meat — traditionally — is a high-quality source
of nutrients, but is also a high-status, sometimes luxury,
food. On current trends it is estimated that, within 25
years, China will have a per capita consumption of meat
equal to current US per capita consumption. Chinese
total meat consumption would then equate to the total
world consumption of meat today.”’ This raises a question
about sustainability. Also, most of this meat will be
factory-farmed, much of it soy-fed, and all of it under-
exercised. There is good evidence this will deplete its
omega-3 content and shift the omega-6/omega-3 ratio
away from the levels to which we appear to be
evolutionarily accustomed. As researchers, do we need to
wait until the Chinese are consuming such meat, and
then document its biomedical consequences? Or should
we use the existing evidence of the change in meat lipid
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composition that accompanies such production methods,
and the existing evidence of how that profile of dietary
lipid intake affects health risks?

Modern epidemiology has taught us much about the
immediate, personal, risks to health from consuming
diets high, or low, in various types of meat: red or white;
over-cooked or under-cooked; wild, free-range or factory-
farmed; fresh or processed; and so on. But
epidemiologists have confined themselves to that arena;
they have not seen it as their prerogative (or within their
skill set) to ask about health risks that might result from:

e The environmental contamination caused by intensified
food (especially meat) production.

e The change in likelihood of infectious agents entering
humans, as a function of either modes of animal
husbandry or sources of wild animals: mad cow
disease, the Nipah virus and severe acute respiratory
syndrome (SARS) are, respectively, three modern
classics.

Relatedly, the creation of antibiotic-resistant bacteria,
via the intense use of antibiotics as livestock growth
enhancers (P Collignon et al., in press).

The change in production ecology, with loss of
livelihoods as large food agglomerates form (particularly
in response to the demands of selling to large
supermarket chains), and the consequent
impoverishment and mental and other health problems.

The contributions of farming and animal husbandry,
and associated energy inputs, to the generation of
greenhouse gases that cause climate change and
adverse ecosystem change and its diverse risks to
health.

Diversion of grain as livestock feed, versus availability
as food for Third-World populations.

These items reveal that the ‘evidence’ of risks to health
cannot be of a standardised kind. Those five categories of
environmental and ecological changes, caused by food
production, do not readily convert into epidemiological
estimates of relative risk of specific diseases. Yet to
ignore them because they are not amenable to
quantitative specificity would be public health
irresponsibility.

Conclusion

Given the diverse questions about the health
consequences of combinations of foods and nutrients,
and the timing and duration of their consumption, a
range of study designs is needed. A one-size-fits-all
approach to type of evidence and ‘correctness’ of
research design is inappropriate. We can gain useful,
integrated, information from the study of whole diets as
determinants of health risks and benefits. We can also
learn about likely optimal diets from palaeo-
anthropological studies and an understanding of human
biological evolution.
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A further, increasingly important, category of research
and evidence pertains to the ecological and socio-
economic risks that societies take when they intensify
food production and treat food primarily as a (profit-
making or foreign exchange-generating) commodity,
rather than as a life-sustaining dividend from the natural
world and its food-producing (and often human-
managed) ecosystems. Globally, modern food production
must now, urgently, find how to achieve both a health-
enhancing and an environmentally sustainable frame.
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