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Abstract

Objective: This article reviews information on the rapid changes in diet, activity and
body composition that lower- and middle-income countries are undergoing and then
examines some of the potential health implications of this transition.

Design and Setting: Data came from numerous countries and also from national food
balance (FAOSTAT) and World Bank sources. Nationally representative and
nationwide surveys are used. The nationally representative Russian Longitudinal
Monitoring Surveys from 1992-96 and the nationwide China Health and Nutrition
Survey from 1989-93 are examined in detail.

Results. Rapid changes in the structure of diet, in particular associated with
urbanization, are documented. In addition, large changes in occupation types are
documented. These are linked with rapid increases in adult obesity in Latin America
and Asia. Some of the potential implications for adult health are noted.

Conclusions. The rapid changes in diet, activity and obesity that are facing billions of
residents of lower- and middle-income countries are cause for great concern. Linked
with these changes will be a rapid increase in chronic diseases. Little to date has been
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done at the national level to address these problems.

Human history is characterized by a series of changes in
diet and nutritional status. This pace of change has
quickened considerably over the last three centuries™?.
Before that, major changes in diet and nutritional status
occurred infrequently and one could argue that there
were relatively few changes in diet for the first several
million years of existence of the human race. This
article focuses mainly on current stages in the nutrition
transition. The concept of transitions or movement
from one state or condition to another is used to
capture the dynamic nature of diet, particularly large
shifts in its overall structure. Many of the same factors
that explain shifts in diet also explain those in
physical activity and body composition. This work is
based on the premise that the transition to the age
of degenerative diseases is avoidable and that an
understanding of the patterns and sources of change
will serve as a basis for future interventions at
the population level to lead to more healthful
transitions.

A similar concept of transitions is embodied in the
theory of the demographic transition — the shift from a
pattern of high fertility and mortality (typical of less
developed countries decades age and of eighteenth-
century Europe) to one of low fertility and mortality
(typical of modern industrialized nations today). Even
more directly relevant is the concept of the epidemio-
logical transition, which focuses on changes in patterns
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of disease and causes of mortality. As first conceptua-
lized by Omran?, the epidemiological transition moves
from a pattern of a high prevalence of infectious
diseases and malnutrition to one in which chronic and
degenerative diseases predominate. Accompanying
this progression from an earlier stage of pestilence,
famine and poor environmental sanitation to the later
stage of chronic and degenerative diseases strongly
associated with life-style, is a major shift in age-specific
mortality patterns and life expectancy. Both of these
concepts of transitions share a focus on how popula-
tions move from one stage or condition to the next.
There have been large changes over time in diet and
physical activity, especially their structure and overall
composition. These changes are reflected in nutritional
outcomes such as stature and body composition.
Furthermore, these changes are paralleled by changes
in life-style and health status, as well as by major
demographic and socioeconomic changes. For exam-
ple, during the early stages of human evolution (from
about 3 million to about 10 thousand years ago),
human subsistence was based primarily on a pattern of
gathering, scavenging and hunting. The diet these early
humans consumed was varied, low in fat and high in
fibre. Physical activity levels were high. In conse-
quence, early Homo sapien hunter-gatherers tended to
be taller and more robust, and suffered fewer
nutritional deficiencies than humans who lived in
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setled communities during the period of early
agriculture. These early agriculturalists’ diet was much
simpler and subject to tremendous fluctuations. After

10~12 thousand years of this second stage, the

Industrial Revolution and a second agricultural revolu-
tion led to a considerable reduction of problems of
famine, large shifts in diet and increased stature. This
period was followed by a marked shift to the high-fat,
refined carbohydrate, low-fibre diet which marks most
high-income societies today. Also, an increase in
obesity and all the degenerative diseases of Omran’s
final stage occurred. There is some indication that a
new stage of behavioural change related to the reaction
to man-made diseases is occurring in selected
populations. These five periods are:

the age of collecting food,

the age of famine,

the age of receding famine,

the age of degenerative diseases, and
the age of behavioural change.

For this article, I focus mainly on the periods that relate
to the circumstances most lower- and middle-income
countries face — that is, a period where famine has
receded and degenerative diseases are rapidly emerging.

The theory of the nutrition transition posits that
these changes or stages relate to the complex interplay
of changes in patterns of agricultural, health and
socioeconomic factors, among others (for further
detail see Popkin®?). For this article, the major issues
that are considered are demographic and economic
changes.

The emergence in the last quarter of the twentieth
century of obesity as an epidemic among higher-
income countries is acknowledged and has been of
great concern in these countries. While the specific
effects of the shifts in the patterns of diet and activity
vary from population to population, both are impor-
tant. We now face the emergence of obesity as a
worldwide phenomenon affecting the rich and middle-
income people alike in middle-income countries and
also affecting countries previously considered to be
poor. This emergence and prevalence of obesity, with
all its related health complications, is felt to have major
health complications. I note later in the article that
this obesity epidemic has been linked in low- and
middle-income countries with a rapid increase in the
prevalence, as well as earlier age for the onset, of non-
insulin-depéndent diabetes mellitus (NIDDM). Other
well-known complications of excess adiposity which
are not discussed include coronary heart disease,
many cancers and a large proportion of disabling
osteoarthritis. ‘

The attention given by the food and nutrition
communities in countries such as China, Brazil and
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many lower-income countries has focused on prob-
lems of undernutrition but information is presented
here to indicate an emerging paradigm with obesity
being the dominant problem or with an ever-increasing
obesity problem coexisting with one of dietary deficit.
Furthermore, these rapid shifts in obesity, caused by
shifts in diet and activity, are linked with rapid increases
in NIDDM and other related chronic diseases. This
increase is found in countries whose populations are
more genetically susceptible and in other nations. This
combination of very rapid shifts in diet and activity and
the emergence at very early stages of economic
improvement of high rates of chronic disease forces
us to focus attention on this topic.

After a brief introduction to the data and measures,
the article first introduces the major underlying social
and demographic changes, then the dietary and
physical activity changes, followed by a discussion of
the evidence of the obesity epidemic and NIDDM as it
relates to this transition.

Methods

Data

Data came from a large number of sources, mainly
nationally representative or large nationwide surveys.
In addition I use national data sets such as food balance
sheets and national income accounts.

A thorough presentation is made of the China Health
and Nutrition Survey (CHNS), an on-going, longitudinal
survey of eight provinces in China. A multistage,
random, cluster sampling procedure was used to
draw the sample from each province. Additional
detail on the research design of this survey is presented
elsewhere’.

For some of the information on obesity patterns and
trends, the focus is mainly on larger and more
representative samples of adults. Our selection criteria
for presenting data from other surveys was size,
sampling design and geographic area. If a study was
representative of a region or country, it was always
used. If it came from a region with few studies and did
not fit the criteria of national representativeness, I used
it if the sample size was large and it seemed reasonably
representative. Note that I use the term region only to.
fit a cluster of countries and not an area within a
country.

National food consumption data came from the Food
and Agriculture Organization of the United Nations
(FAO) food balance sheets for the period 1962-90, now
available in the FAOSTAT database®. Data on food
availability is combined to express in percentage terms
daily energy from macronutrients, with the official
estimates of gross national product (GNP), as estab-
lished by the World Bank.
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Measures

For the national food consumption and economic
pattern analysis, GNP per capita was expressed in 1993
American dollars to allow for an easier comparison of
the results. Regression analyses were used to relate
dietary data (the proportion of energy from vegetable
and animal fats, carbchydrates, caloric sweeteners and
protein) for those countties for which full sets of data
were available in 1962 and in 1990 to the logarithm of
per capita GNP. This research used all countries for
which both sets of data were available — 98 in 1962 and
133 in 1990. These results were not changed when
looking only at a set of countries with full sets of data in
both 1962 and 1990.

The regression analysis also included an urban-
ization variable. Although GNP and the extent of
urbanization were closely linked before World War II,
this is clearly no longer the case and many lower-
income countries now experience very high rates of
urbanization. Throughout the text the term lower
income is used to describe a quite heterogeneous
group of nations. In addition, the term less and more
developed nation is used in this article interchangeably
with lower income. In the regression analyses, the
percentage of energy from each macronutrient was
regressed on GNP per capita, the proportion of the
population residing in urban areas that year, and an
interaction term between GNP per capita and the
proportion of urban residents. All variables in this
regression were highly significant.

Body mass index (BMI) is the standard population-
based measure of overweight and obesity status. For
adults, the cut-offs used to delineate obesity are less
than 18.5 for thinness (chronic energy deficiency), 18.5
to 24.99 for normal, 25.0-29.99 for overweight grade I,
30.0-39.99 for overweight grade II, and 40.0 and above
for overweight grade III’. For this article, grades II and
III are combined.

Factors underlying the nutrition transition

It is useful to consider demographics and economics,
two. of the propositions that affect diet and activity
which are changing very rapidly.

Proposition 1: Major shifts in population growth,
age structure and spatial distribution are closely
associated with nutritional trends and dietary
change '
No attempt is made here to address all aspects of this
proposition but rather to focus in some detail on one of
the most powerful sets of shifts linked with demographic
change — rapid urbanization. Evidence indicates a most
pronounced association of urbanization with the shifts in
diet and activity and body composition.

People living in urban areas consume diets distinctly

7

different from those of their rural counterparts. City
dwellers have led the movement from the pattern of
famine to the patterns of receding famine and the rise of
degenerative disease. Compared with rural diets, urban
diets show trends toward consumption of the following:

¢ superior grains (e.g. rice or wheat, rather than corn
or millet),

more milled and polished grains (e.g. rice, wheat),
food higher in fat,

more animal products,

more sugar, and

more food either prepared away from the home or
processed.

The potential impact of urbanization on diet structure
is shown by this regression model. The model used FAO
food balance sheets and World Bank economic
indicators data for 1990. The regression relating GNP
per capita to the outcomes of energy from each food
source includes as a covariate the proportion of residents
residing in urban areas and an interaction between the
proportion urban and GNP per capita. For the purposes
of clarification of the impact of shifts in urbanization, the
results of those regressions were used to predict
(simulate) the diet structure with the proportion of
urban residents worldwide at either 25 or 75%. As shown
in Figs 1 and 2, for higher rates of urbanization, the
simulation developed from our model predicts a
substantial increase in the consumption of sweeteners
and fats. The clear implication is that a shift from 25 to
75% urban population in very low income countries
would be associated with an added 4 percentage points
total energy from fat and an additional 12 percentage
points energy from sweeteners.

When analysis is undertaken at the country level, it is
clear that these contrasts between urban and rural eating
patterns are more marked in lower-income than in
higher-income countries. In higher-income countries,
market penetration into rural areas is common, and
nationally integrated food distribution systems exist.
Nevertheless, higher-income countries show important
urban-rural differences in eating patterns, especially in
consumption of food prepared away from home® and
responsiveness to information and the influences of mass
media. Even in higher-income countries, large differences
between urban and suburban food and labour markets, in
combination with other factors related to residence, resuit
in distinct dietary and nutritional status patterns.

Key factors responsible for urban—rural differences
in dietary intake and resulting differences in nutritional
status include:

e Dbetter transportation and marketing systems in
urban areas that provide greater availability of food
during periods of seasonal shortage,
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Fig. 1 Relationship between the proportion of energy from each food source and gross national
product per capita with the proportion of the population residing in urban areas placed at 25%,
1990. (Source: Food balance data from the FAOUN; GNP data from the World Bank; regression work

by UNC-CH.)

e greater penetration of marketing activities of the
processed commercial food sector into the denser
urban markets,

e greater heterogeneity of urban populations with
respect to dietary pattern,

o different occupational patterns, characterized in
urban areas of reduced compatibility of jobs with
home food preparation and child and elder care,

¢ different household structures related to a wide
range of economic and social factors, and

o different disease and health service use patterns.

(For a more detailed review of dietary aspects of
urbanization, see Popkin and Bisgrove’.)

Key dimensions of world urbanization

Several major demographic shifts began in the post-
World War II period and continue unabated and have
even accelerated in some regions. One is the vast
increase in the proportion of persons who reside in
urban areas. A second is urban agglomeration. A third is
the shift of poverty toward the urban areas, particularly
toward squatter and slum areas.

Proportion living in cities

Urban growth was relatively modest before the
Industrial Revolution. Rapid urban development first
occurred in the higher-income countries; now, lower-
income countries are undergoing even more rapid
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Fig. 2 Relationship between the proportion of energy from each food source and gross national
product per capita with the proportion of the population residing in urban areas placed at 75%,
1990. (Source: Food balance data from the FAOUN; GNP data from the World Bank; regression work
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urbanization. In the last half of the twentieth century,
urbanization resulting from migration and natural
increase has become a dominant factor in all regions
and shows no signs of abating. The proportion of
persons living in urban areas in developed and
developing countries has changed significantly since
1950. Table 1 shows that the higher-income world is
comprised predominantly of urban residents today
which is not the case for the less developed and poorest
least developed countries’®. Nevertheless, by 2025
urban residency will be the common form of residence
throughout all but the poorest African countries.

The continuation of the migration of rural residents
to urban areas more than offsets the much lower urban
fertility rate and leads to the quite different patterns of
growth in urban and rural areas. Table 2 shows that
these patterns accelerate in the next century.

Concentrated population growth

Urban growth, particularly in lower-income countries,
has been skewed towards a few larger cities, often
called urban conglomerates. These cities of 5-27
million dominate many couitries and are growing
much faster in the less developed than in the more
developed regions of the world. Nevertheless, in the
lower-income world, more than half of the urban
residents reside in smaller and medjum sized cities with
populations less than 500,000'. As is seen in Table 3,
the most explosive growth of these mega-cities is in
Asia.

Shift in the proportion of poor to the cities
Concomitant with increased concentration of the
population in urban areas is a dramatic shift in the
proportion of poor people living in cities. In absolute and
relative terms, the majority of the poor of the lower-
income world live in cities. By the year 2000, it is
estimated that 57% of the poor will live in urban areas™'.
Estimates of the distribution of the poor are rare. The one
used by the World Bank was the subject of extensive
research. While it is old, it is felt to be more carefully
prepared than many more current projections. However,
it is estimated that a majority will reside in dense slums or
makeshift dense squatter settlements. At the same time a
disproportionate share of the upper income and upper-
middle income population also lives in urban areas.

Table 1 Urban population, 1970, 1994 and 2025

Table 2 Average annual growth rate of urban and rural population,
less developed regions (percentage)

Region 1965-70 1990-95 2020-25
Less developed region

urban 3.58 3.51 2.33

rural 2.18 0.96 —-0.28
Africa

urban 4.64 4.38 3.34

rural 1.98 2.038 0.72
Asia

urban 3.28 3.68 2.31

rural . 2.34 0.8t -0.57
Latin America

urban 3.97 2.6 1.26

rural 0.81 -0.2 —-0.61
Oceania

urban 7.26 3.13 3.32

rural . 1.62 1.9 0.22

Source: United Nations: Population Division, 1995'°.

Migration

An important dimension of urban growth is its
associated pattern of migration. Migration from rural
areas to cities (and to a lesser extent from small to larger
cities) and international migration have affected diet
profoundly. For example, populations of Samoans who
moved to San Francisco, Polynesians and Maori who
moved to New Zealand, Japanese who moved to the
USA and Yemenite Jews who moved to Israel all
showed large changes in diet, followed by large
increases in diet-related chronic diseases'®™*°.

In other research, a national survey of American
adolescents examines the effects of generation of birth
in the USA. In this work, first-generation Americans are
defined as those born outside the USA. It was found
that there is more than a doubling of obesity of Asian-
American and Hispanic adolescents between the first-
generation and second-generation Americans (those
born in the USA). With about 3400 Hispanics and over
2000 Asian-Americans in the nationally representative
sample, the likelihood of being obese increased from
23.2 to 32.6% among Hispanics going from the first to
second generation and 10.7 to 24.6% for Asian-
Americans. The 85th percentile reference’ was used
for obesityl‘s. As discussed below in reference to the
Barker metabolic programming hypothesis'”*®, it is
possible that the increased obesity in these immigrants
is explained partially by fetal and infant nutrition

Table 3 Mega-cities, number 1970~-2015

Urban share
(percentage)

Urban population
(millions)

1970 1994 2025 1970 1994 2025

Region

World
Less developed regions 676 1653 4025 251 37 57
Least developed countries 38 122 506 12.6 21.9 435
More developed regions 677 868 1040 67.5 74.7 84

Source: United Nations: Population Division, 1995,

1353 2521 5065 36.6 44.8 61.1.

Region ) 1970 1994 2000 2015
World 11 22 25 33
Less developed region 5 16 19 27
Africa 0 2 2 3
Asia 2 10 12 19
Latin America 3 4 5 5
More developed regions 6 6 6 6

Note: Mega-cities have 8 or more million residents.
Source: United Nations: Population Division, 1995'°.
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insults: however, we feel that there is potential for an
independent environmental component which may
explain this American experience.

Proposition 2: Changes in income, patterns

of work and leisure activities and related
socioeconomic shifts lead to changes in women’s
roles and shifts in dietary and activity patterns
A major change in economic structure associated with
the nutrition transition is the shift away from a
preindustrial agrarian economy and towards increasing
industrialization. This transformation then accelerates;
the service sector grows rapidly, industrial production
is dominated by capital-intensive processes and time-
allocation patterns change dramatically. Associated
socioeconomic changes especially important in the
nutrition transition phenomenon are (a) changes in the
role of women (especially with respect to patterns of
time allocation); (b) changes in income patterns; (¢)
changes in household food-preparation technology;
(d) changes in food production and processing
technology; and (e) changes in family and household
composition.

The sectoral distribution of the labour force towards
industry and service has accelerated around the world.
Figure 3 presents data on this pattern for higher- and
lower-income countries. It shows for all lower-income
countries a pronounced move away from agriculture
and towards manufacturing and service employment.
As has often been shown, the most labour-intensive
agricultural work requires the greatest amount of
energy expenditure. One of the most inexorable shifts
with modernization and industrialization is the reduced
use of human energy to produce more capital-intensive
manufacturing and goods and services. The result
is obviously a marked shift in activity patterns at
work, a trend particularly associated with our shift into
increasingly capital-intensive production and increas-
ingly sedentary manufacturing, service and commercial
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work. This within-occupation shift in energy expendi-
ture cannot readily be shown with national data. It
requires individual level information.

Unfortunately, few longitudinal studies attempt to
measure physical activity and energy expenditures.
One quite simple measure of overall activity has been
collected in each survey from 16,000 Chinese as part of
the CHNS. Table 4 shows the shifts in the proportion of
Chinese adults involved in low levels of physical
activity at work. In particular, urban residents in all
income groups were more likely in" 1993 to have
adopted a more sedentary activity pattern. Elsewhere,
this is linked with significant increases in BMI and
obesity®. In contrast, this pattern was not seen in the
rural areas. In fact, rural residents, particularly low-
income ones, showed a significant change from low
and moderate activity patterns towards a high physical
activity pattern and related to that, an increase in
chronic energy deficiency measured by a BMI below
18.5.

Related to the effect of industrialization and
modernization on market production is a similar shift
in time allocation and physical effort in home and
leisure activities. Since the discovery of fire, a key thrust
in the continuing development of household technol-
ogy for processing and storing food has been to save
time and enhance the quality of life. In the last century,
the evolution of household technology seems to have
accelerated. In food-preparation technology, recent
developments include efficient ways to prepare and
store food (canning, refrigeration, freezing, radiation
treatment, packaging, etc.); food processing with tools
such as electric mixers and food processors; and
cooking with pressure cookers, cookware made with
improved metals and alloys, metal stoves using various
fossil fuels, and microwave ovens.

These food-preparation technologies, together with
home electrification, washing machines and clothes
dryers, vacuum cleaners, piped water, and so forth,
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Fig. 3 Shifts in the distribition of occupation, 1972-95. (Source: World Bank, 53 countries,

over a 23-year period.)
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Table 4 Distribution of physical activity of Chinese aged 20—45 years, by thirds of household income and residence, CHNS 1989, 1991 and

1993 .
Household income per capita thirds
Low Middle High
1989 1991 1993 1989 1991 1993 1989 1991 1993

Urban residence )

lowest level activity 23,75+ 34.3° 426 35.5* 45.4 42.8 44.5* 58.3 55.5°

middle level activity 49.6°* 30.1 30.2 46.1* 39.7° 40.6 48.0* 345 32.0°

highest level activity 26.7° 35.6°* 27.2 18.4 14.9 16.6 7.5 7.2 12,58+
Rural residence

lowest level activity (%) 15.3* 3.9° 4.8° 16.2* 12.3 12.6 23.7% 24.8 19.8

middle level activity (%) 22,20+ 5.3° 7.9° 28.9* 14.1 13.3 35.2* 24 26.8*

highest level activity (%) 62.50+ 90.8° 87.3° 54.9* 73.6 74.1 41.1* 51.2 53.4

2The proportion differs significantly from middle- and high-income groups within same year (P < 0.05).
®The proportion differs significantly among thres income groups within same year (P < 0.05).

*The proportion differs significantly from corresponding value in other 2 years (P < 0.05).

**The proportion differs significantly from corresponding value among the 3 years (P < 0.05).

have transformed home production from a time-
consuming, often back-breaking, full-time occupation
for peasant or working-class women. Although home
production still requires time and energy, purchased
technology where accessible can help save time for
those who engage in home production activities. One
way to see how these household technologies have
made transformations in a society is to examine the
studies of the introduction of electricity to agricultural
societies, which show large, rapid transitions in the use
of time, the roles of various household members and
other social factors®®. Herrin’s classic study on the
impact of electrification on the lives of families in
poorer regions has demonstrated the profound shift in
the use of time related to the use of electricity.

Possibly an even more astounding shift has come in
leisure activities. In the past, leisure activities for
children often meant active play, but leisure today
may mean a quite sedentary activity such as watching
television or playing a computer game. Documentation
of such patterns across the lower-income world is not
available in terms of time spent and the shift in
activities. This area needs greater focus.

Income paiterns

Income is an important element in the nutrition
transition because it measures control over the flow
of goods and services. In other words, income allows
one to purchase goods or services that can affect diet
and activity, and nutritional status. Three key issues
relating income to nutrition are (a) the effect of income
changes on dietary structure; (b) the effect of income
changes on the amount of energy, protein and fat
consumed; and (¢) the effect of change in the structure
of the economy, particularly the change t6 commercial
agriculture on the nutritional status and diet of
subsistence agriculturalists. The effect of income in
purchasing the assets and technologies that in turn
affect time use, diet and activity patterns noted above,
is equally important but not discussed here.

As Figs 1 and 2 show, increasing income is strongly
associated with changes in the proportion of energy in
the diet from various sources. What has been shown
more recently, however, is that the strength of the
income and dietary fat relationships have been some-
what uncoupled at the national level. Figure 4 presents
a regression of the proportion of total, vegetable and
animal fat on GNP. The results show a strong flattening

.of the relationship and a shift towards much higher
consumption of dietary fat among poor nations than
was previously known. In other words, lower-income
countries are now able to afford the types of higher-fat
diets that previously were accessible only to middle-
income countries.

These relationships between income and diet noted
in Figs 2 and 3 have an important culture-specific
component. The responsiveness of dietary total energy,
total and saturated fat, and other macro- and micro-
nutrients to income change depends upon the nature of
the demand for particular foods and by overall eating
patterns. For example, in the Philippines, the coconut
palm is a major source of cooking oil, and income
increases are associated with increased away-from-
home consumption of foods that are frequently fried;
thus, saturated fat and total fat consumption are highly
responsive to income increases, particularly those
accruing to women?"??, Similarly, in China, pork
consumption is highly responsive to increases in
income, which thus result in large increases in the
proportion of energy from fat>?*>?4 In contrast, where
income increases are spent on more -elaborate
packaging and processing or higher quality of specific
foods, rather than larger quantities of food or shifts in
the types of foods, changes in income will have less
effect on dietary structure.

A related point is that while the GNP-fat intake
relationship has flattened, it is shown elsewhere that
there remain in all countries important relationships
between income and fat consumption at the individual
and household level®,
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A second apparent relationship between income and
diet is that as income increases (beyond the point
where total food energy needs are met), people spend
more per food item?, partly to obtain higher quality. As
many authors have shown, food demand is much more
price- and income-elastic among the poor than among
higher-income groups?®?’. Changes in diet with
increased income also relate to the reduced time
needed to consume higher quality and higher priced
goods that have undergone more processing before
purchase®,

Income has been and will continue to be an
important identifier of groups at risk of either
nutritional deficiency or nutritional excess. Income
and more complex measures of socioeconomic status
that incorporate other dimensions of social and
economic well-being, such as education, asset owner-
ship, occupation and various more qualitative mea-
sures of ‘status’, are useful in identifying problems of
deficit in all societies and problems of excess associated
with the pattern of degenerative disease.

For lower-income countries, a crucial dimension of
the relationship between socioeconomic status and
nutrition is the distribution of chronic disease risk
factors by income group. In higher-income countries,
the poor are far more likely to suffer from obesity,
NIDDM, chronic heart disease (CHD), and other
chronic diseases®®?°. This has not been found in
lower-income countries, although this pattern is
slowly changing. For instance, a recent World Bank
study on adult health in Brazil®® indicates that where
income constraints among the poor are not too severe,
many risk factors for cardiovascular disease will likely
be greater among the poor than among the rich. This
inverse income—obesity relationship is beginning to be

found in larger subpopulation groups in Brazil® and in
other Latin American countries®*, Within the next 10-
20 years, in most of Latin America and many parts of
Asia, obesity and NIDDM will become problems of
poverty. There are already indications that this is
occurring in South Africa®. The rapid increases in
obesity found in lower-income countries are discussed
below together with the consequences of this change.

Intermediate factors: diet and physical activity

While nutrition researchers have typically focused on
the study of diet, it is no longer the only issue of
concern. Diet and physical activity are intertwined, and
interactions between energy intakes and expenditures
are amenable to intervention. It may very well be that
the rapid reduction in physical activity rather than diet
explains as much or more of the increased obesity
facing lower and transitional income countries.
Research is needed to quantify the relative impact of
each set of factors.

Pbysical activity

As noted above, the remarkable shifts in occupations
and in travel to work along with changes in the nature
of home production and leisure activity have had
profound effects on activity patterns throughout the
world. Few studies have measured this shift in activity
and energy expenditures. One quite simple measure of
overall activity has been collected in each survey from
16,000 Chinese as part of the CHNS. It has been
reported elsewhere that a remarkable shift in activity
patterns for adult Chinese occurred between 1989 and
1993 as shown in Table 4%,
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Structure of diet
Most researchers have focused on the shift from diets
" high in complex carbohydrates and fibre to those with a
higher proportion of fats, saturated fats and sweeteners.
But underlying these broad patterns are major shifts in
the type of staples selected, and in the overall diversity
of the diet. In most countries one of the first shifts is
from lower quality or inferior staples to those deemed
to be of higher quality. In one country lower quality
might be millet, in another it might be sorghum or
cassava. This shift is accompanied or followed rapidly
by the decline in the proportion of energy from these
basic staples.

The work undertaken to date on this nutrition
transition seems to show remarkable congruity in the
broad shifts in diet and in the ever-increasing shift
towards higher-fat diets in all regions of the world. Little
has been done systematically to lay out the role of the
array of socioeconomic, technological and other factors
that explain this shift. The best work has been done on
the role of urban residence (e.g. the work of Bourne ef
al3*3%) and its relationship to eating habits.

The shifts in the proportion of energy from fat,
protein and carbohydrates provide some sense of the
broader shift. At the country and individual level,
studies have been conducted in China® and Brazil®® to
provide examples and present information from a
selected set of food groups from China to highlight the
food shifts. As shown in Table 5, there is a marked shift
away from grains and tubers towards fats, meat and
eggs amongst other things. In addition, there are
marked differences in the diets of lower-, middle- and
higher-income thirds in this country with a much
smaller income distribution than is found in many
countries. Table 5(a) presents the average intake for
each food for low-, middle- and upper-income adults in
1989 and then presents the change for these adults over
a 4-year period. Table 5(b) presents the proportion
who consume each of these foods and the shift in the
proportion (percentage points) who consumed them
between 1989 and 1993. Essentially this table shows
that lower-income adults consume more carbohydrates
and vegetables and less meat, eggs and oils. Moreover,
over time there is a pronounced trend towards a

" reduced consumption of grains, tubers and corn
products, and an increase in consumption of meat
and meat products, eggs and oils.

Table 5(b) shows that while per capita intake is
changing markedly towards higher intake of fats, eggs
and meats, a greater proportion of individuals is
consuming many grain and vegetable products. In

this table, a food grouping system is used that was

developed to separate the Chinese food composition
table into 33 distinct food groups. Then the number
consumed by each person is added up to present mean
intake and the proportion with high and low numbers
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of food groups consumed. It is noteworthy that there is
a marked increase in diversity of the Chinese diet, but
the total amount consumed of many starchy staples and

oother higher fibre and nutrient-rich plant-based foods is

being rapidly reduced. ,

It is essential not to ignore the benefits of this shift. The
new Chinese diet is more diverse and linked to reduced
undernutrition. This trend towards a more diverse diet is
seen systematically in most countries in Asia, Africa and
Latin America. The diet of grains and tubers mixed with
small amounts of condiments, possibly a few legumes
and a small amount of meat/fish/poultry is clearly not the
diet desired by the population. Using our China-UNC-CH
food grouping system of 40 groups, with alcohol and
condiments removed, the shift towards a more diverse
diet is seen by examining the move from a very low
diversity to a highly diversified diet in Table 6. Over time,
the proportion of Chinese of all income groups who
consume very few food groups (five was selected) has
declined while those who consume more than 10
increases.

Body composition

One consequence of this nutrition transition has been a
decline in undernutrition accompanied with a most
rapid increase in obesity. In all age groups, there is
evidence of a rapid increase in obesity and also an array
of dietary excess and body composition-related health
outcomes such as glucose intolerance and diabetes.
Monteiro et al3®37 (also Monteiro, forthcoming®) has
documented this shift away from undernutrition most
clearly for Brazil.

Programming — a potential link

David Barker and colleagues at the University of
Southampton'”’® have brought into the mainstream
the notion of metabolic programming: that early insults
operating at a critical period in development result in
long-term changes in the structure or function of an
organism. In the case of obesity, the hypothesis is that
fetal growth retardation results in metabolic changes
that are adaptive under nutritionally stressful circum-
stances in utero. A similar argument can be made for
postnatal growth retardation manifested as stunting. As
the child grows, the metabolic efficiencies that served
well in conditions of undernutrition become maladap-
tive with overnutrition, leading to the development of
abnormal lipid profiles, altered glucose and insulin
metabolism, and obesity.

One reason why the programming hypothesis is so
powerful for health relates to its effects on the
distribution of obesity. There appears to be the
potential for increased visceral adiposity. That is, the
literature that has linked metabolic programming with
obesity has also shown a greater likelihood of
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Table 5(a) Changes in Chinese food consumption categorized by income group

Bottom third Middle third High third
1989 Change from 1989 Change from 1989 Change from
(g/capita/day) 1989 to 1993 (g/capita/day) 1989 to 1993 (g/capita/day) 1989 to 1993
Whole steamed/boiled rice 317.0 —40.4 322.2 -10.6 287.3 -10.3
Wheat flour 176.2 5.6 145.4 —-39.7 161.2 -725
Fresh and dried corn 69.4 -38.4 28.0 -9.8 20.4 -10.3
Coarse grains 29.7 —14.7 10.6 -2.9 6.6 2.2
Legumes 12.7 -1.3 10.9 —2.5 121 —-2.2
Tofu 23.0 -3.2 28.5 —6.0 23.7 13
Tofu products 11.7 -1.2 13.1 1.3 16.9 : -0.6
Starchy roots 133.0 -775 63.0 —27.4 41.8 -13.6
Carotene-rich vegetables 78.8 —-2.6 82.6 9.9 73.4 12.7
Other vegetables 318.7 —55.6 264.4 -1.9 230.3 7.7
Low-fat red meat/dishes 3.8 2.2 6.1 5.2 8.9 10.2
High-fat red meat/dishes 29.1 2.0 44.6 5.3 53.8 17.1
Poultry and game 4.2 -0.6 6.4 3.0 7.9 4.6
Meat products 22 -0.7 2.1 0.7 3.4 ~0.1
Organ meats 22 -0.2 3.3 0.5 4.3 0.2
Eggs and egg products 7.1 2.8 9.2 6.0 16.3 4.2
Plant oils 12.9 12.6 16.5 16.1 17.3 19.2

increased waist—~hip ratio and other measures of
visceral or abdominal obesity. A separate literature
has demonstrated that increased visceral adiposity is
linked with NIDDM, CHD and stroke>’.

In other work, four nationally representative samples
of children (or a nationwide one for China) show that
indeed there is potential that this hypothesis represents
a critical link between the fetal and infant insults
associated with underdevelopment and the transition
towards a lower activity/higher-fat diet associated with
the nutrition transition®. In fact, without this transition
in diet and activity it would not be possible for the
biological effects associated with metabolic program-
ming to lead to abnormal lipid profiles or obesity.

The high level of child obesity in China, Russia and
South Africa in comparison with National Health and
Nutritional Examination Survey (NHANES) HI is

discussed elsewhere®. The really solid causal work
on this metabolic programming relationship and any
mechanisms that might explain it or Barker’s hypoth-
esis is either in process or remains to be undertaken. If
this most significant relationship, often termed the
programming effect, is as important as the early
descriptive results indicate, then this represents an
ominous warning regarding infant health. Low-income
countries with high fetal and infant malnutrition
rates, must make particularly rapid programme and
policy shifts to address these additional undesirable
consequences of the nutrition transition®",

As issues of obesity and later NIDDM are presented
below, it is important for the reader to be aware of this
hypothesis and its potential for explaining, among
other issues, the higher NIDDM levels found in newer
urban residents in black South Africa and the parts of

Table 5(b) Changes in the proportion of Chinese consuming each food group categotized by income group

Bottom third Middle third High third
1989 Change in % from 1989 Change in % from 1989 Change in % from
(% consuming) 198910 1993 (% consuming) 198910 1993 (% consuming) 1989 to 1993
Whole steamed/boiled rice 72.4 1.3 84.3 25 90.7 0.9
Wheat fiour 45.7 -0.8 57.5 -18.4 67.6 -30.2
Fresh and dried corn 31.2 —-9.5 17.6 -3.1 16.1 -5.3
Coarse grains 12.9 ~2.7 9.7 -1.0 9.4 1.2
Legumes 18.9 -3.6 18.7 -3.9 196 -4.9
Tofu 25.5 1.1 34.1 -0.0 33.3 3.3
Tofu products 22.0 2.1 28.0 3.3 35.7 0.4
Starchy roots 38.6 -05 34.6 -1.8 32.7 -3.0
Carotene-rich vegetables 42.4 6.0 56.1 3.9 60.3 8.9
Other vegetables 92.3 4.0 92.7 3.2 95.7 1.2
Low-fat red meat/dishes 6.6 2.5 13.2 3.9 18.6 85
High-fat red meat/dishes 36.8 7.0 575 3.5 69.1 6.7
Poultry and game 5.8 0.8 10.0 3.8 14.1 5.8
Meat products 3.8 -0.0 4.3 1.1 6.9 -0.3
Organ meats 4.4 -0.4 7.7 14 11.0 0.4
Eggs and egg products 14.9 7.8 24.5 10.1 40.9 3.7
Plant oils 56.6 30.6 63.3 24.3 69.7 19.7
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Table 6 Diversity in the Chinese diet: the number of food groups
consumed by Chinese adults aged 20-45 years, CHNS 1989-93

Income thirds

Year Low Medium High Total
1989 Sample size 1892 1889 1834 5615
Mean score 6.5 77 9 7.7
Score <5 (%) 17.1 6.8 3.5 9.2
Score > 10 (%) 44 1241 29.6 15.2
1991 Sample size 1855 1918 1839 5612
Mean score 7.4 8.1 9.6 8.2
Score <5 (%) 10.7 6.6 1.8 6.4
Score > 10 (%) 5.9 17.8 35.2 19.5
1993 Sample size 1749 1814 1680 5243
Mean score 7.3 8.5 9.7 8.5
Score <5 (%) 6.6 2.8 1.2 3.5
Score > 10 (%) 9 21.8 36 22

Note: the range of diversity scores is 1-33.

the increases in NIDDM elsewhere in Latin America,
Asia and Africa.

~ Prevalence in lower- and middle-income
countries

Limited information is presented on obesity patterns
and trends in lower-income countries. The focusisona
few cases and the reader is directed to a more thorough
review for more detail. Data from Asia and Latin
America for adults are presented in Figs 5 and 6. We
look at three measures of obesity, grade I, grades Il and
above, and the total of all grades. The ages for these
data vary slightly but generally are presented for age 20
years and above.

Latin America

When looking at grades I and II and above obesity
measures for Latin America, levels of obesity in the 30
and higher range are found in Brazil, Mexico and Cuba.
The range is lower in other South American countries
but there is no nationally representative survey for most
countries. In Brazil and Cuba, women have higher
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levels of overweight and obesity than men but this is
reversed in one survey in Mexico conducted in 1995.
There are few data available in terms of large-scale
surveys in the Caribbean; however, other studies and
the Cuban data presented here indicate that the
Caribbean nations have very high levels of obesity*?,

Asia :
There is still much less obesity in the largest two
countries in Asia, China and India, but levels are higher
in other countries. For instance, total grade I and above
levels are between 25 and 30% for Malaysia, and 13 and
19% for the Philippines. The exceptions are the Central
Asian countries such as Kyrgyzstan that were members
of the Soviet Union prior to 1992. Grade I overweight
status is currently the major problem in Asia except for
Malaysia. There is no clear gender pattern to levels of
obesity in Asia.

Trends

There are a small number of lower- and middle-income
countries for which we have excellent data on trends in
body composition. Nationally representative or large
nationwide data sets are available for Brazil in Latin
America; China and India in Asia; Mauritius in Africa;
Nauru and Western Samoaz in the South Pacific; and
Russia. These provide some sense of trends in adult
obesity. Figure 7 shows the trends for the few countries
for which there are nationally representative data.
We created 10-year changes in the percentage points of
obesity for each. Much greater detail of these obesity
patterns and trends are presented elsewhere®.

Brazil

Monteiro and his Collezzlgues36 have shown that during a
15-year period, the proportion of grade II and above
overweight adult males almost doubled (5.7 to 9.6%).

Percent

Male Female

Brazil
1989

Fig. 5 Obesity patterns in Latin America

n Grade | (BMI 25-29.9)
O Grade Il (BM! > 30)
8 Total (BMI > 25)

58

39.4

315
Male - Female Male Female
Mexico Cuba
1995 " 1982
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Urban Rural Male Female
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1992 1993

Fig. 6 Obesity patterns in Asia

For females of reproductive age the proportion of
grade II obesity increased by 230% over a 21-year
period. Interestingly, it was shown that the ratio
between the underweight and overweight prevalence,
a measure of the relative importance of each problem
in the population, was dramatically affected between
1974 and 1989. In the case of all adults, the ratio was -
even reversed: in 1974, underweight exceeded over-
weight by 1.5 times while in 1989 those overweight
exceeded the underweight by more than twice.
These increases in the frequency of overweight
occur for all incomes and both sexes, but they tend
to be far more important among the poorest
families™.

China

The shifts in diet, physical activity and overweight
status in China are among the most rapid ever
documented. The level of overweight status in China
among adults is still low but the marked shifts in diet
and activity and grade I overweight lead one to believe
that major increases in grades I and II overweight will
occur. These changes are much greater among urban

Male Female Temale Male Female
Malaysia India Phillipines
1990 1994 1993

residents of all income backgrounds and among
middle- and higher-income rural residents’. In China
we are-able to explore the trends by income group for
the 1989-93 period and have found that the rate of
increase among the urban and rural lowest income
third is the greatest.

The rates of increase based on national nutrition
surveys in China in 1982-92 indicate a moderate rate of
increase; however, this hides the more rapid shifts in
diet, activity and obesity seen in the last few years™,
The increase in the prevalence of 5.2 percentage points
of grade I overweight during this 10-year period in
urban areas is considerable. During the more recent
period, the CHNS data for 1989-93 show that there has
been a consistent increase in obesity in urban and rural
areas among adults. The CHNS 1989 survey results for
this age group fit exactly in the middle of these resuits.
Grade I and above obesity increased from 9.7% in 1982
to 14.9% between 1982 and 1993.

India
Unlike China, far fewer data are available for India.
Information is available only for women of child-

* 1
Il Male [ Urban
[ Female B Rural
20+ 19.2 196
16.9
Percent
11.9
109 ., 8.9 87
5.2 5.0 38 53
il [ ]
Brazil China India Mauritius  Russia Nauru  W. Samoa
1974/5-89 1982-92 1989-94 1987-92 1992-96 1975-94 1978-91
(BMI>25)  (BMI>25) (BMI>25) (BMI>25) (BMI>25)  (BMI>30)  (BMI>30)

Fig. 7 Obesity trends: the percentage point increase in obesity prevalence per 10-year period
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bearing age which indicates a small increase over the
19 years but a more rapid increase of 4.2 percentage
points during the 1989-94 period.

Russia

Russia has one of the highest rates of mortality related
to CHD in the world. Despite shifts towards a lower-fat
diet in the post-reform period, there is evidence of an
increase in adult obesity. Data have been collected for
seven rounds of the nationally representative Russian
Longitudinal Monitoring Survey and there is over time a
consistent increase in adult and also elderly obesity®.
Figure 8 presents information on trends in body
composition in Russia. The remarkable point to note
is that the effects of the economic hardship in Russia
have not been seen in the obesity trends. In 1996 the
grade II obesity of females showed a decline. A much
higher rate of increase in prevalence of obesity was
found among grade II and above obesity for Russian
females. Overall, the increase in total obesity is over 5
percentage points per 10-year period for Russia but
future directions of this trend are less clear because the
economy is in such flux.

The health implications: NIDDM and related
conditions

A range of changes in health are accompanying the
nutrition transition. As noted above, foremost is the
reduction of infant mortality — and related to that is
undernutrition. Wasting is being rapidly reduced in
many countries and rates of stunting are also being
lowered though recent informatijon indicates that the
rate of change has slowed considerably in the last few
years45. At the same time, many adverse changes are
taking place. The positive effects are not addressed
here — effects that _must not be lost nor minimized.
Rather the focus is on the other side of the coin — the
negative health effects which represent the most lasting
and costly side effect of the nutrition transition.
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There is a growing literature that documents rapid
increases in NIDDM in many lower-income coun-
tries®>*%47 Other work indicates that many of the
cardiovascular conditions related to NIDDM such as
hypertension, dyslipidaemia and atherosclerosis are
documented as increasing rapidly. The epidemiological
prevalence data are spotty but indicate serious and high
levels of these conditions, in particular NIDDM.
NIDDM comprises 85% or more of all diabetes cases.
Recently, a most provocative cancer study has laid a
strong basis for linking the diet, activity and body
composition trends discussed above to the likelihood
of increased rates of prevalence for a larger number of
cancers®®,

A related clinical and epidemiological literature
highlights the importance of the same factors noted as
being central to the nutrition transition — diet shifts,
reduced physical activity and obesity — as also being
ciitical determinants of NIDDM* 72, More recently this
same literature has clarified the potential role for
genetics and regional adiposity as they interact with
these other factors.

Diet is the least understood determinant of NIDDM.
A clear literature has shown that in terms of
mechanisms and epidemiology, obesity and activity
are closely linked to NIDDM. Several reviews lay out
the case for these factors. Zimmet and his colleagues
have been particularly earnest in exploring these issues
at the population level in a number of lower-income
and transitional societies®'"2.

Some basic characteristics of NIDDM may provide a
clear basis for linking key components of the nutrition
transition — increases in obesity and reductions in
activity — to the rapid increases in NIDDM in lower-
income countries.

Obesity

It is clear that obesity, and more particularly upper-
body regional distribution of the body fat, is a key
parameter in the aetiology of NIDDM. A vast literature
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Fig. 8 Obesity trends in Russia, 1992—-96
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has shown significant direct obesity relationships with
NIDDM and the animal literature backs up this
relationship. The work on abdominal obesity and its
effects is more recent, but appears to be promising in
more precisely explaining the role that body composi-
tion plays. To the extent this abdominal obesity
relationship holds, the metabolic programming
hypothesis becomes that much more important in
showing a link between fetal and infant nutritional
insults and their relationship to adiposity in the upper
body area. Law et al. (see Barker'), in a follow-up
study of British men, found abdominal fatness in adults
to be associated with reduced fetal growth, manifested
by low birth weight (LBW), and in particular LBW
relative to placental weight. In a study of American
white people and Hispanics, Valdez et al> found that
the odds of expressing a syndrome consisting of
dyslipidaemia, hypertension, unfavourable fat distribu-
tion and NIDDM were 1.72 times higher for the lowest
compared to the middle third of birth weight.

In addition, there is a strong relative risk linking
weight increases with diabetes. The odds of getting
diabetes are considerable with a weight gain of 5-8 kg
for adults and they increase as weight gain goes up”®.

Physical activity

It is understood that exercise affects insulin sensitivity
such that heavy activity reduces the likelihood for a
given level of obesity that a person will display the
signs that allow him/her to be categorized as having
NIDDM. In other words, physical activity lowers the
serum insulin level or appears to do so. Zimmet reviews
these relationships and notes other critical studies on
this topic>**2,

Interactions of obesity and activity

Activity and obesity appear to interact but also to have
separate effects. For example studies show that for each
level of BMI or waist—hip ratio, there is an activity effect
in terms of serum insulin level.

Genetic component
. Zimmet and others who have focused on this issue as
it relates to lower-income countries have felt that
the highest genetic susceptibility was for Pacific
Islanders, American-Indians, Mexican-Americans and
other Hispanics, and Asian-Indians. Those with modest
genetic susceptibility include Africans, Japanese and
Chinese”!?. The age of onset of NIDDM is much lower
for these populations and for a given level of obesity
and waist—hip ratio it appears that the prevalence is
higher. For instance, while the diagnosis is usually
made after the age of 50 years, in these populations it is
made much earlier.

Some of the articles that document the obesity
increase, in particular those for Mauritius and the
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Pacific Islands and also for urban black South Africa
also have shown a comparable rapid increase in the
incidence of NIDDM and the biological precursors,
higher glucose intolerance®>#-4’.

ODea and colleagues® and also Galanis and
colleague'SSG have .explored the same issues in depth
among Australian Aborigines and other South Pacific
groups and have provided careful documentation of
this linkage of the transition with NIDDM.

Evidence from dozens of smaller studies in China,
the Western Pacific, South Africa, urban areas in many
other countries, and other countries point clearly to an
incipient major increase in cardiovascular disease in all
of these countries*”>"~7,

Discussion and implications

The nutrition transition addresses a broad range of
socioeconomic and demographic shifts that bring rapid
changes in diet and physical activity levels to most
regions of the world. The changes are occurring most
rapidly as is shown by the shifts in the distribution of
the population, income and occupation patterns. The
diet changes, most specifically the shifts towards the
higher fat and meat/reduced carbohydrate and fibre
diet, is also a shift towards a more diverse and
pleasurable diet. The activity patterns also represerit a
shift away from onerous, difficult labour-intensive
activities. Thus, these dietary and physical activity
shifts are desirable in many ways. Yet they carry with
them many onerous nutritional and health effects. It is
this paradox and complexity which makes it most
difficult to understand ways to arrest the negative
aspects of the nutrition transition. It is also clear that we
must view the causes of obesity as environmental rather
than personal or genetic.

We must be aware of the weak database on which
this work relies. Documentation at the individual and
household level of this transition exists in only a few
countries. These countries, such as China, indicate a
marked shift away from traditional coarse grains and
towards refined grains and then towards meat, eggs
and fats. They also indicate a strong propensity for
increased income to be linked with increased dietary
diversity and increased consumption of these higher fat
“Western diets’. Similarly they show marked changes in
activity and obesity. Soon they will show the even more
marked increases in CHD and NIDDM as others have
shown in these countries. Yet, evidence for the shifts in
physical activity is mainly indirect. The few studies that
have monitored these trends have linked them to
increased obesity but far more is needed in the way of
research on this topic. This lack of research is a major
gap, as are studies that collect both diet and activity
data.

There is evidence that trends in obesity are not
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limited to one region, country or racial/ethnic group.
The overall levels that are found in selected countries
such as Mexico, South Africa, Malaysia, and nations of
the Western Pacific are indicative of major public health
problems. That these changes appear to be occurring
across so many countries lends weight to the need to
understand the underlying environmental causes
related both to shifts in diet and activity rather than
focusing attention solely on genetic causes of obesity. It
also opens up the possibility that international studies
can help to clarify the causes for these patterns.

It is likely that the rate of increase in obesity and
NIDDM will increase rapidly, if the Barker metabolic
programming hypothesis is correct. Stunting levels are
very high in most lower-income countries. It is not
unusual for 15-35% of children to be stunted*. High
rates of intrauterine growth retardation and LBW also
exist. To the extent that fetal and infant insults, later
combined with reduced activity and increased diet,
lead to obesity and NIDDM, the African, Asian and Latin
American regions might see rapid increases in the
health complications associated with the nutrition
transition.

The challenge is to devise ways to improve the lives
of our citizens — that is to give people the more varied
and tasty diets they want and less burdensome work —
but also to prevent obesity, NIDDM, CHD and the other
major diseases of civilizations. But we have few
examples of countries that have been able to tackle
these issues at the national level. Elsewhere I have
summarized some of these issues. Milio has studied
these trends most systematically‘so‘sz. The Scandinavian

countries are unique in attempting to redirect their diets
and health with prevention at the national level and
they have done this with mixed success. Lower-income
countries are only beginning to discuss and consider
options for dealing with obesity. So long as poverty
and hunger affect portions of the population, at the
international and national level, the public and
politicians are more likely to address that problem
than they are to consider obesity. This means that not
only are we trying to redirect popular changes in diet
and activity, but we are also attempting to fight them
“during a time when public attention is focused on these
problems of poverty and dietary deficit. Our solutions
‘must not adversely affect the undernourished. At the
same time we must begin to develop an array of large-
scale options that national governments can imple-
ment. As with any other epidemic, we must focus much
of our energy on environmental solutions.
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