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Foreword

There have always been transition periods in human history, although they have come at

different times for different countries and regions and have in the past been widely

spread out over time. The transitions described in this book have few precedents in both

the rapidity of the change and the large proportion of the world’s population involved.

The shift from hunting and gathering to agriculture was spread over thousands of years

and the industrial revolution over about 200 years, but transitions are now occurring

within developing countries over a few decades. They are determining the future health

and welfare of human kind and the nature of the environment in which we all must live.

This book contains informative descriptions of past changes and trends, but its impor-

tance lies in its characterization of dynamic current processes and their probable impact

on future history.

It is difficult to conceive that from the 15th to 18th centuries in all of Europe fre-

quent local famines led to starvation, riots, and migrations in search of food

(Scrimshaw, 1987). Mortality rates were far higher than in developing countries today,

life expectancy was about 25 years, and the populations were severely stunted.

Improvement took centuries. In every industrialized country height increased steadily

in the 19th and most of the 20th centuries, for example, from about 166 cm to nearly

180 cm in Sweden (Steckel, 2001). The 1993 Nobel Prize winner in Economics,

Robert Fogel, points out that the mean height of the Dutch in 1860 of 164 cm is one

percentile of their current mean height and that this percentile is the mean height in

India today (Fogel, 2000). Clearly the anthropometric transition for India still lies

ahead.

The high death rates that were associated with infectious disease dropped precipitously

in the late 19th and early 20th centuries well before there were specific therapies and in

some cases before the causative agent was known. McKeown (1976) in The Modern Rise

of Population concluded that this was due, almost entirely, to improving nutrition and not

to any other major factors that could be identified. The further decreases in mortality

from diseases such as measles, diphtheria, whooping cough, tuberculosis, and pneumo-

nia with the advent of antibiotics and immunizations were relatively very small.

In the 1960s, cases of severe protein-calorie malnutrition, kwashiorkor, could still

be demonstrated in children in almost any hospital in the developing world. Only 20

years later, kwashiorkor had essentially disappeared. Earlier this occurred for scurvy,



pellagra, and beri-beri. In the 1930s pellagra was still a major problem in the United

States. Beri-beri persisted in Southeast Asia into the 1950s. The ocular signs of vita-

min A deficiency leading to blindness were still a serious concern in the 1970s but are

now rare even in poor countries. Except for scurvy which largely disappeared earlier,

these transitions occurred in the 20th century. Unfortunately these nutritional disor-

ders have returned in some refugee populations.

Thirty years ago obesity was rare in developing countries and it is now increasing

rapidly in both industrialized and developing countries with seriously adverse impacts

on health. The InterAmerican Atherosclerosis Study published in 1968 examined 

aortas and coronary vessels from serial autopsies for three years in eight general hos-

pitals in Latin America and the Caribbean (McGill, 1968). In the populations studied

at that time, atherosclerosis progressed so slowly that cardiovascular disease was

almost unknown. Four decades later, coronary heart disease is a growing problem in

these same countries.

A characteristic of these successive transitions is that they are coming more fre-

quently, are progressing more rapidly, and are increasingly global in scope. This book

documents and interprets the current transition that is occurring in both nutrition and

related socioeconomic conditions in developing nations. They are associated with a

demographic transition in an increasing number of these countries. The nutrition tran-

sition is taking place so rapidly that undernutrition and micronutrient deficiencies

coexist with overnutrition. As a consequence, many developing countries still face the

need to prevent undernutrition and malnutrition at a time when they are facing an

increasing burden of chronic degenerative disease.

The dynamics of the current dietary change and the increasing obesity and diabetes

in the developing world are well described in early chapters. A relatively new theme,

the relationship between early malnutrition and the later occurrence of chronic degen-

erative disease, is also covered. Low birth weight due largely to poor nutrition during

pregnancy and malnutrition during infancy have been shown to increase the risk of

diabetes, hypertension, and coronary heart diseases in later life. Populations with a

relatively high frequency of fetal and infant malnutrition whose rising affluence

led them to more dietary fat and less exercise appear to be at a particularly high risk

of chronic disease as they age. This is a further burden on developing countries in

transition.

Other important topics covered are the roles of governance, globalization, demo-

graphic behavior, and disease trends. China and Brazil are presented as case studies of

what may be happening or will happen to diet, activity levels and health in other parts

of the developing world. The chapter on food wisely avoids predictions of global food

shortages but does express concern that the developing world may not be able to

derive the full benefit from current and future scientific and technical advances in

food production.

This book comes at a time when multiple transitions are coming with great rapid-

ity and globalization has become a dominant theme. It is a valuable documentation 

of the food and nutrition components of the most accelerated set of major transitions

in human history. Readers will find it a fascinating and insightful glimpse into the

benefits and threats to health of the unprecedented nutrition, demographic, and economic

x Foreword



changes that are so strongly and rapidly affecting the health and welfare of the popu-

lations of developing countries.

Nevin S. Scrimshaw

Professor Emeritus, Massachusetts Institute of Technology

Senior Advisor, UNU Food and Nutrition Program

Winner of the World Food Prize, 1991
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Introduction

Benjamin Caballero and Barry M. Popkin

1

Evolution is transition. Fueled by ideas, war, scientific breakthroughs, and chance, the

relationship of humans with their environment is in constant change, in an endless

quest for equilibrium. Food, as a central component of survival, has always been at the

center of that evolution. But if we are in constant transition, what does the term “nutri-

tion transition” really define?

Arguably, the concept of transition in the study of human populations was first

introduced by Omran in 1971, in an article entitled “The Epidemiologic Transition”

(Omran, 1971). In that paper, the author attempted to offer a systematic process by

which to identify and characterize change, and in doing so, to be able to predict future

trends. Another concept of transition often seen in the literature is the demographic

transition – the shift from a pattern of high fertility and high mortality to one of low

fertility and low mortality, typical of modern industrialized countries. Interpretations

of the demographic and epidemiologic transition share a focus with the nutrition

transition on the ways in which populations move from one pattern to the next. This

concept of transition may also be applied to the study of changes in the food–diet envi-

ronment and its impact on health.  The concept of nutrition transition, however, goes

beyond diet, recognizing that most of the health effects of diets in human populations

are also strongly affected by lifestyle, particularly physical activity. We therefore use

the term nutrition transition to encompass these shifts not only in diet but also in phys-

ical activity and their effects on body composition. In other words, we must explicitly

recognize the role of the other nonnutritional factors closely related to the health out-

comes of interest. These three relationships are presented in Fig. 1.1.

Why does the current nutrition transition merit special attention, and define a specific

area of research in nutrition science? First, our ability to identify different patterns of

intake in populations, and to correlate these with health indicators has advanced sub-

stantially over the past decades. Thus, the necessary data have reached a critical mass

from which study can progress and inferences can be made. Second, the rate of change

is such that its effects can frequently be identified in the population within a genera-

tion or two, facilitating their identification and quantification. Third, many of the changes

in the area of nutrition and health are closely connected to economic and political

changes, thus linking the nutrition transition with key determinants of the historical

evolution of countries and regions.

The Nutrition Transition
ISBN: 0-12-153654-8

Copyright © 2002 Elsevier Science Ltd
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This book focuses on the developing world. Our interest centers on the rapid shifts

from a stage often termed the period of receding famine to one dominated by nutrition-

related noncommunicable diseases (NR-NCD). The periods encompassing this transi-

tion are outlined in Fig. 1.2. Our focus is increasingly on patterns 3 to 5, in particular

on the rapid shift in much of the world’s low and moderate income countries from the

stage of receding famine to NR-NCD. The importance of the shift from pattern 3 to 4

is such that for many this is synonymous with the Nutrition Transition.

The most dramatic impact of the changes in food supply, dietary intake and lifestyle

can be observed in the developing world. There are several reasons for this. First, the

projected growth in world population for the next 30 years will occur almost exclusively

in the developing world. Even more importantly, most of that population growth will

occur in urban areas, where, as will be shown, the impact of the nutrition transition is

most evident. Second, the health consequences of the nutrition transition, a continuing

increase in the prevalence of NR-NCD, is having and will continue to have a dramatic

impact in countries that, for the most part, have not yet solved the burden of nutritional

deficiencies.

Traditionally, the diets of poor countries have been considered insufficient in quan-

tity, and inadequate in quality. One reason for this has been the predominance of

higher fiber, lower fat plant sources, which are known to be limited in certain essential

nutrients, to have poor bioavailability for essential nutrients, and a low energy den-

sity. Paradoxically, the hunter–gatherer and the subsequent diet of countries in phase

of receding famine, which are both low in fat and rich in fiber, are today considered

the desired pattern for disease prevention in higher income industrialized countries.

However, the diet of developing countries also has natural contaminants (goitrogenic

substances, natural toxins, pesticides, microbial agents) that are undesirable.

2 Introduction

Demographic transition Epidemiologic transition Nutrition transition

Reduced fertility,
aging

Focus on family planning,
infectious disease control

Focus on famine
alleviation/prevention

Diet-related noncommunicable
diseases predominate

Focus on medical intervention, policy
initiatives, behavioral change

Chronic diseases
predominate

Focus on healthy aging
spatial redistribution

Receding pestilence, poor
environmental conditions

High prevalence
infectious disease

High prevalence
undernutrition

Receding famine

High
fertility/mortality

Reduced mortality,
changing age structure

Figure 1.1 Stages of health, nutritional, and demographic change (from Popkin, 2002).



What fuels the rapid shift in the stage of the nutrition transition? Critical elements

include urbanization, internationalization (globalization) of food production and

marketing, expansion of mass media and communications, and changes in the work

market with predominance of low-energy output labor.

Almost 90% of the projected world population growth over the next 20 years will take

place in the developing world. Even more striking is the fact that almost all this growth

will occur in urban areas. Thus, today’s developing world, still largely defined by the

rural poor, will change dramatically in the next two decades, with the progressive dom-

inance of an urban population. Urban dwelling is associated with an array of behaviors

and lifestyles that are associated with higher levels of obesity and other NR-NCD.

Globalization is a term that generates strong reactions, in spite (or perhaps because)

of its vague definition. Included in what we term globalization is a shift in dominance

on the economic, technological, cultural, and consumption level of goods that are

mass produced by modern techniques and a system that is market driven. Although

the term usually applies to recent trends in international trade, globalization has been

an essential element for the continuing expansion of market economies since the

industrial revolution. For example, by 1840, after the consolidation of the industrial

revolution in England, 530 million yards of British cottons were exported to the

“underdeveloped” regions of the world, compared to only 200 million for all of Europe

(Hobsbawm, 1996). Thus, economic expansion of industrialized countries has histor-

ically depended on expansion of markets into the developing world. Market expansion

Introduction 3

Urbanization, economic growth, technological changes
for work, leisure, and food processing, mass media growth

Starchy, low variety,
low fat, high fiber

•
• Labor-intensive

work/leisure

Increased fat, sugar,
processed foods

•
• Shift in technology of

work and leisure

Reduced fat increased
fruit, veg, carbohydrate, fiber

•

• Replace sedentarianism
with purposeful changes
in recreation, other activity

MCH deficiencies,
weaning disease,
stunting

Obesity emerges, bone
density problems

Reduced body fatness,
improved bone health

Pattern 4
Degenerative disease

Pattern 3
Receding famine

Pattern 5
Behavioral change

Slow mortality decline Accelerated life expectancy,
shift to increased NR-NCD,
increased disability period

Extended health aging,
reduced NR-NCD

Figure 1.2 Stages of the nutrition transition (from Popkin, 2002).



is achieved by selling goods to increasing numbers of people, and also by creating

new needs. Culture plays a key role in fulfilling this task; linking products to lifestyles,

celebrities, and movies is one of the most effective means of increasing sales of

nonessential products. The importance of culture for trade is such that the opinion-

shaping industry (ad agencies, entertainment, media) is one of the leading exports of

the US and other developed countries. Television is one of the major purveyors of this

cultural context, and it is not surprising that TV ownership and watching are increasing

at high pace throughout the developing world (cf. the China case study). Television has

a double impact on NR-NCD: as a vehicle for dissemination of unhealthy eating

habits, and by promoting physical inactivity.

Globalization of food production affects the nutrition transition in a number of

ways. Use of modern technologies for mass production reduces the price of selected

food items and worldwide distribution and marketing facilitate the introduction of

processed foods to a wide range of countries. In turn, driven by the population growth

mentioned above, a large proportion of global food production will be driven by the

demands of developing countries. A recent study concluded that over the next 20 years,

85% of the increase in the demand for cereals and meat will come from developing

countries (Pinstrup-Andersen et al., 1999).

Because the food share of the household budget is substantially higher in devel-

oping than in developed countries (55% vs. 16% in 1997), changes in food prices and

income tend to have a much stronger impact on people’s dietary intake in developing

than in developed countries. This effect is reinforced by the stronger price elasticity

associated with lower than with higher incomes. Thus, technological advances and

aggressive marketing strategies that reduce prices of certain food items in developing

markets result in increased consumption. A clear example of this is the increase in

consumption of vegetable oils in the developing world (Drewnowski and Popkin, 1997).

Poverty and the nutrition transition

Data from the past decade and projections for the next 20 years (Murray and Lopez,

1996) indicate a continuing rise in the contribution of noncommunicable diseases to

mortality rates in developing countries, where a large proportion of the global poor

lives. But within the developing world population, there are clear differences between

the upper and lower socioeconomic groups. Among the poorest 20%, communicable

diseases still account for about 60% of deaths, whereas they account for only 8% among

the richest 20% (Gwatkin et al., 1999). A confounding factor may be the difference in

population patterns between richer and poorer countries, with the latter having as much

as twice the number of under-15 population, which has higher rates of communicable

disease than older groups. Although it is likely that the younger population of the

developing world still faces infectious diseases as a major threat to health and quality

of life, the burden of noncommunicable diseases continues to mount for the older poor.

As economic status and education improve, populations in developing countries

around the world respond quite consistently by demanding more animal protein in their

4 Introduction



diet. In many cases, this demand is justified, since their typical diet is usually low in

zinc, iron, selenium, retinol, and other essential nutrients found primarily in animal

sources. However, increases in the animal protein content of diets almost invariably

increases the content in saturated fats, which is undesirable.

The role of genes in the human adaptation to rapid environmental changes has been

postulated for many decades, but only with advances in molecular genetics can we iden-

tify with some clarity the interactions between genes and environmental components

such as diet. Populations living under subsistence conditions are forced to maximize

their potential for survival, and it is likely that specific sets of genes are activated to

facilitate this process. Thus, rapid changes in the environment, even when positive

(e.g., more food available) will tend to perturb that precarious equilibrium between

the genome and the environment. If the genetic makeup of some individuals does not

allow for a rapid shift to the new environmental conditions, adverse health effects may

result. This hypothetical but probable phenomenon can be seen within the same gen-

eration, i.e., children who were malnourished early in life becoming more prone to

obesity as adults. The particular genetic makeup of populations in developing coun-

tries, of which we know so little, adds a unique and important element to the impact 

of the nutrition transition on health. Individuals “mis-adapted” to the new dietary con-

ditions may have a higher risk of adverse health effects.

Summary

The rapid shifts in the stages of the nutrition transition seen in the developing world

today clearly relate to major changes in food production, urbanization, and globaliza-

tion of trade. This book provides an overview of these factors, as well as the resulting

health outcomes of obesity, diabetes, and cardiovascular diseases. The role of nutrition

during pregnancy and infancy in affecting each person’s risk of later disease is also

addressed. Finally, the impact of the nutrition transition in China and Brazil is pre-

sented in more detail, to highlight the individual characteristics of this process and the

policy responses in these countries. As discussed in the final chapter, a major focus on

prevention in a multinational dimension will be necessary to reduce NR-NCD in the

developing world.

References

Drewnowski, A., and Popkin, B.M. (1997). The nutrition transition: new trends in the global

diet. Nutr. Rev. 55, 31–43.

Gwatkin, D.R., Guillot, M., and Heuveline, P. (1999). The burden of disease among the

urban poor. Lancet 354, 586–589.

Hobsbawm, E. (1996). The industrial revolution. In “The Age of Revolution”. Vintage

Books, New York.

References 5



Murray, C.J.L., and Lopez, A.D. (1996). “The Global Burden of Disease”. Harvard 

University Press, Cambridge, MA.

Omran, A.R. (1971). The epidemiologic transition. A theory of the epidemiology of

population change. The Milbank Memorial Fund Q. 49, 509–538.

Pinstrup-Andersen, P., Pandya-Lorch, R., and Rosegrant, M.W. (1999). World food

prospects: critical issues for the early twenty-first century. Food Policy Report, IFPRI,

Washington, DC.

Popkin, B. (2002). An overview on the nutrition transition and its health implications: 

The Bellagio meeting. Public Health Nutr. 5, 93–103.

Popkin, B.M., Horton, S., Kim, S., Mahal, A., and Shuigao, J. (2001). Trends in diet,

nutritional status and diet-related noncommunicable diseases in China and India: The

economic costs of the nutrition transition. Nutr. Rev. 59, 379–390.

6 Introduction



The Global Context PART

I

2. Economic and technological development and their relationships 

to body size and productivity  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

3. Food production  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

4. Can the challenges of poverty, sustainable consumption and good health 

governance be addressed in an era of globalization?  . . . . . . . . . . . . . . . . . . 51

5. Demographic trends  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71



This Page Intentionally Left Blank



Economic and
technological
development and their
relationships to body
size and productivity

Robert W. Fogel and Lorens A. Helmchen

2

Introduction

From 1948 to 1998, real per capita income nearly tripled in the United States, growing at an average

annual rate of 2.17% (US Department of Commerce, 2000; US Census Bureau, 2000)

Between 1780 and 1979, British per capita income grew at an annual rate of about 1.15%

(Maddison, 1982; Crafts, 1985)

The enormous increase in productivity that these figures reflect is also found when output per capita

is measured in physical units. A case in point is the number of cars in the United States, which rose

from eight thousand in 1900 to more than 200 million in 2000, providing on average each American

adult with a car at the end of the millennium (Caplow et al., 2000).

The growth in material wealth has been matched by changes in body size over the past

300 years, especially during the twentieth century. Perhaps the most remarkable secu-

lar trend has been the reduction in mortality. Between 1900 and 1998, life expectancy

at birth in the United States increased by 65% for women, from 48.3 years to 79.5

years, and by 60% for men, from 46.3 years to 73.8 years (National Center for Health

Statistics, 2001). Table 2.1 provides an overview of the long-term trend in life

expectancy at birth for seven nations. The data show that in England life expectancy

has more than doubled since the early eighteenth century. France has recorded even

larger gains in longevity. French children born today can expect to live nearly three

times longer than their ancestors 250 years ago.
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Although not as significant numerically, final heights of European men who reached

maturity have also been increasing over the past two centuries, as shown in Table 2.2.

In some countries, average heights increased by as much as 10 cm per century.

Body weight has also increased. Figure 2.1 shows that for some age groups, the

body mass index (BMI), a measure of weight adjusted for height (equal to kg/m2),

increased by about 10–15% within the past 100 years.

This chapter aims to elucidate the long-run relationship between labor productivity

and body size. In particular, it will be shown that improvements in the nutritional sta-

tus of a number of societies in Western Europe since the early eighteenth century may

have initiated a virtuous circle of technophysio evolution. The theory of technophysio

evolution posits the existence of a synergism between technological and physiological

improvements that has produced a form of human evolution that is biological but not

genetic, rapid, culturally transmitted, and not necessarily stable over time. In the con-

text of the present study, we suggest that an increase in agricultural efficiency and

labor productivity improved human physiology, in turn leading to further gains in

labor productivity.

The next two sections identify how the early modern advances in agriculture and the

increased availability of calories per capita raised labor productivity over the course of

successive generations. This is followed by an analysis of the determinants and conse-

quences of accelerating productivity gains in American agriculture after World War II to

illustrate the changing relationship among nutrition, body size, and labor productivity.

10 Economic and technological development and their relationships to body size and productivity

Table 2.1 Life expectancy at birth (years) in seven nations, 1725–1990 (both sexes combined)

Country 1725 1750 1800 1850 1900 1950 1990

England or UK 32 37 36 40 48 69 76

France 26 33 42 46 67 77

US 50 51 56 43 47 68 76

Egypt 42 60

India 27 39 59

China 41 70

Japan 61 79

Source: Fogel (in press).

Table 2.2 Estimated average final heights (cm) of men who reached maturity between 1750 and

1875 in six European populations, by quarter centuries

Date of maturity by Great Britain Norway Sweden France Denmark Hungary

century and quarter

18-III 165.9 163.9 168.1 168.7

18-IV 167.9 166.7 163.0 165.7 165.8

19-I 168.0 166.7 164.3 165.4 163.9

19-II 171.6 168.0 165.2 166.8 164.2

19-III 169.3 168.6 169.5 165.6 165.3

20-III 175.0 178.3 177.6 172.0 176.0 170.9

Source: Author’s calculations.



These recent changes serve as a backdrop to define and track the nutrition transition.

The chapter concludes with a summary of the findings, which outlines possible scenar-

ios for further nutrition-induced changes in body size and labor productivity.

The effect of improved nutrition on 
productivity and output

To understand the relationship between the secular trends in body size and productiv-

ity, it is useful to begin by examining changes in nutritional status that took place over

the same period.

Energy cost accounting

Nutritional status is most commonly measured by the amount of calories available per

person balanced against caloric requirements, also referred to as net nutrition1.
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Figure 2.1 Mean body mass index by age group and year, 1863–1991 (from Costa and Steckel, 1997).

The age groups, which are centered at the marks, are ages 18–19, 20–24, 25–29, 30–34, 35–39, 40–49,

50–64, and 65–79. For some years BMI is not available for a specific age group. Costa and Steckel (1997).

Reproduced with kind permission from The University of Chicago Press. © 1997 by the National Bureau of

Economic Research.

1 By contrast, the total amount of calories ingested is referred to as gross nutrition.



The principal component of the total energy requirement is represented by the basal

metabolic rate (BMR). The BMR, which varies with age, sex, and body size is the

amount of energy required to maintain body temperature and to sustain the function-

ing of the heart, liver, brain, and other organs. For adult males aged 20–39 years 

living in moderate climates, BMR normally ranges between 1350 and 2000 kcal/day

depending on height and weight. For comparison across time and different popula-

tions, it is convenient to standardize for the age and sex distribution of a population by

converting the per capita consumption of calories into consumption per equivalent

adult male aged 20–39, also referred to as a consuming unit.

Since the BMR does not allow for the energy required to eat and digest food, or for

essential hygiene, an individual cannot survive on the calories needed for basal

metabolism. The energy required for these additional essential activities over a period

of 24 hours is estimated at 0.27 of BMR or 0.4 of BMR during waking hours. In other

words, a survival diet is 1.27 BMR, or between 1720 and 2540 kcal/day for a con-

suming unit. A maintenance diet contains no allowance for the energy required to earn

a living, prepare food, or any other activities beyond those connected with eating and

essential hygiene.

Whatever calories are available beyond those claimed for basal metabolism and

maintenance can be used at the discretion of the individual, either for work or for

leisure activities.

Chronic malnutrition in late-eighteenth century Europe

According to recent estimates, the average caloric consumption in France on the eve

of the French Revolution was about 2290 kcal per consuming unit, that for England

was about 2700 kcal per consuming unit. These averages, however, do not reveal the

variation in caloric consumption within the French and English populations. Table 2.3

shows the probable French and English distributions of the daily consumption of kcal

per consuming unit toward the end of the eighteenth century.

The principal finding that emerges from this table is the exceedingly low level of food

production, especially in France, at the start of the Industrial Revolution. The French

distribution of calories implies that 2.48% of the population had caloric consumption

below basal metabolism, whereas the proportion of the English population below basal

metabolism was 0.66%. For the remainder of the population, the level of work capacity

permitted by the food supply was very low, even after allowing for the reduced require-

ments for maintenance because of small stature and reduced body mass. In France the

bottom 10% of the labor force lacked the energy for regular work and the next 10% had

enough energy for less than 3 hours of light work daily (0.52 hours of heavy work).

Although the English situation was somewhat better, the bottom 3% of its labor force

lacked the energy for any work, while the balance of the bottom 20% had enough energy

for only about 6 hours of light work (1.09 hours of heavy work) each day.

Thus, at the end of the eighteenth century, the lack of access to sufficient calories

effectively restricted the amount of activity (whether for income or leisure) that most

laborers could perform, and it effectively precluded others from working at all.
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How better nutrition raised output per capita

Table 2.4 shows secular trends in the daily caloric supply in France and Great Britain

from 1700 to 1989. Per capita availability of calories more than doubled in this period

in France, and increased by about 50% in Great Britain, where caloric supply was

30% larger than that in France at the beginning of the period.

Framework

How did the substantial increase in calories per capita affect labor productivity? Labor

productivity can be defined as the output of marketable goods and services that a 
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Table 2.3 A comparison of the probable French and English distributions of the daily caloric 

consumption (kcal) per consuming unit toward the end of the eighteenth century

Decile France c. 1785 England c. 1790

X
–

� 2290 (s/X
–

) � 0.3 X
–

� 2700 (s/X
–

) � 0.3

Daily kcal Cumulative % Daily kcal Cumulative %

consumption consumption

1. Highest 3672 100 4329 100

2. Ninth 2981 84 3514 84

3. Eighth 2676 71 3155 71

4. Seventh 2457 59 2897 59

5. Sixth 2276 48 2684 48

6. Fifth 2114 38 2492 38

7. Fourth 1958 29 2309 29

8. Third 1798 21 2120 21

9. Second 1614 13 1903 13

10. First 1310 6 1545 6

Sources and procedures: Author’s calculations.

Table 2.4 Secular trends in the daily caloric supply in France and Great Britain 1700–1989 

(kcal per capita)

Year France Great Britain

1700 2095

1705 1657

1750 2168

1785 1848

1800 2237

1803–12 1846

1845–54 2480

1850 2362

1909–13 2857

1935–39 2975

1954–55 2783 3231

1961 3170

1965 3355 3304

1989 3465 3149

Source: Fogel et al. (in press).



typical worker can produce over the span of one day. Daily output per worker, in turn,

can be decomposed into the output per calorie expended at work and the daily amount

of calories expended on the job by a typical worker. By multiplying the daily output

per worker by the number of workers per inhabitant (which is called the labor force

participation rate) output per worker is transformed into output per capita, which is

used as a measure of the standard of living:

Output of goods and services produced per capita per day

� daily output of goods and services per calorie expended in their production

� daily amount of calories expended in production per worker

� labor force participation rate

In this decomposition, the technological breakthroughs in farming raised yields for a

given effort level, represented here as increases in the output per calorie expended in

production. At given levels of annual calories expended in production per worker and

labor force participation rate, this must have raised the volume of agricultural output

per capita. Higher levels of labor productivity in agriculture also allowed parts of the

labor force to be employed in nonagricultural sectors of the economy without reducing

farm output per person, thus diversifying the range of goods and services produced

domestically.

To understand the full effect of gains in agricultural efficiency, however, it is 

necessary to take into account how the additional calories were used. Those adults

who had been working before the development and diffusion of more productive

farming methods could now increase the annual amount of calories expended while

working, either by performing more energy-intensive tasks or by working additional

hours, or both. This increase in calories expended in production by a typical worker

further increased the amount of calories produced (and ultimately consumed) per

capita.

In addition to boosting the calories available to workers, the expansion of the food

supply also made more calories available for members of the poorest segment of the

adult population who had had only enough energy above maintenance for a few hours

of strolling each day – about the amount needed by a beggar – but less on average than

that needed for just one hour of the heavy manual labor required in agriculture. To the

extent that these persons now had the energy to work, they raised the labor force 

participation rate, which led to a further increase in per capita output. Table 2.5 sum-

marizes the daily amount of energy available for work in France, and England and

Wales from 1700 to 1980. The most impressive gains are reflected by the data for

France, where calories available for work increased nearly fivefold within less than

200 years.

In total, by increasing agricultural yields per calorie expended, the Second

Agricultural Revolution expanded the availability of calories per capita, drawing

more people into the labor force and raising on-the-job calorie expenditures of those

working. This boost in the population’s productive capacity in turn fueled further

growth not only in food output per capita. It also helped to raise the output in all other,

nonagricultural sectors of the economy that benefited from an increase in workers and

hours worked.
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Empirical estimate

Time series of anthropometric and macroeconomic statistics can be combined to esti-

mate the contribution of better nutrition to the growth of output per person. The most

reliable and complete data in this regard have been collected for England. As noted in

the introduction, between 1780 and 1979 British per capita income grew at an annual

rate of about 1.15% (Maddison, 1982).

Data are now available to measure the changes in calories available for work and

the labor force participation rate. For Britain, it has been estimated that the increases

in the supply of calories lifted as much as one fifth of all consuming units above the

threshold required for work. As a result, the labor force participation rate increased by

25% over 200 years, contributing 0.11% to the annual British growth rate between

1780 and 1980 (1.250.005 � 1 � 0.0011).

The increased supply of calories also raised the average consumption of calories by

those in the labor force from 2944 kcal per consuming unit in c.1790 to 3701 kcal per

consuming unit in 1980. Of these amounts, 1009 kcal were available for work in 

c. 1790 and 1569 in 1980, so that calories available for discretionary activities increased

by about 56% during the two centuries. If it is assumed that the proportion of the avail-

able energy devoted to work has been unchanged between the end points of the period,

then the increase in the amount of energy available for work contributed about 0.23%

per annum to the annual growth rate of per capita income (1.560.0053 � 1 � 0.0023).

Thus, in combination, bringing the ultrapoor into the labor force and raising the energy

available for work by those in the labor force, explains about 30% of British growth in

per capita income over the past two centuries [(0.0023 � 0.0011) � 0.0115 � 0.30].

As incomes in OECD countries have risen, the share of discretionary time devoted

to working for income has declined. Consequently, it is unlikely that further increases

in the amount of calories available per person in those countries will raise labor force
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Table 2.5 A comparison of energy available for work daily per consuming unit in France, and

England and Wales, 1700–1980 (in kcal)

Year France England and Wales

1700 720

1705 439

1750 812

1785 600

1800 858

1803–12

1840

1845–54

1850 1014

1870 1671

1880

1944

1975 2136

1980 1793

Source: Fogel et al. (in press).



participation rates or hours worked2. However, the immediate effect of better nutrition

on labor productivity still holds enormous potential in poor countries where malnutri-

tion is widespread.

The self-reinforcing cycle of greater body size 
and higher productivity

In addition to the direct effect of better nutrition on the growth of output per person,

the conquest of chronic malnutrition has had a long-term effect on human physiology,

which has taken several generations to unfold.

The role of long-term changes of nutritional status in altering body size is inferred

from applying energy cost accounting to an analysis of food balance sheets. In partic-

ular, to have the energy necessary to produce the national product of either France or

England c. 1700, the typical adult male must have been quite short and very light in

weight. The smaller body size reduced the basal metabolic rate and thereby freed up

calories that could be used for work. As per capita food supplies expanded, so did not

only hours worked but also body size. The increase in body size, in turn, improved

health and the capacity of individuals to raise labor productivity further, thus rein-

forcing the initial increase in labor productivity.

The effect of improved nutrition on body size,
morbidity and mortality

The gain in weight

As was pointed out earlier, the energy that an individual takes in through food con-

sumption will be spent to maintain body temperature and vital organ functions, as well

as for eating, sleeping, and essential hygiene. The remainder is available for discre-

tionary use, such as work and leisure. It was also shown that the additional calories that

became available in the wake of the Second Agricultural Revolution were used to

engage in more energy-intensive tasks and increase labor force participation. Energy

not used is stored, leading to weight gain. As such, the body mass index may be inter-

preted as a measure of net nutrition, which is defined as the excess of calories ingested

over calories claimed for maintenance and discretionary use. Figure 2.1 documents the

secular increase in body mass index for white men between 1864 and 1991.

16 Economic and technological development and their relationships to body size and productivity

2 In the United States, the labor force participation rate (LFPR) increased from 58.8% to 67.1% between 1948

and 1998. This trend masks important differences between men and women: while the LFPR for men fell from

86.6% to 74.9%, the labor force participation of women rose from 32.7% to 59.8%. These differences are even

more pronounced for the group of 55–64-year olds and imply that men tend to retire at earlier ages than before,

whereas women continue to expand their participation in the labor market. The increase of the female LFPR has

been facilitated by the introduction and adoption of labor-saving technology in the household. As household

work became less time consuming, women could reduce the hours spent working at home and seek paid

employment in the labor market.



It has been shown that eliminating chronic hunger will strengthen the body’s

defenses against infectious diseases, thus lowering the risk of contracting diseases and

premature death. The relationship between weight, as measured by the Body Mass

Index, and mortality was established empirically by Hans Waaler (1984) for

Norwegian men aged 45–49 and confirmed for a sample of Union Army veterans

measured at ages 45–64 and followed for 25 years. Figure 2.2 shows a U-shaped rela-

tionship between BMI and the relative risk of death for both samples. Among both

modern Norwegians and Union Army veterans the curve is quite flat within the range

22–28, with the relative risk of mortality hovering close to 1.0, which represents the

average risk of death in the population. However, at BMIs of less than 22 and over 28,

the risk of death rises sharply as BMI moves away from its mean value.

The gain in height

A larger and better survival diet allowed adult members of the generation that first

witnessed the rise in agricultural efficiency to increase weight, and, consequently, to

improve health and extend life. Better nutrition of pregnant women also improved the

nutritional status of fetuses and infants. Access to sufficient amounts of calories and

other vital nutrients in utero and developmental ages has been shown to affect the off-

spring’s final height. Thus, whereas the immediate effect of the improvements in food
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supply was to raise the amount of energy spent at work and to boost body weight, the

long-run impact over the course of several generations has been an increase in stature.

This conclusion is supported by the time series on mean final heights for various

European populations, shown in Table 2.2.

Waaler (1984) also identified the role of body height as a factor influencing mor-

bidity and mortality. Figure 2.3 plots the relationship between relative mortality risk

and height found among Norwegian men aged 40–59 measured in the 1960s and

among Union Army veterans measured at ages 23–49 and at risk between ages 55 and

75. Short men, whether modern Norwegians or nineteenth-century Americans, were

much more likely to die early than tall men. Height has also been found to be an

important predictor of the relative likelihood that men aged 23–49 would be rejected

from the Union Army between 1861 and 1865 because of chronic diseases. Despite

significant differences in ethnicity, environmental circumstances, the array and sever-

ity of diseases, and time, the functional relationship between height and relative risk

are strikingly similar in the two cases.

To gauge the relative importance of height and weight for an individual’s risk of

mortality, an isomortality surface that relates the risk of death to both height and

weight simultaneously is needed. Such a surface, presented in Fig. 2.4, was fitted to

Waaler’s data. Transecting the isomortality map are iso-BMI lines that give the locus of

BMI between 16 and 34. The heavy line transecting the minimum point of each iso-

mortality curve represents the weight that minimizes mortality risk at each height.

Since an individual’s height cannot be varied by changes in nutrition after maturity,

adults can move to a more desirable BMI only by changing their weight. Therefore,

the x-axis is interpreted as a measure of the effect of the current nutritional status of

mature males on adult mortality rates. Moreover, since most stunting takes place

before age three, the y-axis is interpreted as a measure of the effect of nutritional 
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deprivation during developmental ages (including in utero) on the risk of mortality 

at middle and late ages.

Superimposed on Fig. 2.4 are rough estimates of heights and weights in France at

four dates. In 1705 the French probably achieved equilibrium with their food supply

at an average height of about 161 cm and BMI of about 18. Over the next 270 years

the food supply expanded fast enough to permit both the height and the weight of

adult males to increase. Figure 2.4 shows that the increase in available food per per-

son translated mostly into weight gain during the eighteenth and nineteenth centuries.

During the twentieth century the gains in calories per capita served mainly to increase

height. Between 1870 and 1975 height increased at more than twice the rate that it did

during the previous 165 years.

Figure 2.4 implies that although factors associated with height and weight jointly

explain about 90% of the estimated decline in French mortality rates over the period
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between 1785 and c. 1870, they only explain about 50% of the decline in mortality

rates during the past century.

The effect of lower morbidity and mortality on 
labor productivity

The unprecedented gains in life expectancy over the past 300 years, the reductions in

disease prevalence, and the increasing age at onset of disability have all contributed to

raise the number of years free of disease and disability that a person born today can

expect to live. In addition, the development of cures for many conditions and the pro-

vision of effective symptom management for those conditions that cannot be cured

have eliminated or reduced significantly the age-specific rates of functional impair-

ment that used to be associated with many diseases.

The immediate effect of longer lives is that now more people will be able to use

their accumulated experience longer, and that they are more likely to share more of

their life span with their children and grandchildren.

As a result of improvements in human physiology and major advances in medicine,

the number of disability and symptom-free years of life that remain at any given age

is now much larger than it has ever been. This creates strong incentives for individu-

als to undertake measures aimed at preserving physical functioning and cognitive

ability, also referred to as investments in human capital. Individuals respond by under-

taking more of these investments, which include purchases of preventive and rehabil-

itative medical services as well as the acquisition of new skills and knowledge. For

instance, in 1910, only 13% of adults in the United States were high school graduates

and only 3% were college graduates. By 1998, the comparable percentages were 83

and 24, respectively (Caplow et al., 2000). It is no coincidence that, at the beginning

of the twenty-first century, healthcare and educational services constitute two of the

fastest growing sectors of the US economy, as they do in most other OECD nations.

Not only do these activities maintain or improve the quality of life but they also

enhance labor productivity.

Productivity-induced demographic and 
economic change in the USA

The relationships between technological development, nutrition, body size, and eco-

nomic change have become most apparent over the course of the past century. They

are perhaps best illustrated by examining the consequences of the dramatic improve-

ments in labor productivity experienced by the agricultural sector in the United States

since the end of World War II.

From 1948 to 1994, agricultural output more than doubled, expanding at an average

annual rate of 1.9% (Ahearn et al., 1998). During the same period, total hours worked

in agriculture, adjusted for quality, fell by more than two-thirds, or 2.7% annually.
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These figures imply that between 1948 and 1994 US agricultural output per hour rose

at an average rate of 4.6% per annum, a more than ninefold increase over the span of

fifty years3.

This surge in agricultural labor productivity is attributable to steadily improving

yields and an increase in the acreage cultivated per hour. For instance, the introduc-

tion of pesticides, herbicides, and fertilizer, combined with higher-yielding crop vari-

eties raised the amount of potatoes per harvested acre by a factor of almost 2.5

between 1948 and 1994 (US Department of Agriculture, 2000). Similarly, the number

of acres cultivated per hour has been raised dramatically by the mechanization of agri-

culture, at an average annual rate of about 3%.

As agricultural labor became more productive, the number of annual hours per

worker as well as the number of workers were cut without curtailing agricultural output.

Although annual hours per agricultural worker declined by 1% per year, the number of

agricultural workers fell even more rapidly, by 1.7% per year (Ahearn et al., 1998).

Those workers who were released from the agricultural sector found employment

in other sectors of the economy, where they helped to raise output of other goods that

consumers wanted, or they stopped working altogether. The fraction of the labor force

employed in agriculture fell from 13% in 1948 to 3.2% in 1998 (US Bureau of the

Census, 1976; Braddock, 1999; Bureau of Labor Statistics, 2001)4.

Despite the sharply declining number of hours worked, the growth of US agricul-

tural output has been outpacing the growth of the population during the past 50 years.

Whereas from 1948 to 1994 agricultural output grew by 1.9% annually, the popula-

tion of the United States grew on average by 1.2% per annum (US Department of

Commerce, 2000). As a result, agricultural output per capita increased at an annual

rate of approximately 0.7%. Compounded over the second half of the twentieth cen-

tury, therefore, agricultural output per capita, which can be used to assess a country’s

capacity to supply its inhabitants with calories, increased by about 40%.

Conclusion and outlook

The sections above have documented how advances in agricultural efficiency after

1700 allowed the societies of Europe and North America to expand and improve their

diets by an unprecedented degree. The rise in agricultural efficiency set off a self-

reinforcing cycle of improvements in nutrition and gains in labor productivity, leading

to a substantial increase in per capita output, which has come to be known as 

“modern economic growth”. It was shown how the initial increase in agricultural
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3 A century earlier, output per man-hour had increased 2.16 times in 60 years, or 1.3% annually: whereas in 1840

the production of 100 bushels of wheat required 233 man-hours, in 1900 the same output could be produced with

less than half that amount, 108 man-hours. It follows that the growth rate of agricultural productivity accelerated,

perhaps doubled, after World War II (cf. Clark, 1993).
4 This drop in agriculture’s employment share was already underway in the nineteenth century; from 1870 to

1920, the fraction of the labor force employed in agriculture fell from 53% to 27%.



efficiency was magnified by providing the population with enough additional calories

to boost the number of acres cultivated per hour, annual hours worked, and the labor

force participation rate. Based on the notion that variations in the size of individuals

have been a principal mechanism in equilibrating the population with the food supply,

improved net nutrition has been identified as the primary long-term determinant of the

sharp increase in the number of disability-free years of life. The gains in longevity, in

turn, have created an incentive for individuals to maintain and upgrade skills and 

personal health. This line of argument underpins the prediction that the conquest of

malnutrition may continue to raise the productivity and innovative capacity of the

labor force in the West.

The time series of various components of agricultural output per capita in the

United States since World War II has been analyzed and combined with the data pre-

sented, the following conclusions emerge for the advanced economies of Western

Europe and North America.

• Output per acre cultivated has been increasing throughout the period under study.

• Acres cultivated per hour have been increasing throughout this period, first

because human energy available for work increased, then because animal and

inanimate power complemented and eventually substituted for human energy.

• Annual hours worked per agricultural worker increased at first, as more calories

became available for discretionary use, but have been declining recently and are

expected to continue to decline.

• The rise in agricultural labor productivity has permitted the number of agricul-

tural workers per inhabitant to decline without lowering the amount of calories

available per person.

• The declining share of agricultural workers in the labor force permitted other 

sectors of the economy to grow, thus greatly diversifying and expanding the range

of nonagricultural goods and services.

The recent reversal of some key trends in energy intensity of work and labor force

participation rates suggests that the economic and epidemiologic consequences from

the unprecedented improvement of human nutrition in the rich countries are still being

played out.

Up to World War II the energy intensity and quantity of work in Europe was limited

by the availability of food per capita. Since then, however, caloric intake has not only

matched individual caloric requirements but tends to exceed calorie expenditure in an

increasing portion of the population. One indicator of this tendency is the growing

prevalence of obese adults in the United States, which between 1960 and 1994

increased from 13.3% to 23.3% (National Center for Health Statistics, 2001)5.

This trend is compounded by the fact that the progressive substitution of human

energy by inanimate power and the concomitant expansion of sedentary work have led

to a gradual reduction of calories expended per hour worked. The continued increase

in agricultural output per person coupled with lower energy requirements on the job
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may portend two, not mutually exclusive, scenarios for the next stage of the nutrition

transition in the world’s richest countries.

1. As more and more people work in occupations that do not place high demands 

on calorie supply, they may decide to increase energy spent during leisure hours.

In addition, further gains in stature and weight will raise the calories needed for

maintenance.

2. Alternatively, workers may decide to reduce their overall calorie intake to bring it

into line with the decreased amounts of calories at work. Although expenditure on

food may not decline in absolute terms, consumers may opt to substitute increas-

ingly away from quantity toward quality of calories and become choosier regarding

those calories that they decide to purchase and ingest. To the extent that pressure

for advances in productivity and greater per capita supply of calories wanes in rich

countries, it is conceivable that forms of agriculture that are less productive in calo-

ries will gain popularity to accommodate other criteria in the selection of agricul-

tural products and processes. For example, organic agriculture, which renounces

the use of certain herbicides, pesticides and fertilizers, accepts lower yields per acre

in order to reduce environmental hazards. Similarly, a shift in consumer prefer-

ences may prompt the cultivation of crops that sell at a premium but require more

care or are less nutritious, thus lowering the amount of calories per hour worked.

The situation is very different in poor countries where more than 800 million peo-

ple are chronically undernourished (FAO, 1999). Progress in agricultural productivity

remains the focus of most programs aimed at raising the per capita supply of calories

and other vital nutrients. Yet even in countries where average food consumption is

deemed adequate, an unequal distribution of income may effectively preclude the

poorest parts of the population from obtaining sufficient calories, as was shown for

late eighteenth-century England and France. Recent data from developing countries

confirm the association of greater income inequality with increased food insecurity

and smaller body size (Steckel, 1995; Shapouri and Rosen, 1999).

Whatever the approach to alleviating chronic hunger in developing countries,

improving the food supply could unlock the short-term and long-term effects of bet-

ter nutrition on labor productivity that have had such a lasting impact on the growth

trajectories of Europe and North America.
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Food production

Vaclav Smil

3

Humans have relied during the course of their evolution on a number of distinct ways

to secure their food supply. In many places in the tropics the oldest strategies (foraging

and shifting agriculture) had coexisted side by side with subsequent ways of food pro-

vision (pastoralism, sedentary farming) for very long periods of time (Headland and

Reid, 1989). In others, China being a perfect example, the ancient means of sedentary

cultivation were gradually transformed into much more productive ways of growing

crops. Foraging (food gathering and hunting) dominated all hominid and most of

human existence and some of its key nutritional attributes will be noted in the first

section of this chapter offering a brief history of food production. In this section I will

also note a number of traditional agricultural practices, as they are still very much in

evidence throughout the developing world. My review of the current global food sit-

uation will focus primarily on production and consumption gaps between developed

and developing countries (I prefer to label them simply rich and poor).

While looking ahead I will avoid any quantitative point forecasts, as these tend to

become irrelevant almost as soon as they are published; instead, I will identify the

main factors that will be driving changes in food demand during the next 50 years.

Increased demand for animal foods will be a key ingredient of this change and hence

I will devote a separate section to analyzing its likely growth and its consequences for

the global demand for feeds. I will close by stressing the need for two critical kinds of

investment in agriculture: in the maintenance of irreplaceable ecosystemic structures

and services without which no agriculture can succeed, and in genetic engineering

whose advances will help to eliminate malnutrition even as the population of devel-

oping countries keeps expanding.

A brief history of food production

Every new find of hominid remains in East Africa reignites the controversy about the

origin of our species, but at least one conclusion remains unchanged: we have come

from a long lineage of opportunistic foragers, and for millions of years both the natural

diet and the foraging strategies of hominids resembled those of their primate ancestors
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(Whiten and Widdowson, 1992). Larger brains improved the odds of their survival but

to secure food, hominids relied only on their muscles and on simple stratagems 

as scavengers, gatherers, hunters, and fishers helped by stone implements, bows and

arrows and by fibrous or leather lines and nets. Controlled use of fire needed to 

prepare cooked food may have come first nearly half a million years ago, but a more

certain time is about 250 000 years ago (Goudsblom, 1992).

Childe’s (1951) idea of Neolithic Revolution has been one of the most unfortunate

caricatures of human evolution: there was no sudden shift from foraging to sedentary

farming. Diminishing returns in gathering and hunting led to a gradual extension of

incipient cultivation present in many foraging societies, and foraging and agriculture

commonly coexisted for very long periods of time (Smil, 1994). Similarly, there were

no abrupt changes in the way most traditional agricultures produced food; some places

experienced prolonged stagnation, or even declines, in overall food output, others

have undergone gradual intensification of crop cultivation that has resulted in higher

yields and more secure food supplies. Even then, traditional farming was able to pro-

duce only monotonous diets and it remained highly vulnerable to environmental

stresses. Only modern agriculture, highly intensive and fossil fuel-based, has been

able to produce enormous surpluses of food in all affluent nations and to raise most of

the world’s populous developing countries at least close to, and for most of the Chinese

even well above, subsistence minima.

Foraging societies

The great diversity of the preserved archaeological record makes it impossible to offer

any simple generalizations concerning prehistoric diets. Modern studies of foraging

societies that have survived in extreme environments (tropical rain forest, semideserts)

into the 20th century have provided very limited insight into the lives of prehistoric for-

agers in more equable climates and more fertile areas. Moreover, these societies have

often been affected by contacts with pastoralists, farmers or overseas migrants. Given

the unimpressive physical endowment of early humans and the absence of effective

weapons, it is most likely that our ancestors were initially much better scavengers than

hunters (Blumenschine and Cavallo, 1992). Large predators often left behind partially

eaten carcasses and this meat, or at least the nutritious bone marrow, could be reached

by enterprising early humans before it was devoured by vultures and hyenas.

Fishing, collecting of shellfish, and near-shore hunting of sea mammals provided

diet unusually rich in proteins and made it possible to live in semipermanent, and even

permanent, settlements (Price, 1991). In contrast, both gathering and hunting were

surprisingly unrewarding in species-rich tropical forests where energy-rich seeds are

a very small portion of total plant mass and are mostly inaccessible in high canopies,

as are most animals, which are also relatively small and highly mobile. Grasslands

and open woodlands offered much better opportunities for both collecting and hunting.

Many highly nutritious seeds and nuts were easy to reach, and patches of large starchy

roots and tubers provided particularly high energy returns. So did the hunting of many

grasslands herbivores which were often killed without any weapons, by driving the
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herds over precipices. This hunting was intensive enough to explain the disappearance

of most large herbivores from preagricultural landscapes (Alroy, 2001).

There is no doubt that all preagricultural societies were omnivorous and that although

they collected and killed a large variety of plant and animal species only a few princi-

pal foodstuffs usually dominated their diets. Preference for seeds and nuts among

gatherers was inevitable; they are easy to collect, and they combine high energy con-

tent (13–26 MJ/kg) with relatively high protein shares (commonly above 10%). Wild

grass seeds have as much food energy as cultivated grains (15 MJ/kg), and nuts have

energy densities up to 75% higher. All wild meat is an excellent source of protein

(�20%), but the flesh of small and agile animals (e.g., hares or monkeys) contains

very little fat (�10%) and hence has very low energy density (5–6 MJ/kg). Conse-

quently, there has been a widespread hunting preference for such large and relatively

fatty species, such as mammoths and bisons (containing 10–12 MJ/kg). Even so, except

for maritime hunters of fatty fish (salmon) and mammals (whales, seals), lipids usually

supplied no more than 20% of food energy in preagricultural societies.

The extremes of daily intakes of animal protein among the remaining foraging 

populations studied after 1950 range from more than 300 g/capita among Inuit feeding

on whales, seals, fish, and caribou to less than 20 g a day for foragers in arid African

environments subsisting mainly on nuts and tubers (Smil, 1994). Eaton and Konner

(1997) used nutrient analyses of wild plant and animal foods eaten by recent gather-

ers and hunters in order to estimate the dominant composition of prevailing preagri-

cultural diets. They concluded that compared to the typical recent US intakes they

were more than twice as rich in fiber, potassium, and calcium, but contained less than

one-third of today’s sodium consumption.

Prehistoric survival modes and diets were extremely diverse but this fact has not

prevented some anthropologists making inadmissible generalizations. Undoubtedly,

for some groups the total foraging effort was low, only a few hours a day, and this fact,

confirmed by some modern field surveys, led to the portrayal of foragers as “the orig-

inal affluent society” (Sahlins, 1972). This conclusion, based on very limited and

highly debatable evidence, ignored the reality of much of the hard, and often danger-

ous, work in foraging and the frequency with which environmental stresses repeatedly

affected most foraging societies. Seasonal food shortages in fluctuating climates

necessitated the eating of unpalatable plant tissues and led to weight loss, low fertility,

high infant mortalities, infanticide and often to devastating famines (Smil, 1994).

Traditional agricultures

In comparison to foraging, traditional farming nearly always required higher inputs of

human energy (and later also of animal labor), but it could support higher population

densities and provide a more reliable food supply. Whereas foraging (except for mar-

itime hunting) could support no more than a few people per 100 hectares (ha) of terri-

tory used for gathering and hunting, early traditional agricultures managed to support

at least one person/ha of arable land (Fig. 3.1). By the end of the 19th century China’s

nationwide mean was above five people/ha, and double cropping of rice and wheat in

the most fertile areas could yield enough to feed 12–15 people/ha (Smil, 1994).
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The need for higher energy inputs explains why so many foraging societies kept

delaying adoption of permanent cultivation and why shifting farming – a less inten-

sive method of cultivation alternating short (1–3 years) cropping periods with much

longer (a decade or more) fallow spells – was practiced so extensively. In spite of

many regional and local differences there were many fundamental similarities that

persisted across the millennia of traditional farming. Above all, these agricultures

were entirely renewable; photosynthetic conversion of solar radiation produced food

for people, feed for animals, recyclable wastes for the replenishment of soil fertility,

as well as wood (often turned into charcoal) for smelting metals needed to make 

simple farm tools. But the renewability of traditional farming was no guarantee of its 

sustainability. In many regions poor agronomic practices gradually depleted soil 

fertility or caused excessive soil erosion or desertification. These changes brought

lower yields or even the abandonment of cultivation. But in most regions traditional

farming progressed from extensive to relatively, or even highly, intensive modes of 

cultivation.

Except for small-scale cultivation of tubers (above all cassava) in the tropics and

the Inca’s reliance on potatoes, all of the Old World’s traditional agricultures, as well

as plowless Mesoamerican societies, shared their dependence on cereal grains. Cereal

cultivation was supplemented by legumes, tubers and oil, fiber and, in some agricul-

tures, also feed crops. After the domestication of draft animals the traditional crop

cycles always started with plowing. Primitive wooden implements were used for mil-

lennia before the introduction of metal moldboard plows, 2000 years ago in China,

but only some 17 centuries later in Europe. Plowing was followed by harrowing and

by manual seeding. Harvesting also remained manual (sickles, scythes) until the

introduction of grain reapers before the middle of the 19th century. Wheat cultivars

had diffused worldwide from the Near East, rice from Southeast Asia, corn from

Mesoamerica and millets from China.
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Continuous primacy of grains in crop cultivation is due to the combination of their

relatively high yields (two or three times higher than legume harvests), good nutritional

value (high in filling, easily digestible carbohydrates, moderately rich in proteins), 

relatively high energy density at maturity (at 13–15 MJ/kg roughly five times higher

than for tubers), and low moisture content (�14%) suitable for long-term storage.

Dominance of a particular species has been largely a matter of environmental condi-

tions and taste preferences. Without understanding the nutritional rationale for their

actions all traditional agricultures combined the cultivation of cereal and legume grains

thus assuring complete amino acid supply in largely vegetarian diets. The Chinese

planted soybeans, beans, peas, and peanuts to supplement millets, wheat and rice. 

In India protein from lentils, peas, and chickpeas enriched wheat and rice. In Europe

the preferred combinations included peas and beans with wheats, barley, oats, and rye,

in West Africa peanuts and cowpeas with millets, and in the New World corn and beans.

The principal means of agricultural intensification included more widespread and

more efficient use of draft animals, increasing fertilization and regular crop rotations,

more frequent irrigation in arid regions, and multicropping in the places where cli-

mate could support more than a single crop per year. The use of draft animals (horses,

mules, oxen, water buffaloes, camels, donkeys) eliminated the most exhaustive field

work and it also sped up considerably many farmyard tasks (threshing, oil pressing),

improved the quality of plowing (and later also of seeding), allowed for drawing of

water from deeper wells for irrigation. The introduction of collar harness, invented in

China about two millennia ago, iron horseshoes, and heavier animal breeds made field

work more efficient (Smil, 1994). Feeding larger numbers of these animals eventually

required further intensification to produce requisite feed crops.

Irrigation and fertilization moderated, if not altogether removed, the two key 

constraints on crop productivity, shortages of water and nutrients. Unaided gravity

irrigation could not work on plains and in river valleys with minimal stream gradients;

the invention and introduction of a variety of simple mechanical, animal- and people-

driven water-lifting devices (mostly in the Middle East and China) solved this chal-

lenge (Molenaar, 1956). Fertilization involved recycling of crop residues and

increasingly intensive applications of animal and human wastes. Extensive practices

used no manure, whereas peak manuring rates in the 19th century Netherlands and in

the most productive provinces in China surpassed 20 t/ha. Green manuring, cultivation

of leguminous cover crops (clovers, vetches) which were then plowed under, was

widely used in Europe ever since ancient Greece and Rome, and it has also been

widely employed in east Asia (Smil, 2001). Even so, nutrient deficiencies commonly

limited traditional crop productivity.

Growing of a greater variety of crops lowered the risk of total harvest failure, 

discouraged the establishment of persistent pests, reduced erosion, and maintained

better soil properties. Crop rotations were chosen to fit climatic and soil conditions

and dietary preferences. In poor societies they could substantially improve food 

self-sufficiency and food security at the local level. Traditional varieties of crops and

their rotation schemes were enormous. For example, Buck’s (1937) survey of Chinese

farming counted nearly 550 different cropping systems in 168 localities. The adoption

of new crops – most notably the post-1500 introductions of such New World staples
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as corn and potatoes and such versatile vegetables as tomatoes and peppers – had an

enormous impact on food production throughout the world. In spite of these innova-

tions preindustrial agricultures brought only very limited improvements in average

harvests. For example, European wheat yields, except in the Netherlands and the UK,

did not begin to rise decisively before the last decade of the 19th century (Smil, 1994).

Traditional farming also provided no more than basic subsistence diets for most of the

people. Even during fairly prosperous times typical peasant diets, although more than

adequate in terms of total food energy, were highly monotonous and not very palatable.

In large parts of Europe bread (mostly dark, and in northern regions with little or no

wheat flour), coarse grains (oats, barley, buckwheat), turnips, cabbage, and later potatoes,

were the everyday staples. Typical rural Asian diets were, if anything, even more domi-

nated by rice or coarse grain (millet, buckwheat). In many cases traditional peasant diets

also contained less animal protein than did the earlier intakes with higher consumption of

wild animals, birds, and aquatic species. This qualitative decline was not offset by a more

equitable availability of basic foodstuffs: major consumption inequalities, both regional

and socioeconomic, persisted until the 19th century. The majority of people in all tradi-

tional farming society had to live on food supplies that were below the level required for

a healthy and vigorous life and different kinds of malnutrition were common.

Documentary and anthropometric evidence does not demonstrate any consistent

upward trend in per capita food supply across the millennia of traditional farming.

Regardless of the historical period, environmental setting and prevailing mode of

cropping and intensification, no traditional agriculture could consistently produce

enough food to eliminate extensive malnutrition. More importantly, no preindustrial

agriculture could prevent recurrent famines. Droughts and floods were the most com-

mon natural triggers, and as a recent study demonstrates these natural disasters often

represented the worst imaginable climatic teleconnections arising from the El Niño-

Southern Oscillation (ENSO) whose effects are felt far beyond the Pacific realm

(Davis, 2001). The combined (and never to be accurately quantified) toll of large-scale

famines that repeatedly swept late 19th century India and China, and that also severely

affected parts of Africa and Brazil, amounted to tens of millions of casualties.

In China in the 1920s peasants recalled an average of three crop failures brought by

such disasters within their lifetime that were serious enough to cause famines (Buck,

1937). Some famines were so devastating that they remained in collective memory for

generations and led to major social, economic and agronomic changes: the famous

collapse of Phytophthora-infested Irish potato crops between 1845 and 1852, or the

great Indian drought-induced famine of 1876–79. The world’s most devastating

famine, in China between 1958 and 1961, was only secondarily a matter of drought;

the primary causes lie in the delusionary Maoist policies (Smil, 1999a).

Modern farming

New energy sources and three intertwined strands of innovation explain most of the

success of modern farming. In contrast to traditional agricultures, nonrenewable fossil

fuels and electricity are essential inputs in modern farming. They are needed to build

and operate agriculture machinery whose nearly universal adoption mechanized 
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virtually all field and crop-processing tasks. The second key innovation is the use of

fossil energies and electricity to extract and synthesize fertilizers and pesticides. The

third key advance was to develop and diffuse new crop varieties responsive to higher

inputs of water and nutrients. These innovations brought higher and more reliable

yields, they displaced draft animals in all rich countries and greatly reduced their

importance in the poor ones. The replacement of muscles by internal combustion

engines and electric motors and the substitution of organic recycling by inorganic fer-

tilizers have drastically cut labor needs in agriculture and led to huge declines in rural

populations and to the worldwide rise of urbanization. For example, in the US rural

labor fell from more than 60% of the total workforce in 1850 to less than 40% in 1900,

15% in 1950, and a mere 2% since 1975 (US Bureau of the Census, 1975).

Fertilizers made the earliest, and also the greatest, difference. The use of chemically

treated phosphates became common after the discoveries of new rock deposits in

Florida in 1888, and in Morocco in 1913. After 1850 nitrogen from Chilean nitrates,

supplemented later by the recovery of ammonium sulfate from coking ovens, provided

the first inorganic alternative to organic recycling. The nitrogen barrier was finally bro-

ken by the invention of ammonia synthesis from its elements by Fritz Haber and the sub-

sequent rapid commercialization of the process by Carl Bosch (Smil, 2001). This

invention allowed, for the first time in history, to optimize nitrogen inputs on large scale.

Modern civilization is now critically dependent on the Haber–Bosch synthesis of

ammonia. Recent global applications of nitrogen fertilizers to field crops – and also to

permanent grasslands and tree (orchard, palm) and shrub (coffee, tea) plantations –

have been in excess of 80 million tonnes (Mt) N/year, mostly in the form of urea (IFA,

2001; Fig. 3.2). The process currently provides the means of survival for about 40% of

the world’s population. Only half as many people as are alive today could be supplied
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by traditional cultivation lacking any synthetic fertilizers and producing very basic,

and overwhelmingly vegetarian, diets; and prefertilizer farming could provide today’s

average diets to only about 40% of the existing population (Smil, 2001). Western

nations, using most of their crop production for feed, could easily reduce their depen-

dence on synthetic nitrogen by lowering their high meat consumption. Populous poor

countries, where all but a small share of grain is eaten directly, do not have that option.

Most notably, synthetic nitrogen provides about 75% of all inputs in China. With some

75% of the country’s protein supplied by crops, more than half of all nitrogen in

China’s food comes from synthetic fertilizers.

In addition to nitrogen the world’s crops now receive also close to 15 Mt of phos-

phorus, and about 18 Mt of potassium a year (IFA, 2001). This massive use of fertil-

izers has been accompanied by the expanding use of herbicides used to control weeds,

and pesticides to lessen insect and fungal infestations. Pesticide use has often been

much maligned and many of these chemicals, especially following improper applica-

tions, undoubtedly leave undesirable residues in harvested products, but their use has

helped to reduce the still excessively large preharvest losses.

Farming mechanization was first accomplished in the US and Canada. Its most

obvious consequence was the precipitous decline in agricultural labor requirements.

For example, in 1850 an average hectare of the US wheat needed about 100 hours of

labor; by 1900 the rate was less than 40 hours/ha, and 50 years later it sank below 

2 hours/ha (US Bureau of the Census, 1975). Until the 1950s agricultural mechaniza-

tion proceeded much more slowly in Europe, and in the populous countries of Asia

and Latin America it really started only during the 1960s. Today’s agriculture operates

with more than 26 million tractors of which about 7 million are in developing coun-

tries (FAO, 2001). Mechanization also completely transformed crop processing tasks

(threshing, oil pressing, etc.) and fuel and electric pumps greatly extended field irriga-

tion. The global extent of crop irrigation more than quintupled between 1900 and

2000, from less than 50 to more than 270 million hectares, or from less than 5% to

about 19% of the world’s harvested cropland (FAO, 2001). Half of this area is irrigated

with pumped water, and about 70% is in Asia.

The key attribute common to all new high-yielding varieties (HYV) is their higher

harvest index, that is the redistribution of photosynthate from stalks and stems to har-

vested grain or roots. Straw:grain ratio of wheat or rice was commonly above 2:1 in

traditional cultivars, whereas today’s typical ratio is just 1:1 (Smil, 1999b). HYVs

receiving adequate fertilization, irrigation, and protection against pests did responded

with much increased yields. This combination of new agronomic practices, intro-

duced during the 1960s, became widely known as the Green Revolution and the term

is not a misnomer as the gains rose very rapidly after the introduction of these reward-

ing, but energy-intensive, measures. Higher reliance on intensively cultivated grain

monocultures, narrowing of the genetic base in cropping and environmental impacts

of agricultural chemicals have been the most discussed worrisome consequence 

of this innovation, but all of these concerns can be addressed by better agronomic

practices (Smil, 2000).

Aggregate achievements of modern farming have been impressive. Between 1900

and 2000 the world’s cultivated area expanded by about one-third, but the global crop
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harvest rose nearly sixfold. This was because of a more than fourfold increase of aver-

age crop yields made possible by a more than 80-fold increase of energy inputs to field

farming (Smil, 2000). But even though the global mean harvest of all cereals more

than doubled between 1950 and 2000 (Fig. 3.3), there are still large gaps between

average yields and best (not record) harvests (FAO, 2001). Global corn harvest aver-

ages just over 4 t/ha but farmers in Iowa are bringing in close to 10 t/ha. Average wheat

yield (spring and winter varieties) is 2.7 t/ha but even national averages in the UK, the

Netherlands or Denmark Western are more than 8 t/ha today. Extensive diffusion of

HYV of rice raised the global mean yield to almost 4 t/ha, whereas Japan or China’s

Jiangsu average in excess of 6 t/ha.

Higher cereal and tuber yields freed more agricultural land for nonstaple species,

above all for oil and sugar crops. Higher cereal yields have also allowed for more and

more efficient animal feeding in rich countries where the abundance of meat and 

dairy products has made high-protein diets much more affordable. HYVs also raised

the food output of many developing countries above subsistence minima. However, a

substantial gap still divides the typical agricultural performances of rich and poor

countries, and, given the far greater social inequalities in the latter group, this produc-

tion disparity translates readily into continuing large-scale presence of malnutrition in

scores of African, Asian, and Latin American countries.

Current food production and supply

A word of caution first: only a minority of food production and consumption figures

readily accessible in FAO databases and widely used in assessments of global food

availability and needs is derived from the best available national statistics which may

themselves contain many inaccuracies even when prepared by the most advanced 

statistical services of developed countries. Although some of the developing countries
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(notably China and India) have massive statistical bureaucracies and issue a great

number of regular reports many of their numbers are known to be highly inaccurate.

For example, for many years Chinese official statistics listed less than 100 million

hectares (Mha) as the total of the country’s cultivated land (about 95 Mha until 2000)

although many people in Beijing bureaucracy and some foreign experts knew that 

total was vastly undervalued. China now admits to having 130 Mha of cultivated land

(National Bureau of Statistics, 2000) and the best remote sensing studies based on

classified US information indicate 140, or even 150 Mha (Smil, 1999c). This change

means, of course, that every official yield figure for the past 20 years is inaccurate. And,

obviously, countries with protracted civil wars (several in Africa, Colombia) or with a

disintegrating central government (Indonesia) are in no position to collect and publish

any reliable agricultural statistics. Given these realities it is not surprising that most of

the numbers for most of the developing nations that appear in FAO databases are just the

best expert estimates made in the organization’s Rome headquarters (FAO, 2001).

These realities mean that both exaggerations and underestimates are common and

that often the resulting numbers may not be accurate reflections of the actual situation

but are best used in order to derive fair approximations of the current state of agricul-

tural affairs. It should also be noted that according to the FAO developed countries

numbered 1.3 billion people in the year 2000, the developing ones 4.7 billion, a divi-

sion slightly different from that used by the UN’s population experts (UN, 2001).

These realities should be kept in mind when considering the following brief review of

current food output and availability.

Global food production

Today’s food producers fall mostly into four uneven categories. Several thousand

large agribusiness companies, most of them in North America and Europe, control

extensive areas of food and feed crops and highly concentrated meat production in

giant feedlots. Their production goes directly to large-scale food processors or is des-

tined for export. Several million highly mechanized family-owned farms in affluent

countries rely on intensive practices to achieve high crop and animal productivities.

Tens of millions of the most successful farmers in the most productive agricultural

regions of many developing countries (e.g., China’s Jiangsu and Guangdong or India’s

Punjab) use generally high levels of the best locally available inputs in order to pro-

duce food beyond their family’s and region’s need. And hundreds of millions of sub-

sistence peasants, either landless or cultivating small amounts of often inferior land,

use inadequate inputs, or no modern means of production at all, to grow barely

enough food for their own families.

Cereal grains continue to dominate the global crop harvest. Their annual output is

now just above 2 billion tonnes. Developing countries produce nearly 60% of all

grain, with twice as much rice as wheat (about 570 vs. 270 Mt in 2000), but in per capita

terms their output (about 260 kg/year) is only about 40% of the developed countries

mean (660 kg/year). Most of the poor world’s grain (more than 85%) is eaten directly,

whereas most of the rich world’s grain (more than 60% during the late 1990s) is fed 
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to animals. Consequently, actual per capita supply of processed food cereals is still

about 25% higher in developing countries (165 vs. 130 kg/year), reflecting simpler

diets dominated by grain staples. Not surprisingly, rich countries enjoy even higher

per capita disparities in production of nonstaple crops, with the differences being 

particularly large for sugar (30 vs. 15 kg/year) and meat (almost 80 vs. 25 kg).

Per capita consumption of legumes has been declining for several generations in

every country where pulses previously played a critical nutritional role. Only India’s

annual per capita consumption of legumes remains above 10 kg/year (FAO, 2001). 

In contrast, no other crop diffusion in agricultural history has been as rapid and as

economically far-reaching as the cultivation of soybeans for feed. US soybean plant-

ings rose from a few thousand hectares in the early 1930s to more than 20 Mha since

the early 1970s, and they now produce more than 50 Mt/year. Brazilian soybean pro-

duction rose even faster, from a negligible total in the early 1960s to more than 20 Mt

by the early 1990s. These two countries now produce two-thirds of the global soybean

harvest, virtually all of it for animal feed.

Rising affluence combined with concerns about healthy diets has resulted in a

steady growth of fruit production. Global fruit output has tripled since 1950, but this

does not convey the unprecedented variety of fruits, including many tropical imports

as well as winter shipments of subtropical and temperate species from the southern

hemisphere, that are now available virtually year-round in all rich countries. The trend

of rising fruit production recently has been most obvious in rapidly modernizing

China where fruit harvests (now also increasingly for export) rose more than 10-fold

(from less than 7 to more than 70 Mt) between 1980 and 2000 (National Bureau of

Statistics, 2000).

With global annual output of nearly 500 Mt cow’s milk is the most important animal

food. Annual output of all kinds of milk amounts to about 570 Mt. Per capita avail-

abilities of dairy products are large in North America and Western Europe (in excess

of 250 kg/year) and negligible in traditionally nonmilking societies of East Asia. 

Pork, with about 80 Mt/year and rising, is by far the most important meat worldwide,

with China and the US slaughtering the largest number of animals. Total meat output,

including poultry, is now over 200 Mt a year, prorating to almost 80 kg/capita in rich

countries and to about 25 kg/capita in the poor world. Poultry production (near

60 Mt/year) is now ahead of the combined beef and veal output and it will continue to

rise. Consumption of hen eggs is now at more than 40 Mt a year, and recent rapid growth

of aquaculture (its combined freshwater and marine output is now close to 30 Mt 

a year, equal to nearly a quarter of ocean catch) has put cultured fish, crustaceans, and

mollusks ahead of mutton.

After a period of decline and stagnation the global marine catch began rising once

more during the mid-1990s and is now close to 100 Mt/year but major increases are

highly unlikely. A conservative assessment of the global marine potential concluded

that by 1996 the world ocean was being fully fished, with about 60% of some 200 major

marine fish resources being either overexploited or at the peak of their sustainable 

harvest (FAO, 1997). Consequently, if long-term marine catches were to be kept at

around 100 Mt a year then 50 years from now the population growth would cut per

capita fish supply by more than half compared to the late 1990s level. The importance
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of this harvest is due to its nutritional quality. During the late 1990s the world’s aver-

age per capita supply of some 14 kg of marine species contained only a few percent 

of all available food energy, but it supplied about one-sixth of all animal protein. More

importantly, aquatic species provide more than a third of animal protein to at least 

200 million people, mostly in east and southeast Asia (FAO, 2001).

Food supply

The world’s recent edible crop harvests prorate to about 4700 kcal/day per capita, but

nearly half of the cereal production, worth about 1700 kcal/day, is fed to animals, and

postharvest crop losses amount to some 600 kcal/day (Smil, 2000). This leaves about

2400 kcal/day of plant food and with some 400 kcal/day from animal foods (including

aquatic products) the average per capita availability adds up to roughly 2800 kcal/day,

well above a generous estimate of average needs of 2200 kcal/capita. Similarly, the

world’s mean daily protein supply of 75 g/capita is well above the needed minimum.

An egalitarian global civilization would thus have no problems with adequate nutrition.

Equitable distribution of available food among the planet’s more than 6 billion people

would provide enough protein even if the global food harvests were to be some 10%

lower than they are today.

In the real world these adequate global means hide, as do other global averages,

large inter- and intranational differences. All Western nations enjoy uniformly high per

capita food availabilities averaging about 3200 kcal/day. Their mean per capita supply

of dietary protein is about 100 g/day, including about 55 g from animal foods. No

elaborate calculations are needed to conclude that the average per capita food supply

is more than adequate in all affluent countries. Because the actual requirements of

mostly sedentary populations are no more than 2000–2200 kcal/day it is no exaggera-

tion to label the resulting food surpluses (at least 1000–1200 kcal/day and up to

1600 kcal/day) as obscene.

After all, even when leaving aside the large energy and protein losses in animal feed-

ing, at least 30% of all food available at the retail level in Western societies is wasted!

Average Western diets in general, and the North American one in particular, also contain

excessive amount of lipids, which now supply 30–40% of all food energy compared to

the average of less than 20% in developing countries and to shares below 15% in the

poorest societies (FAO, 2001). Surfeits of food energy and lipids are the two key nutri-

tional factors implicated in the increase of obesity and diabetes and in a high frequency

of cardiovascular disease (see Chapters 9–11). Fortification of many foodstuffs (from

flour to juices) with vitamins and minerals and a fashionable use of dietary supplements

(including recurrent megadose manias) by increasingly health-conscious segments of

the aging population would suggest that there are very few micronutrient deficiencies.

This is, unfortunately, not true as clinical and biochemical studies in the US show that

intakes of calcium, iron, and zinc are not adequate in some groups (Pennington, 1996).

Given the obviously high incidence of overweight and obesity it is not surprising

that hunger and malnutrition in affluent nations have received so little attention, 

but their extent is far from negligible (Riches, 1997). Poppendieck’s (1997) estimates
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that 22–30 million Americans cannot afford to buy enough food to maintain good

health have been questioned, but even the most conservative estimates acknowledge

that 10–20 million poor Americans could not feed themselves adequately without

assistance, and that far from all of them are actually receiving it. The coexistence 

of undernutrition and widespread obesity is thus one of the most peculiar features of

America’s current nutritional situation.

Japan, which is highly dependent on food imports, is the only high-income country

with per capita food supply below 3000 kcal/day (the rate has been steady at about

2900 kcal/day for nearly two decades). Specific features of the country’s food con-

sumption include the already noted world’s highest per capita intake of aquatic products,

exceptionally high intakes of soybeans (eaten mostly as beancurd), and very low con-

sumption of sugar. Average food availability in China is now almost as high as in Japan

(close to 2800 kcal/day), but in spite of impressive post-1980 diversification (Fig. 3.4)

its variety and quality is still much lower. Moreover, unlike in a highly egalitarian Japan,

China’s mean hides large differences between coastal and interior provinces.

India and Indonesia in the late 1990s were, respectively, at about 2400 and

2600 kcal/day. This would have provided adequate nutrition for everybody only if the

two countries had a perfectly egalitarian access to food; in reality, highly skewed

income distribution makes India the country with the largest number of undernour-

ished people (FAO, 2000). Many sub-Saharan African countries average less than

2200 kcal/day, some even less than 2000 kcal/day, and these obviously inadequate

food supplies are reflected in the world’s shortest life expectancies at birth. Even when

adequate in terms of total energy and protein, typical diets in most developing coun-

tries are monotonous. And, unlike in affluent nations where nearly all traces of sea-

sonal food supply have been erased by international trade, diets in many poor

countries still strongly reflect the seasonality of plant harvests or fish catches.
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Malnutrition in the developing world

Food deficits, regardless of whether they are on national, local or individual level, or

if they range from marginal to crippling, are rarely caused by absolute physical short-

ages. Such cases arise repeatedly only as a result of protracted civil wars (recently in

Afghanistan, Angola, Ethiopia, Mozambique, Somalia, and Sudan) and temporarily

as an aftermath of major natural catastrophes. Chronic undernutrition and malnutri-

tion result from inadequate individual or group access to food that is strongly related

to social status and income. This conclusion is true for both the richest as well as the

poorest countries.

FAO’s past estimates of the global share of undernourished people ranged from a

clearly exaggerated fraction of two-thirds in the late 1940s (an overestimate caused

largely by unrealistically high assumptions regarding average protein needs) to less

than one-seventh in the early 1990s. The latest estimate, for the period between 1996

and 1998, adds up to 826 million undernourished people, or about 14% of the world’s

population at that time (FAO, 2000). As expected, the total is highly unevenly split,

with 34 million undernourished people in the developed and 792 million people in the

developing world. The highest shares of undernourished population (about 70% of the

total) are now in Afghanistan and Somalia, whereas the rates for India and China are,

respectively, about 20% and just above 10%. These shares make India the country

with the largest number of undernourished people (just over 200 million, or roughly 

a quarter of the world’s total, spread pretty much all around the country), whereas

China’s aggregate (mostly in the northwestern and southwestern interior provinces) is

about 140 million.

There are, of course, different degrees of undernutrition, ranging from mildly under-

weight (with body mass index of 17–18.5) to severely underweight (with body mass

index below 16; the normal healthy range is 18.5–25). The FAO (1996) also put the

number of stunted children (with low height-for-age) at 215 million, underweight chil-

dren (low weight-for-age) at 180 million, and wasted children (low weight-for-height)

at 50 million. As there are many uncertainties regarding both the data and assumptions

that go into the process of comparing food supplies and needs, all of these figures must

be seen as informative estimates rather than as accurate totals. Nevertheless, there can

be no doubt about the enormous human and socioeconomic toll of this nutritional dep-

rivation. Perhaps the worst health impact arises from the well-documented effect of

undernutrition on early brain development (Brown and Pollitt, 1996).

Shortages of food energy and dietary protein are not the only causes of serious mal-

nutrition as micronutrient deficiencies are even more common. Blindness caused by

shortages of vitamin A is among the most cruel consequences of inadequate diets. The

xerophthalmia syndrome includes night reversible blindness caused by lack of retinol

in the eye’s retina, corneal ulceration and eventually irreversible loss of eyesight. In

addition, low levels of vitamin are associated with higher mortality from respiratory

and gastrointestinal diseases, and with their more severe course. FAO estimates that

the total population at risk is well over half a billion, that there are about 40 million

preschool children with vitamin A deficiency, and that perhaps half a million of them

go blind annually (FAO, 1996).
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Some micronutrient deficiencies have environmental origins. The World Health

Organization estimated that 1.6 billion people, or more than a quarter of the world’s

population, have some degree of iodine deficiency (WHO, 1993). Estimates of the

total number of people with goiter, the condition almost always associated with some

mental impairment, are as high as 600 million (Lamberg, 1993). WHO also credits

iodine deficiencies during pregnancy with at least 25 million seriously brain-damaged

children and nearly six millions cretins, whose severe mental retardation is combined

with hearing loss or mutism and abnormal body movements. As for the economic

impact, Arcand (2000) concluded that if the sub-Saharan countries with average

dietary supply below the minimum requirement in 1960 had eliminated hunger by

raising the average per capita food availability to nearly 2800 kcal/day (i.e., essentially

China’s current mean) their per capita GDP in 1990 could have been as much as

$3500 rather than the actual $800.

Future food needs

Three key factors will drive future demand for food. By far the most important is the

continuing population growth throughout the developing world. Second, is the all too

obvious need to close the gap between today’s inadequate food intakes that have to be

endured by some 800 million people throughout the poor world and the minima com-

patible with healthy and productive lives. The third factor is the further improvement

of the quality of diets in poor countries (given the great existing food surplus, getting

rid of nutritional inadequacies throughout the rich world should not call for any

increases in production). At least three principal factors will determine the eventual

outcome: the level of agricultural investment and research; the extent and tempo of

dietary transitions, particularly the higher consumption of animal food in today’s

developing countries; the success in making future food production more compatible

with biospheric limits and services; and the fate of genetic engineering.

Population growth

After decades of accelerating growth the global rate of population increase peaked at

just over 2% a year during the late 1960s, and gradual declines of fertilities also

speeded up the arrival of the absolute peak, at about 86 million people a year, during

the latter half of the 1980s and the annual increase was down to 77 million people by

the year 2000 (UN, 1998, 2001). As a result population projections issued during the

1990s had repeatedly lowered the long-term global forecasts for the next 50 years. The

medium version of the 1998 revision envisaged just 8.9 billion people by the year

2050, down from 9.4 billion forecast in 1996, and 9.8 billion in the 1994 revisions

(UN, 1998). And the high variant in 1998 was well below 12 billion people by the year

2050, in line with increasing indications that yet another doubling of human popula-

tion to 12 billion people is unlikely (Lutz et al., 2001).
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But the latest UN (2001) projection raised its medium 2050 forecast to 9.3 billion

(Fig. 3.5). The difference of some 400 million people above the 1998 forecast is

explained largely by the assumption of somewhat higher fertilities for the 16 develop-

ing countries whose fertility has not, so far, shown any sustained decline. There is a

different kind of uncertainty concerning the rich world’s population. Without substan-

tial immigration it would start declining as a whole within a few years and by the year

2050 it would be barely above one billion, 20% below its current total (as already

noted, UNO’s and FAO’s definitions of developed and developing populations are not

identical: they differ by about 100 million people). With continued immigration it

would be more or less stable, reaching 1.8 billion in 50 years. Even then many

European nations and Japan would experience substantial population declines. Russia’s

case is particularly noteworthy, as it now appears that there is little chance of revers-

ing its population decline brought on by economic deprivation, social disintegration

and exceptionally high rates of alcoholism. As a result, Russia may have 30 million

fewer people by the year 2050. By that time the US population will, most likely,

approach 340 million.

Inherent uncertainties of long-range forecasting aside, there is no doubt that virtu-

ally all the net population increase of the next two generations will take place in

today’s developing world, and that the global population of 2050 will, most likely, be

50% larger than it is today. Moreover, most of the additional population growth of

some 2.8–3.2 billion people will be concentrated in nations whose agricultural

resources, although absolutely large, are already relatively limited. Brazil is the 

only modernizing populous country (i.e., with more than 100 million people) with

abundant reserves of arable land and water (Fig. 3.6). Fifty years from now India, after

adding nearly 600 million people, would have a population more than 50% larger than

today and would be, with just over 1.5 billion, the world’s most populous country, with

China a very close second. Three African and two Asian countries would add more

than 100 million people each: Nigeria, Pakistan, Indonesia, Congo, and Ethiopia. 

As a group these nations would have to increase their food harvests by two-thirds

merely to maintain their existing, and in many respects inadequate, diets.
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Only Congo and Nigeria have relatively low population density per hectare of cul-

tivated farmland and large untapped agricultural potential. At the same time, the late

20th-century record of these two countries makes it hard to imagine that they will be

the ones to mobilize their resources effectively and to evolve a civil society deter-

mined to bring widespread economic advances. China and Indonesia are already 

the paragons of highly intensive cropping, and India and Pakistan are close behind.

But, some poorly informed and sensationalized judgments notwithstanding (Brown,

1995), there is more hope for China’s farming than is the case with perhaps any other

large populous country (Smil, 1995). As already noted, China has about 50% more

farmland than has been officially acknowledged (which means that its actual average

yields are substantially lower than reported) and it has many opportunities for increas-

ing the productivity of its cropping (Smil, 1999c). India’s situation, though undoubt-

edly highly challenging, appears to be more hopeful than the Indonesian or Pakistani

prospect. As for Ethiopia, natural aridity affects large parts of its territory and already

limits its food production capacity.

Improved food intakes

This is a very broad category of concerns as it embraces both overall quantitative

gains and specific qualitative changes; and most of the eventual demand due to these

needs is also very difficult to quantify because its future levels will be determined by

complex interplays of economic, political, social, and environmental factors. Neverthe-

less, several general conclusions are fairly solid. In those poor countries that have

been peaceful and whose agriculture has not been neglected, the elimination of the

worst nutritional deficiencies is not primarily a matter of higher output but rather of

improved access to food for the poorest groups, and hence a matter amenable to fur-

ther political and economic interventions. Countries living with years, or even decades,
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of conflict have no realistic hope for better nutrition without peace. Unfortunately, if

the past two generations are any guide for the future then the experience of sub-

Saharan Africa, nutritionally the world’s worst afflicted region, offers little hope. 

A massive epidemic of autoimmune deficiency syndrome (AIDS) makes African

recovery even more unlikely.

Most of the future demand for improved food supply that has a high likelihood of

being met by increasing domestic production rather than by food aid will thus come

as larger populations will be earning higher incomes in Asian and Latin American

countries. Judging by the experience of every country that has undergone economic

modernization, perhaps the most obvious feature of this qualitative change will be the

higher demand for animal foods. This appears to be a truly universal trend as only a

very small proportion of humanity voluntarily chooses strictly vegetarian diets and

there is also a strong evolutionary argument in favor of omnivory.

Well-documented studies have shown that the closest primate relatives of our

species – the two chimpanzee species Pan troglodytes and Pan paniscus – regularly

hunt colobus monkeys and eat other small vertebrates (Stanford, 1998). Moreover,

Aiello and Wheeler (1995) argue that the only way humans could accommodate larger

brains without raising their average metabolic rate was by reducing the size of another

metabolically expensive organ, and that, unlike liver, heart and kidneys, the gastroin-

testinal tract was the only such tissue whose size could be reduced by including more

digestible animal foods in the regular human diet. Plant-dominated diet supplemented

by meat is thus our evolutionary heritage and strict herbivory is a cultural adaptation.

Archaeological and anthropological evidence for human omnivory is undeniable

and a relatively recent domestication of milking animals extended the human con-

sumption of animal foods to include milk and dairy products from at least half a dozen

mammalian species. When prorated per unit of body mass, chimpanzee meat intakes

are equivalent to eating about 6–17 kg a year and this range clearly overlaps the typical

per capita meat consumption of preindustrial societies. Rates near the lower end of the

range (5–10 kg/capita) were common in those peasant societies where meat was eaten

infrequently and consumed in larger amount only during some festive occasions; most

of the pre-1980 rural China was a perfect example of this pattern of eating.

Increased demand for animal foods

As described in the previous section, affluence changed this consumption pattern but

intakes of animal foods are badly skewed in favor of high-income populations.

Industrialized nations, amounting to only a fifth of the global population total, now

produce a third of hen’s eggs, two-fifths of all meat, and three-fifths of all poultry and

cow’s milk. Animal foods now supply around 30% of all food energy in North America

and Europe, around 20% in those East Asian countries that have reached apparent

satiation levels (Japan, Taiwan) and far below 10% in the most food-deficient coun-

tries of sub-Saharan Africa (FAO, 2001). This means, as already noted, that the daily

food supply of rich nations now averages about 55 g of meat and milk protein per capita,
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compared to just 20 g in the developing world, and the actual gap is even larger for

hundreds of millions of subsistence peasants and poor urbanites surviving on diets

virtually devoid of any animal foods.

With meat and dairy intakes being up to an order of magnitude higher in affluent

nations than in many poor countries this means that extending the current per capita

supply means of developed countries (i.e., above 250 kg for milk and close to 80 kg

for meat) to all of today’s low income countries (i.e., to 4.7 billion people), as well as

to the additional three to four billion people that will be added in those countries dur-

ing the next two generations, would call for an impossibly large expansion of feed

production. The three important questions are then as follows. Should such a goal be

seen as being at least theoretically desirable? What are the chances that developing

countries would move as rapidly, and as far, toward the affluent (Western) consump-

tion pattern as their limited resources will allow? And to what extent can we improve

the prevailing feeding efficiencies?

Only the first question has an easy answer. There is no need to present a massive sur-

vey of current nutritional understanding or to engage in polemics on behalf of, or

against, vegetarianism, a nutritional choice that most people will not consider following

voluntarily in any case, or high-level carnivory. What is abundantly clear is that humans

do not need high levels of animal food intakes either to lead healthy and productive lives

or to achieve average population longevities in excess of 70 years, and that no other

known existential benefits are predicated on consuming at least as much meat and dairy

products as the developed countries do today. Moreover, as recent experiences with

some consequences of animal feeding and rearing have demonstrated (European mad

cow disease and foot-and-mouth epizootic leading to large-scale slaughter of cattle and

sheep, and Asian bird viruses resulting in mass killings of poultry) the scale and the

very nature of meat-producing enterprises may actually be a threat to human health, or

at least a costly inconvenience. In contrast to these fairly indisputable conclusions the

pace and the extent of dietary transition is much harder to predict.

Dietary patterns

No other factor will determine the future demand for animal foods as much as the

degree of westernization of diets in developing countries in general, and in populous

Asian nations in particular. Informed discussion of this prospect must start by

acknowledging the fact that, in spite of broad similarities, there are substantial differ-

ences in meat and fat intakes among Western countries. This means that there is no

generic Western diet to which the developing countries might aspire. Although all

major indicators of quality of life are very similar for all of the affluent nations of

Western Europe, per capita supplies of meat differ by about 40%: Norwegians get less

than 60 kg/year, French almost 100 kg/year (FAO, 2001). And whereas Greeks con-

sume less than 5 kg of butter and lard a year per capita, the Finnish mean is close 

to 15 kg. Such comparisons make it clear that the European pattern, although very

similar in total energy and protein intakes, spans a range of distinct categories from

the Mediterranean to the Scandinavian diets.
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Taking such differences into account, Seckler and Rock (1995) suggested that two

different patterns of food consumption should be considered when forecasting the

future composition of food intakes in developing countries. They define what they call

the Western model as the daily mean supply of more than 3200 kcal/capita with more

than 30% of food energy coming from animal foodstuffs. But a great deal of evidence

confirms that another model – what they label the Asian–Mediterranean pattern, with

overall food energy availability below 3200 kcal/capita and with animal products sup-

plying less than 25% of food energy – appears to be a more powerful attractor for

many developing countries.

Food balance sheets of the last two generations show that animal food intakes in the

economically most successful developing countries have not been moving rapidly

toward the Western consumption pattern. Egypt and Turkey have basically the same

proportion of meat in their typical diets as they had 30 years ago. Japanese meat

intakes have stabilized at around 40 kg, as did the Malaysian average. Official output

statistics would appear to put China into a different category and forecasts based on

these numbers see China as a gargantuan meat-eating nation, but a closer look shows

that the country will not move rapidly toward the Western attractor. China’s official

output statistics, and hence also FAO food balance sheets based on them, credit 

the country with per capita output of about 47 kg meat in 1999, but the China

Statistical Yearbook puts actual per capita purchases of urban households at 25 kg

(unchanged in a decade!) and the meat consumption of rural families at less than

17 kg, up from about 13 kg in 1990 (National Bureau of Statistics, 2000). This means

that the eventual doubling of average nationwide per capita meat consumption would

result in a rate only marginally higher than the current value claimed by official

statistics.

Forecasts of China’s future meat consumption have also been affected by simplisti-

cally extrapolating Taiwan’s experience. The island’s very high average per capita

meat intake (about 80 kg) is not only the highest in Asia, it is even higher than the

British mean, and its very low direct cereal consumption (less than 110 kg) is below the

OECD’s mean of some 130 kg (FAO, 2001). Moreover, differences of scale between

the two countries (1.2 billion vs. some 20 million of people) and the still very limited

purchasing power of most of China’s peasants are two other factors militating against 

a further rapid rise of China’s per capita meat consumption.

Finally, it must be noted that the total consumption of meat, although still slowly

rising in the US, has been declining in Europe (for example, in Germany it is down 

by 15% since 1980), which means that the Western pattern is actually shifting gradu-

ally toward the alternative attractor. Consequently, there is a fairly high probability

that tomorrow’s developing world, although definitely demanding higher animal food

intakes, will not look toward yesterday’s French, Dutch, or US example. Widespread

assumptions that rising disposable incomes will be readily translated into rapidly, and

virtually universally, rising demand for meat may not come to pass. Whatever its

actual level may be, lower than anticipated demand for animal foods would be much

easier to meet, especially once a concerted commitment is made to improve the

efficiency of feeding as much as practicable. But whatever the pace and the extent of

coming dietary changes may be, the increasing carnivory could have a much lower
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demand on agricultural resources and could also result in much reduced environmen-

tal impacts if we were to feed the animals much more efficiently.

Feeding efficiencies

Better management of grasslands, and some of their inevitable, but undesirable,

expansion in Latin America, Africa, and Asia (as nearly all new grazing land will be

created through deforestation) will supply only a small fraction of future increases in

meat and milk production and more than 90% of additional output of animal foods

will have to come from growing more concentrate feeds, above all corn and soybeans,

in direct competition with food crops. This trend has been one of the most obvious

features of the 20th-century cropping. In 1900 just over 10% of the global grain 

harvest was consumed by animals; by 1950 the share surpassed 20% and now it is

approaching 50%, with national shares ranging from nearly 70% in the USA to less

than 5% in India.

But future feeding requirements are not irrevocably determined by a given demand

for animal protein. As these proteins are all of the highest quality they are mutually

substitutable and long-term dietary shifts can reduce the relative, or even absolute,

consumption of one kind of animal food while greatly increasing the demand for

another. For example, in 1950 chicken made up less than 10% of average US per capita

meat consumption, but in 2000 its share was about one-third (USDA, 1950–2001).

Consequently, a future combination of animal foodstuffs that is inherently more

efficient to produce can lead to substantial feed savings in comparison to the prevail-

ing consumption pattern.

Milk is by far the most efficient animal food. Highly productive animals need just

1–1.1 kg of concentrate feed per kg of milk. They convert more than 30% of the total

metabolizable feed energy, and 30–40% of feed protein to milk protein. Eggs come

second (current best practices need less than 3 kg of feed per kg of eggs), and chicken

third. Large-scale broiler production requires fewer than 5 units of concentrate feed

per unit of edible tissue and feed proteins are converted into meat proteins with

efficiency averaging 20%, twice as high as in pigs. Pigs grown for their lean meat can

turn more than 20% of metabolizable energy into edible tissues and they need about

7.5 units of concentrate per kg of meat; pigs are also the most efficient convertors of

feed energy into edible lipids which give meat its satisfying palatability.

Conversion efficiencies for beef clearly indicate the extravagant cost of that meat;

feedlot-fed animals need at least 20 kg of corn and soybeans for each kg of meat, and

only 5% of all fed protein is converted into protein in beef. Obviously, only those ani-

mals that do not require any concentrates, i.e., raised completely by grazing, or con-

suming crop-processing residues such as brans and oilseed cakes, that is digesting

biomass that cannot be used by nonruminant species, can be seen as efficient users of

agricultural resources. Consequently, it is difficult to imagine a less-desirable change

of dietary habits than the global expansion of hamburger empires.

Aquacultured herbivorous fishes are better convertors of feed than pork or chicken.

Conversion ratios (kg of feed per kg of live weight) for semi-intensively bred carp in
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warm waters are 1.4–1.8, and for catfish 1.4–1.6. As a smaller share of fish total mass

is wasted in comparison with mammalian or bird carcasses, herbivorous fish need

fewer than 2.5 kg of concentrate feed per unit of edible weight, and their protein con-

version efficiency is as good as chicken (Smil, 2000). Salmon are even better protein

convertors, but these carnivores need fish oils and proteins and their feeding actually

results in a net protein loss. Use of concentrate feed in aquaculture of herbivorous

species is thus an excellent way of increasing global availability of animal protein and

the FAO believes that this rapidly growing enterprise has excellent prospects.

Investing in agriculture

For most people the idea of investing in agriculture conjures the images of extending

credit to farmers or building new irrigation schemes but the most important investments

needed to assure high agricultural productivity are in maintaining viable agroecosys-

tems. Although modern agriculture has eliminated many environmental limits and

insulated itself from many environmental interferences through fertilization, irrigation,

use of pesticides and breeding of better cultivars, crop production remains embedded

within the dynamic complexities of the living biosphere and depends critically on reli-

able provision of many natural services and on the maintenance of essential ecosystem

structures. These necessities range from having sufficiently friable soils containing

large amounts of organic matter and protected against excessive erosion to promoting

practices that will minimize nutrient losses from fertilizer applications and increase

water use efficiencies in irrigation as much as practicable.

Achieving these goals is a matter of complex management that can be effective

only when we use the best understanding of how agroecosystems operate. For example,

the first necessity (maintaining desirable soil structure) requires the use of appropri-

ate tillage methods (including minimum tillage practices), recycling of crop residues

and animal wastes, regular crop rotations, and where possible also planting of legu-

minous cover crops (Agassi, 1995). Without these measures soil bacteria and inverte-

brates could not thrive, high organic matter content able to maintain soil structure

would decline, soil would not be able to hold moisture and would be prone to erosion

losses that would eventually lower its productivity. Similarly, reducing nutrient losses

requires measures ranging from repeated soil and plant testing and split applications

of fertilizers to selecting appropriate cultivars and regular planting of cover crops

(Smil, 2001). These practices require a great deal of understanding and ongoing per-

sonal commitment by individual farmers but most of them now rest on fairly well-

understood principles.

In contrast, new methods of more productive farming will require further inten-

sification of agricultural research and technical innovation. Not surprisingly, many

observers of the current agricultural situation argue for substantially increased public

support of basic and applied agricultural research (Pinstrup-Andersen, 2001), and

there is no shortage of studies to show the efficacy of this approach. For example,

Huang and Rozelle (1996) showed that innovation accounted for almost all of the
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growth in agricultural productivity in China during the latter half of the 1980s and in

the early 1990s. Avery (1997) stressed that only further intensification of crop produc-

tion can save the remaining tropical rainforests, and hence most of the world’s existing

biodiversity, from eventual destruction. Virtually every assessment of future agricul-

tural needs prepared by the FAO or by specialized crop research centers (International

Maize and Wheat Improvement Center, International Rice Research Institute) notes

that returns to public investments in agricultural research and extension are very high

and urges that future funding should be increased. In spite of this well-proven reality

research funding remains inadequate throughout the developing world.

Given this state of affairs it is even more worrisome that the developing world may

not be able to take full benefit of one of the most important scientific advances of the

past generation, our increasingly effective ability to confer desirable traits on plants and

animals by means of genetic engineering. Of course, an argument could be made that

the rich countries, with their obscene surplus of food, have really no need to use arcane

techniques in order to further boost their crop and animal production. But a common

view that genetic engineering is a tool of multinational companies geared toward the

rich world’s markets and that developing countries have no chance to benefit from

biotechnology is wrong. As Wambugu (2001) argues, small-scale farmers have profited

by using hybrid seeds and transgenic seeds simply add more value to these hybrids.

This is a very important point that needs constant stressing to scientifically illiterate

critics. All but a few of our currently planted crops are products of extensive breeding

modifications and today’s world could not feed itself without using these hybrid and

high-yielding cultivars. Traditional breeding has made a fundamental difference to the

agricultural productivity of the 20th century; current harvests would be impossible

without hybrid corn (introduced in the 1930s), HYV of rice and wheat (first released

during the 1960s) and hybrid rice (developed in China during the 1970s). Hybrid

corn, the planting of which began slowly in Iowa in the early 1930s, has transformed

US corn harvests since World War II and is now benefiting both small- and large-scale

corn producers throughout the developing world. Hybrid rice, which can boost aver-

age yields by 15–20%, has been finally adapted to tropical climates and is now being

accepted throughout Asia (Virmani et al., 1996).

Genetic engineering is thus only the latest, and the most powerful, tool of agricultural

innovation. Admittedly, it is also a tool with considerable potential for adverse effects

and unwanted complications but this reality should not be the reason for banning the

effort and walking away from the prospect of immense future benefits. After all, this

combination of risks and benefits is nothing unique to genetic engineering. Modern

society constantly confronts such dilemmas and has found ways to deal with them.

Perhaps the most apposite example is that of drug companies and the billions of users

of prescription medicines who must weigh the benefits against a range of potentially

even fatal side effects. Careful research and testing and responsible regulation are the

answers, not a ban on the drugs. Genetic engineering alone will not solve food short-

ages that are now experienced by hundreds of millions of people but it could become

the most powerful tool in that quest.

I will note just a few of the recent bioengineering advances whose potential for 

producing larger and better harvests or more desirable animals is self-evident.
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Broader-leafed rice can deprive weeds of sunlight, thus reducing the need for apply-

ing herbicides or for laborious weeding. Rice with higher vitamin A and iron content

can be the most cost-effective, as well as the most practical, way to end two of the

most persistent micronutrient deficiencies in rice-eating countries. Millions of poor

tropical families cultivating sweet potatoes in their fields and kitchen gardens would

benefit from a transgenic cultivar resistant to feathery mottle virus which can reduce

the yields by up to 80% (Wambugu, 2001). And, to give perhaps the most impressive

example from animal farming, transgenic pigs able to produce phytase (the enzyme

needed to digest phytate phosphorus in their feed) in their saliva will void manure

with phosphorus content reduced by up to 75% (Goloran et al., 2001). This impres-

sive achievement will reduce one of the principal causes of aquatic eutrophication,

algal growth and fish kills in affected waters.

Seeing genetic engineering as the solution to the world’s food problems would be

naïve. Refusing to proceed with careful research and regulated applications might be

one of the most shortsighted human choices ever made as the technique has potential

not only for increased and improved food production but also for enhanced environ-

mental protection. Well-conceived bioengineering research, together with the stress

on environmentally sound farming and higher efficiency in the use of all farm inputs,

should be one of the key ingredients with which to build greater food security for

tomorrow’s developing world.

References

Agassi, M. (ed.) (1995). “Soil Erosion, Conservation and Rehabilitation”. Marcel Dekker,

New York.

Aiello, L.C., and Wheeler, P. (1995). The expensive-tissue hypothesis. Curr. Anthropol.

36, 199–221.

Alroy, J. (2001). A multispecies overkill simulation of the end-Pleistocene megafauna.

Science 292, 1893–1896.

Arcand, J.L. (2000). “Malnutrition and Growth: The Efficiency Cost of Hunger”. 

FAO, Rome.

Avery, D.T. (1997). “Agricultural Research: The Most Vital Investment for People and the

Environment”. Senate Agriculture Committee’s Hearing on Agricultural Research.

US Senate, Washington DC.

Blumenschine, R.J., and Cavallo, J.A. (1992). Scavenging and human evolution. Sci. Am.

267(4), 90–95.

Brown, L. (1995). “Who Will Feed China?” W.W. Norton, New York.

Brown, J.L., and Pollitt, E. (1996). Malnutrition, poverty and intellectual development.

Sci. Am. 274(2), 38–43.

Buck, J.L. (1937). “Land Utilization in China”. Nanking University, Nanking.

Childe, V.G. (1951). “Man Makes Himself ”. C.A. Watts, London.

Davis, M. (2001). “Late Victorian Holocausts, El Niño Famines and the Making of the

Third World”. Verso, London.

48 Food production



Eaton, S.B., and Konner, M.J. (1997). Paleolithic nutrition revisited: a twelve-year retro-

spective on its nature and implications. Eur. J. Clin. Nutr. 51, 207–216.

FAO (1996). “The Sixth World Food Survey”. FAO, Rome.

FAO (1997). “The State of World Fisheries and Aquaculture”. FAO, Rome.

FAO (2000). “The State of Food Insecurity in the World 2000”. FAO, Rome. http://

www.fao.org/DOCREP/X8200/X8200E00.HTM

FAO (2001). “FAOSTAT Database”. FAO, Rome. http://apps.fao.org

Goloran, S.P., et al. (2001). Pigs expressing salivary phytase produce low-phosphorus

manure. Nature Biotechnol. 19, 741–745.

Goudsblom, J. (1992). “Fire and Civilization”. Allen Lane, London.

Headland, T.N., and Reid, L.A. (1989). Hunter–gatherers and their neighbors from prehistory

to the present. Curr. Anthropol. 30, 43–66.

Huang, J., and Rozelle, S. (1996). Technological change: rediscovering the engine of 

productivity growth in China’s agricultural economy. J. Dev. Econ. 49, 337–369.

International Fertilizer Industry Association (2001). “World Fertilizer Consumption”.

IFA, Paris. http://www.fertilizer.org/ifa/statistics/

Lamberg, B.A. (1993). Iodine deficiency disorders and endemic goitre. Eur. J. Clin. Nutr.

47, 1–8.

Lutz, W., Sanderson, W., and Scherbor, S. (2001). The end of world population growth.

Nature 412, 543–545.

Molenaar, A. (1956). “Water Lifting Devices”. FAO, Rome.

National Bureau of Statistics (2000). “China Statistical Yearbook”. China Statistics Press,

Beijing.

Pennington, J.A.T. (1996). Intakes of minerals from diets and foods: is there a need for

concern? J. Nutr. 126, 2304S–2308S.

Pinstrup-Andersen, P. (2001). Feeding the world in the new millennium. Environment 

43, 22–30.

Poppendieck, J. (1997). The USA: hunger in the land of plenty. In “First World Hunger”

(G. Riches, ed.), pp. 134–164. St Martin Press, New York.

Price, T.D. (1991). The Mesolithic of Northern Europe. Annu. Rev. Anthropol. 20, 211–233.

Riches, G. (ed.) (1997). “First World Hunger”. St Martin Press, New York.

Sahlins, M. (1972). “Stone Age Economics”. Aldine, Chicago.

Seckler, D., and Rock, M. (1995). “World Population Growth and Food Demand to 2050”.

Winrock International Institute for Agricultural Development, Morrilton, AK.

Smil, V. (1994). “Energy in World History”. Westview, Boulder, CO.

Smil, V. (1995). Who will feed China? China Quarterly 143, 801–813.

Smil, V. (1999a). China’s great famine: 40 years later. BMJ 319, 1619–1621.

Smil, V. (1999b). Crop residues: agriculture’s largest harvest. BioScience 49, 299–308.

Smil, V. (1999c). China’s agricultural land. China Quarterly 158, 414–429.

Smil, V. (2000). “Feeding the World: Challenge for the 21st Century”. MIT Press,

Cambridge, MA.

Smil, V. (2001). “Enriching the Earth: Fritz Haber, Carl Bosch and the Transformation of

World Agriculture”. MIT Press, Cambridge, MA.

Stanford, C.B. (1998). “Chimpanzee and Red Colobus”. Harvard University Press,

Cambridge, MA.

References 49



United Nations (1998). “World Population Prospects: The 1998 Revision”. UN, New York.

United Nations (2001). “World Population Prospects: The 2000 Revision”. UN, New York.

http://www.un.org/esa/population/wpp2000.htm

US Bureau of the Census (1975). “Historical Statistics of the United States: Colonial

Times to 1970”, pp. 510–512. USGPO, Washington, DC.

US Department of Agriculture (USDA) (1950–2001). “Agricultural Yearbook”. USDA,

Washington, DC. http://www.usda.gov/nass/pubs/agstats.htm

Virmani, S.S., Siddiq, E.A., and Muralidharan, K. (eds.) (1996). “Advances in Hybrid

Rice Technology”. IRRI, Los Banos.

Wambugu, F. (2001). Why Africa needs agricultural biotech. Nature 400, 15–16.

Whiten, A., and Widdowson, E.M. (eds.) (1992). “Foraging Strategies and Natural Diet of

Monkeys, Apes and Humans”. Clarendon Press, Oxford.

WHO (1993). “Global Prevalence of Iodine Deficiency Disorders”. WHO, Geneva.

50 Food production



Can the challenges of
poverty, sustainable
consumption and good
health governance be
addressed in an era of
globalization?

Tim Lang

4

The nutrition transition has taken different characteristics in various developing coun-

tries, cultures, and historical eras. Huge policy challenges arise. Is the nutrition transi-

tion inevitable? Can its patterns be altered? What policies minimize its adverse health

outcomes most effectively? This chapter, while perhaps adding further complexity to

an already difficult issue, outlines four policy elements that ought to inform and be

part of the debate about the nutrition transition.

The first element relates to the interaction between food and nutrition and the envi-

ronment – the issue of sustainable consumption. The second is social inequality – the

extent of poverty and food insecurity. The third is governance, the notion that, if

human policy “frames” nutrition, then human forces should themselves be shaped to

do this equitably, responsibly, and effectively. The English word “governance” refers

not just to what governments do, but also to the actions of other powerful social forces,

such as private business.

The last element is culture, a key and often a missing component in the nutrition tran-

sition debate. Food culture is the “pull” in the transformation of tastes, just as marketing

and corporate reach are the “push”.
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Globalization and the nutrition transition

A distinction must be made between the nutrition transition and the wider socioeco-

nomic process of globalization, which refers to the process by which goods, people,

and ideas spread throughout the world. The subject has been the source of much

excitement in sociological and political circles recently, to which the topic of food can

add a suitably gentle corrective. Globalization of food is, of course, nothing new. Plants

have moved and been moved around the globe for centuries. Today, many are grown
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Table 4.1 Top economic countries and corporations, 2001 (from Davidson, 2001)

The richest Ranking by country Country or corporation Food roleb GDP or revenue 1999

player ranking or corporationa (millions of US$)

1 1 United States 9 152 098

2 2 Japan 4 346 922

3 3 Germany 2 111 940

4 4 United Kingdom 1 441 787

5 5 France 1 432 323

6 6 Italy 1 170 971

7 7 China 989 465

8 8 Brazil 751 505

9 9 Canada 634 898

10 10 Spain 595 927

23 1 General Motors 176 558

25 2 Wal-Mart Stores Retailer 166 809

26 3 Exxon Mobil 163 881

27 4 Ford Motor 162 558

28 5 Daimler-Chrysler 159 986

32 27 Indonesia 142 511

33 28 Saudi Arabia 139 383

34 29 South Africa 131 127

38 6 Mitsui 118 555

39 7 Mitsubishi 117 766

40 8 Toyota Motor 115 671

41 33 Portugal 113 716

42 9 General Electric 111 630

44 10 Itochu 109 069

45 11 Royal Dutch/Shell Retailer 105 366

Group

46 35 Venezuela, RB 102 222

47 36 Israel 100 840

48 12 Sumitomo 95 701

57 17 BP Amoco Retailer 83 566

72 29 Philip Morris Processor 61 751

and tobacco

75 44 Pakistan 58 154

88 41 Nestlé Processor 49 694

97 46 Metro Retailer 46 664

99 52 Bangladesh 45 961

100 48 Tokyo Electric Power 45 728

a Countries are indicated in normal type; company rankings are shown in bold.
b All countries produce food; only those corporations with direct food interests are noted in this column.



far from their site of original cultivation. The same has happened to animals: cows,

poultry, pigs, sheep, and goats. What is new about current globalization is its pace,

scale, and extent, primarily fueled by government and private market forces.

Table 4.1 combines World Bank figures of national Gross Domestic Product (GDP)

(World Bank, 2001) with estimates of corporate turnover from the Fortune 500 (Fortune,

2001). Produced by CAFOD, an international aid agency (Davidson, 2001), it seeks to

measure relative economic “punch”. Of the richest 100, 48 are companies and 52 are

countries. When ordered, one notes that Wal-Mart (26th), a retailer, had revenues greater

than the GDP of Indonesia (32nd), Saudi Arabia (33rd) or South Africa (34th). Phillip

Morris (72nd), a tobacco company which in 1998 was also the world’s largest food

company, had a turnover greater than the GDP of Pakistan (75th). Nestlé (88th) had a

turnover greater than the GDP of Bangladesh (99th).

The diverse reach of modern food corporations is considerable. Food companies are

in discrete markets, mostly either in production or trading of raw commodities – such

as Cargill, the world’s largest grain trader, a private corporation – or in value-adding

industries such as food processing. Table 4.2 provides a picture of the world’s largest

food global corporations. These are key framers of the food system.

Food policy

Food policy poses special challenges to public policy. Key features of the contempo-

rary food system, sometimes, to the detriment of health outcomes, are a focus on

profits as a primary driver, value-adding, brand image, market share and “efficiency”.

Meanwhile in political discourses, health issues are often combined or confounded

with safety, rather than recognized as specific population-based indicators. Conflicting

policies are common, particularly when government subsidies undermine food poli-

cies with a potential benefit to public health. An example can be found in policies over

fish. Although nutritionists generally encourage consumption of fish, environmental

considerations urge if not caution then reduction. Whereas 5% of humanity consumes
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Table 4.2 Largest food corporations, by turnover, 1998 (from FT 500, Financial Times, 28 January

1999, excepting Cargill, website: www.cargill.com)

Sales Profits Chief products Employees

(US$ billion)

Philip Morris 56.11 6.31 Tobacco, cereals, beverages 152 000

Cargill 51.00 4.68 Cereals, seeds, oils, beverages 80 600

Unilever 50.06 7.94 Oils, dairy, beverages, meals 287 000

Nestlé 49.96 4.11 Beverages, cereals, infant food 225 808

Pepsico 20.92 1.49 Beverages, snacks 142 000

Sara Lee 20.01 �0.53 Meat and bakery 139 000

Coca-Cola 18.87 4.13 Beverages, foods 29 500

McDonalds 11.41 1.64 Restaurants 267 000



45% of all meat and fish, the poorest 20% consumes only 5%. North American cod

banks are severely depleted and subject to fishing bans, and according to the FAO,

69% of world fish stocks are in a “dire condition”. The FAO sees the problem as the

world “having too many vessels or excessive harvesting power in a growing number of

fisheries,” yet governments are subsidizing the fish industry an annual $14–20 bn,

equivalent to 25% of sector’s revenues (World Trade Organization, 1999).

Food production has changed dramatically over the 20th century. New products,

processes (both on and off the land), distribution (supply chain management), and

marketing (e.g., advertising) have had major impacts on health, environment, and cul-

ture. A spiral has occurred in which changing supply chain features have both fed and

reacted to changing aspirations and food culture. Table 4.3 gives illustrations of some

key features.

The food economy unfolding worldwide has some features in common. It is char-

acterized by:

• Value-adding – the pursuit of “difference”, i.e., a feature (e.g., packaging, taste,

image) to differentiate between one product and another;

• Company mergers and acquisitions leading to high levels of concentration in the

food economy;

• Quality, which may be defined cosmetically (by how the food looks or can be sold);

• Brand value – name and marketability are to market success;

• The search for new markets – or “new” to the dominant Western food companies,

who desire to open previously untapped markets such as the former Soviet Union,

China and India;

• Trader power – with complex supply chains, there appears to be a rule whereby

whoever dominates the relationship between primary producers and processors,

on the one hand, and end consumers, on the other, is sovereign;
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Table 4.3 Some features of the 20th century food revolution

Sector Feature Example Comment

Agriculture Labor efficiency Decline of animal power, Decline in farms, rise

replacement by fossil power in size of holdings

Processing Value-adding Sugar and fruit extract added “New adulterations”

to fermented milk

Distribution Creation of entire new Chill systems of storage More long-distance

sector in modern food food transport

supply chains

Retail Transfer of sales force Electronic Point of Sale Key to supermarket 

from direct customer (EPOS) systems using efficiency and 

contact laser scanners of “barcodes” logistics control

Catering Bought-in ready-made Soups, gravy mixes De-skilling of cooking

ingredients

Marketing Search for new niche Low calorie drinks Coexistence of niche

markets by use of using artificial sweeteners and mass markets;

advertising market fragmentation



• A two-tier food economy characterized by large transnational corporations with

enormous power on the one hand, and a plethora of small and medium-sized

enterprises restricted to local or subnational markets on the other;

• Social fragmentation – the coexistence of over- and underconsumption (see 

Table 4.4).

Food inequalities

Many health disparities are the result of differences in diet availability and intake.

History suggests that food insecurity is not inevitable and that maldistribution of food

is a classic illustration of the social determination of health. In both war and peace, equi-

table public policy can decrease infant mortality and increase overall human health.

That the toll of diet-related inequalities is so sobering is a political challenge. There

is, of course, some good news but 800 million children globally are undernourished

and an estimated two billion people show the effects of poor diet (UNICEF, 2000).

Deficiencies of both macro- and micronutrients are well documented, as is the fact

that women, children, and older people are at greatest risk.

A self-perpetuating cycle of health and income inequalities reflects inequalities in

housing and education, leading to greater exposure to environmental hazards such as

unsafe food, and contaminated air and water. Such life hazards are associated with

rapid urbanization, which can reduce rather than enhance the range of good dietary

ingredients and increase the likelihood of ill-health through pollution and accidents,

which in turn reduces the opportunities for income and education of children. It is the

task of public policy to break such negative cycles.

From the end of World War II, food policy on inequalities was fractured by a clash

of analyses about the way forward. On one side stood those arguing for policies of

national or possibly regional self-reliance. On the other stood those arguing for

greater flow of trade and cross-border food security.
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Table 4.4 Some policy options

Fragmented policy Systemic solutions

Intensification Diversification

Cost externalization Cost internalization

Marginalization of health Health central to economics

Food miles More local food

Productionism Sustainability

Individual health Ecological public health

Integrated policy Technical fixes

Short term Long term

Consumerism Citizenship

Health focus mainly on food safety Policy linkage between safety, nutrition and

sustainable food supply



A key thinker in the 1940s was John Boyd Orr, who became the first Secretary

General of the Food and Agriculture Organization (FAO) when it was created in 1946

(Orr, 1966). He tried to bridge the two policy camps, arguing that those that could grow

food, should and those that could not, should be fed by others. The problem was that

countries that needed to import food had to export hard goods, commodities, or other

commercial crops to generate foreign exchange. Boyd Orr argued that countries should

set “targets for tomorrow”. In today’s parlance, he argued for multilevel governance, a

combination of local, national, and international targets that should work to the com-

mon good for health (Orr, 1943). The approach is worth rehearsing, not just for its his-

torical significance, but because it attempted, over half a century ago, to address some

problems in food policy that still exist today. In relation to countries such as the UK,

i.e., with pockets of real deprivation amidst wealth, Boyd Orr argued as follows.

• Countries should set targets within a new global system and foster intergovern-

mental cooperation to help each other over good times and bad, to ease out

booms and slumps in production.

• Targets should be based on nutrition and agricultural science.

• Targets should be set to achieve health. Premature death from undernutrition was

inexcusable; investment in better food would yield health and economic gains

and savings.

• Agriculture should be supported to produce more. Agriculturally rich countries,

such as the UK, ought to emulate the advanced agricultural economies such as the

USA where targets had been set to raise production of fruit and vegetables (up by

75%), milk (up by 39%), eggs (up by 23%), etc.

• Industry should be geared to produce tools to enable agricultural productivity to

rise, e.g., new buildings, tractors, equipment.

• Trade should be encouraged to meet the new markets. Trade would ease the over-

productive capacity of some world areas and match them with underconsumption

in other areas.

• International cooperation would have to follow the (proposed) UN Conference

on Food and Agriculture.

• New organizations would have to be created such as a new International Food

and Agricultural Commission, National Food Boards to monitor supplies,

Agricultural Marketing Boards, Commodity Boards.

This was visionary indeed and was the position Boyd Orr argued with passion in the

post-war reconstruction period. But this mixed approach to food policy – part market,

part state action – which was rejected by some at the time, was marginalized entirely

by the 1980s. Retrospectively, the 1974 World Food Summit may be seen as the high

water mark of the appeal of state-led, national policies of self-reliance. The new neo-

liberal orthodoxy from the 1980s replaced this central role of the State with an emphasis

on market-driven growth. In the process, the definition of food security was altered in

two important ways.

Firstly, a new focus had emerged from researchers who placed more stress on 

subnational or local and domestic food security. They argued that countries might

have an overall sufficiency of supply, when at the household or local level, there could

56 Can the challenges of socioeconomic processes be addressed in an era of globalization?



be deficiencies; what was needed, argued the researchers, was attention to the microlevel.

Four core foci emerged (Lang et al., 2001):

• sufficiency of food for an active healthy life;

• access to food and entitlement to produce, purchase or exchange food;

• security in the sense of the balance between vulnerability, risk and insurance;

• time and the variability in experiencing chronic, transitory, and cyclical food

insecurity.

Accompanying this focus on the micro- and household level of food security, were

new macroeconomic frameworks for achieving food adequacy. According to the new

position, economic goals should aim for sufficient purchasing power to ensure that

citizens ate adequately. Considerations of national or regional food security would be

rejected. What mattered was not how much food a nation, state or locality produced

but whether the people could afford to purchase their needs on the open market. If

they could not, the market needed to be opened to imports and at the same time

income generation within economies needed to be maximized. This import–export

model triumphed at the 1994 General Agreement on Tariffs and Trade (GATT).

If the pursuit of food self-reliance was killed in the 1980s, the GATT buried it.

However, as often happens in public policy, when a policy regime celebrates its triumph,

a replacement or opposition can already be waiting in the wings. This has happened with

the import–export neoliberal approach. Largely driven initially by environmental con-

siderations, the 1990s saw the increasing articulation of new models. One might be

termed appropriate localism. This position suggests that meeting environmental goals of

sustainability by producing more diverse foods locally, both empowers people and pro-

tects their capacity to feed themselves (Pretty, 1998). Another position is associated with

the work of Nobel Laureate Amartya Sen, who with Jean Dreze, has articulated a view

that people experience hunger when a political culture denies them “entitlement” (Sen,

1981a, 2000). Social legitimacy is a precursor to adequate food, but social legitimacy

can be made or broken by policy choices.

The amazing gap between rich and poor within and between societies is well docu-

mented. There are 1.2 billion people living on US$1 per day (UNDP, 2000). Mean-

while, the top 200 billionaires doubled their wealth in 1994–98 and just three of their

number have more wealth than the combined Gross National Product (GNP) of all least

developed countries, a total of 600 million people (UNDP, 1999). Michael Jordan, a

US athlete, was paid US$20 million for endorsing Nike trainers, more than the entire

workforce was paid for making them (Klein, 2000). Although our focus here is on the

nutrition transition experienced by developing or recently developed countries, it is

important to remember that even in rich countries, policies can determine the variation

in rates of diet-related health inequalities. In the European Union, for instance, rates of

diet-related ill-health vary considerably (Lang, 1999a). The UK has the worst indices

and, despite being wealthy, has a disproportionate share of European Union low

income (Societe Francais de Santé Publique, 2000). In the period 1979–97, inequalities

in income and health widened due to macroeconomic policy choices under the

Conservative Government. According to the New Labour government’s own health

inquiry, the poorest decile in the UK experienced both real and relative income
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decline (Acheson, 1998). As in other countries with far lower incomes, the UK’s lower

socioeconomic groups have a greater incidence of premature and low birthweight

babies, heart disease, stroke, and some cancers in adults. Risk factors including lack

of breast feeding, smoking, physical inactivity, obesity, hypertension, and poor diet

are clustered in lower socioeconomic groups (James et al., 1997).

Sustainable consumption: constraint on
consumerism?

Over the last decades of the 20th century evidence mounted about the deleterious

effect of contemporary food and agricultural policies. These include:

• pollution and chemical contamination from pesticide (over-)use (Conway and

Pretty, 1991);

• falling water tables from over-irrigation and intensive crop production (de Moor,

1998);

• drinking water quality (McMichael, 1999);

• loss of biodiversity (Gardner, 1996);

• degraded soil (Oldeman et al., 1991; McMichael, 2001);

• wasteful use of land and sea (World Resources Institute, 1993).

There is now considerable concern in agricultural policy on whether the earth’s food

infrastructure can feed populations. The Worldwatch Institute has pointed to evidence

of slowing of yield increases, declining crop diversity, declining fish stocks, and the

impact of climate change (Gardner and Halweil, 2000). The challenge of meeting sus-

tainability goals is not just a matter for ecology, but also society. Key trends include

urbanization, rising meat consumption and civil wars, which upset agricultural capac-

ities. The growing debate about sustainable consumption raises additional long-term

questions about the “pull” exerted by consumerism. What are the implications of con-

tinued changing consumer demands for more meat, fish and use of nonrenewable

resources, such as in packaging?

A foretaste of what could follow in the wake of the nutrition transition, if develop-

ing countries adopt the entire Western intensive approach to food production and con-

sumption exemplified by hygienic packaging, can be appreciated by looking at what

the “advanced” economies do. The global packaging industry is worth an annual $100

billion and in some developed countries, packaging accounts for between 10% and

50% of end food costs. The USA’s packaging industry manufactures 32 billon kilograms

of plastic food packaging each year, and its population of 280 million people throws

away 60 million plastic bottles each day, less than 3% are recycled. If the USA is a

world leader in such waste, the UK with a population of 60 million also manages to

use 15 million plastic bottles per day, of which less than 3% are recycled. Where does

this waste go? The choice is either to bury it in landfills or to recycle it.

The European Union has now set the ambitious goal of recovering 50% of all plas-

tic waste and of recycling half of that. But the recycling currently means that shiploads
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of plastic waste are taken to China for sorting by cheap labor (Vidal, 2001). Such solu-

tions are probably unsustainable. That what is required is more than palliatives, but

rather a structural rethink, is given further weight by the enormity of carbon emissions.

The UK’s food, drink, and tobacco industries produce 4.5 million tons (Mt) of carbon

a year, and also deposit 6 Mt of waste in landfill sites each year (DETR, 1998). A policy

debate about the relative health value of packaging is urgently required.

A similar challenge for health is raised by the rapid urbanization of global populations.

In policy terms, the questions are: firstly, how are the populations of cities to be fed?

Secondly, who is to do it? In 1900, approximately 5% of the world’s people lived in cities

with populations greater than 100 000. By the 1990s, an estimated 45% – more than 2.5

billion people – lived in large urban centers. And by 2025, that proportion is likely to be

61% of the world’s population (Howson et al., 1998). This is likely to be accompanied by

a considerable growth of the urban poor. As the population in cities continues to expand

into the 21st century, the demand for food to feed urban people will grow. The FAO esti-

mates that in a city of 10 million people, 6000 tonnes of food may need to be imported

on a daily basis (FAO, 1998). By the year 2025, there will be a huge increase in the num-

bers of people in the south living in cities. Between 1950 and 1990, the world’s towns and

cities grew twice as fast as rural areas (World Bank, 1999). In 1950, only two cities had

more than 8 million inhabitants, London and New York (Harrison, 1992). It is estimated

that over the next 20 years, 93% of urban growth will take place, whereas the majority of

the population in the continents of Africa and Asia will remain in the rural areas.

Urbanization poses a special challenge for building a sustainable route to develop-

ment. If just one feature associated with the nutrition transition – meat consumption –

were to be replaced by a greater emphasis on increasing availability and consumption

of vegetables and fruits, patterns of production would have to be markedly different. To

reduce the use of nonrenewable energy via transportation, more local cultivation would

be desirable. The UN Habitat 2 conference in 1996 concluded that urban or peri-urban

agriculture will have to make a come-back, after decades of declining policy focus

(UNDP, 1996). In fact, for half a century, the emphasis in global food policy, and cer-

tainly in the Western model of agriculture, has been specialization and intensification.

Despite this policy marginalization, in 1993 15–20% of world food was produced in

urban or peri-urban areas and was worth US$500 million (WHO-E, 1999).

In cities such as Kathmandu where 37% of urban gardeners already grow all the

vegetables consumed, and Hong Kong, where 45% of demand for vegetables is supplied

from 5–6% of the land mass, a practical alternative to long-distance food exists. The

new global movement of urban agriculture (Pretty, 1998), which tends to be encouraged

on ecological and community self-reliance grounds, is beginning to receive public health

encouragement. The WHO European Region, concerned about diet-related diseases,

has recently produced an ambitious and far-sighted policy document (WHO-E, 1999).

This notes that up to 80% of Siberian or Asian cities are already involved in urban

agriculture, and that in 1997 in Poland, for example, 500 000 tonnes of vegetables 

and fruits (one-sixth of the national consumption) were produced on 8000 council

“employees” gardens. In Georgia, home-produced food accounted for 28% of income

and in Bulgaria in 1998, 47% of people were self-sufficient in vegetables and fruit and

90% of urban families make preserves for winter (WHO-E, 1999).
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To orthodox Western food economists, a policy emphasis on local urban or peri-urban

food smacks of an irrational return to a mythical halcyon past. But the case for thinking

through the connection between what is produced, grown, processed, and consumed

and how this happens sits at the heart of the new food policy challenge. The issue is

not just quantity but quality. An illustration is the huge amount of nonrenewable

energy (fossil fuels) used in transporting food increasingly long distances, as the food

supply chain intensifies, concentrates, and specializes. To neoliberals, that a developing

country could produce, for example, dessert apples and export them to the UK would

be a good thing. The fact that the UK has a good climate and could grow its own is

secondary. In 1993, 685 000 GJ (equivalent to 14 million liters of fuel) was used to

transport 417 207 tonnes of imported apples (Garnett, 1999). Four out of five pears

and two out of three apples are now imported into the UK (Hoskins and Lobstein,

1998). In 1995, by foods such as these, the UK was a net importer of “ghost hectares”;

in other words, its food needs were produced on 4.1 million hectares of other countries’

land, as well as its own (MacLaren et al., 1998).

In the period 1975–91/93, food transported on UK roads increased by 30% and the dis-

tance traveled by the UK’s total food supply increased by approximately 60% (Hoskins

and Lobstein, 1998). The distance traveled for shopping in general rose by 60% in that

period, and travel by car more than doubled. With the citing of food shops (supermarkets)

in ever larger stores, consumers had to use cars to get their food. So the net result is that

the “modern”, “efficient” food economy externalized environmental costs (Raven and

Lang, 1995). The western model of food shopping is not appropriate as a sustainable con-

sumption paradigm, yet that is the cultural dimension behind the nutritional transition –

a change of lifestyle with consequences for ecological as well as human health.

Food governance

Since the 1994 GATT, the developing world has fractured with some developing

countries benefiting, while others do not. Sub-Saharan Africa, in particular, has been

a net loser. Dissent about the new global institutions of governance symbolized by 

the GATT’s creation of the World Trade Organization surfaced at the WTO talks in

Seattle, USA, in December 1999, with demonstrations following in Washington DC,

Melbourne, Gothenborg, Prague, and Genoa. Although much interest has focused on

wider political and economic issues, there are important considerations for the issue

of the nutrition transition and the food–health connection. Two considerations are cen-

tral: firstly, whether the neoliberal model enshrined in the GATT is appropriate for the

ecological and human health challenges of the 21st century and, secondly, whether,

health issues are adequately championed in global governance.

New models for old

As was outlined above in the discussion on Boyd Orr, the dominant model for food pol-

icy dates back to the post World War II period. The model centered on an analysis that
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underproduction was the primary policy failure. If science could only unleash nature’s

productive capacity and if capital investment could be suitably made, then farming

could increase output and nutritional deficiencies could be alleviated. As long as there

was efficient distribution and a welfare safety net to “catch” failures in personal income,

then improved public health would surely be the outcome. The model is schematically

represented in Fig. 4.1. By the 1980s, with rising evidence of degenerative diseases,

another “box” was inserted into the package in the form of health education (Fig. 4.2).

The problem with this approach was that it made a number of assumptions which

events proved to be unwarranted. Firstly, it assumed that increased supply would

improve health when in fact rising incomes, urbanization, and changed nature of sup-

ply allowed (or arguably encouraged) the rise of degenerative diseases such as coronary

heart disease, the diet-related cancers, diabetes, and obesity – all the diseases associ-

ated with and highlighted in the nutrition transition.

Secondly, the model assumed that the era of contagion was over when in fact the

opening up of food systems removed barriers to the spreading of diseases. Thus, if

food traveled across continents and if processors and retailers purchase globally, new

opportunities and routes for cross-contamination and spreading of diseases were 

created. Key causes of disease include Salmonella, Campylobacter, Escherichia coli,

and new ones such as bovine spongiform encephalophathy (BSE).

Thirdly, changes in the nature of production and distribution opened new chances

for diseases to spread further and faster. Tourism, for instance, turns more than 600

million people each year into disease carriers.
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Figure 4.2 Food’s impact on health – the mid to late 20th century model.



Fourthly, the model assumed that the “old” banes of food policy, such as adulteration

and contamination, would be consigned to the history books when in fact they have

changed. Some forms of contamination and adulteration have been successfully 

controlled whereas new ones such as contamination from pesticides, additives, and

nitrates have been introduced or greatly enhanced.

What is now required is a much more complex and multidimensional model. The 

51 member states of the WHO European Region in 2000 agreed to a new simple model

(Fig. 4.3). This suggests that to meet health goals, public policy should give equal empha-

sis to building three pillars: nutrition, food safety, and sustainable food supply. Unless

they are equal, the roof – health – under which all humans can shelter would tilt and not

last. This model is highly appropriate to present this new message, being simple and

intelligible. But it can be argued that in reality, the model ought to be more multifactoral;

there should be many more pillars and understanding required needs to include many sci-

ences. Figure 4.4 shows a more appropriate model, even though this might be hard to sell

to politicians, who famously are both busy and need to be “sold” simple messages.

If public policy is to be built on a comprehensive rather than a partial analysis, it

should integrate the goals of achieving individual, population, and ecological health.

Institutions

When the General Agreement on Tariffs and Trade (GATT) was signed by over 100 coun-

tries in 1994, it was to have profound direct and indirect implications for public health in
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general, and for food and agriculture in particular. It created the immensely powerful

World Trade Organization (WTO) which not only monitors trade rules but runs a system

of arbitration which is de facto a new jurisprudence. This mattered for public health for a

number of reasons.

The institutions through which public health has expressed its views in the post-war

period have been quietly marginalized (Labonte, 1998). A new system of world gov-

ernance, much commented on by its non-governmental organization (NGO) critics, is

emerging in parallel to, and more powerful than, the formerly more democratic insti-

tutions of the United Nations (Navarro, 1999). The WTO (or the World Bank) is more

significant in framing the conditions for public health than the WHO (Banerji, 1999).

The WHO is informed by a World Health Assembly, yet there is no parallel citizen’s

voice for the WTO. Economically, there is no contest as to which is more significant,

the UN system or the new trade system.

The GATT is a key, if not the key, structure in the architecture of the new era of

globalization. Within the many hundreds of pages of the full GATT agreement, pub-

lic health barely registers, except when implied as a threat to free trade. A fear that

health is a fig-leaf for protectionism stalks the neoliberal halls, whereas to proponents

of public health, the notion of “protection”, like prevention, carries positive rather

than negative connotations. In the GATT’s Agreement on Agriculture much effort was

put into ensuring that national governments cannot set food standards or restrict entry

of foods unless they have “sound scientific” justification. This seems reasonable,

although in practice subject to subjective interpretation and commercial pressures.
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Research conducted in 1991–93, before the 1994 GATT was signed, suggested that

Codex was not in a fit democratic state to carry public confidence about its processes

(Avery et al., 1993). Codex is a large system of around 20 committees, which has many

participants at meetings around the world. These working parties are usually hosted by

rich countries and meet over two years and make recommendations to the bi-annual full

meeting of the Codex Commission. Over the full 1991–93 cycle of meetings there were

a total of 2758 participants. Codex is theoretically a meeting of governments but the

study found that nearly a quarter of participants were from large international compa-

nies – the same for whose products were being set standards. Reviewing a full two-year

cycle of Codex meetings, the Cracking the Codex study found that:

• 104 countries participated, as did over 100 of the largest multinational food and

agrochemical companies;

• The vast majority (96%) of nongovernmental participants represented industry;

• There were 26 representatives from public interest groups compared to 662

industry representatives;

• Nestlé, the largest food company in the world, sent over 30 representatives to all

Codex committee meetings combined, more than most countries;

• Most representation came from rich, Northern countries: over 60% came from

Europe and North America with the poor countries of the South dramatically

under represented – only 7% from Africa and 10% from Latin America;

• Of the participants on the working group on standards for food additives and

contaminants, 39% represented Transnational Corporations (TNCs) or industry

federations, including 61 representatives from the largest food and agrochemical

companies in the world;

• Of the 374 participants on the committee on pesticide residue levels, 75 repre-

sented multinational agrochemical and food corporations, 34 from the world’s

top 20 agrochemical companies; only 80 participants represented the interests of

developing countries;

• The USA sent more representatives to Codex than any other country (50% of them

representing industry) and almost twice as many as the entire continent of Africa.

Following the publication of this report and despite requests to “clean up” this inade-

quacy, the GATT secretariat declined to act. In subsequent years, officials and compa-

nies became sensitive to these criticisms, which have been pursued by the consumers’

movement. Some countries now hold tripartite national premeetings with industry, con-

sumers, and government officials before going to Codex meetings. However, this left

practice at the Codex meetings themselves unchanged. One review in 1997 concluded

that little has changed (McCrea, 1997). At the 1997 Codex food labeling committee, for

instance, the US delegation comprised eight government officials, three from NGOs and

ten from industry. Reform is now, happily, beginning, but why so late?

Particularly sensitive is the issue of scientific judgment. The GATT stipulated that

disputes would be arbitrated on grounds of “sound science”, yet consumer groups argue

that science is not the only salient feature, nor indeed is science quite the straightfor-

ward arbiter it is assumed to be. Whose is the research? Who funded it? Is it publicly

available? What questions framed the analysis? The argument between the USA and the
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EU over hormone use in meat fattening illustrates the sensitivity of the issue. Since

the early 1980s, the EU has implemented a ban on the use of hormones. This was con-

tested by the US, keen to sell its beef in Europe’s rich markets. The dispute was referred

to Codex and the long-awaited WTO decision was announced in early 1998. Both the

US and EU claimed vindication of their positions (EC, 1998; USTR, 1998). The EU’s

Scientific Committee on Veterinary Measures then argued that further studies suggested

scientific evidence warranting a continued ban (European Commission, 1999).

The food trade issue is now particularly sensitive. For the last few years there has

been a steady stream of high profile cases where food-exporting nations fight over the

right to export surpluses to each other and to markets they deem their own. There have

been wars over lamb between Australia and New Zealand and the USA (International

Centre for Trade and Sustainable Development, 1999); over beef hormones between

the EU and USA; over genetically modified foods between the USA and many coun-

tries but especially the EU. The notion that food security stems from growing most of

one’s food within one’s country (what used to be called self-reliance) is being eroded

by the notion that security stems from being able to purchase food on the open world

markets (WHO-Europe, 1995).

Food security is a concern for most developing country governments whereas rich

countries are more troubled by consumer-driven food safety issues. As the WHO

Regional Office for Europe’s (1999) Food and Nutrition Plan recognizes, from a public

health perspective, both are important and both reflect changes in methods of produc-

tion and distribution and in the food system (Tansey and Worsley, 1995; Lang, 1997).

The Norwegian Government was rare among rich nations in openly criticizing the drift

of the new GATT talks. It should know. Its citizens voted in the early 1990s against join-

ing the EU, in part from hostility to the Common Agricultural Policy undermining the

national nutrition and food policy in place since 1976 (Royal Norwegian Ministry of

Agriculture, 1976). Yet Norway by signing onto the 1994 GATT began to erode exactly

the very same national policy.

In a paper prepared in June 1999, Norway laid down a clear policy challenge: food

security is too important to be left to the vagaries of trade (Royal Ministry of

Agriculture, 1999). Under the Plan of Action agreed at the 1996 World Food Summit, as

at the earlier 1992 International Conference on Nutrition, Governments agreed they

have a moral responsibility to ensure their citizens have adequate food, are free from

hunger and achieve food security (World Food Summit, 1996). The GATT perspective

favors the market approach to food security. Tacitly, it argues that the cheapest food is

best. The new public health perspective suggests that the West’s food revolution has

intensified food production such that when food is cheap, other costs are being exter-

nalized onto the environment (Lang, 1999b). In this intellectual context, Norway’s posi-

tion was pioneering. It argued that the new Round should agree on rules to safeguard

national food security. When wheat or maize prices can rise by 50% in just two years, as

happened in 1993–95, reliance on being able to buy one’s food in the world marketplace

is a form of security only open to the affluent. (Norway, as a small population with

immense oil wealth is ironically one such country.) What are the poor to do in such cir-

cumstances: tighten their belts? As Sen (1981b, 1997) and others have shown, hunger

follows poor purchasing power and is not necessarily a function of food availability.
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The new WTO structures are designed to facilitate cross-border economic activity

and to reduce national control over capital flows, competition and even cultural con-

trol. In the age of the internet, information knows few boundaries yet vast new corpo-

rations are emerging which dominate almost everything humans do or consume. The

irony about the new GATT is that it is based upon the free trade model of globalization

just when evidence about its negative effects is mounting up. According to the tenth

annual UN Human Development Report, the richest 20% of the world now account

for 86% of world GDP, while the poorest 20% have just 1% (UNDP, 1999); 200 of the

world’s richest people have doubled their net worth in the last four years. The richest

three people in the world have assets greater than the combined Gross National

Product of all the least developed countries in the world, 600 million people. There is

little chance of health for all in such a socially divided world.

Another reason for public health involvement in trade talks and debate concerns the

work of public health monitoring itself. Public health action has to be based on a good

understanding of the real world. Perspective is in order. Postwar development has

brought astonishing gains for billions of people, but equally, as the Human Development

Report documents, the scale of contemporary inequality and poor healthcare defies

sanity. The Human Development Report itself came into existence because a decade

ago, UN administrators, social scientists, and politicians were critical of the convention

of measuring development through indicators such as Gross Domestic or National

Product. They disguise intranational inequalities and fail to convey the quality of life

issues. The Human Development Index was created to fill this gap. The Human

Development Report shows that 80 countries have incomes lower today than a decade

ago; 1.3 billion people, over a fifth of humanity, exist on less than US$1 per day.

However it is measured, the gap between the richest and poorest is widening. In 1960,

the gap between the richest fifth and the poorest fifth was 30:1. In 1990 it was 60:1. 

In 1997 it was 74:1 (UNDP, 1999). In this context, it is clear that epidemiologists as

much as physicians and health activists have to ask themselves how their work does or

does not confront this obscene accrual of wealth and power. And does the nutrition

transition call for new health indicators? Almost certainly, yes!

The Human Development Report, however, argued that globalization is unstoppable

and that all good people can do is try to give it “development with a human face”. It is

true that proponents of unfettered free trade are more defensive than in 1987–94. Faced

by growing opposition and the sheer weight of evidence of harm, the architects of

inequalities in health now plead that we should still trust them and that (their version of)

growth must continue by a different path (Wolf, 1999). Inequalities may be bad, they

admit, but now is the time to target resources on the poor. We should ignore, they imply,

the accrual of power by the rich as they are the motor force of the new global economy.

Conclusion

The nutrition transition raises immensely important challenges for food policy. This

chapter argues that these need to be accompanied by sensitivity to other challenges

raised by contemporary globalization.
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There is a strong case for action on food and health. Interventions much cited in the

literature, such as the North Karelia experiment in Finland, are often rooted in an era

of more interventionist government action. Finland produced a 55% decline in male

mortality due to coronary heart disease in the period 1972–92. So even in the con-

temporary policy climate, interventions can work. As has been illustrated by Thailand,

which engineered a decline in childhood malnutrition from 50% in 1982 to 10% by

1996. The key, according to the Commission on the Nutrition Challenges of the 21st

Century (2000) reporting to the UN, is a combination of political will, health plan-

ning, and community focus.

The good news is that awareness of health as a central element of development is

growing. Pressure to enable the new ecological public health approach is building up.

Policy options and the implications of choices are becoming clear, but much more

coordinated thinking, research, and health action is needed if enormous changes such

as the nutrition transition are to be steered in positive rather than negative directions.

Table 4.5 summarizes some of the policy goals that need to be reviewed and 

analyzed more clearly and carefully. The case argued here is that unless such issues

are included in the discourse about the nutrition transition, there is a danger the tran-

sition will be seen as immutable and inevitable. The context presented here reminds

us that the nutrition transition is not an isolated phenomenon. Economic, political and

cultural transitions accompany, facilitate and frame the nutrition transition. It is an

indicator of a wider restructuring of society and lifestyle, part driven by strong forces,

part pulled by aspirations, immensely complex.

Now that so much is known about the nutrition transition, the challenge is to widen

debate to include what to do about it. There are strong forces who argue that the tran-

sition is unimportant, a policy deviation, a side-show in the onward march of social

progress, a matter for consumer choice. They argue that it is beyond governance. One

strand of modern thinking on governance agrees with this analysis, arguing that the

state and public thinking are too diffuse or weak to act on mega-trends such as the
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Table 4.5 Different Food and Health Policy Frameworks: fragmented or systemic solutions?

Fragmented approach Systemic approach

Food policy focus on productionism & Food policy seeks sustainability & citizenship

consumerism

Marketing appeal to individual health Population approach to public health

Reliance on technical fixes Diet-based approach to preventive health

(drugs, functional foods, etc.)

Marginalization of health from supply Health central to economics

chain thinking

Separation of safety and nutrition Policy linkage between safety, nutrition and 

sustainable food supply

Intensification Diversification

Health costs externalized Health costs internalized

Poor links between global, regional, Multilevel governance

national and local governance

Competing frameworks within government Integrated policy across government and food

and corporate sector supply chain



nutrition transition. We know better. The history of public health suggests that there

have always been such siren voices. Good people, armed with evidence, informed

governments like Thailand’s or Finland’s and together with progressive forces in the

food supply chain acted with imagination and persistence to improve public health.

The nutrition transition is an awesome challenge. It requires new alliances, new polit-

ical will and new thinking. And since when were public health challenges easy?
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Demographic trends

Hania Zlotnik1

5

Over the past four centuries the population of the world has increased tenfold, rising

from about 580 million persons in 1600 to slightly over six billion in 2000 (Biraben,

1979; United Nations, 2001a). Most of that growth occurred during the 20th century

when the population nearly quadrupled (Fig. 5.1). Thus, whereas it took three 

centuries – from 1600 to 1900 – for the population to increase from 0.6 billion to 

1.6 billion, between 1900 and 2000 a further 4.4 billion persons were added to the

world population. Such rapid population growth, unprecedented in human history,

resulted largely from the major reductions of mortality that occurred during the 20th

century. Between 1900 and 2000, life expectancy at the world level nearly doubled,

reaching 65.5 years by the end of the century. Almost universally mortality reductions

preceded changes in fertility. In populations where mortality had been traditionally

high, women had to bear large numbers of children to ensure that enough of them sur-

vived to adulthood. As mortality declined, populations did not immediately adjust

their fertility levels to match the reduced risks of death. As a result, populations grew

rapidly when high fertility persisted even as mortality declined.

The more developed countries of today were the first to experience sustained

declines of mortality. Starting in the 18th century, better hygiene and improving stan-

dards of living contributed to reduce mortality rates in those countries. Between 1750

and 1850, for instance, life expectancy in a number of European countries increased

from 25 years to 35 years (Vallin, 1989) and during the 19th century, as mortality

reductions accelerated, a widespread fertility decline began as well. Although even for

Europe the data available on fertility trends over the 19th century are partial, it would

appear that fertility in the continent declined from about 5–5.5 births per woman in

the early part of the 19th century to about four children per woman in the early part 

of the 20th century (Clark, 1968).

The process whereby reductions of mortality are followed by reductions of fertility

sufficient to ensure that overall population growth remains low is known as the demo-

graphic transition. During the 20th century, most developing countries embarked on

the demographic transition. Indeed, with the discovery of antibiotics and other means

1 The views and opinions expressed in this chapter are those of the author and do not necessarily represent those

of the United Nations.
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to combat the spread of the infectious diseases endemic in developing countries, rapid

reductions of mortality were achieved in those countries after 1945–1950. As in the

more developed countries earlier, the continuation of high fertility as mortality

declined gave rise to very rapid population growth, but fertility reductions in the

developing world have been occurring more rapidly than in the more developed coun-

tries. The availability of modern contraceptives has facilitated such developments. By

the end of the 20th century, most developing countries had initiated the transition to

lower fertility. According to United Nations (2001a) estimates, by 1995–2000 only 16

developing countries had not yet shown signs of a fertility reduction and they com-

prised just 3% of the world’s population.

Not only did the 20th century witness a rapid rise of population but, in addition, it

saw the distribution of the population between rural and urban areas change dramati-

cally. Indeed, although the existence of populous cities with urban attributes dates

back several centuries if not millennia depending on the region under consideration,

the vast majority of the world’s population has lived in rural settings during most of

human history. Even as late as 1800, only 5% of the world population lived in urban

areas and by 1900 that proportion had increased to just over 13% (United Nations,

1980). But over the course of the 20th century the proportion urban more than tripled,

reaching 47% by 2000 (Fig. 5.2). The process of widespread urbanization started ear-

lier in the more developed regions than in the developing world. Already by 1900 

one out of every four inhabitants of more developed countries was an urban dweller

whereas in the developing world the equivalent proportion was one in fifteen.

Although levels of urbanization have risen markedly in developing countries, by 2000

less-developed regions are still about half as urbanized as more-developed regions.

Thus, whereas 76% of the population of the latter lives in cities, just 40% of the 

population of less-developed countries is made of urban dwellers.

This chapter describes in more detail the evolution of the size and growth of the

world population and the dynamics of the process of urbanization in the major regions
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of the world since 1950. It also discusses future prospects and their implications. The

data presented were derived from the 2000 Revision of estimates and projections 

of national populations prepared by the United Nations Population Division (United

Nations, 2001a,b) and from the 1999 Revision of World Urbanization Prospects

(United Nations, 2001c). To ensure consistency between the two sets of data, estimates

and projections of the urban and rural populations were derived using the national pop-

ulations produced by the 2000 Revision and the proportions residing in urban areas as

estimated and projected by the 1999 Revision of World Urbanization Prospects.

Population growth

After remaining at very low levels during most of human history, the average annual

rate of population growth for the world began to accelerate at about 1700, when mor-

tality in Europe started to decline steadily. Nevertheless, the rate of population growth

did not rise above 0.5% per year until the first half of the 19th century and remained

well below 1% per year until 1925 (Fig. 5.3). After piercing the 1% barrier in the late

1920s, World War II made the growth rate drop again below 1% per year during the

1940s, but the 1950s witnessed an unprecedented resurgence of growth fueled both by

rising fertility in the more developed countries that experienced a “baby boom” after

the war and by high fertility and declining mortality in developing countries. As mor-

tality reductions in the developing world accelerated, so did population growth, with

the result that during 1965–1970 the population of the world grew at more than 2%

per year, a rate that, if sustained, would have led to a doubling of the world’s pop-

ulation in just 34 years. However, the late 1960s also marked the point where fertil-

ity in a number of developing countries began to show a clear tendency to decline. 

As Fig. 5.4 shows, reductions in fertility became more clear cut during the 1970s and
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a declining trend set in. It is estimated that between 1960–1965 and 1995–2000, total

fertility at the world level, that is, the average number of children women would have

if they were subject during their whole reproductive lives to the fertility of each

period, declined from 5 children per woman to 3 children per woman. Largely as a

result of that reduction, the population growth rate declined from just above 2% per

year in 1965–1970 to 1.35% per year in 1995–2000. Although this reduction has been

sizable, the growth rate for 1995–2000 is still well above the levels prevailing during

the first half of the 20th century and, if sustained, would produce a doubling of the

world population in 51 years.

Today, the potential for continued population growth at the world level remains

high, not only because further reductions of mortality are expected but also because
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many developing countries still experience moderate to high fertility levels and have,

in addition, young populations where the numbers of future parents already surpass

those belonging to previous generations. The term “population momentum” is used to

denote the tendency of young populations to continue growing even when fertility

declines significantly. To understand the mechanics of population momentum imagine

a population with three generations: grandparents, parents and children. As the popu-

lation moves from one period to the next, children become parents, parents become

grandparents and the original grandparents die. For the population to stop growing,

the number of children that parents have in a period must equal the number of grand-

parents who die. If the population starts by having more children than parents and

more parents than grandparents, when the children become parents their offspring

will surpass the number of grandparents who die even if the new parents have only the

children necessary to replace themselves. That difference will result in population

growth.

What then are the prospects for future population growth? Population projections

prepared by the United Nations (2001a,b) indicate that the world population will con-

tinue to rise over the next few decades but, because the rate at which population grows

is expected to continue declining, there is considerable uncertainty regarding the size

that the world population may attain in the future. In the United Nations projections

future population growth is the result of assumptions made about the paths that fertil-

ity and mortality will take in the future at the country level. For the majority of coun-

tries, mortality is assumed to decline steadily between 2000 and 2050, the exception

being the 45 countries highly affected by the HIV/AIDS epidemic for some of which

mortality levels stagnate or even increase over the medium-term future because of

AIDS. Only one mortality path is projected for each country and that path is com-

bined with each of three different paths for future fertility to produce three projection

variants known as the low, the medium and the high.

Assumptions about future fertility are made separately for three different categories

of countries. The first is constituted of countries whose fertility in 1995–2000 was

estimated to be below replacement level, that is, the level of fertility that would ensure

that each woman has a daughter who survives to reproductive age. In countries with

low mortality replacement-level fertility is about 2.1 children per woman. For coun-

tries that already have fertility below replacement level, future fertility is projected to

remain below replacement level during most of the 2000–2050 period and to reach in

2045–2050 the total fertility level attained by the cohort of women born in the early

1960s2. The second category of countries includes all those where the transition to

low fertility has started but where fertility is still above replacement level. For those

countries, fertility is assumed to reach replacement level (2.1 children per woman) on

or before 2045–2050 and to remain at replacement level once it is reached. Lastly, for

the third category of countries, those in which the transition to low fertility has not yet

started, total fertility is assumed to decline at a rate of one child per decade starting 

in 2005 and no fertility change is assumed before that date. Given the high current
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levels of fertility that countries in this category have, most of them are projected to

have fertility above replacement level in 2045–2050. This set of assumptions under-

lies the medium projection variant. Low and high variants are produced by letting fer-

tility be approximately 0.5 children below or above, respectively, that of the medium

variant3.

The assumptions about future fertility are based on an analysis of past fertility

trends. Although, as mentioned above, most countries have already embarked on the

transition to low fertility, as of 1995–2000 there was still considerable heterogeneity

among countries in terms of the stage of the transition that they had reached. Using

their 1995–2000 total fertility levels and information on past trends, countries were

classified according to the stage of the transition they were in. As Table 5.1 indicates,

in 2000 about 20% of the world population lived in the 43 countries that had experi-

enced an early transition to low fertility, the large majority of which (35) are located

in Europe. The group also includes Australia, Canada, Georgia, Japan, New Zealand,

and the United States, as well as Argentina and Uruguay, the only two countries that

experienced an early transition but whose fertility has remained well above replace-

ment level. In contrast, all other early-transition countries have been experiencing

below-replacement fertility levels, levels that have been maintained for at least a

decade or two in most cases. It is this persistence of below-replacement fertility in the

more-developed countries that provides the rationale for keeping future fertility

below-replacement level for all countries that have a current fertility lower than 2.1

children for women. Table 5.1 shows that in addition to the early-transition countries

there are 23 countries, accounting for about a quarter of the world population, whose

fertility is also below-replacement level, the largest of which is China. For these coun-

tries as well, fertility is kept below replacement level during the projection period in

the medium variant.

A further 52 countries are already fairly advanced in the transition to low fertility,

with total fertility levels ranging from 2.1 children per woman to 4 children per

woman. In the medium variant most of these countries are assumed to continue expe-

riencing a decline of fertility but only until the level of 2.1 children per woman is

reached. No further reductions of fertility are assumed thereafter. Because this group

of countries accounts for nearly 40% of today’s population, assumptions about their

future fertility have an important impact on long-term prospects for population

growth and, given the experience of developed countries where below-replacement

fertility is the rule, the issue of whether some of the intermediate fertility countries

may reach below-replacement fertility in the future and maintain it thereafter is begin-

ning to be considered. For some of the countries in this group, however, evidence

regarding fertility trends in the recent past has shown that reductions have not been as

fast as previously expected and suggest that stagnation of fertility levels may occur in

the future. This is the case of populous countries such as Bangladesh and Egypt.

Lastly, there are still 69 countries with fertility levels above 4 children per woman.

Among them, 16 have not yet shown signs of embarking on the transition to low 

76 Demographic trends

3 In countries with fertility below replacement level, the low variant has a fertility 0.4 children per woman below

the medium and the high variant has a fertility 0.4 children above the medium.



Table 5.1 Distribution of countries according to the stage they have reached in the transition to low fertility by major area, 1995–2000

Major area No transition Decline but Decline to Decline to Decline to Decline to Early transition, Early transition Total

TF still � 5 4 � TF 	 5 3 � TF 	 4 2.1 � TF 	 3 TF 	 2.1 with with “baby boom”,

2.1 � TF � 3 TF � 2.1

Number of countries

Africa 15 21 8 6 2 1 0 0 53

Asia 1 10 3 11 11 12 0 2 50

Europe 0 0 0 0 1 3 0 35 39

Latin America and 0 0 7 3 14 7 2 0 33

the Caribbean

Northern America 0 0 0 0 0 0 0 2 2

Oceania 0 1 3 2 2 0 0 2 10

World 16 32 21 22 30 23 2 41 187

Percentage of population in each major area

Africa 20.7 43.2 12.4 22.3 1.3 0.1 0.0 0.0 100.0

Asia 0.5 6.3 0.8 37.9 10.9 39.9 0.0 3.6 100.0

Europe 0.0 0.0 0.0 0.0 0.4 0.9 0.0 98.7 100.0

Latin America and 0.0 0.0 8.7 3.7 76.4 3.4 7.8 0.0 100.0

the Caribbean

Northern America 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0 100.0

Oceania 0.0 1.5 17.2 3.2 1.5 0.0 0.0 76.5 100.0

World 3.0 9.5 2.9 26.3 13.4 24.6 0.7 19.6 100.0

Source: United Nations (2001a). TF, total fertility, the average number of children a woman would have over her reproductive life if subject to the fertility rates of a given

period, 1995–2000 in this case.



fertility and a further 32 have fertility levels above 5 children per woman. Together,

these two subsets of countries account for one-eighth of the world population. Even if

these high-fertility countries proceed with the transition to low fertility at the average

pace at which developing countries whose fertility has declined in the past 40 years

achieved reductions, their populations will grow very rapidly. In fact, 12 of the 16

countries where the fertility transition has not yet started are projected to have a total

fertility higher than 2.1 children per woman in 2045–2050, and the populations of all

16 countries combined are expected to grow at an average annual rate of nearly 2.8%

during 2000–2050. In consequence, their share of the world population is expected to

rise from 3% in 2000 to nearly 8% in 2050.

The heterogeneity characterizing countries both with respect to current fertility

levels and in terms of expected future trends, results in trends at the world level that

reflect a slowing down of the fertility decline in the medium variant, a more rapid

reduction of future fertility in the low variant, and a slight rise followed by the stag-

nation of fertility levels in the high variant (Fig. 5.4 and Table 5.2). In the medium

variant, total fertility declines from 2.82 children per woman in 1995–2000 to 2.15

children per woman in 2045–2050, thus remaining above replacement level during the

whole projection period. In the low variant, total fertility drops below replacement

level in 2015–2020 and continues to decline so that by 2045–2050 it has reached 

1.68 children per woman. In the high variant, fertility remains between 2.8 and 2.9

children per woman until 2025 and then declines slightly to reach 2.62 children per

woman in 2045–2050. In all projection variants, fertility is lower in more developed

regions than in less developed regions, but the tendency is for the fertility levels of

those two groups to converge. Thus, whereas in 1995–2000 the difference in fertility

levels between the more developed and the less developed regions is of approximately

1.5 children per woman – 1.57 children per woman vs. 3.1 children per woman,

respectively – by 2045–2050 the largest difference is found in the high variant and

amounts to just about 0.3 children per woman. That is, in all projection variants 

the fertility of less-developed regions declines significantly, whereas that of more-

developed regions remains almost constant in the low variant and increases in the

medium and high variants.

Among the countries in less-developed regions, those classified as least developed

countries by the United Nations4 have, as a group, high levels of fertility (5.5 children

per woman in 1995–2000). Although their fertility is expected to decline markedly

during the next 50 years, by 2045–2050 the medium variant still has them exhibiting

a total fertility of 2.5 children per woman, considerably above replacement level. 

In the high variant their fertility surpasses 3 children per woman and only in the low
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4 The least-developed countries, as defined by the United Nations General Assembly in 1998, include 48 countries:

Afghanistan, Angola, Bangladesh, Benin, Bhutan, Burkina Faso, Burundi, Cambodia, Cape Verde, Central

African Republic, Chad, Comoros, Democratic Republic of the Congo, Djibouti, Equatorial Guinea, Eritrea,

Ethiopia, Gambia, Guinea, Guinea-Bissau, Haiti, Kiribati, Lao People’s Democratic Republic, Lesotho, Liberia,

Madagascar, Malawi, Maldives, Mali, Mauritania, Mozambique, Myanmar, Nepal, Niger, Rwanda, Samoa, 

São Tomé and Príncipe, Sierra Leone, Solomon Islands, Somalia, Sudan, Togo, Tuvalu, Uganda, United Republic

of Tanzania, Vanuatu, Yemen and Zambia. These countries are also included in the less developed regions.



Table 5.2 Total fertility estimates and projected values for the world, major areas and regions, 1950–1955 to 2045–2050

Major area 1950–1955 1975–1980 1995–2000 2000–2005 2020–2025 2045–2050

Low Medium High Low Medium High Low Medium High

World 5.01 3.90 2.82 2.49 2.68 2.87 1.96 2.39 2.83 1.68 2.15 2.62

More-developed regions 2.84 1.91 1.57 1.44 1.50 1.58 1.40 1.65 1.92 1.52 1.92 2.33

Less-developed regions 6.16 4.62 3.10 2.70 2.92 3.13 2.03 2.49 2.95 1.70 2.17 2.65

Least-developed countries 6.60 6.40 5.47 4.91 5.24 5.47 3.40 3.90 4.40 2.02 2.51 3.02

Africa 6.71 6.56 5.27 4.65 4.97 5.21 3.17 3.64 4.10 1.91 2.39 2.88

Asia 5.88 4.17 2.70 2.35 2.54 2.74 1.73 2.19 2.64 1.60 2.08 2.56

Latin America and the Caribbean 5.89 4.49 2.69 2.26 2.50 2.73 1.67 2.16 2.65 1.60 2.10 2.59

Northern America 3.47 1.78 2.00 1.76 1.90 2.09 1.61 1.93 2.32 1.68 2.08 2.48

Europe 2.66 1.97 1.41 1.31 1.34 1.38 1.26 1.47 1.69 1.41 1.81 2.20

Oceania 3.87 2.78 2.41 2.27 2.39 2.50 1.98 2.26 2.57 1.61 2.06 2.50

Source: United Nations (2001a).



variant do they reach replacement-level fertility. Countries in this group not only have

lagged behind other countries in the transition to low fertility but are also character-

ized by higher mortality levels, especially since many of them are highly affected by

the HIV/AIDS epidemic. Given the other social and economic constraints they face,

the likelihood that they may progress rapidly through the demographic transition

seems low. Even the moderate reductions of fertility projected under the medium 

variant may be hard to achieve.

Most of the least-developed countries are located in Africa. Among all major areas

of the world, Africa has today the highest fertility: 5.3 children per woman, nearly

double the level in Asia or Latin America and the Caribbean. As Table 5.2 shows,

although fertility in Africa has already declined with respect to the higher levels

prevalent in the late 1970s, most of the continent is still at the early stages of the 

transition to lower fertility and both the medium and high variants assume that it will

take the best part of the next 50 years for fertility in Africa to reach levels similar to

those of Asia or Latin America today.

At the other end of the spectrum, Europe is experiencing very low levels of fertil-

ity, levels that are unprecedented in human history and that, if continued, will lead 

to a significant reduction of the population. According to past estimates, Europe’s 

fertility has been under replacement level since the 1970s and it is not expected to rise

above replacement level in the near future. In fact, further fertility reductions are pro-

jected in all variants for the period 2000–2005 and only a small increase in fertility is

projected by 2020–2025 in the medium and high variants. The rising fertility trend is

maintained in both projection variants thereafter so that by 2045–2050, total fertility

in Europe is projected to be 1.8 children per woman in the medium variant and 

2.2 children per woman in the high variant. Only the low variant keeps total fertility

in Europe declining steadily until 2025 and allows for a very small recuperation by

2050. Similar trends are followed by the fertility of Northern America, although the

range of variation is smaller since fertility in that area has not fallen to the low levels

observed in Europe. As for Asia, Latin America and the Caribbean, and Oceania, the

low and medium variants project steady declines of fertility, whereas the high variant

projects slight increases or a virtual stagnation of fertility levels until 2050.

Assumptions about future fertility are a key determinant of future population

growth especially since they vary from one projection variant to the other. However,

declining mortality also makes a significant contribution to population increases.

Only one set of assumptions on future mortality trends is used to produce the various

projection variants. Table 5.3 presents selected past estimates of life expectancy at

birth and the assumed levels for that parameter in the future. At the world level, life

expectancy increased from 46.5 years in 1950–1955 to 65 years in 1995–2000, a gain

of 40%. Large reductions of mortality have been possible in the past because the

interventions to control infectious and parasitic diseases are well known and of mod-

erate cost. However, as infectious diseases come under control, the main causes of

death shift to diseases that are harder to treat and that demand more costly interven-

tions. Consequently, the higher the life expectancy already achieved, the more dif-

ficult it is to increase it further and some deceleration of the improvements of life

expectancy is expected as higher levels are attained. In the case of the projected 
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Table 5.3 Estimated and projected life expectancy at birth and mortality decline index, world and major areas, 1950–1955 to 2045–2050

Major area Life expectancy at birth (in years) Mortality decline indexa

1950–1955 1975–1980 1995–2000 2000–2005 2020–2025 2045–2050 1950–1955 to 1995–2000 to 1995–2000 to 

1995–2000 2025–2030 2045–2050

World 46.5 59.8 65.0 66.0 71.3 76.0 54 32 48

More-developed regions 66.2 72.3 74.9 75.6 79.3 82.1 61 39 55

Less-developed regions 41.0 56.8 62.9 64.1 69.7 75.0 56 32 48

Least-developed countries 35.5 45.3 50.3 51.4 60.6 69.7 33 33 51

Africa 37.8 48.3 51.4 51.3 59.6 69.5 32 29 50

Asia 41.3 58.4 65.8 67.4 73.0 77.1 62 37 51

Latin America and 51.4 63.0 69.3 70.4 74.3 77.8 62 31 45

the Caribbean

Northern America 68.9 73.4 76.7 77.7 80.7 82.7 68 39 53

Europe 65.7 71.5 73.2 73.7 77.7 80.8 51 35 51

Oceania 60.9 67.7 73.5 74.4 77.6 80.6 65 34 49

Source: United Nations (2001a).
a The mortality decline index represents the increase in life expectancy actually attained as a percentage of the maximum possible increase over the period indicated, taking

as maximum life expectancy that for Japan.



levels for the world population, it is expected that life expectancy will rise to 76 years

in 2045–2050, an increase of 17% with respect to the level attained in 1995–2000.

To make comparisons between periods and among major areas on the basis of 

a more comparable metric, a mortality decline index was calculated by expressing 

the increase of life expectancy actually attained over a period as a percentage of the

largest potential increase in life expectancy measured as the difference between 

the life expectancy in Japan (the country with the highest life expectancy) and the

level a particular region had attained by the beginning of the period under considera-

tion. Table 5.3 shows the values of the mortality decline index for three periods:

1950–1955 to 1995–2000; 1995–2000 to 2025–2030; and 1995–2000 to 2045–2050.

Over the first period, which encompasses the second half of the 20th century, 

the index indicates that more-developed regions were somewhat more successful 

in reducing mortality in relative terms than less-developed regions, although less-

developed regions recorded a greater absolute gain in life expectancy than more

developed regions (22 years vs. 9 years). By 1995–2000, however, less developed

regions still had a significantly lower life expectancy than more-developed regions: 

63 years vs. 75 years. Among the less-developed regions, the least-developed coun-

tries made very small relative gains in life expectancy, achieving just 33% of the

potential increase. By 1995–2000 their life expectancy still stood at a low 50 years.

Once more, Africa experienced gains similar to those of the least-developed countries,

achieving 32% of the potential rise in life expectancy by 1995–2000. The impact of

the HIV/AIDS epidemic is largely responsible for the low gains made by Africa and

the least-developed countries. In comparison, most of the other major areas fared 

better, achieving at least 62% of the potential rise in life expectancy. Only Europe

recorded a lower overall increase, at 51% of the potential maximum, largely because

of the stagnation or even the increases in mortality that have been experienced by

Eastern European countries and, in particular, by the Russian Federation and other

successor states of the former Soviet Union. In fact, Eastern Europe as a whole

achieved only 24% of the potential rise in life expectancy between 1950–1955 and

1995–2000, with its life expectancy increasing by just 4 years over the period, from 

64 years to 68 years.

For the future, relative gains in life expectancy are expected to be slightly lower

over the next fifty years than over the past fifty, with most of the major areas achiev-

ing just about 50% of the potential maximum gain. More-developed regions are

expected to make somewhat greater relative gains than less-developed regions, and

the least-developed countries are expected to record fairly low relative gains by

2025–2030 but to improve their performance thereafter so that by the end of the pro-

jection period they are expected to attain 51% of the potential maximum increase in

life expectancy. Yet, by 2045–2050 the least-developed countries are still expected to

lag behind the rest of the developing world in terms of life expectancy (see Table 5.3).

The low levels of the mortality index expected for the least-developed countries and

for Africa by 2025–2030 are largely the result of the HIV/AIDS epidemic whose

impact is projected to be greatest over the next two decades. Over the long run, how-

ever, current projections assume that HIV prevalence will decline significantly so that

the disease has a smaller effect in dampening gains in life expectancy after 2030. 
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In fact, as Table 5.4 shows, when the 45 countries highly affected5 by the disease are

taken as a whole, their life expectancy is expected to rise slowly between 2000 and

2020 even when the impact of HIV/AIDS is taken into account. Only when life

expectancy with AIDS is compared with the one that would have been expected in the

absence of the disease do its dire effects become evident. Thus, between 2000 and

2015 AIDS is likely to reduce life expectancy in the 45 most affected countries by

about 8 years. Although this reduction will result in lower population growth in the

highly affected countries than would have been expected without AIDS, outright

reductions of population brought about by AIDS are generally not expected because

most of the highly affected countries have and are expected to maintain moderate to

high fertility levels relative to those of other countries.

In fact, as already shown in Fig. 5.3, the projected growth rates for the population

of the world, though generally expected to decline over the next fifty years, are likely

to remain well above the level they maintained before 1750. Furthermore, it is impor-

tant to underscore that, whereas sustained low growth in the past was the result of high

fertility coupled with very high mortality, in the future lower growth will most likely

be universally attained by a combination of low fertility and low mortality. All the pro-

jection variants discussed above reflect this view. Even in the high variant, fertility

remains at moderate to low levels which lead to substantial population growth only

because they are higher than the level necessary for the long-term replacement of the

population under conditions of low mortality. As Table 5.5 indicates, the high variant

produces a world population of nearly 11 billion by 2050. However, the growth rates

plotted in Fig. 5.3 suggest that the high variant may not represent the most likely path

for future population growth at the world level since they show a marked change 

of trend with respect to the growth rates observed recently. Those for the medium 

and low variants appear to be more consistent with recent trends, at least over the 

next 10 or 20 years. Yet, whereas the medium variant produces a steadily increasing
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Table 5.4 Life expectancy at birth in the 45 countries highly affected by the HIV/AIDS epidemic projected with and without

AIDS, 1990–2020

1990–1995 1995–2000 2000–2005 2005–2010 2010–2015 2015–2020

With AIDS 56.4 56.9 57.5 58.8 60.4 62.1

Without AIDS 57.7 59.8 61.7 63.5 65.2 66.7

Absolute difference 1.3 2.9 4.3 4.7 4.8 4.6

Percentage difference 2.4 5.2 7.4 8.1 7.9 7.4

Source: United Nations (2001a).

5 The 45 highly affected countries are, in Africa: Angola, Benin, Botswana, Burkina Faso, Burundi, Cameroon,

Central African Republic, Chad, Congo, Côte d’Ivoire, Democratic Republic of the Congo, Djibouti, Eritrea,

Ethiopia, Gabon, Gambia, Ghana, Guinea-Bissau, Kenya, Lesotho, Liberia, Malawi, Mali, Mozambique,

Namibia, Nigeria, Rwanda, Sierra Leone, South Africa, Swaziland, Togo, Uganda, United Republic of Tanzania,

Zambia and Zimbabwe. In Asia: Cambodia, India, Thailand and Myanmar. In Latin America and the Caribbean:

Bahamas, Brazil, the Dominican Republic, Guyana, Haiti and Honduras. Except for Brazil and India, they all

had an HIV prevalence among persons aged 15–49 of 1.9% or higher in 1999.



population that reaches 9.3 billion by 2050, the low variant leads eventually to nega-

tive population growth (by 2045–2050) and produces a significantly lower population

(7.9 billion in 2050).

The implications of the different projection variants for future population growth

are even more diverse at the level of development groups and major areas. Because of

the diversity of past fertility and mortality levels, the populations of major areas are

already growing at very different rates. Thus, whereas Africa’s population is increasing

at 2.4% per year, Europe’s is decreasing at a rate of �0.04% (Table 5.6). The populations

84 Demographic trends

Table 5.5 Estimated and projected population by major area, development grouping and projection variant, 1950–2050 

(in millions)

Major area 1950 1975 2000 2025 2050

Low Medium High Low Medium High

World 2519 4066 6057 7470 7937 8391 7866 9322 10 934

More-developed regions 814 1048 1191 1187 1219 1257 1075 1181 1309

Less-developed regions 1706 3017 4865 6283 6718 7135 6791 8141 9625

Least-developed countries 197 348 658 1112 1186 1255 1545 1830 2130

Africa 221 406 794 1275 1358 1434 1694 2000 2320

Asia 1399 2397 3672 4474 4777 5068 4527 5428 6430

Latin America and the Caribbean 167 322 519 644 695 746 657 806 975

Northern America 172 243 314 369 384 404 389 438 502

Europe 548 676 727 669 684 698 556 603 654

Oceania 13 21 31 39 40 41 42 47 53

Source: United Nations (2001a).

Table 5.6 Estimated and projected average annual population growth rates, for the world and major areas, by projection 

variant, 1950–2050

Major area 1950–1975 1975–2000 1995–2000 2000–2025 2025–2050

Low Medium High Low Medium High

World 1.91 1.59 1.35 0.84 1.08 1.30 0.21 0.64 1.06

More-developed 1.01 0.51 0.30 �0.02 0.09 0.21 �0.39 �0.13 0.16

regions

Less-developed 2.28 1.91 1.62 1.02 1.29 1.53 0.31 0.77 1.20

regions

Least-developed 2.26 2.55 2.50 2.10 2.36 2.58 1.32 1.73 2.12

countries

Africa 2.44 2.68 2.41 1.90 2.15 2.37 1.14 1.55 1.92

Asia 2.15 1.71 1.41 0.79 1.05 1.29 0.05 0.51 0.95

Latin America and 2.62 1.91 1.56 0.86 1.17 1.45 0.08 0.59 1.07

the Caribbean

Northern America 1.40 1.02 1.04 0.64 0.80 1.01 0.22 0.53 0.87

Europe 0.84 0.29 �0.04 �0.33 �0.25 �0.17 �0.74 �0.50 �0.26

Oceania 2.09 1.44 1.37 0.96 1.09 1.22 0.36 0.66 0.96

Source: United Nations (2001a).



of Asia, Latin America and the Caribbean, and Oceania are still increasing at robust

rates of 1.4% per year or higher, and even Northern America’s population is growing

at a rate slightly above 1% per year, largely as a result of its moderately high fertility

and net population gains through international migration. Owing to these varied expe-

riences, population growth in the less-developed regions is nearly four times faster 

than in the more developed regions, and that differential is expected to become 

more accentuated in the future. Thus, during 2000–2025, less-developed regions are

expected to grow 14 times faster than the more-developed regions in the medium vari-

ant and 7 times faster in the high variant, and according to the low variant, the popu-

lation of more-developed regions will decline slowly, whereas that of less-developed

regions will grow at a rate slightly above 1% per year. During 2025–2050, further

reductions in growth rates for the more- and the less-developed regions are expected

in all projection variants, but the differentials between them remain large. In the low

and medium variants in particular, the population of more-developed regions is 

projected to decline during that period, whereas very substantial population increases

are expected in the less-developed regions.

With regard to major areas, only Europe is expected to experience a reduction of

the population in all the projection variants and Africa is expected to experience 

rapid population growth no matter which variant is considered. Differences between

the variants become more marked the further one moves into the future so that by

2025–2050, the growth rates yielded by the high variant tend to be nearly 1% higher

than those produced by the low variant. Consequently, while in the low variant most

major areas are expected to experience rates of growth that approach zero, in the high

variant the rates of growth are closer to 1%. The exceptions are Africa whose growth

rate in the low variant is close to 1% and in the high is close to 2%, and Europe whose

rate of decline in the low variant is �0.74% and in the high variant is �0.26%.

The marked differences in expected growth rates for the major areas result in 

a redistribution of the population among them. The population of more developed

regions, which is expected to be between 1.1 billion and 1.3 billion in 2050, will not

be very different from that of today (1.2 billion), but there will be a redistribution of

the population between the two major areas in the developed world. Thus, whereas 

the population of Europe is expected to decline from the 0.73 billion of 2000 to

between 0.56 billion and 0.65 billion, that of Northern America will likely increase

from 0.3 billion to somewhere between 0.4 billion and 0.5 billion. In the developing

world, in contrast, large population increases are expected according to all projection

variants. The population of the less-developed regions is expected to rise from 4.9 

billion persons in 2000 to somewhere in the range of 6.8 billion to 9.6 billion, with 

the medium variant producing 8.1 billion. Among the major areas in the developing

world, Africa is projected to record the largest relative increase, with its population

doubling or tripling depending on the projection variant. Thus, its population passes

from 0.8 billion in 2000 to 2 billion in 2050 according to the medium variant and

might rise as high as 2.3 billion according to the high variant. The populations of Asia

and Latin America and the Caribbean increase by about 50% according to the medium

variant, so that the population of Asia passes from 3.7 billion in 2000 to 5.4 billion in

2050, and that of Latin America and the Caribbean rises from 0.5 billion in 2000 to
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0.8 billion in 2050. For Asia the low and high variants produce populations that are

lower or higher by nearly 1 billion from that yielded by the medium variant. In the

case of Latin America and the Caribbean, the equivalent difference is of the order of

150 million.

The changes in projected population size imply that by 2050 there will be a greater

concentration of the population in the less-developed regions (Table 5.7). Thus,

whereas in 2000 nearly 80% of the world’s population lived in the less-developed

regions, by 2050 that proportion will rise to between 86 and 88%. Furthermore,

among the major areas in the developing world a marked increase in the proportion

living in Africa is expected: from 13% in 2000 to more than 21% in 2050. In contrast,

the percentage living in Asia will decline slightly, from 61% to between 57 and 58%,

and Europe’s share will decline markedly from 12% in 2000 to between 6 and 7% 

in 2050.

The further concentration of the population in the less-developed regions will not

be accompanied by an increasing concentration in a few countries, although most of the

populous countries of the world will be developing countries. As Table 5.8 indicates,

21 countries accounted in 1950 for three-quarters of the world’s population and 10

among them were located in the more-developed regions. By 2000, 24 countries were

needed to account for the same proportion of the world’s inhabitants, but just eight

were developed countries. By 2050, 29 countries are expected to account for 75% of

the world population according to the medium variant with just five belonging to 

the more-developed regions. Furthermore, over the next fifty years India will likely 

displace China as the most populous country of the world and China’s share of the

population will decline considerably, passing from 21% in 2000 to 16% in 2050

according to the medium variant. Indeed, given the size of China’s population and 

the fact that China’s fertility is projected to remain below replacement level after 

2000 in the medium variant, China is expected to experience the largest population 
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Table 5.7 Percentage distribution of the estimated and projected population of the world and 

major areas, by projection variant, 1950–2050

Major area 1950 1975 2000 2050

Low Medium High

World 100.0 100.0 100.0 100.0 100.0 100.0

More-developed regions 32.3 25.8 19.7 13.7 12.7 12.0

Less-developed regions 67.7 74.2 80.3 86.3 87.3 88.0

Least-developed countries 7.8 8.6 10.9 19.6 19.6 19.5

Africa 8.8 10.0 13.1 21.5 21.5 21.2

Asia 55.5 58.9 60.6 57.5 58.2 58.8

Latin America and the Caribbean 6.6 7.9 8.6 8.4 8.6 8.9

Northern America 6.8 6.0 5.2 5.0 4.7 4.6

Europe 21.8 16.6 12.0 7.1 6.5 6.0

Oceania 0.5 0.5 0.5 0.5 0.5 0.5

Source: United Nations (2001a).



Table 5.8 Countries accounting for 75% of the world population by order of population size, 1950, 2000, and 2050, medium variant

Country Population in Cumulated Country Population in Cumulated Country Population in Cumulated 

1950 (000) percentage 2000 (000) percentage 2050 (000) percentage

1 China 554 760 22 1 China 1 275 133 21 1 India 1 572 055 17

2 India 357 561 36 2 India 1 008 937 38 2 China 1 462 058 33

3 United States 157 813 42 3 United States 283 230 42 3 United States 397 063 37

4 Russian Federation 102 702 47 4 Indonesia 212 092 46 4 Pakistan 344 170 40

5 Japan 83 625 50 5 Brazil 170 406 49 5 Indonesia 311 335 44

6 Indonesia 79 538 53 6 Russian Federation 145 491 51 6 Nigeria 278 788 47

7 Germany 68 376 56 7 Pakistan 141 256 53 7 Bangladesh 265 432 50

8 Brazil 53 975 58 8 Bangladesh 137 439 56 8 Brazil 247 244 52

9 United Kingdom 50 616 60 9 Japan 127 096 58 9 Dem. Rep. of 203 527 55

the Congo

10 Italy 47 104 62 10 Nigeria 113 862 60 10 Ethiopia 186 452 57

11 France 41 829 63 11 Mexico 98 872 61 11 Mexico 146 651 58

12 Bangladesh 41 783 65 12 Germany 82 017 63 12 Philippines 128 383 59

13 Pakistan 39 659 67 13 Vietnam 78 137 64 13 Vietnam 123 782 61

14 Ukraine 37 298 68 14 Philippines 75 653 65 14 Iran 121 424 62

(Islamic Republic of)

15 Nigeria 29 790 69 15 Iran (Islamic 70 330 66 15 Egypt 113 840 63

Republic of)

16 Spain 28 009 70 16 Egypt 67 884 67 16 Japan 109 220 64

17 Mexico 27 737 72 17 Turkey 66 668 69 17 Russian Federation 104 258 66

18 Vietnam 27 367 73 18 Ethiopia 62 908 70 18 Yemen 102 379 67

19 Poland 24 824 74 19 Thailand 62 806 71 19 Uganda 101 524 68

20 Egypt 21 834 74 20 United Kingdom 59 415 72 20 Turkey 98 818 69

21 Turkey 20 809 75 21 France 59 238 73 21 United Rep. of 82 740 70

Tanzania

22 Italy 57 530 74 22 Thailand 82 491 71

23 Dem. Rep. of 50 948 74 23 Afghanistan 72 267 71

the Congo

24 Ukraine 49 568 75 24 Colombia 70 862 72

25 Germany 70 805 73

26 Myanmar 68 546 74

27 Sudan 63 530 74

28 France 61 832 75

29 Saudi Arabia 59 683 76

Source: United Nations (2001a).



reductions: during 2045–2050 alone its population is projected to decrease by nearly

19 million persons. At that time, 64 countries or areas are projected to experience 

negative rates of growth and therefore reductions of the population, up from the 

27 expected to do so during 2000–2005. Table 5.9 shows the 15 countries expected 

to experience the largest reductions in population in 2000–2005 and 2045–2050. 

Note that, whereas the list for the earlier period includes mostly European countries

and some of the successor states of the former Soviet Union, that for 2045–2050 

also includes several countries from Eastern Asia (China, Japan, and the Republic of

Korea) as well as Cuba.
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Table 5.9 Countries experiencing the largest reductions or the largest increases of population in

2000–2005 and 2045–2050, medium variant

Country or area Population change in Country or area Population change in 

2000–2005 (thousands) 2045–2050 (thousands)

Reductions

1 Russian Federation �4571.3 China �18 874.0

2 Ukraine �2269.8 Russian Federation �4370.8

3 Bulgaria �379.7 Japan �3255.4

4 Italy �365.0 Italy �2166.9

5 Kazakhstan �296.6 Ukraine �1937.2

6 Romania �287.4 Germany � 1867.6

7 Hungary �247.0 Spain �1521.0

8 Belarus �203.0 Poland �799.5

9 Poland �178.5 United Kingdom �742.3

10 Germany �156.8 Republic of Korea �638.3

11 Georgia �137.8 Romania �538.1

12 Yugoslavia �77.7 France �508.7

13 Estonia �77.2 Cuba �331.1

14 Latvia �67.2 Bulgaria �303.9

15 Sweden �57.1 Kazakhstan �285.4

Increases

1 India 79 644 India 31 805

2 China 46 231 Pakistan 17 273

3 Pakistan 19 090 Dem. Rep. of 15 646

the Congo

4 Nigeria 15 860 Nigeria 14 824

5 Bangladesh 15 113 Ethiopia 14 586

6 Indonesia 13 246 Yemen 11 808

7 United States 12 834 Uganda 9306

8 Brazil 10 680 Bangladesh 9161

9 Dem. Rep. of 9258 United States 9137

the Congo

10 Ethiopia 8055 Niger 5828

11 Philippines 7352 Indonesia 5376

12 Mexico 7267 Angola 5349

13 Egypt 5922 Afghanistan 4990

14 Vietnam 5260 Somalia 4250

15 Iran 5036 United Rep. 4185

(Islamic Republic of) of Tanzania

Source: United Nations (2001a).



Table 5.9 also shows the countries expected to record the largest increases of 

population in 2000–2005 and 2045–2050: they are mostly located in the developing

world. India heads the list in both periods, although its population increment is

expected to drop by more than half between the two periods. Only one developed

country, the United States, is expected to experience large population increments

partly as a result of the high numbers of immigrants projected to move to that coun-

try. In 2000–2005, countries from nearly all major areas are among those expected 

to experience large population increases, including two from Latin America (Brazil

and Mexico) and three from sub-Saharan Africa (the Democratic Republic of Congo,

Ethiopia, and Nigeria). By 2045–2050, in contrast, the countries with the highest 

population increases in absolute terms are most likely to be in sub-Saharan Africa 

(8 out of 15) or in the Indian subcontinent (Bangladesh, India, and Pakistan). Further-

more, the largest increments in 2045–2050 are generally considerably smaller than

those expected in 2000–2005. That is, as a result of the projected long-term reduction of

fertility, expected population increments are expected to decline markedly even in the

most populous countries over the next 50 years.

To complete the picture, let us consider the countries that are expected to 

experience the highest and the lowest rates of population growth during 2000–2050

(Table 5.10). The fastest growing countries tend to have relatively small populations

that are projected to grow at sustained rates well above 2% per year over the period.

As a result, their populations will increase dramatically, tripling in most cases but

becoming five times larger than in 2000 in the cases of Liberia, Niger, and Yemen. The

most populous country in this group, the Democratic Republic of Congo, is expected

to see its population quadruple by 2050, rising from 51 million in 2000 to 204 million.

Most of the countries with rapidly growing populations are among those that have not

yet shown clear signs of embarking on the fertility transition or those whose fertility

is still high. Even with the fairly large fertility reductions projected for the future,

their fertility levels remain above those of other countries and have the potential of

leading to very rapid and sustained growth if mortality levels keep on declining as

projected.

At the other end of the distribution, the countries expected to experience the lowest

rates of growth are among those whose populations are expected to decline during the

projection period. Expected rates of population decline, even for the most rapidly

declining populations, are considerably more moderate in absolute terms than the

highest rates of population growth expected. Consequently, they lead in most cases to

moderate reductions of population size over the next fifty years. Only two countries,

Bulgaria and Estonia are expected to see their populations reduced by about half 

during 2000–2050. In most countries with rapidly declining populations the overall

reductions over that period are expected to be in the range of 20–30%. The population

of the Russian Federation, for instance, is projected to decline by about 28%, from

145 million in 2000 to 104 million in 2050. Sustained low fertility combined with

mortality levels that are expected to decline more slowly than in other developed

countries contribute to this outcome.

These results underscore the increasing heterogeneity of population dynamics 

that has been plain for the past century and that is expected to continue well into the
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21st century as countries undergo the demographic transition to low mortality and low

fertility at different paces and facing different obstacles. Countries that have lagged

behind in the transition to low fertility also tend to be those where mortality levels

remain high. Many are already affected significantly by the HIV/AIDS epidemic and

are therefore facing a more difficult task than in the past to ensure a longer life for

most of their citizens. Whether they can muster the resources needed both to reduce

mortality levels and to provide support for the reduction of fertility is still an open

question. In the developed world, the maintenance of very low fertility levels is

already producing reductions of population, especially in countries where mortality

levels have stagnated or increased over the past two or three decades. In countries with

economies in transition, achieving a steady reduction of mortality in future demands
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Table 5.10 Countries with the highest and lowest expected rates of growth during 2000–2050

(medium variant)

Country or area Population (thousands) Growth rate 

(percentage)

2000 2050

Highest growth rate

1 Yemen 18 349 102 379 3.44

2 Liberia 2913 14 370 3.19

3 Niger 10 832 51 872 3.13

4 Somalia 8778 40 936 3.08

5 Uganda 23 300 101 524 2.94

6 Angola 13 134 53 328 2.80

7 Burkina Faso 11 535 46 304 2.78

8 Dem. Rep. of the Congo 50 948 203 527 2.77

9 Occupied Palestinian Terr. 3191 11 821 2.62

10 Mali 11 351 41 724 2.60

11 Congo 3018 10 744 2.54

12 Chad 7885 27 732 2.52

13 Oman 2538 8751 2.48

14 Afghanistan 21 765 72 267 2.40

15 Solomon Islands 447 1458 2.36

Lowest growth rate

1 Estonia 1393 752 �1.23

2 Bulgaria 7949 4531 �1.12

3 Ukraine 49 568 29 959 �1.01

4 Georgia 5262 3219 �0.98

5 Guyana 761 504 �0.82

6 Russian Federation 145 491 104 258 �0.67

7 Latvia 2421 1744 �0.66

8 Italy 57 530 42 962 �0.58

9 Hungary 9968 7486 �0.57

10 Slovenia 1988 1527 �0.53

11 Switzerland 7170 5607 �0.49

12 Spain 39 910 31 282 �0.49

13 Gibraltar 27 21 �0.49

14 Austria 8080 6452 �0.45

15 Lithuania 3696 2989 �0.42

Source: United Nations (2001a).



important changes in access to health care, the improvement of health systems, and

the implementation of programs to effect behavioral change at the societal level, inter-

ventions that are both demanding and costly. In addition, several of those countries are

being faced with the spread of infectious diseases, such as tuberculosis and HIV/

AIDS, whose treatment is expensive and requires close supervision by health pro-

fessionals. Under such conditions, it is unlikely that much effort will be expended in

devising measures to promote higher fertility, especially since the evidence on their

effectiveness is weak. Consequently, the likelihood of the continuation of recent trends,

that is, of low fertility and only moderate gains in life expectancy, in the medium-term

future is high. Lastly, varying rates of population aging will also lead to further het-

erogeneity among the world’s population, since countries that embarked early on the

transition to low fertility and those that have been experiencing below-replacement

fertility will experience very marked aging whereas the populations of countries that

are expected to continue growing at a rapid pace will experience a more moderate

aging process. The dynamics of aging will be discussed in the next section.

Population aging

One of the major consequences of the transition to low fertility is the aging of the pop-

ulation. Indeed, sustained fertility reductions lead over time to populations where the

proportion of children declines while that of adults rises, especially that of adults at

older ages. Following the usual definition of children as persons aged 0 to 14, elderly

persons as those aged 60 years or over, and using the term adults from now on to refer

only to persons aged 15 to 59, in 2000, 30% of the world’s population was constituted

by children, 60% by adults and 10% by elderly persons. According to the medium

variant, it is expected that by 2050 the proportion of the elderly will more than double,

reaching 21%, that of children will be reduced by approximately one-third, reaching

also 21%, and that of adults will remain largely unchanged, at 58% (Table 5.11). This

changing distribution of the population by age is brought about by major changes in

the rate of growth of the populations of children and the elderly (Fig. 5.5). Thus,

whereas the growth rate of children declined from about 2.5% per year in the 1950s to

nearly 0.4% per year in 1995–2000 and is expected to stay below that level until 2050,

the growth rate of the elderly has been consistently high, varying largely between 2%

and 2.5% annually since 1960, and is expected to increase even further over the period

2000–2030 to remain above 2.5% per year before declining to 1.6% per year in

2045–2050. The expected high rates of growth of the elderly population will result in

more than a threefold increase in their numbers between 2000 and 2050, from 0.6 bil-

lion to nearly 2 billion, so that whereas in 2000 there were nearly three children for

every elderly person, by 2050 there will be just one child per elderly person.

Because the process of population aging started earlier in the more-developed

regions than in the rest of the world, their age distribution in 2000 is similar to the one

expected at the world level for 2050. Indeed, as of 2000, the more-developed regions

already had as many elderly persons as the number of children, and each of those
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Table 5.11 Age composition of the population by broad age group, major area and region, medium variant, 2000 and 2050

Major area 2000 2050

0–14 15–59 60� 0–14 15–59 60�

Population (thousands)

World 1815 3636 606 1955 5404 1964

More-developed regions 218 742 231 183 603 395

Less-developed regions 1597 2894 374 1771 4801 1569

Least-developed countries 284 342 32 533 1123 173

Africa 338 415 40 559 1236 205

Asia 1111 2240 322 1061 3141 1227

Latin America and the Caribbean 164 314 41 161 463 181

Northern America 67 196 51 80 238 119

Europe 127 453 147 84 298 221

Oceania 8 19 4 9 27 11

Percentage

World 30.0 60.0 10.0 21.0 58.0 21.1

More-developed regions 18.3 62.3 19.4 15.5 51.0 33.5

Less-developed regions 32.8 59.5 7.7 21.8 59.0 19.3

Least-developed countries 43.1 52.0 4.9 29.1 61.4 9.5

Africa 42.6 52.3 5.1 28.0 61.8 10.2

Asia 30.2 61.0 8.8 19.5 57.9 22.6

Latin America and the Caribbean 31.5 60.5 8.0 20.0 57.5 22.5

Northern America 21.5 62.3 16.2 18.3 54.5 27.2

Europe 17.5 62.3 20.3 13.9 49.4 36.6

Oceania 25.4 61.2 13.4 19.4 57.3 23.3
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groups accounted for about a fifth of the population (actually, children were less

numerous than the elderly). But aging in the more-developed regions is continuing.

The maintenance of low fertility over the foreseeable future produces a population in

2050 where the elderly are expected to constitute a third of the population and 

children will account for only one in every seven persons. In fact, because fertility has

already been very low in the more-developed regions for some time, the proportion of

children is not expected to decline as much (from 18% in 2000 to 15% in 2050) as the

adult population (from 62% in 2000 to 51% in 2050). That is, the population of more-

developed regions is already entering the advanced stages of the aging process as 

the population of adults itself becomes considerably older. Another way to gauge the

effects of population aging is to consider the median age of the population, that is, the

age that divides the population into two equal halves. For the more developed regions,

the median age rose from 29 years in 1950 to 37 years in 2000 and is expected to reach

46 years in the medium variant (Table 5.12). Aging would be more pronounced if fer-

tility were to remain even lower, so that the low variant produces a population with a

median age of 50 years, but even the higher fertility of the high variant would lead to

substantial further rises in the median age which would be above 42 years in 2050.

Population aging is also expected in the less-developed regions as a whole, whose

median age is expected to rise from 24 years in 2000 to between 31 and 40 years in

2050, with the medium variant producing a median age of 35 years. According to the

medium variant, the elderly population in the less-developed regions would increase

fourfold during 2000–2050, rising from 0.4 billion to nearly 1.6 billion, whereas the

number of children would remain largely unchanged, passing from 1.6 billion to 1.8

billion. By the end of the projection period the less-developed regions would still have

58% of their population in the adult ages, with about a fifth of the population in each

of the other two categories. Among the less-developed regions, the group of least-

developed countries is expected to experience a more moderate aging, with the median

age rising from 18 years in 2000 to between 24 and 30 years by 2050 (the medium
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Table 5.12 Median age of the population for the world and major areas, by projection variant,

1950, 2000, and 2050

Major area or region 1950 2000 2050

High Medium Low

World 23.6 26.5 31.9 36.2 41.5

More-developed regions 28.6 37.4 42.2 46.4 50.3

Less-developed regions 21.4 24.3 30.8 35.0 40.2

Least-developed countries 19.5 18.2 24.0 26.5 29.5

Africa 19.0 18.4 24.8 27.4 30.5

Asia 22.0 26.2 33.4 38.3 44.2

Latin America and the Caribbean 20.1 24.4 32.6 37.8 44.4

Northern America 29.8 35.6 36.5 41.0 45.4

Europe 29.2 37.7 45.9 49.5 52.7

Oceania 27.9 30.9 34.6 38.1 41.7

Source: United Nations (2001a).



variant produces a median age of 27 years). Nevertheless, in the medium variant 

the elderly population of the least-developed countries increases fivefold during

2000–2050, rising from 32 million to 172 million, and its share of the population

nearly doubles, passing from 4.9% to 9.5%. Yet, by 2050 the least-developed countries

will still have about three children for each elderly person, approximating therefore

the age distribution of the less-developed regions of today.

At the level of major areas, Europe is expected to have the most aged population by

2050, whereas Africa will have the least aged. The median age of Europe’s population

is expected to be between 46 and 53 years in 2050, with a medium variant value of

approximately 50 years. By that time, nearly 37% of the population is expected to be

aged 60 or over and slight less than half is expected to be aged 15–59. Children will

account for just 14% of the population and the elderly will outnumber children nearly

3 to 1. In Africa, in contrast, the number of children is expected to be nearly double

that of the elderly, and the latter will likely constitute just 10% of the population. The

median age in Africa is expected to rise considerably, but starting at 18 in 2000 will at

most rise to 30 years by 2050, being more likely to remain in the 20s (24 is projected

under the high variant and 27 under the medium variant).

All other major areas are expected to have similar age distributions in 2050, with

about 22% of the population being aged 60 or over, about 19% being children and

57% being adults aged 15–59. Northern America will have a slightly more aged 

population than the other major areas, with a median age of 41 years in 2050 accord-

ing to the medium variant, rather than the 38 years expected for Asia, Latin America

and the Caribbean, and Oceania. However, the convergence of the age distributions 

of Asia and Latin America and the Caribbean, in particular, to that of Northern

America is the result of the very rapid aging of the populations of those two major

areas. Indeed, as of 2000 both Asia and Latin America and the Caribbean had a 

considerably younger population than that of Northern America: their proportion of

elderly persons was nearly half of that in Northern America and their median ages

were about ten years lower than that of Northern America. The rapid reductions of 

fertility projected for Asia and Latin America and the Caribbean, which are largely

based on the very substantial fertility reductions already experienced by some of the

largest countries in those continents, are responsible for accelerating the aging of their

population. That is, these developing regions will have less time to adapt to the eco-

nomic and social implications of an aging population and need to act early to ensure

that their societies are able to cope with the added demands for services, health care

and social security associated with an aging population. The problem will be particu-

larly acute in Asia, where the number of elderly persons is expected to rise fourfold

during 2000–2050, so that by the end of the period Asia will have by far the largest

elderly population in the world (1.2 billion), accounting for six out of every ten 

elderly persons in the world at that time. Furthermore, most of the elderly will be 

concentrated in the populous countries of Asia, especially in China (437 million),

India (324 million), Indonesia (70 million), Japan (46 million), Bangladesh and

Pakistan (each with 43 million). In Latin America, Brazil and Mexico will also have

large populations of elderly persons: 59 million in Brazil and 36 million in Mexico.

Although the more-developed countries will have more aged populations than most
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developing countries, the largest numbers of elderly persons will be increasingly 

concentrated in the developing world.

To conclude this analysis of the dynamics of population aging, let us consider 

the countries that have had or are expected to have the “oldest” and the “youngest” pop-

ulations in the world. Table 5.13 shows the list of countries with the highest and lowest

median ages in 1950, 2000, and 2050. Over the course of that century, the median age

of the oldest population has been rising steadily and that trend is expected to continue,

so that the highest median age will likely pass from 36 years in Austria in 1950, to 41

years in Japan in 2000 and to a remarkably high 55 years in Spain in 2050. In contrast,

the median age of the youngest population declined from 1950 to 2000 as a result of

reductions in mortality and the consequent increases in the proportions of surviving

children. Thus, the lowest median age declined from 16.5 years in Djibouti in 1950 to a

remarkably low 15 years in Yemen in 2000. However, in future, signs of population

aging are expected even in countries whose fertility is expected to decline at a slower

pace. Indeed, by 2050 the lowest median age is expected to be 20 years in Niger, a full

five years higher than the lowest median age in 2000. For Yemen itself, the median age

is expected to rise by seven years, reaching 21 years by 2050. Consequently, by the mid-

dle of this century countries will vary significantly in terms of the stage they are likely

to have reached in the transition to an older population. Very young populations, such as

those expected in countries like Angola, Niger, Uganda, or Yemen, to name just a few,
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Table 5.13 Countries with the highest and the lowest median ages, 1950, 2000, and 2050, 

medium variant

Country or area 1950 Country or area 2000 Country or area 2050

Highest

1 Austria 35.80 1 Japan 41.22 Spain 55.21

2 Channel Islands 35.73 2 Italy 40.19 Slovenia 54.10

3 Belgium 35.55 3 Switzerland 40.18 Italy 54.08

4 Germany 35.37 4 Germany 40.06 Austria 53.70

5 Luxembourg 35.00 5 Sweden 39.70 Armenia 53.45

6 United Kingdom 34.63 6 Finland 39.43 Japan 53.14

7 France 34.51 7 Bulgaria 39.14 Czech Republic 52.37

8 Sweden 34.26 8 Belgium 39.13 Greece 52.32

9 Switzerland 33.33 9 Greece 39.12 Switzerland 52.03

Lowest

1 Occupied Palestinian Terr. 17.19 1 Benin 16.58 Malawi 23.71

2 Malawi 17.12 2 Zambia 16.55 Burundi 23.25

3 Iraq 17.04 3 Burundi 16.03 Mali 22.95

4 Rwanda 16.97 4 Somalia 15.97 Liberia 22.92

5 United Rep. of Tanzania 16.94 5 Angola 15.88 Burkina Faso 22.75

6 Vanuatu 16.78 6 Democratic Rep. 15.58 Uganda 22.11

of the Congo

7 Botswana 16.78 7 Burkina Faso 15.56 Somalia 21.54

8 Fiji 16.58 8 Uganda 15.36 Angola 21.23

9 Samoa 16.56 9 Niger 15.06 Yemen 21.10

10 Djibouti 16.53 10 Yemen 14.97 Niger 20.39

Source: United Nations (2001a).



will coexist with very aged populations, such as those of Austria, Italy, Japan, or Spain.

Diversity in the dynamics of population growth is at the root of such a wide variation of

outcomes and implies that the average trends observed at the world level are not neces-

sarily representative of the experience of many of the countries of the world.

The dynamics of urbanization

If overall population growth during the second half of the 20th century was very rapid,

even more rapid was the growth of the world’s urban population. It is estimated that
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Table 5.14 Population in urban and rural areas, and proportion urban, for the world and major

areas, 1950–2030

Development group 1950 1975 2000 2030

Urban population (millions)

World 750 1542 2847 4964

More-developed regions 447 734 906 1017

Less-developed regions 304 808 1941 3948

Least-developed countries 14 50 171 582

Africa 32 102 301 805

Asia 244 592 1348 2638

Latin America and the Caribbean 69 197 391 603

Northern America 110 180 243 334

Europe 287 455 544 554

Oceania 8 15 21 31

Rural population (millions)

World 1769 2524 3210 3306

More-developed regions 367 314 286 200

Less-developed regions 1402 2209 2924 3106

Least-developed countries 183 298 487 732

Africa 189 304 493 684

Asia 1155 1804 2324 2312

Latin America and the Caribbean 98 125 128 121

Northern America 62 64 72 62

Europe 261 221 184 116

Oceania 5 6 9 11

Percentage urban

World 29.8 37.9 47.0 60.0

More-developed regions 54.9 70.0 76.0 83.6

Less-developed regions 17.8 26.8 39.9 56.0

Least-developed countries 7.1 14.4 26.0 44.3

Africa 14.7 25.2 37.9 54.0

Asia 17.4 24.7 36.7 53.3

Latin America and the Caribbean 41.4 61.2 75.3 83.3

Northern America 63.9 73.8 77.2 84.4

Europe 52.4 67.3 74.8 82.7

Oceania 61.6 72.2 70.3 73.5

Source: United Nations (2001a,c).



the number of persons living in cities rose from 0.8 billion in 1950 to nearly 2.9 bil-

lion in 2000, implying a growth rate of 2.67% per year, higher than the rate of 1.75%

per year at which the world population grew over the period (Tables 5.14 and 5.15).

Since the difference between these two rates determines the speed of growth of the

proportion urban, between 1950 and 2000 the world population urbanized rapidly,

with the proportion urban rising at a rate of 0.91% per year and passing from 30% in

1950 to 47% in 2000. Although the urbanization of the world population is expected

to continue, neither the urban population nor the proportion urban is expected to grow

as rapidly in the future. During 2000–2030, the world urban population is projected 

to increase at a rate of 1.9% per year, reaching nearly 5 billion in 1930. In addition,
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Table 5.15 Urban and rural rates of population growth and rate of urbanization for the world and

major areas, 1950–2030

Development group 1950–2000 2000–2030

Urban growth rate (%)

World 2.67 1.85

More-developed regions 1.41 0.39

Less-developed regions 3.71 2.37

Least-developed countries 5.00 4.08

Africa 4.46 3.28

Asia 3.42 2.24

Latin America and the Caribbean 3.46 1.44

Northern America 1.59 1.07

Europe 1.28 0.06

Oceania 2.03 1.20

Rural growth rate (%)

World 1.19 0.10

More-developed regions �0.50 �1.19

Less-developed regions 1.47 0.20

Least-developed countries 1.95 1.35

Africa 1.92 1.09

Asia 1.40 �0.02

Latin America and the Caribbean 0.54 �0.20

Northern America 0.29 �0.48

Europe �0.70 �1.52

Oceania 1.25 0.66

Rate of urbanization (%)

World 0.91 0.81

More-developed regions 0.65 0.32

Less-developed regions 1.61 1.13

Least-developed countries 2.60 1.78

Africa 1.90 1.18

Asia 1.49 1.24

Latin America and the Caribbean 1.20 0.34

Northern America 0.38 0.30

Europe 0.71 0.34

Oceania 0.27 0.15

Source: United Nations (2001c).



since the world’s total population will also increase more slowly, the proportion urban

is expected to rise at a robust rate of 0.83% per year so that by 2030 the population of

the world will likely be 60% urban.

In contrast with the rapid rise of the urban population, the growth of the world rural

population has been slowing markedly. In 1950, seven out of every ten persons on

earth lived in rural areas, and they numbered 1.8 billion. Over the course of the next

fifty years, rural population growth averaged 1.19% per year and the rural population

nearly doubled, reaching an estimated 3.2 billion by 2000, but during 2000–2030,

rural population growth is expected to be minimal so that the number of rural inhabi-

tants will have barely risen, reaching 3.3 billion by 2030. Consequently, most of the

population growth expected during 2000–2030 will be absorbed by urban areas. Since

natural increase is generally lower in urban than in rural areas and is expected to

decline in both, a large proportion of the 2.1 billion persons that will be added to 

the urban population will be rural–urban migrants or persons who become urban

dwellers as urban settlements expand geographically through the transformation of

rural villages into cities.

The differences in population dynamics between the more- and the less-developed

regions become accentuated when one considers the process of urbanization. Whereas

the rural areas still house the majority of the population of less-developed regions,

cities are the place of residence of most of the population of more-developed regions

(Table 5.14). Moreover, the urban population of the less-developed regions has been

growing considerably faster than that of the more-developed regions and, as a result,

its share of the world urban population has been rising. In 1950 the urban population

of more-developed regions was greater than that of less-developed regions (447 million

vs. 304 million), but by 1975 the latter had surpassed the former (808 million 

vs. 734 million) and the difference between the two increased rapidly thereafter. In

2000, 1.94 billion urban dwellers were estimated to live in the less-developed regions

and just 0.9 billion in the more-developed regions (Table 5.14). By 2030, with 3.9 bil-

lion urban dwellers, the less-developed regions are projected to have 79% of the world

urban population, four times as many urban dwellers as the more-developed regions.

To sustain such rapid population growth, the urban areas of the less-developed regions

have been absorbing an increasing share of the annual increment of the urban popula-

tion. Thus, whereas in 1950–1955 they absorbed 55% of the annual increment of the

world urban population, by 1995–2000 they were absorbing 91% and by 2025–2030

they are expected to absorb 97%. In absolute terms, the urban areas of less-developed

regions grew by 52 million persons annually in 1995–2000, whereas those of more-

developed regions grew by just 5 million annually. By 2025–2030 it is expected that

69 million persons will be added annually to the urban population of the less-developed

regions whereas the urban areas of more-developed regions will gain just 2 million

new residents every year.

Not only are the urban areas of less-developed regions absorbing most of the pop-

ulation growth occurring in urban areas worldwide, they are also increasingly absorb-

ing most of the growth of the total world population. Thus, whereas in 1950–1955 the

increase in the population of the urban areas of the less-developed regions accounted

for 28% of the total increment to the world population, by 1995–2000 that increase
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accounted for 67% of the annual increment to the world population and by 2020–2025

it is expected to surpass the latter. Such an outcome is consistent with a net transfer of

population from rural to urban areas in the less-developed regions, either through

migration or as a result of the territorial expansion of urban settlements and the trans-

formation of rural villages into cities.

Levels and trends of urbanization also vary considerably among the world’s major

areas. Europe and Northern America, being part of the developed world, exhibit high

levels of urbanization (i.e., high proportions of the population living in urban areas)

and slowing rates of urban population growth (Tables 5.14 and 5.15). In the devel-

oping world, Africa and Asia remain largely rural, whereas Latin America and the

Caribbean considered jointly have a high proportion of their population living in cities.

Oceania, which straddles the developed and the developing world, is also highly

urbanized. However, high levels of urbanization do not imply equally high numbers of

urban dwellers. Asia, despite having the lowest proportion urban (36.7% in 2000), has

the largest number of persons living in urban areas (1.3 billion). It is followed by

Europe, with 544 million urban dwellers, Latin America and the Caribbean with 391

million, and Africa with 301 million. Because of the high urban growth rates expected

in Africa and Asia during 2000–2030, by 2030 those two major areas will have the

largest numbers of urban dwellers in the world: 2.6 billion in Asia and 0.8 billion in

Africa, although they will still be the least urbanized major areas of the world. Yet, by

2030 the level of urbanization in both Africa and Asia will have passed the 50% mark

and their populations will have become more urban than rural.

Latin America and the Caribbean has been the most highly urbanized area of the

developing world. In addition, between 1950 and 2000, its proportion urban grew at 

a rate of 1.2% per year, more rapidly than those of Europe or Northern America.

Consequently, by 2000, Latin America and the Caribbean had become just as urban-

ized as the major areas of the developed world. Over the next thirty years, however,

these three major areas are expected to experience a marked decline in the rate of

urbanization since the proportion urban is already quite high (around 75%) and is

expected to rise to reach values in the range of 82.6–84.4% by 2030. By that date,

Latin America and the Caribbean will be the second most urbanized major area of the

world (Table 5.14).

In general, the urbanization rates experienced by Europe, Northern America, and

Oceania have been considerably lower than those exhibited by the major areas of the

developing world. Furthermore, between 1960 and 1980 the urbanization rates in

those three major areas were low or even negative as a result of the phenomenon

known as “counter-urbanization” which entailed a shift in the population distribution

down the urban hierarchy. Although, strictly speaking, counter-urbanization involves

a redistribution of the population within the urban system and not a return of urban

dwellers to rural areas, in highly urbanized countries counter-urbanization was asso-

ciated with a faster aggregate growth of nonmetropolitan populations in relation to the

growth of the population in metropolitan areas (Korcelli, 1984; Champion, 1998), and

in some countries an increase of the rate of growth of the rural population was also

noticeable. Thus, in Europe, Northern America, and Oceania, the rate of growth of the

rural population increased significantly between the late 1960s and the late 1970s,
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although in the case of Europe the rate of rural growth remained negative. In addition,

particularly low rates of urbanization were recorded in Northern America and

Oceania during the same period. Although the rates of urbanization in Europe were

higher than in the other major areas, by 1990–1995 they had fallen to just 0.35% per

year. During 2000–2030, all three major areas are expected to experience even lower

urbanization rates than during 1950–2000, ranging from 0.15% per year in Oceania to

0.34% per year in Europe (Table 5.15).

The flip side of urbanization is the reduction of rural population growth. In the

major areas of the less-developed world, two types of trends are discernible. In Latin

America and the Caribbean the rural growth rate has declined steadily so that by

1990–1995 it was just 0.05% per year. In contrast, in Africa and Asia, the rate of 

rural growth increased during the 1950s, 1960s, and even 1970s, reaching a peak in

1975–1980 in Africa (at 2.22% per year) and in 1965–1970 in Asia (at 2.18% per

year). Since then, the growth rates of the rural population of Africa and Asia have

been declining steadily and are expected to continue declining during 2000–2030. By

2025–2030, the rural populations of all major areas, with the exception of Africa, will

be decreasing. A particularly high rate of decline is projected for the rural population

of Europe (�1.69% per year in 2025–2030), followed in magnitude by those of

Northern America, Asia, Latin America and the Caribbean, and Oceania, whose rates

are expected to range from �0.9 to �0.1% per year. Only Africa’s rural population

will be increasing at a rate of 0.47% per year during 2025–2030. As a result of such

trends, Africa’s rural population is expected to increase by about 40% between 2000

and 2030, whereas the rural populations of other major areas will change little, except

in the case of Europe where a sizable reduction of the rural population is expected

(Table 5.14).

One of the major changes in the spatial distribution of the world population over the

past two centuries is the concentration of large numbers of people in relatively small,

highly urbanized areas known as urban agglomerations. During the 20th century, the

population of certain urban agglomerations rose to levels unprecedented in human

history. By 2000, 19 urban agglomerations had at least 10 million inhabitants each,

implying that the population of a single one of them surpassed the total population 

of countries such as Belgium, Hungary, or Sweden. Understandably, such populous

agglomerations have become known as mega-cities. But despite their size and impor-

tance, mega-cities still account for a relatively small share of the world population. In

2000 the population of the 19 mega-cities constituted 4.3% of the world population

and by 2015 the projected population of the 23 mega-cities that will exist then will

account for 5.2% of the world population. In fact, most urban dwellers live in cities

with fewer than 500 000 inhabitants and those cities are expected to account for a 

rising share of the urban population (Table 5.16). In both the more-developed and the

less-developed regions, the proportion of persons living in cities with fewer than

500 000 inhabitants has been rising, reaching 40.5% in the more-developed regions

and 19.4% in the less-developed regions by 2000. Because that trend is expected to

continue, by 2015 a quarter of the world population is expected to live in cities with

at most 500 000 inhabitants. In the highly urbanized more-developed regions, such

small cities have accounted for the largest proportion of the population since 1975 and

100 Demographic trends



by 2015 nearly twice as many people in the developed world are expected to live in

small cities than in rural areas. In contrast, rural areas will likely remain the main

areas of residence of the inhabitants of the less-developed regions, accounting for

52% of the total population in developing countries in 2015 and having more than

double the population of the small cities in the developing world at that time.

Among major areas, cities with fewer than 500 000 inhabitants have also provided

residence for the highest proportion of urban dwellers (Table 5.17). In Europe,

Northern America, Oceania, and Latin America and the Caribbean, a higher percent-

age of the population lives in small cities than in rural areas. In 2000, the proportion

of the population living in small cities was 47% in Europe, 36% in Latin America and

the Caribbean, and close to 30% in Northern America and Oceania. In Asia and Africa

those percentages were lower, at 17% and 22%, respectively. Over the next fifteen
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Table 5.16 Distribution of the world population and that of more- and less-developed regions by type of settlement and size of

urban settlement, 1975, 2000, and 2015

Development grouping Type of settlement and Percentage distribution Growth rate (%)

number of inhabitants of

urban settlement 1975 2000 2015 1975–2000 2000–2015

World 10 million or more 1.7 4.3 5.2 5.4 2.4

5 million to 10 million 3.1 2.6 3.5 0.8 3.1

1 million to 5 million 8.0 11.6 14.1 3.1 2.4

500 000 to 1 million 4.3 5.0 5.2 2.2 1.4

Fewer than 500 000 20.8 23.5 25.4 2.1 1.6

Rural areas 62.1 53.0 46.6 1.0 0.3

Total population 100.0 100.0 100.0 1.6 1.1

More-developed regions 10 million or more 3.4 5.7 5.7 2.5 0.2

5 million to 10 million 5.9 3.8 4.2 �1.3 0.8

1 million to 5 million 13.9 18.5 20.6 1.6 0.9

500 000 to 1 million 6.6 7.6 7.9 1.1 0.4

Fewer than 500 000 40.2 40.5 41.4 0.5 0.3

Rural areas 30.0 24.0 20.3 �0.4 �1.0

Total population 100.0 100.0 100.0 0.5 0.1

Less-developed regions 10 million or more 1.1 4.0 5.1 7.1 3.0

5 million to 10 million 2.1 2.3 3.3 2.1 3.9

1 million to 5 million 6.0 10.0 12.7 3.9 3.0

500 000 to 1 million 3.5 4.3 4.7 2.7 1.9

Fewer than 500 000 14.0 19.4 22.1 3.2 2.2

Rural areas 73.2 60.1 52.0 1.1 0.4

Total population 100.0 100.0 100.0 1.9 1.3

Least-developed countries 10 million or more 0.0 1.9 2.3 – 3.6

5 million to 10 million 0.0 0.8 3.5 – 12.2

1 million to 5 million 1.6 6.8 9.3 8.2 4.3

500 000 to 1 million 1.7 2.3 1.9 3.8 1.0

Fewer than 500 000 11.1 14.1 18.0 3.4 3.9

Rural areas 85.6 74.0 64.9 1.9 1.4

Total population 100.0 100.0 100.0 2.5 2.2

Source: United Nations (2001c).
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Table 5.17 Distribution of the total population of major areas by type of settlement and size of

urban settlement, 1975, 2000, and 2015

Major area Type of settlement and number of Percentage distribution

inhabitants of urban settlement

1975 2000 2015

Africa 10 million or more 0.0 3.1 3.4

5 million to 10 million 1.5 0.6 2.3

1 million to 5 million 3.2 9.6 12.5

500 000 to 1 million 3.3 3.1 3.5

Fewer than 500 000 17.1 21.5 24.7

Rural areas 74.8 62.1 53.5

Total population 100.0 100.0 100.0

Asia 10 million or more 1.3 4.1 5.5

5 million to 10 million 2.1 2.3 3.2

1 million to 5 million 5.9 9.0 11.7

500 000 to 1 million 3.2 4.4 5.0

Fewer than 500 000 12.1 16.9 19.3

Rural areas 75.3 63.3 55.3

Total population 100.0 100.0 100.0

Europe 10 million or more 0.0 0.0 0.0

5 million to 10 million 5.4 5.2 5.3

1 million to 5 million 12.2 15.2 16.5

500 000 to 1 million 6.9 7.2 7.0

Fewer than 500 000 42.8 47.1 49.8

Rural areas 32.7 25.2 21.4

Total population 100.0 100.0 100.0

Latin America and 10 million or more 6.6 11.4 10.4

the Caribbean 5 million to 10 million 5.3 3.7 5.4

1 million to 5 million 9.9 17.1 21.1

500 000 to 1 million 5.2 7.2 6.7

Fewer than 500 000 34.2 35.9 36.3

Rural areas 38.8 24.7 20.1

Total population 100.0 100.0 100.0

Northern America 10 million or more 6.5 9.6 9.2

5 million to 10 million 6.4 2.2 3.7

1 million to 5 million 21.3 27.2 27.9

500 000 to 1 million 7.0 8.3 7.2

Fewer than 500 000 32.6 29.9 32.9

Rural areas 26.2 22.8 19.1

Total population 100.0 100.0 100.0

Oceania 10 million or more 0.0 0.0 0.0

5 million to 10 million 0.0 0.0 0.0

1 million to 5 million 25.8 39.2 36.6

500 000 to 1 million 15.4 0.0 4.3

Fewer than 500 000 30.6 31.0 30.2

Rural areas 28.2 29.8 28.8

Total population 100.0 100.0 100.0

Source: United Nations (2001c).



years the number of people living in small cities is expected to increase in all major

areas except Oceania. The highest growth rates in small cities are projected for Africa

(3% per year) and Asia (2% per year). Despite such rapid growth in the population 

of small cities, by 2015 the numbers of rural dwellers in both Africa and Asia are

expected to be twice the number of residents of small cities. In other major areas, the

population of small cities is expected to outnumber by wide margins the number of

rural dwellers.

In Europe not only does the majority of the urban population (at least 63%) live in

cities with fewer than 500 000 inhabitants but, in addition, cities with populations

ranging from 1 million to 5 million inhabitants have attracted a growing share of the

population to the detriment of larger cities. There are only five urban agglomerations

in Europe with more than 5 million inhabitants, a number that has not changed since

1975. In comparison with Europe, Northern America has seen the share of the popu-

lation in small cities decline while the concentration in medium-sized cities, particu-

larly those with populations ranging from 1 million to 5 million inhabitants, and in

mega-cities has risen. However, during 2000–2015, Northern America is expected to

experience a slight increase in the proportion of the population living in cities with

fewer than 500 000 inhabitants and declines in the proportions living in cities with

500 000 to 5 million inhabitants and in mega-cities.

In Latin America and the Caribbean there has been a tendency for the population 

to become more concentrated in medium-sized cities with populations ranging from 

1 million to 5 million inhabitants and in mega-cities, and the trend towards a somewhat

greater concentration of the population in the upper echelons of the urban hierarchy is

expected to continue until 2015. In Asia the trend towards a greater concentration 

of the population in larger cities, particularly mega-cities, is more clear cut and is 

projected to continue, particularly as levels of urbanization rise. In Africa a similar

trend is noticeable, especially if one considers jointly the proportion of the population

living in urban agglomerations with 5 million to 10 million inhabitants and that living

in mega-cities. The overall proportion in those agglomerations has increased from

4.4% in 1975 to 6.4% in 2000 and is projected to reach 8.7% in 2015.

For Oceania, the changes in the distribution of the population by size class are

difficult to interpret because they are affected by the small number of cities in that

major area and the discontinuities associated with the transfer of cities from one cate-

gory to the next. In 1975 the two largest cities in Oceania had populations in the range

of 1 million to 5 million inhabitants. By 2000 the number of cities in that category had

increased to six and that number is expected to remain unchanged until 2015. Those six

cities accounted in 2000 for 55.9% of the urban population of Oceania and are

expected to have 51.5% of the corresponding population in 2015, indicating that the

urban population of the region is highly concentrated in a few urban agglomerations.

To conclude, let us consider the mega-cities of the world. Those populous cities are

not uniformly distributed among major areas, nor are they more likely to exist in the

most highly urbanized regions (Table 5.18). Thus, only one of the five mega-cities that

existed in 1975 was located in Northern America and there were none in Europe. At

that time Asia and Latin America had two mega-cities each and Asia had the largest

number of inhabitants living in mega-cities (31 million in two mega-cities). In 2000,
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Asia had more mega-cities than any other major area and the largest number of peo-

ple living in mega-cities (150 million in 11 mega-cities). In addition, Latin America

has four mega-cities, Northern America had two and Africa, with two mega-cities, had

become the fourth major area having such populous cities. During 2000–2015 Asia is

expected to continue having more mega-cities than any other major area and to have

the largest population living in mega-cities. Yet the relative concentration of the pop-

ulation in mega-cities is and will continue to be considerably lower in Asia than in

most of the other major areas. Thus, just 4.1% of the population of Asia is estimated

to live in mega-cities in 2000, whereas 11.4% of that in Latin America and the

Caribbean, and 9.6% of the population of Northern America does so.

Because mega-cities attract considerable attention from the media, policy-makers

and the public at large, there seems to be a perception that they absorb a large share of

urban growth and tend to grow very rapidly. In fact, the opposite is true. An analysis

of past and future growth rates of the populations of mega-cities has indicated that 

as the city population rises its growth rate tends to decline (United Nations, 2001c).

So, although some of today’s mega-cities experienced very high rates of population

growth when they were still medium-sized urban centers, their rates of growth 

moderate considerably as they approach the 10 million mark. Thus, in 1950, the only

mega-city at the time, New York, also had the lowest rate of growth among all future

mega-cities (1% per year during 1950–1975). During 1975–2000, four of the mega-cities

104 Demographic trends

Table 5.18 Population of cities with 10 million inhabitants or more, 1950, 1975, 2000, and 2015 (in millions)

City 1950 City 1975 City 2000 City 2015

1 New York 12.3 1 Tokyo 19.8 1 Tokyo 26.4 1 Tokyo 26.4

2 New York 15.9 2 Mexico City 18.1 2 Bombay 26.1

3 Shanghai 11.4 3 Bombay 18.1 3 Lagos 23.2

4 Mexico City 11.2 4 Sao Paulo 17.8 4 Dhaka 21.1

5 Sao Paulo 10.0 5 New York 16.6 5 Sao Paulo 20.4

6 Lagos 13.4 6 Karachi 19.2

7 Los Angeles 13.1 7 Mexico City 19.2

8 Calcutta 12.9 8 New York 17.4

9 Shanghai 12.9 9 Jakarta 17.3

10 Buenos Aires 12.6 10 Calcutta 17.3

11 Dhaka 12.3 11 Delhi 16.8

12 Karachi 11.8 12 Metro Manila 14.8

13 Delhi 11.7 13 Shanghai 14.6

14 Jakarta 11.0 14 Los Angeles 14.1

15 Osaka 11.0 15 Buenos Aires 14.1

16 Metro Manila 10.9 16 Cairo 13.8

17 Beijing 10.8 17 Istanbul 12.5

18 Rio de Janeiro 10.6 18 Beijing 12.3

19 Cairo 10.6 19 Rio de Janeiro 11.9

20 Osaka 11.0

21 Tianjin 10.7

22 Hyderabad 10.5

23 Bangkok 10.1

Source: United Nations (2001c).



or future mega-cities had rates of growth lower or equal to 1% – Beijing, New York,

Osaka, and Shanghai – and all of them had populations of at least 8 million inhabi-

tants. Furthermore, Tokyo, the largest urban agglomeration at the time, grew at just

1.2% per year during 1975–2000. Over the period 2000–2015, 11 of the 23 mega-

cities of 2015 will have growth rates of at most 1% per year and two, Osaka and

Tokyo, are expected to exhibit zero growth. Nevertheless, there are cities that main-

tain high growth rates even when their populations have already soared. Although a

moderation of the rates of growth of all current mega-cities is expected during the

period 2000–2015, cities such as Lagos, Dhaka, Karachi, and Jakarta are projected to

grow at fairly rapid rates, ranging from 3% to 3.6% per year.

An analysis of the patterns of growth of all cities projected to reach a population of

5 million inhabitants or more by 2015 indicates that the population growth rates of

those urban agglomerations have tended to be moderate or low, especially once their

population surpasses the 2 million mark (United Nations, 2001c). The most populous

urban agglomerations of the developed world have exhibited relatively low rates of

growth since 1950 and are expected to grow very slowly if at all during 2000–2015.

Among the urban agglomerations expected to reach the 5 million mark in the future,

the highest rates of population growth have occurred in those agglomerations located

in the less-developed regions of the world, especially over periods when they still had

low numbers of inhabitants. But even among the large urban agglomerations of the

developing world, rates of population growth above 5% sustained over lengthy 

periods have been exceptional.

Conclusion

This review of past trends and future prospects of population growth, population

aging, and urbanization has highlighted the crucial changes that world population

dynamics have undergone over the course of the 20th century and the fact that the

demographic transition, being a unique event in human history, still remains to play

itself out to its full extent. Today, when most developing countries are already fairly

advanced in the transition to low fertility and low mortality, the issue of whether the

developing world will embark on the demographic transition has been largely put to rest.

Nevertheless, some issues that had not been expected twenty or thirty years ago when

the transition to low fertility in the developing world was beginning have now taken

center stage and are leading to a reassessment of future prospects of population change.

The first of these developments is the persistence of low fertility in a large number

of countries, especially in those that underwent the demographic transition early, since

such persistence suggests that when couples master the means to control their fertility

and live in societies where the risks of dying before old age are low, the number of

children they will decide to have may be below the number needed to ensure the 

long-term replacement of the population. If this behavior becomes the norm rather

than the exception in the countries that are today in the intermediate stages of the tran-

sition to low fertility, the prospects for a sustained and deep reduction of the world
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population over the coming century increase. However, this issue is only beginning to

be addressed in a systematic way and the possibility of different outcomes cannot be

ruled out, particularly given the heterogeneity that is still evident among the popula-

tions of the world. Furthermore, the persistence of high fertility in a significant

number of countries and evidence suggesting a slowdown in the transition to low 

fertility in some of the most populous countries where fertility levels are still at an

intermediate stage suggest that the universal adoption of low fertility norms is not so

readily at hand.

The second development involves reversals of the transition to lower mortality,

especially those stemming from a resurgence of infectious diseases as major causes 

of death and from the persistence of high rates of death caused by chronic and degen-

erative diseases such as those affecting the cardiovascular system. In addition, in 

a growing number of countries mortality due to violence and accidents has been

increasing and although it is generally not sufficient to cause a sustained reversal of

mortality trends, it may contribute to dampen further mortality reductions in many

countries. These factors, among which the uncertainty about future levels of HIV

prevalence is perhaps the most prominent, suggest that future assumptions about 

sustained mortality reductions in the majority of countries may turn out to be too 

optimistic. On the other hand, past experience has shown that projections of mortality

decline have tended to err in the other direction, underestimating the reductions of

mortality that have occurred in countries with advanced health systems where new

medical interventions and behavioral change have contributed to reduce mortality in

adult ages more rapidly than expected.

These considerations imply that the results of current projections can at best be

taken as indicative of possible future developments. Nevertheless, as documented in

this chapter, they already cover a wide range of outcomes and provide fairly solid

basis for some key conclusions. The first is that the world population will continue to

increase during the best part of the next fifty years and the potential for continued

growth is large. The second is that population aging will continue and with it the rapid

increase of the elderly population. The third is that the population of the future will be

more urban and that growth of the rural population will be low or negative almost

everywhere. The fourth is that the differences in demographic dynamics between 

the more-developed and the less-developed countries will persist for at least the next

fifty years, and there will be considerable variation in the experiences of countries. 

A homogeneous world in which all populations have similarly low levels of fertility

and mortality and are equally highly urbanized is still far away in the future.
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The dynamics of the
dietary transition in the
developing world

Barry M. Popkin

6

Introduction

Human history is characterized by a series of changes in the diet and nutritional 

status. This pace of change has quickened considerably over the last three centuries. In

particular in the post-World War II period it appears to have changed at a much more

rapid rate. Before that, major changes in diet and nutritional status occurred infrequently

and one could argue that there were few changes in diet for the first several million years

of existence of the human race. In this chapter, I consider dietary and overall nutritional

change from a broad historical perspective. The concept of transitions or movement

from one state or condition to another is used to capture the dynamic nature of diet, par-

ticularly large shifts in its overall structure. I begin with the premise that it is important

to understand these broad changes in dietary patterns and the factors we consider as

determinants or important correlates of the patterns of dietary change. The ultimate goal

is to understand the various factors which cause or are associated with these dietary

changes so that we can better understand how to promote dietary change systematically.

I posit that the transitions which have occurred in nutrition are avoidable and that an

understanding of the patterns and sources of change will serve as a basis for future inter-

ventions at the population level to lead to more healthful transitions.

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. It is relatively easy to present a case that to understand the

nutrition transition we require a broad-based examination of the patterns and deter-

minants of dietary change. One needs to be concerned with food supply, which relates

to agricultural systems and agricultural technology as well as to the factors which

affect the demand and use of food. The latter include economic resources, demographic

patterns, various cultural and knowledge factors associated with food choice, and also
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disease patterns, sociological considerations such as the role of women and family

structure.

Broad conceptualization of the 
nutrition transition

In Table 6.1 the conceptualization of the nutrition transition is laid out. This is a highly

stylized synopsis of patterns of change, presenting the shifts in dietary intake and

nutritional status and some of the possible correlates and/or causes of these trends. It

is important to note the dearth of research which has tried to link dietary patterns

across the centuries and millennia, particularly with some attention being paid to the

pace of change and magnitude of structural shifts and the determinants of these changes.

We have numerous examples of movements from one stage of the nutritional transi-

tion to another which occurred over various periods of time (e.g., the Japanese shift 

in diet after World War II produced a rapid change from the third to the fourth stage,

in sharp contrast to much slower changes over the period of a century from the third

to the fourth stage in North America and Western Europe). It is also important to note

that such transitions occur highly unevenly over time and space and change varies

greatly for different geographic and socioeconomic subpopulation groups.

The other factors presented in Table 6.1 represent some of the major relationships

between the nutrition transition, and social, health, and technological change. Many of

these factors have a role in determining the pattern and pace of the nutrition transition;

others occur concurrently or follow this transition. The problem of causality represents

a challenge that cannot be adequately addressed here. Does population growth lead to

dietary change or vice versa? Examples of each abound. Is a stable food supply

required to provide the resources for urban centers to grow or do the requirements 

of urban centers lead to increasing food production? Answers to such questions vary

by stage of the nutritional transition and in some cases represent central elements in

longstanding debates about the antecedents and consequences of economic and

demographic change. In many cases, we can make clear statements about causality, in

others, we can not. In many cases, the relationships discussed have not been consid-

ered because the questions have not been posed heretofore.

With the ability to control famines and to gain control over factors affecting the

fluctuations in food supply which occur from season to season and over a series of

years, it was possible for food to be available to fuel the labor force needed for the

industrial revolution and the development of modern urban societies.

Stage 1: Age of collecting food

For the first two–three million years of the existence of humans as we know them

today, food was obtained by hunting and gathering and none was produced. Hunt-

ing only emerged as a significant component of the subsistence pattern in the last 
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Table 6.1 The nutrition transition

Transition profile Pattern 1: Pattern 2: Pattern 3: Pattern 4: Pattern 5:
Collecting food Famine Receding famine Degenerative disease Behavioral change

1. Nutrition profile
Diet Plants, low-fat wild Cereals predominant; Fewer starchy staples; more More fat (especially from Less fat and processing; 

animals; varied diet diet less varied fruits, vegetables, animal animal products), sugar and increased carbohydrates, 
protein; low variety continues processed foods; less fiber fruits and vegetables

Nutritional status Robust, lean, few Children, women suffer Continued MCH nutrition Obesity; problems for elderly Reduced body fat levels 
nutritional deficiencies most from low fat intake; problems; many deficiencies (bone health, etc.); many and obesity; improved 

nutritional deficiency diseases disappear; weaning diseases disabling conditions bone health
emerge; stature declines emerge; stature grows 

2. Economy Hunter–gatherers Agriculture, animal Second agricultural Fewer jobs with heavy Service sector mechanization,
husbandry, home-making revolution (crop rotation, physical activity; service industrial robotization 
begin; shift to monocultures fertilizer); sector and mechanization; dominate; leisure exercise 

Industrial revolution; household technology grows to offset sedentary
women join labor force revolution jobs

Household Primitive; onset Labor-intensive, primitive Primitive water systems; clay Household technology Food preparation cost 
production of fire technology begins (clay stoves; cooking technology mechanizes and proliferates falls significantly with 

cooking vessels) advance technological change
Income and assets Subsistence; primitive Subsistence; few tools Increasing income disparity; Rapid growth in income Income growth slows;

stone tools agricultural tools; and income disparities; home and leisure 
industrialization rises technology proliferation technologies increase

3. Demographic profile
Mortality/fertility Low fertility, high Age of Malthus; high Slow mortality decline, Life expectancy hits Life expectancy extends 

mortality, low life natural fertility, low life later rapid; fertility static, unique levels (60s–70s); to 70s, 80s; 
expectancy expectancy, high infant then declines; small, huge fertility declines disability-free 

and maternal mortality cumulative population and fluctuations (e.g., period increases
growth, later explodes postwar baby boom)

Morbidity Much infectious Epidemics; endemic TB, smallpox, infection, Chronic disease related Increased health promotion 
disease; no epidemics disease (plague, smallpox, parasitic disease, polio, to diet, pollution (heart (preventive and therapeutic); 

polio, TB); deficiency weaning disease (diarrhea, disease, cancer); rapid decline in CHD, slower 
disease begins; starving retarded growth) expand, infectious disease declines change in age-specific
common later decline cancer profile

Age structure Young population Young; very Chiefly young; shift to older Rapid fertility decline; elderly Increasing proportion of 
few elderly population begins proportion increases rapidly elderly �75

Residency patterns Rural, low density Rural; a few small, Chiefly rural; move to cities  Urban population disperses; Lower density cities 
crowded cities increases; international rural green space reduced rejuvenate; urbanization of 

migration begins; rural areas encircling 
megacities develop cities increases

4. Food processing Nonexistent Food storage begins Storage process (drying, Numerous food Technologies create foods 
salting); canning and transforming technologies and food constituent 
processing technologies; substitutes (e.g., 
increased food refining macronutrient substitutes)
and milling

Reprinted with permission from: Popkin, B.M. (1993) Nutritional patterns and transitions. Popul. Dev. Rev. 19, 138–157.



million years (Gordon, 1987). The use or control of fire has been documented during

this period in many locations. During this period in the age of collecting food, there

was a balance of about 50–80% of food coming from plants and 20–50% from animals

(coastal dwellers received more nutrition from fishing; inland residents received more

from hunting; hunting progressed over time from small animals to larger mammals).

Within this period, there were periods of increased consumption of animal food prod-

ucts and many subpopulations that were predominately meat-eaters.

• For the first several million years, humans were felt to be reasonably large in 

size and robust in skeletons and musculature (Truswell and Hansen, 1976;

Schoeninger, 1982; Eaton et al., 1988). These persons had short life spans but

reasonable nutritional status, infectious diseases being the major source of 

morbidity and death.

• In general the diet was more varied in these traditional, preagricultural societies

(Truswell, 1977). Seasonality and the need to combine hunting and gathering

activities ensured this greater variety. The basic diet came from seeds of grasses,

tree nuts, roots and tubers, fish and aquatic mammals, and herd ungulates (Harris,

1980). Fat content in the diet was low because of its high carbohydrate content

and the low proportion of saturated fat in the meat consumed. Wild animal meat

such as they consumed has five times the proportion of polyunsaturated fat as

does the domestic animal meat consumed today (Eaton et al., 1988). For exam-

ple, the !Kung San who consume very high proportions of energy from meat,

have a cholesterol level of 120 (Truswell and Hansen, 1978; Truswell, 1979).

Although the hunter–gatherer societies studied in the past century live in far

more precarious environments than their predecessors lived in a million years

ago, it is unlikely that their diets differed significantly. Fiber intake, part of which

came from indigestible roughage, was very high.

• Among the proportion of these persons who survived the infectious diseases and

lived to be older, chronic diseases (e.g., coronary heart disease (CHD), hyperten-

sion, cancer, osteoporosis, dental caries, diabetes) were unknown problems (Cavalli-

Sforza, 1981; Eaton et al., 1988). These researchers are unanimous in their feeling

that the absence of diet-related chronic diseases relates to living patterns rather

than the short average live expectancy of these peoples. Obesity was not found;

however, there is some debate as to whether the thin but robust persons who sur-

vived were malnourished or healthy (Harpending, 1976; Truswell and Hansen,

1978). More recent higher quality estimates of the hunter–gatherer diet lead to the

following macronutrient composition: 19–35% of energy from protein; 22–40% of

energy from carbohydrate; and the rest from fat (Cordain et al., 2000). Thus most

of these societies consumed more than 50% of their energy from animal foods.

Stage 2: Age of famine

The age of famine began with the development of agriculture. Deemed the first agri-

cultural revolution, this period saw society develop its first ability to produce food.

Agriculture became dominant at different times in each region of the world (e.g., by
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about 7000 BC in Southeast Asia and 500 BC in Mexico (Tehuacan Valley agrarian-

based economies were well-established) (Gordon, 1987)). The cause of this shift is

unclear; however, population density increased considerably during the final stages of

the age of collecting food and provides the most convincing explanation. It is impor-

tant to note that the date of the early agricultural period varied from region to region

and only in later periods (the two thousand or fewer years BC) does agriculture become

more complex (e.g., Vargas, 1990). With this revolution, protein content in the diet

declined modestly, complex carbohydrates increased from 50–70% of energy to

60–75%, and fat as a percentage of energy decreased from about 15–30% to 10–15%

(Trowell, 1981). A disproportionate amount of food from plant sources occurred in

some societies and in others, hunting/animal husbandry played a central role.

• In general the onset of animal husbandry and agriculture was associated with a

significant decline in the proportion of meat in the diet and an increase in veg-

etable foods (up to 90% of the diet). There also appears to be an increasing spe-

cialization in activities other than agriculture which led to fewer persons being

involved in farming. Associated with these changes was increased nutritional

stress and a reduction in stature according to numerous studies of skeletal

remains (e.g., Eaton and Konner, 1985; Vargas, 1990). It is estimated that stature

declined by an average of 4 inches (10 cm) (Eaton et al., 1988).

• There was a decrease in robustness as a result of changes in food procurement

and activity levels. There was a shift to increasing dependence on dietary plant

material. Changes in strontium:calcium ratios in bones somewhere between

10 000 and 15 000 years BC indicate a dietary shift in one region but similar data

are unavailable for all regions of the world and patterns of dietary change and

robustness appear to have varied greatly (Schoeninger, 1982).

• The shifts toward agriculture led to a less-varied diet with cereal grains predom-

inant, an increase in alcohol consumption, and the onset of a variety of deficiency

diseases, all directly related to the reduction in dietary variety (Yudkin, 1969).

Social stratification began to appear during the later stages of this stage and

resulted in “intragroup variation in diet along the lines of sex and social status”

(Gordon, 1987).

Stage 3: Age of receding famine

• The second agricultural revolution occurred in the 18th to 19th centuries when

modern technology was first applied to agriculture, including the development of

natural fertilizers and crop rotation systems. This development may partly relate

to the excess food supply which allowed farmers to use rotted vegetables and 

animal manure for fertilizer. This technology was associated with an increase in

animal protein. Later irrigation technology, transportation within and across

national and regional borders, and other changes helped to reduce the effects of

climatic fluctuations.

• The Industrial Revolution, in 19th-century Europe, found animal protein content

of diet becoming increasingly adequate. During the second half and later in that
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century, improved transportation, conquests of one people over another (e.g., the

Spanish in the Americas), and other factors led to more complex diets with a

greater mix of plant and animal products (e.g., the practice of animal husbandry

increased). The result was an increase in stature.

• Changes in diet included reduced consumption of all starchy foods (bread and

potatoes); increased consumption of sugar, vegetables, and fruits; and adaptation

of dietary practices which eliminate major deficiency diseases (higher protein,

fat consumption; changes in food processing; etc.). The introduction of tech-

niques for milling grain led to a decline in fiber intake and to a short-term

increase in selected deficiency diseases (e.g., pellagra and beriberi were caused

by excessive milling of corn and rice, respectively).

• Additional features of this period were increases in social inequality, clustering

of the poor in slums and ghettoes, and the evolution of a new set of dietary prob-

lems related to early weaning from the breast during the 17th to 19th centuries.

Combined with poor sanitation and impure water supplies, a new set of infant

nutrition problems occurred. This situation was followed rapidly in the late 19th

and early 20th century by the development of formulations by medical practi-

tioners for feeding infants, the development of tin cans, and the evolution of the

commercial infant formula sector.

• Many lower-income countries have achieved remarkable economic or social

progress during the past century and continue to move through the age of receding

famine into the next stage. Keyfitz (1985) uses descriptive information to docu-

ment some of the more subtle aspects of this shift for one village in Indonesia. One

of the interesting shifts is a change from preoccupation with obtaining food which

entered all aspects of life to one in which it takes much less time to earn a kilo-

gram of rice and the focus of life has shifted. During this stage, the quality of the

staple increases first, often reducing the consumption of inferior staples (e.g., cas-

sava consumption is reduced and rice consumption increased as in Indonesia

(Keyfitz, 1985)). Such changes in the quality of the diet during this stage of the

nutrition transition fits our experience in many low-income countries.

Stage 4: Age of degenerative diseases

This age began with rapid growth in animal husbandry, urbanization, and economic

change, which combined to create the basis for a major shift toward a lower nutrient

density diet which was excessively high in saturated fat and refined sugar.

• Hughes and Jones (1979) document long-term shifts from food balance studies in

rural Wales. Table 6.2 shows the dietary changes which are related to this phase of

the nutrition transition. This is an example of the diet high in fat, sugar, and

processed foodstuffs, and low in fiber and natural foodstuffs, so often found in

combination with an increasingly sedentary life. An increase in the consumption

of sugar, processed foods, total fats, and cholesterol and decreased consumption

of polyunsaturated fatty acids (PUFA) and dietary fiber are general trends.

• The proportion and type of animal fat in meat differs significantly from that 

consumed today and during the age of famine (now there is much more fat in 
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subcutaneous tissue and facial planes, and as marbling within the muscle itself).

Domesticated animals not only contain more fat but earlier undomesticated 

animal meat was much more likely to be polyunsaturated; also free-living animal

meat has fewer calories and more protein. As an interesting aside, not only does

this explain some of the effects of increased fat-related degenerative diseases such

as coronary heart disease (CHD), but may also explain why our species does not

provide more effective protection (e.g., different modes of utilization) against

high-fat intake from animal products.

• The diet associated with modernization and industrialization is spreading to all

developing countries at a time when the higher-income countries have drastically

altered their diet and face problems of excess rather than deficit. The composition

of the diets of most urban residents and in many rural regions in the low-income

world is beginning to resemble Western diets and there are few exceptions to this

pattern. This is a diet with over 20% of the calories from sugar and a very low

fiber intake.

• Also many Mediterranean countries (Portugal, Italy) are rapidly changing their

healthful, traditional diet (high in olive oil and carbohydrates in Italy and olive

oil, cod, and legumes in Portugal) to a diet similar to that consumed in Western

Europe and North America. This change has meant a significant increase in fat as

a proportion of energy (e.g., Amorin-Cruz, 1987 as cited in Milio, 1990).

Stage 5: Age of behavioral change to revise diet to reduce
degenerative diseases and prolong health

The societal changes that brought us to the reduction in the importance of famine and

infectious diseases and an increase in the importance of degenerative diseases, have

begun to trigger a set of behavioral changes in diet felt to be associated with the desire

to prevent degenerative diseases. Whether these changes will be sufficient to produce

large-scale changes in the structure of diet and body composition remains to be seen.

To some extent, the push is to change dietary behavior and return to a diet low in 

fat – particularly saturated fat – high in fiber, accompanied by extensive exercise. 

A number of researchers have shown that such behavioral changes are particularly

important because they will extend the period of healthful living, that is time free of

disability (Manton and Soldo, 1985; Rogers and Hackenberg, 1987).
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Table 6.2 Dietary intake trends in rural Wales

Diet components 1870 1977

Fat as a percentage of energy 25 40

PUFA as percentage of total fat 18.5 9.1

PUFA :SFA ratio 0.42 0.20

Cholesterol (mg/day) 130 517

Sucrose (g/day) 26 133

Dietary fiber (g/day) 65 21

Source: Hughes and Jones (1979).



• There has been a significant shift in public knowledge about the relationship

between diet and disease, particularly related to cardiovascular disease, hyperten-

sion, osteoporosis, and to a lesser extent selected cancers. Related dietary changes

have occurred mainly in certain higher-income countries and offer the promise of

shaping the next stage of the nutrition transition. Increases in consumption of low-

fat products, reductions in intake of higher fat products, careful attention to choles-

terol intake, and less significant but emerging concern for fiber intake are evidence

of a potentially new phase in the nutrition transition. For example, there have also

been important changes in coronary heart disease patterns in several countries

which have led to speculation that dietary change was responsible for them.

• To a very considerable extent, the changes in eating patterns associated with the

recent reduction in fat intake in the United States (Popkin et al., 2001), Norway

(Milio, 1990), and other higher income countries and the shift toward increased

lower fat food consumption has fueled a revolution in the food industry (Popkin

et al., 1989; Milio, 1990).

Some of the broad outlines of dietary change have been laid out here. As we head

into the new millennium, it is important to present the more recent changes in the

developing world against this backdrop. First, the two major defining characteristics

are focused on – increased dietary diversity and a shift in the structure of the diet

toward more added sugar and fats and a change of staples.

Dietary diversity has improved

The diets of poor societies have been based on a very limited number of foods, and often

consist of little more than starchy roots and coarse grains. Though low in fat and high

in fiber, these foods offer little in the way of diversity or variety, essential components

of eating pleasure. The nutrition transition typically involves a shift from a limited

number of high-carbohydrate staples to a more diverse diet that becomes available to

progressively more people. Improved diversity is not only important for improving the

quality of life but probably has had a marked impact on improved reproductive out-

comes and growth and development. As incomes grow, diets become more diverse,

and more people incorporate meat and fish, milk, eggs, and cheese, as well as vegeta-

bles and fresh fruit into their habitual diets. Insofar as new foods are being introduced

into the diet, they invariably include meat, eggs, and sweets that had been previously

inaccessible to most low-income people. Some of these new foods are high in fats,

simple sugars, or both. As a result, dietary diversity and the proportion of fats in the

diet are sometimes directly linked.

Chapter 11 presents a more careful analysis of the Chinese nutrition transition.

Here, a brief analysis of the Chinese diet, assessed by the 1989–97 China Health and

Nutrition Survey (CHNS) surveys is presented. The 1989 diet of the poor was largely

based on rice, millet, sorghum, cabbage, salted vegetables, soybean sauce, and salt,

with some meat (pork). Higher income respondents replaced coarse grains and starchy
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tubers with more rice and wheat. As incomes rose, vegetables and pickled vegetables

were replaced with more meat, poultry and eggs, more dairy products, and more fresh

fruit. As more different foods were consumed, portion sizes (g/day/user) generally

dropped for all foods, except meat, fresh fruit, and alcohol.

The analyses of dietary diversity in China are summarized in Table 6.3. The

University of North Carolina at Chapel Hill Institute of Nutrition and Food Hygiene

(UNC-CH-INFH) food grouping system was used. This food grouping system sepa-

rates all foods into 39 useful descriptive and nutrient-based groups. Initially major food

groups were based on food groupings used by the INFH. Then fat and beta-carotene

compositions were used to develop more refined food groupings, and nutrient thresh-

olds were used to separate major food groups into more distinct, nutrient-based food

groups. The number consumed by each person was then summed and presented as

mean intake and the proportion with high, medium, and low numbers of food groups

consumed. What is noteworthy about this is that there is a marked increase in diversity

of the Chinese diet across all socioeconomic status groupings. The urban effect is par-

ticularly noticeable. Over time, the proportion of Chinese of all income groups who

consume less than eight food groups has declined whereas those who consume more

than 10 increased considerably.

The structure of the diet is shifting: more fat
and more added sugar is found

Whereas high-fat diets and Western eating habits were once restricted to the rich

industrialized nations, elsewhere evidence has been presented that the nutrition tran-

sition now occurs in nations with much lower levels of gross national product (GNP)

than previously. Even low-income societies now have access to a high-fat and high-

added-sugar diet. Food disappearance data from the Food and Agriculture Organization

of the United Nations (FAOUN) is used to present first the average diet in the 1960s

and then to show how this has shifted in the 1990s for low and high urban areas.
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Table 6.3 Diversity in the Chinese diets, CHNS 1989 and 1997 among adults aged 20–45

Food groups Urban Rural Low income Mid income High income Total

consumeda tertile tertile tertile

89 97 89 97 89 97 89 97 89 97 89 97

Mean number 9.9 11.6 8.3 9.1 7.6 8.6 9.0 9.8 10.1 11.0 8.8 9.9

�8 23.5% 7.3% 41.6% 26.6% 52.8% 34.1% 31.5% 17.9% 20.6% 11.3% 35.6% 20.3%

8–10 23.3% 15.8% 29.3% 33.3% 29.0% 33.9% 29.1% 30.2% 23.4% 20.5% 27.3% 27.6%

10� 53.2% 76.9% 29.1% 40.1% 18.2% 32.0% 39.4% 51.8% 56.0% 68.2% 37.1% 52.1%

a Using the UNC-CH-INFH food groups that contain 39 food groups based first on the major food groupings and then on 

nutrient-based subgroups.

Source: Popkin et al. (in press).



Diets high in fats, especially meat and milk products, used to be tied to a high level

of income, whether at national or individual level. A direct relationship between the

GNP per capita and the global diet structure was documented three decades ago in a

classic study (Perisse et al., 1969; FAOUN, 1970). As shown in Fig. 6.1, analysis of

food balance sheets from the Food and Agriculture Organization (FAO) of the United

Nations for 85 countries in 1962 showed that high GNP levels were associated with

greater percentages of energy derived from sugars and from vegetable and animal fats.

Although the proportion of energy from protein remained constant, diets of rich

nations were largely based on animal rather than vegetable proteins. The proportion 

of energy from complex carbohydrates diminished sharply as a function of growing

incomes, a characteristic feature of the nutrition transition.

The estimated regression lines displayed in Fig. 6.2 show that the aggregate

income–fat relationship had undergone a dramatic change from 1962 to 1990. Most

significantly, by 1990 even the poor nations had access to a relatively high-fat diet.

Whereas in 1962, a diet deriving 20% of energy (kcal) from fat was associated with a

GNP of $1475, the same diet in 1990 was associated with a GNP of only $750 (both

in 1992 dollars). This dramatic change arose from a major increase in the consump-

tion of vegetable fats by poor and rich nations alike. The proportion of energy from

vegetable fats accounted for up to 13% of total energy in 1990, compared to 10% in

1962. The availability of animal fats continued to be linked to income, though less

strongly than before. Vegetable fats in 1990 accounted for a greater proportion of
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dietary energy than animal fats for countries in the lowest 75% of the per capita

income distribution. The absolute level of vegetable fat consumption increased, but

there remained at most a weak association of GNP and vegetable fat intake in these

aggregate data.

As a result of these diet adjustments, the lowest income countries now consume 

an additional 4–5% of energy from fat. Although meat consumption declined in 

high-income countries (by 6–9%), there was little overall reduction in fat intake. The

results in Fig. 6.2 indicate that there has been a substantial shift in the relationship

between GNP and the composition of diets over time. There was little information in

the 1962 GNP–nutritional composition analysis, however, that would have predicted

the form of the relationships in 1990.

There is evidence to show that the structure of the income–diet relationship has

undergone a significant change. First, fat consumption is less dependent on GNP than

ever before. Second, rapid urbanization has a major influence in accelerating the nutri-

tion transition. The analyses were based on sequential FAO food balance sheets for the

period 1962–90, now available in the FAOSTAT database. Data on food availability,

expressed in percentage of daily energy from macronutrients were combined with the

official estimates of GNP, as established by the World Bank. In both cases, GNP per

capita was expressed in 1993 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, carbohydrates, caloric sweeteners, and protein) for those

countries 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 countries in 1962 and 133 in 1990. Using alternate samples that consisted

of countries with full sets of data in both 1962 and 1990, the results were identical.
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The regression analysis also included an urbanization 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. In the regression analyses, the percentage of energy from each macro-

nutrient 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 propor-

tion of urban residents. All variables in this regression were highly significant.

The data for 1990 (Figs 6.3 and 6.4) show that the income–fat relationship had

undergone a dramatic change during the intervening three decades. Figure 6.2 showed

the shift in fat intake. The relationship between incomes and energy from sweeteners

also underwent a major change between 1962 and 1990. Figure 6.3 shows a very small

proportion of energy from added sugar in lower-income countries. In contrast, lower-

income urban societies in 1990 have more than 15% of their energy from added sugar

and even less urban more rural societies that are low income have 5–7% of energy

from added sugar.

Urbanization contributes to dietary change

Persons living in urban areas consume significantly different diets from their rural

counterparts. They have led the movement from stage 2 to 3 and 4 of the nutritional
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transition. Among the distinct differences in eating patterns of urban and rural resi-

dents are the following:

• trend away from consumption of the inferior grains (e.g., corn or millet to rice);

• trend toward consumption of more milled and polished grains (e.g., rice, wheat);

• trend toward increased higher fat food prepared away from the home;

• trend toward more processed foods, higher sugar consumption;

• trend toward more animal protein and fats;

• the extent and duration of breast-feeding are shorter and supplementation occurs

earlier.

These contrasts in eating patterns differentiate urban areas from rural ones to a

greater extent in low-income countries than in higher-income ones. In higher-income

countries, market penetration into rural areas is common and there are national inte-

grated food distribution systems. Nevertheless, there are also important differences in

eating patterns between urban and rural areas in higher-income countries. Foremost

are distinct differences in consumption from away-from-home sources (Popkin et al.,

2001) and greater responsiveness to information and the influences of mass media

(most likely because of the greater extent of media penetration into the denser urban

markets). Even in higher-income countries urban and suburban food and labor markets

differ greatly and, in combination with a variety of other factors related to residence,

create distinct urban dietary and nutritional status patterns.
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Figure 6.4 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 (from Drewnowski and Popkin, 1997). Food balance data from the FAOUN; GNP data from 

the World Bank; regression work by UNC-CH.



There are many reasons for the profound difference in dietary intake and the subse-

quent differences found in nutritional status. Key factors responsible for this difference

include: the way improved transportation and marketing systems provide greater avail-

ability of foodstuffs during periods of seasonal shortage; more extensive penetration of

marketing activities of the processed commercial food sector; more heterogeneous

population with a wide range of dietary patterns; different occupational patterns, many

of which are characterized by reduced compatibility of the jobs with home food prepa-

ration, child and elder care; different household structures related to a wide range of

economic and social factors; and different disease and health service use patterns.

In relative terms, urban growth was modest before the industrial revolution. Since

that time, rapid urban development occurred first in the higher-income countries and

now lower-income countries are undergoing an even more rapid transformation into

urbanized societies. As is shown in the review of demographic change, the last half of

the 20th century has seen an unprecedented demographic revolution which appears to

be continuing unabated into the 21st century. Urbanization brought on by migration

and natural increase has become a dominant factor in all regions. Unlike urbanization

in the world’s higher-income countries, which is associated with major advances in

science, technology, and social organization as well as absorption of large populations,

urbanization in low-income countries has not been accompanied by the same level of

economic and cultural progress (Popkin and Bisgrove, 1988).

An important dimension of urban growth is the pattern of migration found as part

of it. Migration from rural areas either to other rural areas or to cities (and to a lesser

extent from small to larger cities) and international migration has had profound effects

on diet. The historical shifts in food staples are related to international migration in

the Americas and even earlier (for instance in the Americas with corn and potatoes

and in Ireland with potatoes). Similarly the studies of Samoans who moved to San

Francisco, Polynesians and Maori who moved to New Zealand, Japanese who moved

to the United States, and Yemenite Jews who moved to Israel all show a large change

in diet with subsequent large increases in diet-related chronic diseases (Toor et al.,

1957; Marmot et al., 1975; Worth et al., 1975; Prior and Tasman-Jones, 1981). In addi-

tion, migration within countries is felt to have similar profound effects on the diets of

the migrants and their communities of origin and destination. Most of the recent and

future changes in population distribution will occur in lower-income countries where

urban dietary patterns are quite different from those in rural areas and length of stay

in urban areas is associated with a shift to adopt this new pattern of diet.

The results presented in Figs 6.3 and 6.4 summarize the profound ways that urban-

ization has affected the structure of diet.

Income matters but there are other equally
important factors

Based on complex longitudinal statistical methods summarized elsewhere, the effect

of income on diet in China was examined (Guo et al., 2000). In particular, the dynamic
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relationships were explored. The focus here is just on the income–food choice relation-

ships, but the full model incorporated food prices and a large array of sociodemographic

characteristics with time-varying variables, such as age, household size, educational

level, and a vector of time-invariant variables, such as sex, place of residence and

region. In the broader analysis, a study was made of how the effect of income on food

choice changed in China for consumption of wheat and wheat flour, other grain prod-

ucts, rice, pork and edible oil, among others. Here the focus is on pork and edible oil

consumption patterns.

To simplify the presentation for pork and edible oil, only the summary changes in

income elasticities are presented in Figs 6.5 and 6.6. There was a positive income 

elasticity for the probability of consuming any pork in 1989. This income elasticity

increased significantly over the 1989–93 period with the increase being somewhat

larger among lower-income groups (Fig. 6.5a). The income elasticity for the quantity

of pork consumed (conditional on positive consumption) became more positive

among all income groups, but higher-income groups experienced the greatest

increases in elasticities (Fig. 6.5b). These shifts are statistically significant for all 

per capita incomes above the first quartile. For edible oil, the income elasticity for 

the probability of consuming this product is quite small, and there has not been a 

significant change over time (Fig. 6.6a). The income elasticity for the amount of oil

consumed (given positive consumption), surprisingly, was negative in 1989, but it 

was insignificantly different from zero over almost the entire income range. This

income elasticity rose significantly by 1993, and it was positive at all income values

and significantly different from zero for all but the top few percent of the income 

distribution.

During the 1989–93 time span higher-fat foods became much more responsive to

income levels. Pork, edible oils, and eggs had significant increases in their income
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Figure 6.5 Changes in income elasticities pork consumption among adults aged 20–45 in China from

1989 to 1993. (a) Change in income elasticity for the probability of consuming any pork; (b) Change in

income elasticity for the amount of pork consumers consume. From Guo et al. (2000).



elasticities. The quantity of fat in the diets increased significantly and now appears to

increase much more rapidly with increases in incomes.

Instant access to modern mass media may
explain partially these changes

One of the major shifts of this past few decades is in the area of communications.

Predominantly through access to modern television, there has been a major shift in how

persons in developing countries spend their leisure time. Television ownership has

increased rapidly in the world. Elsewhere we have shown trends worldwide. It is most

useful to look at the proportion of households that own television sets in a country. Again

the CHNS data are used to reflect the types of changes one is setting. Figure 6.7 shows

for households from low, middle and upper income tertiles the proportion that owned

TVs during the 1989–97 period. Overall in China TV ownership increased from 64.7%

of households in 1989 to 88.5% in 1997. It is noteworthy that in China, not only was TV

viewing shifting, but also the types of programs and access to western influences were

shifting. In the 1980s, cable systems in China did not provide outside programming but

by 1997 many provinces provided access to China Star, a system from Hong Kong that

relies heavily on US and British programming and provides modern TV advertising.

Discussion

There is no doubt that dietary changes around the world are rapid and appear to be

accelerating. There is limited evidence for this acceleration. The Chinese case study
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Figure 6.6 Changes in income elasticities for edible oils consumption among adults aged 20–45 years in

China from 1989 to 1993. (a) Change in income elasticity for the probability of consuming any edible oil;

(b) Change in income elasticity for the amount of edible oils consumers consume. From Guo et al. (2000).



provides evidence for one country. The food balance data that show a shift in the way

lower-income countries have changed their consumption patterns between the 1960s

and 1990s is another.

What is most important is that the dietary changes that appear to be occurring are

related to an increased energy density of the diet and reduced intake of many of the

more important nutrients and food constituents such as fiber. Although food diversity

has increased and malnutrition is receding as a threat in many countries, these food

shifts point toward the potential for a rapid increase in diet-related noncommunicable

diseases in the developing world.
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Introduction

Increased attention has been paid, in the past decade, to the hypothesis that chronic

diseases in adulthood have origins in the fetal and early postnatal period. The fetal

programming hypothesis holds that, in response to undernutrition during critical peri-

ods of growth and development, the structure and function of organs and tissues are

“programmed”, or permanently altered in ways that predispose individuals to chronic

disease in later life, most notably diabetes and cardiovascular disease (CVD). The pre-

disposition may take the form of increased susceptibility to chronic disease risk fac-

tors, such as atherogenic diets, excess energy intake and reduced physical activity. If

this is the case, the programming hypothesis may be particularly relevant in the con-

text of the nutrition transition in developing countries. Rates of fetal growth retarda-

tion remain relatively high in these developing countries, while at the same time, rapid

socioeconomic changes are accompanied by an increase in sedentary activity and a

transition to higher energy density diets. Thus, today’s older children and adults in

developing countries are more likely than those in earlier decades to have been small

at birth, but subsequently exposed to more environmental and behavioral risk factors

for chronic disease during their childhood and adult years.

Evidence to support the fetal programming hypothesis has accumulated at a rapid

rate over the past decade. Hundreds of published papers have assessed the relationship

of birth weight to blood pressure, type 2 diabetes, glucose and insulin dynamics, serum

lipids, and cardiovascular disease, among others. The vast majority of studies have

been conducted in the US and Western Europe, where more detailed hospital and

research records allow scientists to identify indicators of poor maternal or fetal nutri-

tion. Relatively few studies have been conducted in developing countries, but this is



changing rapidly, with a substantial increase in papers published since 1995. This

chapter will focus on the relationship of pre- and early postnatal nutrition to the

development of chronic disease in developing countries. Research on populations

undergoing changes in diet, activity, and other chronic disease risk factors may pro-

vide particularly valuable insights into the role of early nutrition in the rapid spread

of chronic diseases.

Rates of obesity and noncommunicable disease are increasing throughout the

developing world (see Chapters 9 and 10). For example, in India, the dramatic

increases in coronary heart disease (CHD) and diabetes have been termed an epi-

demic. There has been a fourfold increase in prevalence of type 2 diabetes, from less

than 3% in the 1970s to about 12% in the 1990s (Ramachandran et al., 1997), and a

fivefold increase in CHD in the same time period (Gupta and Gupta, 1996). It is pro-

jected that CHD will be the leading cause of mortality in India by 2010. The World

Health Organization (WHO) estimates that if current trends continue, 60% of deaths

in Africa in 2030 will be caused by noncommunicable diseases, compared to 41% in

1990. Currently, close to 20 million Africans suffer from hypertension, and diabetes

rates range as high as 20% in some urban populations of Africa.

At the same time, poor maternal nutrition, infections, and other prenatal stresses

continue to produce poor birth outcomes. DeOnis et al. (1998) estimated the regional

incidence of low birth weight related to growth restriction, rather than prematurity

(intrauterine growth retarded low birth weight, IUGR-LBW, is defined as full term

but weighing less than 2500 g at birth). They estimated that at least 13.7 million

infants are born annually with IUGR-LBW. This number represents 11% of all new-

borns in developing countries. Rates of IUGR-LBW are highest in Asia, ranging to

nearly 40% in Bangladesh. Rates in excess of 15% were estimated in Africa for Zaire,

Angola, Guinea and The Gambia. Small size for gestational age (�10th percentile of

birth weight for gestational age) is estimated to occur in nearly 30 million newborns

per year, with 75% of those affected living in Asia. These children, who are likely to

have suffered from inadequate intrauterine nutrition, may be at increased risk of

developing CVD, diabetes, and other noncommunicable diseases as adults.

Epidemiologic studies of fetal programming in
developing countries

Much of the early programming literature focused on samples of European or North

American adults that included individuals already diagnosed with chronic disease.

Many of these studies were limited by a lack of detailed or accurate information on

maternal nutrition during pregnancy, and birth outcomes other than birth weight.

Birth outcome information was typically obtained from hospital records or existing

research studies. Later, more sophisticated prospective studies, as well as retrospec-

tive studies with more detailed maternal and birth outcome data were conducted 

to take us “beyond birth weight.” There is now an extensive literature on human 
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epidemiologic studies testing the programming hypothesis, but the majority of stud-

ies are still conducted in developed countries.

In developing countries, a shortage of good population-based, maternal nutrition and

birth outcome data that can be associated with long-term, chronic disease risk factors

or outcomes in adults, limits the ability to test the programming hypothesis. A small

number of retrospective studies have used hospital records, but in developing coun-

tries, historically, hospital births may over-represent higher socioeconomic status women

or those with pregnancy complications. Examples include the studies of adults born 

in the Holdsworth Memorial Hospital in Mysore, India (Kumaran and Fall, 2001), a

study of adults born in the Peking Union Medical College (Mi et al., 2000) and a study

of children born in the King Edward Memorial Hospital in Pune, India (Fall et al.,

1995; Yajnik et al., 1995).

An increased appreciation of the potential contribution of early nutrition to the

development of chronic disease risk, and of the importance of studying antecedents of

disease, has resulted in more studies on children and young adults. Some studies are

adding research on fetal programming to ongoing prospective studies of child growth.

For example, the Birth to Ten (BTT) study follows a birth cohort of predominantly

black South Africa children born in 1990 (Levitt et al., 1999; Crowther et al., 2000).

The Cebu Longitudinal Health and Nutrition Survey (CLHNS) follows a cohort of

Filipino youths born in 1983–84 (Adair et al., 2001). The follow-up of the Guatemala

study examines adults who, as children, received nutrition supplementation (Stein 

et al., 2001). Recently, several new studies, such as the Pune Maternal Nutrition

Study, were designed and implemented specifically to test the programming hypoth-

esis (Fall et al., 1999). Most of the studies relate to components of the insulin resistance

syndrome and cardiovascular disease, although there are also several studies on pro-

gramming of the immune system (Moore et al., 1997, 1999; McDade et al., 2001a,b).

Cardiovascular disease, blood pressure, 
and lipids

Studies among adults

Studies in Mysore, India were motivated by the observation of dramatic increases in

CVD in Indian adults in the absence of high rates of typical CVD risk factors such as

high blood pressure, obesity, high dietary saturated fat intakes and smoking

(Kumaran and Fall, 2001). Researchers took advantage of hospital birth records,

maintained since 1934, and recruited a sample of 517 individuals (ages 38–60) who

could be matched to their birth records. CVD prevalence was higher among men and

women who had underweight mothers, and who themselves were shorter, lighter, and

had smaller head circumference at birth. Systolic blood pressure tended to be higher

among those who were longer length at birth (Stein et al., 1996). Kumaran et al.

(2000) found no relationship of blood pressure, arterial compliance or left ventricular

mass to small size at birth in a follow-up study of the same sample designed to 
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examine the basis of elevated CVD risk in more detail. These results led to the

authors’ suggestion that CVD in Indian adults is more related to the insulin resistance

syndrome.

A lack of association of small size at birth with blood pressure in adulthood was

also found among Guatemalan young adults who had been participants in a nutrition

supplementation trial in infancy and childhood. Stein et al. (2001) found no relation-

ship of birth weight to blood pressure in young adult women, but a positive associa-

tion of birth weight and weight at one year of age to blood pressure in men. Birth

weight was positively correlated with adult body mass index (BMI) and blood pres-

sure in a sample of 317 Australian Aboriginal adults (ages 20–38) with a low birth

weight prevalence of 35% (Hoy et al., 1999).

Results from a study of 137 young adult, urban, South Africans are more consistent

with the inverse association of birth weight to blood pressure found in European and 

US populations. Levitt et al. (2000) compared adults who had been underweight

(�10th percentile of birth weight for gestational age) or normal weight (25th–75th 

percentile). Those who were underweight for gestational age were shorter, had lower

BMI, but had higher systolic and diastolic blood pressure. Similarly, in a cohort of 122

Hong Kong adults (30 years old), Cheung et al. (2000) found that systolic blood pressure

was inversely related to birth weight and length, but positively related to increases in

ponderal index during infancy. They also found diastolic blood pressure was inversely

related to birth length only. Mi et al. (2000) studied 627 adults (41–47 years of age) 

who were born at the Peking Union Medical College. After adjusting for sex and BMI,

each kilogram increase in birth weight was associated with a 2.9 mm decrease in systolic

and a 1.7 mm decrease in diastolic blood pressure in men and women.

In the absence of birth outcome data, several studies used adult height as a proxy

for fetal growth retardation. In a study of adult Nigerian civil servants, Olatunbosum

and Bella (2000) found no relationship of current height with blood pressure. Sichieri

et al. (2000) found a U-shaped relationship among Brazilian adults, with the lowest

systolic blood pressure observed in the 3rd quartile of height. In both of these stud-

ies, it is assumed that short stature represents early growth retardation, but there are

no data to identify the timing (pre- or postnatal) of growth retardation.

Many studies in Europe and the US have found that the relationship of birth weight

to blood pressure is strongest among those who were small at birth, but relatively

large at the time of measurement (Law and Schiell, 1996; Huxley et al., 2000). This

pattern is not so clearly evident in the studies cited above.

Several other risk factors for CVD have been studied. Stein et al. (1996) found no

relationship between size at birth and serum lipids, plasma fibrinogen or factor VII in

Indian adults. Kolacek et al. (1993) examined 192 young adult Croatians and found

total cholesterol and low density lipoprotein cholesterol (LDL-C) were highest

among males who were the leanest in the first 3 years of life, but the fattest as adults.

However, there was no significant association of birth weight to lipids in adulthood.

Adult males who were shorter as adults, but of lower socioeconomic status (SES) dur-

ing childhood had the highest total cholesterol and LDL-C levels. In Chinese adults,

Mi et al. (2000) found an inverse relationship of birth weight to serum triglycerides,

total cholesterol and LDL-C.
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Hoy et al. (1999) found that birth weight was inversely correlated with a marker of

renal disease (urine albumin/creatinine ratio) in Australian Aboriginal adults, and low

birth weight explained 27% of the population-based prevalence of overt albuminuria.

Studies of precursors of disease among children and
adolescents

Biological changes which foreshadow CVD are already present in childhood (see

Misra, 2000 for a review). Several large studies in the US have documented disease

risk profiles in children. Similarly, a pattern of elevated blood pressure and altered

lipid profiles has been observed in young children in South Africa (Steyn et al.,

2000). Given the tendency for tracking of risk factors throughout life, it is important

to identify determinants of cardiovascular disease risk factors, including elevated

blood pressure and altered serum lipid profiles, early in childhood.

Based on large-scale systematic reviews of studies throughout the world, investiga-

tors concluded that a relationship of size at birth to blood pressure later in life is less

consistently found or is weaker in children and adolescents than in adults (Law and

Schiell, 1996; Leon and Koupilova, 1999; Huxley et al., 2000). The literature from

developing countries shows inconsistencies in all age groups.

There is typically a strong relationship of height and weight to blood pressure in

children and adolescents. In fact, US reference data for blood pressure in children and

adolescents are age-, sex- and height-specific. Thus, it is important to take current

body size into account when assessing the relationship of birth size to later outcomes.

However, this complicates the interpretation of results, since children’s current size

may also be related to their size at birth. Lucas et al. (1999) recommended that

researchers examine crude effects of birth size, birth size after accounting for current

size, and birth size interacted with current size as a means of understanding the rela-

tive importance of size at birth versus postnatal growth.

The relation of birth size to blood pressure in children and adolescents is typically

stronger, or in some cases, observed only after accounting for current size. Results

have been interpreted as indicating that size at birth potentiates the effects of current

size or that it is the combined effect of small size at birth with rapid postnatal growth

that is important. Size at birth, since it reflects a variety of prenatal physiological adap-

tations, may influence susceptibility or response to subsequent risk factors such as diet

and sedentary lifestyle. Although continuing growth retardation into adulthood remains

in many poor communities in developing countries, there are substantial subgroups of

children who were growth restricted at birth, but who grew more rapidly in the post-

natal period. In some cases, there is more compensation in weight than in linear

growth, resulting in children who are relatively heavy but short in stature (Martorell 

et al., 1987; Popkin et al., 1996). This combination of being small at birth, but relatively

heavy or fat in childhood is the pattern most often associated with elevated blood 

pressure, altered serum lipid profiles and altered glucose and insulin metabolism.

Law et al. (2001) conducted a multicountry study of blood pressure in young 

children from China, Chile, Guatemala, Nigeria, and Sweden. They found a strong
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association of systolic blood pressure with current weight in all samples, and after

accounting for current size, an inverse relationship of systolic blood pressure to some

aspect of size at birth except in Nigerian children was found. A relationship with birth

weight was only found in Guatemalan and Chilean children, whereas the significant

birth measures were head and chest circumference in China, and ponderal index in

Sweden. This points to the importance of assessing other indicators of fetal growth.

However, such indicators are often lacking because they are not routinely collected.

The overall picture that emerges from this comparative study is that elevated systolic

blood pressure in childhood relates most strongly to proportionate growth retardation

that is most often the result of chronic undernutrition throughout gestation. Based on

this study and earlier reviews, Law et al. (2001) suggested that a relation between size

at birth and blood pressure in childhood is less consistent among Africans or those 

of African descent. However, this may reflect an imbalance in the number of studies

conducted among blacks compared to other race/ethnic groups.

Among 1- to 9-year-old Gambian children, Margetts et al. (1991) found no associ-

ation of birth weight to blood pressure. In contrast, Levitt et al. (1999) found a

significant inverse relation between blood pressure and birth weight among 5-year-old

children who were participants in the BTT Study, and Woelk et al. (1998) found a

similar relationship among children in Harare, Zimbabwe. Several investigators have

studied children of African descent living in Jamaica. Forrester et al. (1996) found an

inverse association of birth weight to blood pressure in a sample of 1610 Jamaican

school children. In Jamaican children (1–4 years of age), Thame et al. (2000) found

an inverse relationship of systolic blood pressure to birth weight. Blood pressure was

also found to be negatively related to placental volume at 17 weeks, and fetal abdomen

circumference at 20 weeks. Maternal nutritional status during pregnancy was related

to infant birth weight, but not to blood pressure.

Gaskin et al. (2000) compared 120 children (7–8 years old) who were stunted

between 9 and 24 months of age to 220 nonstunted children. Although stunted chil-

dren remained shorter and thinner at age 7–8 years and had higher systolic blood

pressure, their birth weights did not significantly predict blood pressure. In the same

study population assessed at ages 11–12 years, Walker et al. (2001) found that birth

weight significantly predicted systolic blood pressure only after adjusting for current

weight. The effects of current weight were stronger among children with a history of

stunting, leading to the authors’ conclusion that early postnatal growth retardation

potentiates the relation of current weight to blood pressure.

Studies in other parts of the world are also inconsistent. Bergel et al. (2000) mea-

sured systolic blood pressure in a sample of 518 children (ages 5–9) born in a clinic in

Argentina. The mothers’ hemoglobin during pregnancy was positively associated with

blood pressure, but no other measure of maternal nutrition predicted the children’s

blood pressure. A weak inverse association of birth weight with systolic blood pres-

sure was found only among children in the highest quartile of current BMI.

In a study of a large cohort of children born in 1983–84 in the Philippines longitu-

dinal data from the prenatal period to the present allowed for detailed analysis of rela-

tionships of maternal nutrition during pregnancy and birth outcomes to numerous

aspects of current health status in about 2000 adolescents. In addition, fasting 
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glucose, insulin, and serum lipids were measured on a subset of about 600 study par-

ticipants. The subset was selected to over-represent those with IUGR. Among the full

sample of adolescents, a significant inverse relationship of birth weight to adolescent

systolic blood pressure was found only among males, and only after controlling for

current body size (Adair et al., 2001). The pattern typically seen, that is, of highest

blood pressure among those relatively small at birth, but relatively large at the time of

measurement is well illustrated in the Filipino sample of nearly 1000 males (ages

15–16) (Fig. 7.1). Our studies also controlled for other factors which may affect cur-

rent blood pressure, including maturation status, physical activity, smoking, and diet.

Overall, the strongest determinants of adolescent blood pressure were measures of

current size, including height and BMI.

Overall, the magnitude of significant effects on blood pressure across all of the

studies range from about 1.4 mm Hg per kg of birth weight in 1–4-year-old Jamaican

children (Thame et al., 2000) to 4.9 mm Hg per kg of birth weight in Chilean children

(Law et al., 2001). Although these mean changes may seem small, and of questionable

biological significance, it is important to note that there may be greater impact when

considering the occurrence of high blood pressure. For example, despite the relatively

weak linear association of birth weight to adolescent male blood pressure in the

Philippines study, we found a strong decline in the likelihood of having relatively high

systolic and diastolic blood pressure with each kilogram increase in birth weight.

Given the changes in blood pressure associated with age and height in adolescents,

high blood pressure was defined as systolic and diastolic values falling in the top 10%

of the age-, sex- and height-specific distribution of the sample of about 2000 partici-

pants. The predicted probability of high blood pressure decreases from about 23%, if

birth weight is 2 kg, to about 6%, if birth weight is 4 kg (controlling for birth length,

current age, height, BMI, maturation status, diet, and SES) (Fig. 7.2).
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Very few studies in developing country studies have probed the “black box” 

represented by size at birth. It is widely assumed that prenatal nutrition is the most

important programming stimulus (Harding, 2001). However, the few studies that

include measures of maternal nutritional stress or nutritional status during pregnancy

provide mixed support for the hypothesis that maternal nutrition is key to programming

in humans.

In our study of Filipino adolescents (Adair et al., 2001), we found a significant

inverse relationship of mothers’ triceps skinfold thickness during pregnancy to systolic

blood pressure among male adolescents, and to diastolic blood pressure in males and

females. Systolic blood pressure among males was significantly inversely related to

mothers’ percentage of energy from protein. Among females, systolic and diastolic

blood pressure were inversely related to mothers’ percentage of calories from fat.

These relationships were not confounded by adolescents’ diet, maturation status, 

physical activity, or socioeconomic status.

There are fewer studies related to other CVD risk factors in children. Relatively lit-

tle information is available on the relationship of maternal nutrition during pregnancy

or birth outcomes on serum lipids in children in any setting, much less in developing

countries. Forrester et al. (1996) found no clear or strong relationships of size at birth

to serum lipids in Jamaica. They did observe an inverse association of total choles-

terol with crown–heel length in prepubertal children. In a study of adolescents in

Hungary, Antal et al. (1998) found lower LDL-C and higher ApoA1 in boys who had

been low birth weight. Among Indian children, Bavdekar et al. (1999) reported an

inverse relationship of birth weight to LDL-C but no relationship with plasma trigly-

cerides or high density lipoprotein cholesterol (HDL-C).
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Diabetes and its precursors

Adults

Rates of type 2 diabetes are increasing dramatically in Asian, Latin American, and

African populations. Of particular note is the suggestion that in Asian populations,

abnormalities of glucose metabolism and type 2 diabetes occur at lower levels of BMI

than is typically observed in Western populations (Ko et al., 1999; International

Diabetes Institute, 2000). Compared to Caucasians, Asians have increased abdominal

or central adiposity at similar levels of BMI (Deurenberg et al., 1998, 1999).

Abdominal obesity is a well-known risk factor for insulin resistance and CVD. The

observation of high rates of CVD in association with the insulin resistance syndrome

(McKeigue et al., 1991, 1993) has led to a series of studies in India, designed to

explain the unexpectedly high rates of diabetes in nonobese individuals. Yajnik

(2001a) has described the clinical picture of diabetes in India: type 2 diabetics are 

relatively hyperinsulinemic and insulin resistant, with elevated triglycerides and ele-

vated blood pressure. This pattern is associated with a high waist–hip ratio, even at

lower levels of BMI.

The Mysore studies of Indian adults described above, with respect to blood pres-

sure, also assessed glucose and insulin dynamics. In response to an oral glucose 

tolerance test (OGTT), 30-minute insulin values were significantly lower among par-

ticipants with a higher birth weight and ponderal index. Type 2 diabetes, which

occurred in 15% of the sample, was more prevalent in subjects who were short at birth

with a relatively high ponderal index. Insulin resistance was predicted by birth weight

in men, but not women (Fall et al., 1998).

Based on another study of Indian young adults, Raghupathy et al. (2001) presented

preliminary data on the relation of maternal nutrition and fetal growth to CVD risk

factors. They found the risk of diabetes or glucose intolerance was much higher, at the

same level of BMI, in those who weighed less versus those who weighed more than

3 kg at birth. Mi et al. (2000) studied 41–47-year-old Chinese men and women born

in Beijing. Fasting and 2-hour plasma glucose levels (after an oral glucose load), as

well as fasting and 2-hour insulin levels were inversely related to birth weight after

adjusting for sex and current BMI. In addition, 2-hour plasma glucose and insulin

levels were inversely associated with maternal BMI at 38 weeks of pregnancy, with

and without simultaneously adjusting for birth weight.

The importance of abdominal adiposity as a mediator of the relationship of birth

weight to insulin sensitivity in Asians was questioned in a study of Korean young

adults. Choi et al. (2000) found an inverse association of birth weight and insulin 

sensitivity, but no relationship of birth weight to measures of abdominal obesity in

healthy young men.

Levitt et al. (2000) undertook a study to elucidate biological mechanisms that might

explain the observed relationship of impaired glucose tolerance and elevated blood

pressure to low birth weight, in nonobese young South African adults. They compared

young adults whose birth weights were below the 10th to those between the 25th and

75th percentile of birth weight for gestational age. Those who were underweight for
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gestational age were shorter and had lower BMI as adults, but higher fasting glucose.

Despite an absence of differences in mean glucose-stimulated insulin levels or home-

ostasis model insulin resistance (HOMA) between the groups, a higher proportion of

those who had been underweight at birth had impaired glucose intolerance. Further-

more, they had higher plasma cortisol levels and a greater cortisol response to adreno-

corticotropic hormone (ACTH) stimulation, leading the authors to suggest that the

hypothalamic-pituitary-adrenal (HPA) axis is a target for early programming. It is

notable that in this young adult population, as well as the populations studied in India,

alterations in insulin sensitivity and glucose tolerance occur in the absence of obesity.

Children

Crowther et al. (2000) assessed glucose and insulin dynamics in a sample of 152 chil-

dren who were part of the South Africa BTT study. Seven-year-old children were cat-

egorized as above or below the sample median weight at birth and at age seven. Those

who were small at both time periods had low pancreatic beta-cell activity. In contrast,

those who were small at birth, but relatively large at age seven, had relatively high

beta cell activity. The authors suggested that poor fetal and neonatal growth gives rise

to low beta-cell numbers but increased efficiency of conversion of proinsulin into

insulin. Despite this adaptation, they still had low insulin concentrations, and ulti-

mately higher blood glucose concentrations and poorer glucose tolerance. Poor fetal

growth followed by rapid postnatal growth resulted in beta cell dysfunction and

insulin resistance. Both groups have elevated risk of type 2 diabetes later in life, par-

ticularly if they become obese.

A series of informative studies focus on urban children in India. In the first,

reported by Yajnik et al. (1995) and Fall et al. (1995), subjects were 4-year-old chil-

dren born in the King Edward Memorial Hospital. All were full term and weighed

more than 2000 g at birth. After accounting for current weight and skinfold thickness,

glucose and insulin levels in response to a glucose load were inversely associated

with birth weight. Fasting insulin-like growth factor (IGF)-1 levels were also

inversely associated with birth weight.

Bavdekar et al. (1999) tracked these children, as well as an additional sample at

age eight, in order to evaluate the relative importance of pre- and postnatal growth. In

a sample of 477 children (190 of whom had been in the earlier study), they found that

higher birth weight was associated with being taller, heavier, and having thicker skin-

folds at age eight. However, they found a significant clustering of insulin resistance

syndrome variables with low birth weight. Birth weight tended to be inversely related

to fasting insulin, and 30-minute plasma glucose and insulin levels, but not to fasting

or 120-minute glucose. As expected, a higher fat mass was associated with insulin

resistance. The highest level of insulin resistance was found among relatively tall

children with short parents.

A new, prospective study of the long-term effects of maternal nutrition during

pregnancy has been initiated in India by Yajnik and colleagues. The Pune Maternal

Nutrition Study is prospectively tracking live births from six villages near Pune. In a

sample of 770 live births, 28% of infants were low birth weight. The Indian babies,
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despite their small size and relative thinness compared to British babies, had similar

subscapular skinfolds. Their low weight was attributable to relatively less lean tissue,

a finding that has important implications for later insulin resistance. Furthermore, the

fattest babies had mothers who were relatively short and fat.

In a review of the “insulin resistance epidemic” in India, Yajnik (2001a,b) high-

lighted the importance of these studies. Cardiovascular risk, including elevated blood

pressure, altered serum lipids, and insulin resistance, is exaggerated among children

who are born small but have more rapid postnatal growth. Yajnik has termed this the

energy adaptation maladaptation syndrome (ENAMAS). He also notes that, as in the

studies of Indian adults, altered disease risk profiles occur in children who are not

obese, despite their more rapid postnatal growth.

The role of overweight and obesity

The epidemiologic evidence summarized above points to the importance of being

small at birth, and relatively large later, as a risk factor for CVD and diabetes. This

raises an important question about the role of body size or fatness as a mediator of the

relationship between early growth and later health outcomes. If intrauterine nutri-

tional stress results in enhanced metabolic efficiency (or a thrifty phenotype), indi-

viduals with a history of poor prenatal nutrition may grow faster and/or have a greater

propensity to store excess energy as fat when they subsequently encounter improved

nutritional circumstances. Based on their work among poor Brazilian children,

Hoffman et al. (2000) proposed that fat oxidation is impaired in stunted children.

Furthermore, they suggested that stunted children may opportunistically overeat,

which in turn, may contribute to their higher risk of overweight.

Whitaker and Dietz (1998), and more recently Martorell et al. (2001) reviewed the

role of prenatal nutrition as a determinant of later adiposity. In general, there is more

substantial literature linking the risk of high birth weight or macrosomia to later risk

of obesity. For example, Hediger et al. (1998) found, in a large US national sample,

that large size for gestational age at birth was associated with persistent fatness in

childhood. In contrast, children who were small for gestational age had persistent

deficits in muscularity, but not in fatness. Evidence accumulating from developing

countries suggests a relationship of early growth restriction, manifested as lower birth

weight or stunting in early childhood, to later adiposity in children than in adults. For

example, Popkin et al. (1996) found a significant association of stunting with overweight

among children in China, Brazil, Russia, and South Africa. In contrast, Martorell et al.

(1998) found that IUGR was related to shorter stature but not to percentage body fat in

17-year-old Guatemalan adolescents. However, in a slightly larger sample of Guatemalan

adults, researchers found a positive association of birth weight to percentage body fat

(Schroeder et al., 1999). After controlling for overall fatness, adults who had been

severely stunted as children had a higher waist-to-hip ratio, suggestive of increased

abdominal adiposity. Similarly, Bavdekar et al. (1999) found that poor intrauterine

growth predicted higher central adiposity in 8-year-old Indian children.
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Increased body fat, particularly central adiposity, is a well-established risk factor

for type 2 diabetes and CVD. An important question in the context of the program-

ming hypothesis is whether fatness carries the same risk irrespective of the nutritional

history of the individual. Studies of the interaction of size at birth with current adi-

posity or BMI suggest that at the same level of adiposity, risk is worsened in those

who were small at birth. This, in turn, suggests the importance of additional pathways

that are independent of current fatness. There is an extensive literature, based largely

on animal models, on the biological mechanisms that may explain the relationship of

small size at birth to later risk of noncommunicable diseases (see Waterland and

Garza, 1999 and Harding, 2001 for reviews).

One basic theme relates to the “thrifty phenotype”, or the proposed alterations in

metabolic efficiency that preserve fetal brain growth at the expense of other organs

and tissues. Eriksson et al. (2000) hypothesize that restricted growth permanently

reduces cell numbers in vital organs, resulting in impaired function. When compen-

satory growth occurs in childhood, there is excessive metabolic demand on limited

cell mass, resulting in elevated disease risk. Studies in India (Yajnik, 2001a,b), point

to the importance of long-term deficits in lean body mass, which affect metabolic rate

as well as insulin resistance. Gale et al. (2001) found long-term associations between

birth weight and adult bone and lean mass, but only weak associations with fat.

Further research which focuses on specific aspects of body composition and fat pat-

terning is needed, particularly given the observations that signs of disease are

observed in the absence of obesity.

Other lines of research suggest that disease risk is associated with early program-

ming of the HPA axis, resulting in heightened responsivity to stress (see Clark, 1998

for a review). Few studies have directly tested this hypothesis in developing countries.

However, Levitt et al. (2000) found that plasma cortisol levels were higher, and

response to ACTH stimulation was greater in adults who were underweight for gesta-

tional age at birth, suggesting that this a promising line of research.

Discussion

The link between fetal and early infant development and later risk of chronic disease is

well established by a wealth of experimental animal and human epidemiologic lit-

erature. There remain questions about the mechanisms, and about the relative impor-

tance of pre- versus postnatal factors in the origins of disease. Although not shown 

in all studies, a recurring finding in many settings is that disease risk is enhanced by 

the combination of fetal growth retardation and higher current body size, typically

measured by BMI. This pattern of early undernutrition and later overnutrition in sub-

groups of populations in developing countries is a likely consequence of the nutrition

transition.

The key elements of the nutrition transition occur in association with rapid socio-

economic change. They include: (1) changes in the overall structure and composition

of the diet favoring higher fat and sugar content and thus higher energy density; and
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(2) an increase in sedentary activity associated with adoption of more labor-saving

devices, a shift in the physical demands of many economic activities, and an increase

in leisure time (Popkin, 1998, 2001). Economic development is also associated with

improved water supply and better preventive health care, which reduce the prevalence

of childhood diarrheal diseases. These changes are likely to be associated with

improved child growth, and at the extreme, with overweight and obesity. At the same

time, however, there are historically high rates of low birth weight which are relevant

for today’s adult populations, and continuing high rates of poor prenatal growth affect-

ing younger children. Biologically, poor fetal nutrition results in altered structure and

physiological functioning. In response to an inadequate supply of oxygen and nutri-

ents, adaptations which enhance survival and preserve brain growth may result in

deficits in organs and tissues, including smaller kidneys with fewer nephrons, a

reduced number or altered function of pancreatic beta cells, a smaller liver, and

reduced skeletal muscle mass. Furthermore, there is evidence that poor maternal

nutrition or high levels of stress cause reprogramming of the HPA axis such that stress

responses are altered. Together, these adaptations reflect a “thrifty phenotype” (Hales

and Barker, 1992). A child equipped with this altered physiology, who encounters an

adequate or excessive energy and nutrient supply relative to needs, may have an

increased tendency to store energy as fat, and to develop insulin resistance. In coun-

tries undergoing the nutrition transition, the likelihood of encountering such an envi-

ronment is increased, in light of increased availability and altered composition of

foods, and a trend toward more sedentary activity.

Yajnik (2001) suggests that exposure to the urban environment also heightens risk

of chronic disease. Levels of tumor necrosis factor (TNF) alpha and interleukin 6

(proinflammatory cytokines) were found to be elevated among urban Indian popula-

tions, particularly slum dwellers, compared to rural residents (Yudkin et al., 1999a).

Yajnik et al. (1999b) hypothesize that aspects of urban stress trigger the release of

adipose-tissue-derived cytokines, which are in turn associated with endothelial 

damage and CVD. This hypothesis is an important one to pursue in urban populations

of developing countries.

When comparing the long-term effects of small size at birth in developed and

developing countries, it is also important to keep in mind that the usual reasons for

small size differ. For example, if low-birth-weight (LBW) infants in the US or

Western Europe are compared with those in developing countries, two major differ-

ences are apparent. First, a much higher percentage of LBW in developed countries

is attributable to prematurity, whereas in developing countries, the majority of LBW

babies are full term but small for gestational age. Furthermore, babies in developing

countries are more likely to be proportionately growth retarded, most likely as a result

of chronic nutritional stress throughout gestation. The Pune studies show that relative

to British babies, Indian babies are lighter and thinner, but subcutaneous fat is pre-

served. Their weight deficits are in skeletal muscle and organs, and it is precisely

these changes that may have long-term importance for the insulin resistance syn-

drome. For example, less skeletal muscle means fewer insulin receptors, and lower

metabolic rates. Many studies show that altered metabolic profiles develop at lower

levels of BMI, particularly among Asian children, such that effects are seen in the
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absence of overweight or obesity. The role of fat patterning and distribution is an

important area for further research in children and adolescents.

In addition to the predominant pattern of countries in transition (early growth restric-

tion followed by compensatory growth), we are also seeing a new pattern emerge.

Impaired glucose tolerance among young adult women who were growth retarded at

birth may affect fetal growth in the next generation: women with impaired glucose 

tolerance or gestational diabetes during pregnancy may produce offspring who are rela-

tively large (Yajnik, 2001a). These macrosomic infants may, in turn, show alterations in

glucose metabolism later in their lives. In either scenario, the risk of adult diabetes and

its associated sequlae is elevated. Thus, there is a high level of complexity in the rela-

tionship of maternal nutrition and fetal programming, leading Yajnik to suggest that

“the effects of nutritional factors may vary depending on the position of the population

in the epidemiological and nutrition transition” (Yajnik, 2001b: p. 58).

In summary, the literature on early origins of chronic disease risk in developing

countries is rapidly expanding. Despite some inconsistencies in results across coun-

tries, the following generalizations are supported.

1. Fetal growth restriction and/or poor growth during infancy are significantly asso-

ciated with precursors of chronic disease including elevated blood pressure,

altered serum lipid profiles and altered glucose/insulin metabolism, and altered

immune responses in children, adolescents and young adults. Among older adults,

fetal growth restriction and/or poor growth during infancy are significantly asso-

ciated with precursors of chronic disease and with chronic disease morbidity and

mortality related to type 2 diabetes, CVD, hypertension, and kidney disease.

2. There is an important synergism between early growth restriction and later rapid

growth. The highest risk of adverse risk factors (hyperlipidemia, elevated blood

pressure, hyperinsulinemia) and chronic disease are found among those who

were small at birth but grew relatively fast during childhood.

3. The pattern of early growth restriction (manifested as low birth weight or thin-

ness at birth) followed by more rapid growth (resulting in relatively higher BMI

or fatness) is likely to be typical of populations undergoing the nutrition transi-

tion. In those populations, historically high rates of LBW are now often coupled

with dramatic increases in child and adult overweight.

4. Early growth restriction is likely to be a relatively stronger risk factor for adult

chronic disease in countries undergoing the nutrition transition, compared to

developed countries (where rates of IUGR are low, but exposure to postnatal

lifestyle and dietary risk factors is high).

Given the importance of early nutrition as well as nutrition during the entire period

of growth and development, these findings have several logical and important impli-

cations for health policy. First, we must optimize maternal nutrition, and reduce

maternal infection and stress during pregnancy to optimize fetal growth and infant

health at birth. Second, we must promote a nutritional environment for children and

adults that meets, but does not exceed needs. The latter involves not only attention to

the quality and quantity of the diet, but also to the promotion of healthy levels of

physical activity to maintain energy balance.
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Introduction

Popkin and Doak (1998) wrote an article titled “The obesity epidemic is a worldwide

phenomenon” and the World Health Organization (WHO) issued a report with the title

“Obesity – Preventing and Managing the Global Epidemic” (WHO, 1998). These titles

imply that obesity has emerged as a significant public health problem in developed as

well as in developing countries and that rates are increasing rapidly worldwide; so

much so in fact, that it can be labeled an “epidemic”.

The objective of this chapter is to examine whether these claims are true for devel-

oping countries. Emphasis is placed on evidence from nationally representative sur-

veys and comparisons of obesity levels found in various countries are made to the

United States, where obesity is perceived to be a major threat to public health. Attempts

are made to document trends in obesity, difficult to do because of the paucity of data,

as well as to describe the “social mapping” of obesity. By this is meant quantifying

how obesity varies by socioeconomic status, which has relevance to planning because

it identifies the groups most affected within countries. Much of the information pre-

sented is based on prior work by Martorell et al. (2000a,b), with updates from surveys

subsequently released to the public. Because of the variety of criteria used in previous

research, the chapter begins by reviewing the assessment of obesity in adults and chil-

dren. After reviewing the information available about obesity rates for women, men,

school children and preschool children, consideration is given briefly to policy and

program implications.

Assessment

Obesity is a disease of complex, multifactorial causes leading to an imbalance between

energy intake and output, and to the accumulation of large amounts of fat. In normal



individuals, regulation of energy balance is achieved over the long term despite large

fluctuations in both energy intake and output within and between days (Goran, 2000).

Only a very small imbalance is necessary to produce obesity in an individual or a 

population. For example, in children, only a 2% discrepancy in energy is necessary 

to produce obesity. This is equivalent to about 125 kJ/day in terms of food intake or 

15 minutes of daily play traded for watching television (Goran, 2000). These differences

are very small relative to the precision of measurement of intakes and expenditures and

it would be difficult in any population becoming obese to establish with certainty how

much of the imbalance might be due to dietary or physical activity changes.

In adults, obesity is measured most often as excessive weight for a given height

using the Body Mass Index (BMI), which is weight (kg) over height squared (m2). The

WHO assessed the relationship between BMI and health risks and defined overweight

as a BMI between 25.0 and 29.9 kg/m2 and obesity as a BMI of 30.0 kg/m2 or greater

(WHO, 1995). These cut off points are widely accepted.

BMI is not a perfect indicator, particularly for clinical use. For example, athletes

with robust skeletal frames and substantial muscularity may appear to be overweight

when in fact they may not be. Other methods are available to measure fatness directly.

These include fat fold measures of the trunk and extremities (e.g., subscapular and 

triceps fat folds) and percentage body fat estimated from determinations of body den-

sity, tritiated or deuterated water and other techniques (Bray, 1996; Pi-Sunyer, 1999).

BMI is linearly related to percentage body fat, with correlations between 0.6 and 0.8

in USA adults, similar to results found in other populations (Gallager et al., 1996).

The appropriateness of BMI has been called into question for populations with sig-

nificant levels of early childhood stunting. Because growth failure occurs with greater

intensity in the first two years of life, when growth of the extremities is faster than of

the trunk, BMI may overestimate fatness among adults who suffered malnutrition as

children and who may therefore have high sitting height to stature proportions (i.e.,

shorter legs). Adaptation to high altitude may also lead to large chest dimensions 

to house larger cardiovascular and respiratory capacities and this may also alter the

relationship between BMI and fatness. It is not known how important these biases

might be. Blacks have relatively longer lengths than whites (Martorell et al., 1988) 

but the relationship between BMI and percentage body fat is identical in both groups

(Gallagher et al., 1996).

BMI, although a very good measure of overall fatness in adults, does not provide

information about patterns of fat deposition, which carry health risks independent of

overall fatness (Bray, 1996). For this reason measures of upper body and abdominal

fatness are recommended in addition to BMI for epidemiological studies of risk factors.

Measuring obesity in children is complicated by the process of growth and matura-

tion which leads to changes in body proportions, bone mass and percentage body fat;

although BMI correlates well with measures of adiposity in children, these relation-

ships are weaker than among adults (Troiano and Flegal, 1998). Thus, definitions of

overweight and obesity in children take age into account by comparing values found

for study subjects to the age-sex-specific distribution of a reference population.

In the USA, the recommended practice for school children is to define risk of 

overweight as a BMI between the 85th and the 94th percentiles and overweight as 
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at or above the 95th percentile of the NCHS/CDC BMI-for-age percentile curves

(Barlow and Dietz, 1998). Revised versions of these curves are being used by some

USA investigators (Crawford et al., 2001). For clinical purposes, the designation of

“obesity” in children is reserved only when confirmed by further evaluation. For epi-

demiological studies, the designations of overweight for values between the 85th and

94th percentiles and obesity for those at or above the 95th percentile seem appropriate.

An international reference based on six nationally representative countries has been

proposed for use in assessing children 2–18 years of age (Cole et al., 2000). Cut off

points at different ages are proposed that at 18 years pass through the “adult” cut off

points of 25 and 30 kg/m2. Averaging across the six data sets, the cut off point for

overweight corresponds roughly to the 90th percentile of BMI for age and that for

obesity more or less to the 97th percentile. Even though the cut off points correspond

to those used in adults, which is the salient advantage of this approach, the authors

caution that the health consequences for children above these cut off points may differ

from those of adults. The approach proposed by Cole et al. (2000) may become

widely adopted.

The practice for children less than 5 years of age is based on the use of weight for

length (under two years) or weight for height (2–5 years) curves that originate from the

USA but that have come to be known as the WHO/NCHS curves (Hamill et al., 1979).

Weight for length (or height) provides equivalent information as BMI for age in this

age range. WHO defines obesity as any value greater than two standard deviations

above the age- and sex-specific mean in the WHO/NCHS reference population (WHO,

1995) and Martorell et al. (2000b) also defined overweight as greater than 1 standard

deviation. Others define overweight as any value greater than the 95th percentile of

the reference curves (Ogden et al., 1997) or as any value greater than two standard

deviations above the reference mean (de Onis and Blössner, 2000). The various uses 

of the words “obesity” and “overweight” require careful attention to the criteria used

across studies.

New reference data for preschool children based on multicountry studies of growth

and development and on subjects that have been breastfed according to WHO recom-

mendation are being developed by WHO and will be available in a few years (Garza

and de Onis, 1999). These reference curves will replace the WHO/NCHS curves for

international use.

The consequences of obesity

The consequences of obesity for adults are well known. It contributes to the develop-

ment of many diseases including diabetes, hypertension, stroke, cardiovascular disease,

and some cancers (Solomon and Manson, 1997). Obesity also increases mortality from

all causes, as well as from cardiovascular disease, cancer and other diseases (Seidell,

1997; Bender et al., 1998; Stevens et al., 1998). Increased mortality risk begins well

below the established criterion of obesity, a BMI less than 30 kg/m2, perhaps from as

low as 22–25 kg/m2 (Stevens et al., 1998; Calle et al., 1999).
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Childhood obesity is viewed as a problem because it is an important predictor of

adult obesity (Serdula et al., 1993; Whitaker et al., 1997). About a third of obese pre-

school children become obese adults and half of obese school-age children become obese

adults (Serdula et al., 1993). On the other hand, most obese adults were not obese as

children (Strauss, 1999). The influence of childhood obesity on adult status rises with

age. Serdula et al. (1993) report that the risk of adult obesity was 2.0–2.6 times greater

in obese than in nonobese preschool children but 3.9–6.5 times greater for the same

comparison at older ages. Whitaker et al. (1997) found that childhood obesity was not

a significant predictor of adult obesity at 1–2 years of age, but that it did become a 

significant predictor at 3–5 years, and even a stronger one at older ages. Also, parental

obesity magnifies the probability that an obese child will become an obese adult

(Whitaker et al., 1997).

There are also important consequences of obesity on child health per se (Dietz, 1998;

Must and Strauss, 1999). The risk of hyperlipidemia, hypertension and abnormal glu-

cose tolerance is increased somewhat among obese children, and in the United States,

childhood obesity has important psychosocial consequences. Obese children frequently

become targets of systematic discrimination and by adolescence, many suffer from

low self-esteem (Dietz, 1998).

Obesity is recognized as an important public health problem in industrialized coun-

tries, but until recently, not in developing countries. WHO (1998) has called attention

to the fact that obesity is increasing worldwide at an alarming rate in both developed

and developing countries. WHO issued this conclusion despite the limited availability

of nationally representative data and the lack of information about trends. This note 

of alarm led a team at Emory University (Reynaldo Martorell, Morgen Hughes) and

at the Centers for Disease Control and Prevention (CDC) (Laura Kettel Khan and

Laurence Grummer-Strawn) to analyze data from national nutrition surveys in the last

15 years to ascertain levels and trends in obesity in developing countries (Martorell 

et al., 2000a,b). These surveys, mostly Demographic Health Surveys (DHS), were

designed to assess health and malnutrition among women and young children. For this

reason, they provide only limited information about patterns of obesity in developing

countries. They include only height and weight information. Most surveys were from

very poor countries and information from many of the advanced countries from Latin

America and Asia is lacking. Most surveys excluded school children, adolescents,

women past reproductive age and men.

Levels of obesity in women

The percentages of women aged 15–49 years who were overweight (25.0–29.9 kg/m2)

or obese (�30 kg/m2) are given in Table 8.1 for 35 developing countries (13 countries

had two surveys) and the United States. The surveys included are all those previously

analyzed and reported by Martorell et al. (2000a) as well as results from recently

released surveys from DHS (Burkina Faso, 1998/99; Cameroon, 1998; Colombia, 2000;

Ghana, 1998; Guatemala, 1998/99; Kenya, 1998; Nigeria, 1999; Tanzania, 1999;
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Table 8.1 Overweight and obesity levels in women aged 15–49 years in developing countries

Country Year Sample % Overweight % Obese
size (25–29.9 kg/m2) (30 kg/m2)

Sub-Saharan Africa
Benin 1996 2266 6.9 2.1
Burkina Faso 1992/93 3161 5.9 1.0
Burkina Fasoa 1998/99 3202 4.5 0.9
Cameroona 1998 1537 17.8 3.5
Central African Rep. 1994/95 2025 5.5 1.1
Comoros 1996 773 15.9 4.4
Côte d’Ivoire 1994 3108 11.0 3.0
Ghana 1993 1773 9.3 3.4
Ghanaa 1998 2068 11.0 5.0
Kenya 1993 3294 11.4 2.4
Kenyaa 1998 3240 12.3 2.6
Malawi 1992 2323 8.1 1.1
Mali 1996 4237 7.2 1.2
Namibia 1992 2205 22.5 13.8
Niger 1992 3292 6.2 1.2
Nigeriaa 1999 2094 15.6 7.3
Senegal 1992/93 2895 12.0 3.7
Tanzania 1991/92 4597 9.3 1.9
Tanzania 1996 3721 10.8 2.6
Uganda 1995 3199 7.3 1.2
Zambia 1992 3239 11.8 2.4
Zambia 1996/97 3838 10.5 2.3
Zimbabwe 1994 1968 17.4 5.7
Zimbabwea 1999 5121 19.4 7.4
Middle East and North Africa
Egypt 1992 4855 33.9 23.5
Egypt 1995/96 6769 31.7 20.1
Morocco 1992 2850 22.3 10.5
South Asia
Bangladesh 1995/96 3997 2.2 0.6
Nepal 1996 3399 1.5 0.1
Latin America and the Caribbean
Bolivia 1994 2347 26.2 7.6
Brazil 1989 10 189 25.0 9.2
Brazil 1996 3158 25.0 9.7
Colombia 1995 3319 31.4 9.2
Colombiaa 2000 3236 30.5 10.6
Costa Ricaa,c 1996 865 33.2 12.7
Dominican Rep. 1991 2163 18.6 7.3
Dominican Rep. 1996 7356 26.0 12.1
Guatemala 1995 4978 26.2 8.0
Guatemalaa 1998/99 2373 31.9 12.1
Haiti 1994/95 1896 8.9 2.6
Honduras 1996 885 23.8 7.8
Mexico 1987 3681 23.1 10.4
Mexicoa,b 1998 13 887 35.2 24.4
Peru 1992 5200 31.1 8.8
Peru 1996 10 747 35.5 9.4
Central Eastern Europe/Commonwealth of Independent States (CEE/CIS)
Kazakstan 1995 3538 21.8 16.7
Turkey 1993 2401 31.7 18.6
Uzbekistan 1996 4077 16.3 5.4

United States 1988–94 5219 20.7 20.7

a Data not analyzed by Martorell et al. (2000a).
b Women 18–49 years.
c Women 20–44 years.



Zimbabwe, 1999). Also in Table 8.1 point estimates for Costa Rica for 1996 (Ministerio

de Salud, 1996) and for Mexico for 1998 (Rivera et al., in press) are included but these

refer to women aged 18–49 and 20–44 years respectively.

Regional summaries were then obtained by weighting the latest point estimates 

for the countries listed in Table 8.1 by population estimates of women 15–49 years 

for 1996 and these are given in Fig. 8.1. Regional designations are those used 

by UNICEF. Levels of overweight (25.0–29.9 BMI) and obesity (
30 BMI) were

extremely low in South Asia, represented by Bangladesh and Nepal, relatively rare in

sub-Saharan Africa, but nearly as common in other regions as found in the United

States. Although many countries from sub-Saharan Africa and Latin America were

included in generating the estimates in Fig. 8.1, many countries were not and repre-

sentation for other regions was much poorer or absent.

The region of East Asia and the Pacific is not represented in Fig. 8.1 but some data

exist for this region. A representative survey of eight provinces of China in 1991 found

a prevalence of obesity of 4.3% among women aged 20–45 years (Popkin et al., 1995).

Pacific island nations are known to have extremely high levels of obesity. In Western

Samoa, for example, the prevalence of obesity among women aged 25–74 years was

66% in 1991 (Hodge et al., 1994). Other data from the Middle East and North Africa

confirm that this region has among the highest levels of obesity in the world. A national

sample drawn from primary health care clinics in Kuwait found a prevalence of obesity

of 40.2% among women older than 18 years in 1993 (Al-Isa, 1997). Prevalences for

women aged 20–60 years and estimated from national surveys were reported to be

18.3% for Morocco in 1998 and 22.7% for Tunisia in 1997 (Mokhtar et al., 2001). 

On the other hand, in southern Iran, only 8% of women and 2.5% of men were obese

in 1993/94 (Pishdad, 1996).
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The social mapping of obesity

Knowing how obesity is distributed across socioeconomic groups is important for

policy makers because it informs them of the groups that need to be targeted by pro-

grams. A review of the literature found that whereas obesity among women increases

with greater wealth in developing countries, it decreases in developed countries

(Sobal and Stunkard, 1989). From these findings, WHO (1995) hypothesized that in

very poor countries, few people and only those of high socioeconomic status would be

heavy. In mid-income developing countries, more people would be obese and both

high and low socioeconomic groups would be affected. Finally, in an affluent society,

thinness would become culturally desirable, the rich would become thinner and obesity

would become a marker of poverty.

Martorell et al. (2000a) have tested elements of this hypothesis by examining how

the relationship between socioeconomic status and obesity varies according to level 

of national economic development, as defined by gross national product (GNP) per

capita. They defined high socioeconomic status in these data sets in two ways: resi-

dence in urban areas and at least one year of secondary schooling. In Table 8.2, data are

provided for each of the largest countries of the regions included in Fig. 8.1: Bangladesh

(South Asia), Tanzania (sub-Saharan Africa), Egypt (Middle East and North Africa),

Brazil (Latin America and the Caribbean), Turkey (Central and Eastern Europe).

Bangladesh and Tanzania are very poor countries and have low levels of obesity. Further,

obesity levels are much greater among urban and better-educated women. Using 

multivariate analysis, obesity was estimated to be between 4 and 7 times more proba-

ble in such women. Egypt is a country with very high levels of obesity for its level of

income; although the relationship between socioeconomic status and obesity was not

as strong as in Bangladesh and Tanzania, values were still over twice as likely among

Egyptian women of higher socioeconomic status. Brazil and Turkey represent countries

well along the nutrition transition defined by Popkin (1994). In these countries, the 
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Table 8.2 Obesity prevalence in women aged 15–49 years by residence (urban/rural) and educationa in selected countries 

(data from Martorell et al., 2000a)

% Obese % Obese Odds ratiosbCountry 1992 GNP per % Obese

Urban Rural High Low Residence Education
capita (US$) total

education education (urban/rural) (high/low)

Bangladesh (1995/96) 220 0.6 2.7 0.4 1.9 0.3 7.50c 7.07c

Tanzania (1996) 110 2.6 6.0 1.7 8.4 2.3 4.27c 4.22c

Egypt (1995/96) 640 20.1 30.0 13.0 26.1 17.0 2.72c 2.09c

Brazil (1996) 2770 9.7 9.9 8.9 8.8 11.0 1.15 0.81

Turkey (1993) 1980 18.6 19.5 17.1 10.5 20.5 1.24 0.46c

a Education: low, none to completed primary school; high, at least 1 year of secondary schooling.
b Estimated from multivariate logistic regressions that included obesity (0 � No, 1 � Yes) as the dependent variable and area of 

residence (0 � rural, 1 � urban) or educational level (0 � low, 1 � high) as the independent variable and age squared as a covariate.
c P � 0.001.



relationship with socioeconomic status became weaker or even reversed to a point

where there was less obesity among those of higher socioeconomic status. For example,

in Turkey, women with higher education had half the levels of obesity found in women

with lower levels of education.

The relationship between GNP per capita and the within-country distribution of

obesity by socioeconomic level is examined in Fig. 8.2 for the group of countries ana-

lyzed by Martorell et al. (2000a). As in Table 8.2, the odds ratios measure the con-

centration of obesity in urban and higher educated women. Three groups of countries

are defined, those with odds ratios lower than 2, those between 2 and 4.99 and those

greater than 5. There is a significant relationship with GNP. Countries with attenuated
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relationships between socioeconomic status and obesity (i.e. odds ratios less than 2)

have higher national incomes than countries with a strong positive relationship

between these variables (i.e. odds ratios 
5).

The level of obesity among women in the United States is similar in urban and rural

areas (Martorell et al., 2000a). Level of education, on the other hand, is related to obe-

sity as shown in Fig. 8.3. However, it is only highly educated women that have strikingly

lower prevalences than the rest: 9% among women with graduate training versus over

20% among women with no university training.

The social mapping of obesity has clear implications for how obesity might be per-

ceived as a national public health problem. If obesity is rare and found only among the

elite, then it will be difficult to assign a high priority to programs to prevent it. On the

other hand, in countries in transition, levels will be high and well distributed across

socioeconomic levels, making it easier to assign a high level of priority to the problem

of obesity.

Trends in obesity

Obesity has increased dramatically in the United States among adults (Flegal et al.,

1998). Serial data are available from four national surveys: NHES I (1960/62),

NHANES I (1971/74), NHANES II (1976/80) and NHANES III (1988/94). Rates of

obesity among men aged 20–74 years were 10.4, 11.8, 12.3, and 20.0% and among

women 15.0, 16.2, 16.5, and 24.9%, respectively. Most of the change is between the

last two surveys, that is, between 1976/80 and 1988/94. Serial data from Europe also

show that obesity is increasing in some countries (Björntorp, 1997; Seidell, 1997;

Popkin and Doak, 1998). Is there also an epidemic of obesity in developing countries?

This is a difficult question to answer with precision given the low number of countries

with repeat nationally representative surveys. Martorell et al. (2000a) analyzed existing

trend data (see Table 8.1) and reviewed the published literature. They found that obe-

sity appears to be increasing in Latin America, the Middle East and North Africa and

among Pacific Islanders but not in sub-Saharan Africa. Trends should be examined, 

as done in this volume for China and Brazil, by urban/rural residence and by socio-

economic status, in order to better inform policies and programs.

Since the analysis by Martorell et al. (2000a), several national surveys have become

available for countries with prior data (see Table 8.1). The prevalence of obesity

remained low and similar in Burkina Faso (1.0 in 1992/93 to 0.9% in 1998/99) and

Kenya (2.4 in 1993 to 2.6% in 1998) but increased in two other sub-Saharan countries

(Ghana, 3.4 in 1993 to 5.0% in 1998; Zimbabwe, 5.7 in 1994 to 7.4% in 1999).

New data from Mexico reveal dramatic increases in obesity (Fig. 8.4). In just 

10 years, the prevalence of obesity among women 18 to 49 years increased from 9.4%

to 24.4% and that of overweight and obesity from 33.4 to 59.6% (Rivera et al., in press).

All regions of Mexico (north, central, Mexico City and south) show these pronounced

trends. Obesity also increased alarmingly among Mexican American women aged 

15–49 years, specifically from 19.5 in 1982–84 to 28.7% in 1988–94. Women in Mexico
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are now as fat as women of Mexican origin living in the United States. Women of Mexican

origin are among the heaviest in the American continent. New DHS data for Colombia 

for 2000 show a prevalence of obesity of 10.5% among women aged 15–49 years, up

from 9.2% in 1995. Similarly, new DHS data for Guatemala for 1998/99 show that 12.1%

of women aged 15–49 years were obese, a rate greater than the 8.0% found in 1995.

Rapid increases, particularly among women, have been reported recently for North

Africa (Mokhtar et al., 2001). In Tunisia, rates of obesity increased among women

aged 20–60 years old from 8.7 in 1980 to 22.7% in 1997 and in Morocco, rates

increased among women 18 years or older from 5.0 in 1984/85 to 18% in 1998 (these

values were not included in Table 8.1 or used to generate the regional estimates given

in Fig. 8.1 because of the different age range used, 20–60 versus 15–49 years). The

increases in obesity in Morocco and Tunisia are similar in magnitude to those that

occurred in Mexico.

The new data support the previous conclusion by Martorell et al. (2000a). There

continue to be insufficient data about trends in obesity from nationally representative

data but it would appear that rates are increasing dramatically in many countries in

Latin America, in North Africa and the Middle East and in Pacific Island nations but

not in sub-Saharan Africa.

Levels of obesity in men

Few surveys include men but those that do almost always find higher levels of obesity

in women compared to men (Hodge et al., 1994, 1995, 1996; Pishdad, 1996; Al-Isa,

1997). As an example, data are presented in Fig. 8.5 for Morocco and Tunisia
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(Mokhtar et al., 2001). In Morocco, 51.3% of women were overweight or obese 

compared to 33.7% in men; the corresponding values for Tunisia were 50.9% in

women and 30.0% in men. From Fig. 8.5, it is clear that the significant difference

between women and men is in the extent of obesity, which was more than 3 times more

common in women compared to men.

Obesity in preschool children

As noted earlier, nationally representative data are available from many nutrition 

surveys for children less than 5 years of age. Two analyses of such data have been 

published (Martorell et al., 2000b; de Onis and Blössner, 2000). Data from 50 coun-

tries for children aged 12–60 months were used by Martorell et al. (2000b). Infants

(�12 months) were excluded because their greater levels of overweight compared to

older children, particularly if breastfed, may represent normal growth (Dewey, 1998;

Victora et al., 1998). Obesity was defined as greater than two standard deviations above

the mean, using the NCHS reference population (Hamill et al., 1979). By definition, the

prevalence of obesity in the reference population is 2.3%. Values for obesity by region

are given in Fig. 8.6. Each point represents a country and the dashed line represents the

value in the reference population, 2.3% (Uzbekistan had an extreme value of 12.5%,

which may be erroneous, and is therefore not shown). With the exception of Pakistan,

where 2.6% of children were obese, obesity was rare in South Asia (including repre-

sentation from India) and in Thailand. Sub-Saharan Africa also had low levels of 

obesity, with only one country having high values, Malawi with 5.2%. Seven of 

13 countries in Latin America and the Caribbean, one of two in the CEE/CIS region,
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and all four Middle Eastern and North African countries exceeded 2.3%. In the United

States, 3.1% of children were obese. Obesity was more common in urban areas, in 

children of mothers with higher education, and in girls. At country level, child obesity

was positively related to GNP, negatively related to per-capita income and stunting. As

in the case of women, the assessment of trends was severely constrained by lack of data.

The analyses by de Onis and Blössner (2000) involved a larger number of national

surveys (160 surveys from 94 countries). They used the same criterion as Martorell 

et al. (2000b) but called weight for length/height values greater than two standard

deviations above the WHO/NCHS reference mean “overweight” rather than “obesity”.

An important difference in sample selection is that de Onis and Blössner (2000)

included children younger than 12 months whereas Martorell et al. (2000b) did not.

Thus, obesity prevalences for surveys common to both analyses and which included

children less than 12 months of age will be greater when reported by de Onis and

Blössner (2000).

The conclusions of de Onis and Blössner (2000) were similar to those of Martorell

et al. (2000b): rates of obesity among preschool children were lowest in sub-Saharan

Africa and Asia and highest in the Middle East, North Africa, and Latin America. Of

11 countries from the Middle East and North Africa, only Oman had a prevalence

lower than 2.3%, the value above two standard deviations in the reference population.

The value reported for Oman was 0.9%, which seems oddly low. Several countries

exceeded a rate of 4.6%, which is twice the prevalence of the reference population:

Egypt, 8.6%, Algeria, 9.2%; Morocco, 6.8%; Qatar, 6.8%; Jordan, 5.7%; Kuwait, 5.7%

and Bahrain, 4.7%. Similarly, of 23 countries from Latin America and the Caribbean

included, only Honduras, one of the poorest countries in the region, had prevalences
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lower than 2.3%, with a value of 1.4%. Several countries equaled or exceeded rates of

4.6%: Argentina, 7.3%; Chile, 7.0%, Bolivia, 6.5%; Peru, 6.4%; Uruguay, 6.2%; Costa

Rica, 6.2%; Jamaica, 6.6% and Brazil, 4.9%. De Onis and Blössner (2000) analyzed a

total of 38 countries with trend data but they were unable to make firm conclusions.

Although 18 of the 38 countries had values that appear to be rising, there was no par-

ticular regional pattern; a variety of countries in Latin America, the Middle East and

North Africa as well as sub-Saharan Africa had increasing prevalences. Eight countries

had values that appeared to be falling and 14 values that appeared not to have changed.

Thus, the overall impression is one of increases being more common than decreases

but without a particularly defined pattern. On the other hand, there are well entrenched

regional differences in preschool obesity levels, with North Africa and the Middle East

and Latin America and the Caribbean having high levels of obesity.

Documenting trends in preschool children is also difficult in the United States.

Rates of overweight (greater than the 95th percentile of weight for height or length)

did not increase for children younger than three years of age between 1971/74 and

1988/94; however, overweight increased in girls 4 and 5 years old from 5.8 to 10.8%

over the same period. In boys 4 and 5 years old, the increases were only from 4.4 to

5.0% (Ogden et al., 1997).

Obesity in school children

Most of the available information for school age children is not from nationally 

representative samples. This does not allow for quantification of the problem or for

estimation of trends. However, the information available suggests that although the

problem of obesity begins in preschool children, it is among school children where the

problem becomes more manifest.

Obesity rates in the United States have tripled over the last two decades among 

children 6–19 years old (Crawford et al., 2001) and have more than doubled in Japan

among children aged 6–14 years (Kotani et al., 1997). Rapid changes may also be

occurring in developing countries but this is difficult to demonstrate.

There are many studies of school children in developing countries and many of these

express concern about the high rates of obesity found. Most studies from the Middle

East, for example, suggest that school children in this region are considerably fatter than

the US reference population (Al-Nuaim et al., 1996; Al-Isa and Moussa, 2000; Musaiger

and Gregory, 2000; Musaiger et al., 2000; Hasan et al., 2001; Moktar et al., 2001).

One study from Kuwait was representative of the country’s elementary school 

population, 6–10 years of age, and provided data for 1985 (n � 4942) and 1995

(n � 8425) (Al-Isa and Moussa, 2000). The percentage of boys whose weight for

height equaled or exceeded the 95th percentile of the NCHS/CDC reference popu-

lation was 12.1% in 1985 and 21.1% in 1995. The values for girls were 13.8% and

22.7% for 1985 and 1995, respectively. For a rough comparison, the percentage of

children exceeding the 95th percentile of the 2000 CDC BMI for age charts was 13%

in preliminary data for 1999 for US children 6–11 years from NHANES IV 
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(Crawford et al., 2001). In a separate study (Al-Isa, 1997), higher levels of obesity

were found in adults from Kuwait during 1980–81 and 1993–94 than reported for the

USA for roughly the same years. Obesity in men increased from 16.9 to 32.3% and in

women from 32.2 to 40.6% across these years in Kuwait; corresponding rates in the

USA were 12.3 and 20.0% for men and 16.5% and 24.9% for women, respectively for

1976/80 and 1988/94 (Flegal et al., 1998).

Lower levels of fatness than for Kuwait were found among Brazilian adolescents

10–19 years of age in a nationally representative survey (n � 13 715) conducted in

1989 (Neutzling et al., 2000). The Brazilian researchers used a lower cut off point, the

85th percentile of the BMI for age reference curves from the USA, but found only

4.8% of boys and 10.6% of girls above the criterion. Recent data from other Latin

American populations suggest high levels of fatness among adolescents. A represen-

tative survey of 10–13-year-old school children from the urban area of San José, Costa

Rica (n � 683) found that 31% of children were overweight (85th to 94th percentile);

it is not clear whether this figure also includes obese children (at or above the 95th

percentile) (Monge et al., 2000). A study of school children aged 9–16 years from a

low to middle income town in the Mexico City area, found that 24% of children were

obese in 1997, defined as higher than the 85th percentile of both the BMI and triceps

skinfold USA reference curves (Hernandez et al., 1999).

Discussion

Any conclusion about obesity in developing countries needs to be viewed with caution

because nationally representative data are lacking for many countries. Few countries

have repeated surveys and information about trends is limited. There are also method-

ological concerns. The reference population used to assess obesity in children is derived

from measurements of US children, who may have higher than desired levels of fatness

and the interpretation of weight for height indices in populations with significant levels

of stunting has been called in question. On the other hand, there is consensus that a BMI

over 30 kg/m2 in adults (the definition of obesity) represents a serious clinical concern.

Risk appears at much lower levels of BMI and a value of 25 or greater (i.e., the definition

of overweight) implies increased health and mortality risk.

Is obesity a problem in developing countries? It depends. Obesity remains rare in

sub-Saharan Africa and in South Asia. In more developed countries of Latin America,

the Middle East and North Africa, and the CEE/CIS region, obesity is as common as

in the United States.

What accounts for the increases in obesity in many developing countries?

Developing countries are undergoing fundamental changes as a result of the economic,

epidemiological, demographic and nutritional transitions (Popkin, 1994; Martorell

and Stein, 2001). Ultimately, these societal changes impact on dietary changes and on

physical activity. The major shifts in diet include increases in the consumption of veg-

etable oils, displacement of course grains by refined ones, more meat and eggs, more

processed foods and more eating away from home (Popkin and Doak, 1998). Among
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adults, there is a vast shift towards more capital-intensive and knowledge-based

employment that relies far less on physical activity (Popkin and Doak, 1998). There is

also a shift from active to sedentary recreation. Television viewing is thought to be a

driving force behind the rise in childhood obesity in the United States (Dietz and

Gortmaker, 1985; Robinson, 1999) and is likely to be also important in developing

countries. Reduced energy expenditures from displacement of physical activity and

increased dietary energy intakes due to snacking during viewing or as a result of food

advertisement altering consumption patterns have been suggested as mechanisms

(Robinson, 1999). School children from San José, Costa Rica watch about 2.5 hours 

of television per day, more than the 2.2 hours they spend in physical activity (Monge 

et al., 2000). School children from low and middle income schools from the Mexico

City area spend 2.4 hours per day watching television, and 1.7 hours watching videos

or playing video games, more than the 1.7 hours of daily moderate and vigorous exer-

cise they report (Hernandez et al., 1999). The impact of these patterns of recreation

cannot be known without information on what was replaced and what the dietary res-

ponse to these changes in physical activity have been. Data of this nature are not gen-

erally available. Only small imbalances between energy intake and expenditure would

be required to produce the obesity levels that have emerged over the last two decades.

Increased adult obesity may also be among the factors responsible for increased

childhood obesity. Maternal obesity and gestational diabetes lead to large birthweights,

which increase the risk of increased fatness later in life among affected children and

adults (Parsons et al., 1999; Martorell et al., 2001). The decline in breastfeeding in

many parts of the world may also be a cause of increasing levels of childhood obesity,

but its relative importance in developing countries is unknown (Dietz, 2001). Also

unclear is whether undernutrition in utero and infancy is an important factor behind

the obesity epidemic (Martorell et al., 2001).

Some of the countries with high levels of obesity still report significant rates of

childhood stunting and of nutritional deficiencies (ACC/SCN, 2000; de Onis and

Blössner, 2000). The existence of a dual nutrition agenda presents a difficult chal-

lenge because resources are limited. In addition, many countries are poorly prepared

to face the changing epidemiology. For many, there is limited information about how

important obesity and related chronic diseases are in the population and hence little

recognition of these entities as public health problems. There is also limited experience

and expertise about chronic diseases as the focus of nutrition policy in many countries

continues to be only undernutrition.

Many measures need to be taken by developing countries to prevent obesity and

related chronic diseases. For example, information systems need to collect data about

chronic diseases in order to generate the data needed for advocacy and for policy and

program definition. These efforts must include school children, elderly women and

men, and not just women of reproductive age and young children. Professionals will

need to be trained to design, monitor, and evaluate programs aimed at the prevention

of chronic diseases. Nutrition and healthy lifestyles should be topics covered well in

the school curriculum and physical activity should be promoted in schools and in the

general population. Urban planners should support this aim by building recreational

facilities, such as parks and playgrounds. Public education should be aggressive and
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effective, as much as commercial advertisement is, in order to promote healthy diet

and lifestyles food and agricultural policies should stimulate the consumption of

healthy diets. Nutrition labeling should be required for all industrially prepared foods

to assist consumers in food selection and the role of industry in developing healthier

products and in promoting public health and nutrition should be recognized and

encouraged. In much of the developing world, the prevention of obesity and related

chronic diseases should be a priority of governments, as well as of international, bilat-

eral and national organizations. At the same time, efforts must continue to eliminate

nutritional deficiencies.
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Diabetes
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Prevalence of diabetes in the developing world,
current and historical trends

The emergence of type 2 diabetes is a feature of the growing wave of chronic diseases

and can be viewed as a symptom of the changing social norms and lifestyle resulting

from urbanization and economic development. The high and rising prevalence of dia-

betes, its impact on mortality and morbidity, its disproportionate effect on disadvantaged

individuals, communities and nations, and its high human and economic costs clearly

position diabetes as a significant global public health problem (Vinicor, 1994; IDF,

1997; King et al., 1998; Fagot-Campagna et al., 2000, 2001).

The burden of diabetes worldwide is great and continues to grow (King et al.,

1998). Overall, 90–95% of diabetes is type 2, and this form of the disease (traditionally

considered rare in young people) is now increasingly affecting children and adolescents

(Rosenbloom et al., 1999). Type 2 diabetes is being reported in children and adoles-

cents from the United States, Canada, Japan, Hong Kong, Singapore, Bangladesh,

Libya, the United Kingdom, Australia, and New Zealand (Fagot-Campagna et al.,

2000, 2001). It is type 2 diabetes that is so strongly associated with urbanization and

its accompanying changes in diet and lifestyle, and this chapter will therefore focus

exclusively on this form of diabetes.

Prevalence varies widely by ethnic group and country. Adult rates range from �2%

in rural Bantu people in Tanzania to nearly 50% in US Pima Indians and South Pacific

Nauruans (Amos et al., 1997). Rates are also relatively high in migrant and “trans-

planted populations”, such as Asians in Europe (McKeigue et al., 1991) and African

Americans (Harris et al., 1998). The projected increase in rates, however, is universal.

Although it is estimated that 30–50% of diabetes cases remain undiagnosed, there

were approximately 30 million people worldwide diagnosed with diabetes in 1985

(IDF, 1997). By 1995 this had increased to 135 million (4.0% of the world population),

and conservative projections indicate there may be 300 million people with diabetes

(5.4% of the world population) by 2025 (King et al., 1998). Between 1995 and 2025,

the number of people with diabetes is projected to increase from 51 million to 72

million (a 42% increase) in industrialized countries, and from 84 million to 228
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million (a 170% increase) in industrializing countries. The countries currently with

the largest number of people with diabetes are India, China, and the United States of

America and this will still be the case in 2025. The majority of people with diabetes

in industrialized countries will be aged 65 years and older. However, the majority of

people with diabetes in industrializing countries will be relatively younger, between

45 and 65 years old. Thus, it appears that the diabetes epidemic disproportionately

affects not only industrializing countries, but also people in their economically pro-

ductive years in these countries (Narayan et al., 2000).

Many indigenous populations are at high risk for type 2 diabetes when they make

the transition to western lifestyle. The extremely high prevalence of diabetes in associ-

ation with severe obesity in Pima Indians and Nauruans has already been noted. Other

populations, such as Australian Aborigines and Torres Strait Islanders, are also at high

risk for early onset type 2 diabetes and its complications (Rowley et al., 1997). Although

obesity is the strongest predictor of diabetes risk in Aboriginal populations, risk is

already increased at the upper end of the “healthy weight” range for Europeans, i.e.

body mass index (BMI) above 22 kg/m2 (Daniel et al., 1999).

In industrialized countries, the disease and its complications appear to dispropor-

tionately affect individuals from economically disadvantaged and racial/ethnic minority

communities (CDC, 1998a). In relation to end-stage renal disease among indigenous

Australians not only is there a very strong link to social disadvantage (Cass et al., 2001),

47% of those on dialysis have diabetes. This compares with 14% of nonindigenous

patients on dialysis (Kerr, 2000). Based on data from several countries, the World

Health Organization (WHO) estimated that in 2000, 30–45% of people with diabetes

worldwide had retinopathy, 10–20% had nephropathy, 20–35% had neuropathy and

10–25% had cardiovascular disease (CVD) (IDF, 1997). Hence, the burden of dia-

betes complications is large worldwide.

Race, ethnicity, genetic dimensions

Explanations of mechanisms underlying ethnic variability in disease usually focus on

differences between groups in the prevalence of individual factors such as genetics,

family history and lifestyle. However, there are at least two important gaps in our under-

standing of this relation. First, we need to better understand what “ethnicity” actually is

and how to measure it. Ethnicity transcends racial designation or genotypic groupings

and represents instead the aggregate of cultural practices, lifestyle patterns, social influ-

ences, religious pursuits and racial characteristics that shape the distinctive identity of a

community. Within a single ethnic designation there can be as much or more variability

in disease and in the determinants of disease than between ethnic groups. Asian and

Pacific Islanders, for example, comprise 30–50 ethnic subgroups with tremendous

diversity in language, culture and health status (O’Loughlin, 1999).

Categorizing such groups under a single label can mask the rich diversity that we

should be striving to describe and understand. Ethnic labels may provide guidance in

targeting interventions or research efforts, but they do little to help us understand the

166 Diabetes



underlying causal mechanisms. Moreover, labels such as white, Caucasian, black,

European and minority have little scientific, biologic or anthropologic value (Bhopal

and Donaldson, 1998). Such terminology often carries social meanings that are best

avoided, as well as the assumption that one population represents the standard or norm.

Careful descriptions of the ancestry, geographic origin, birthplace, language, religion

and migration history of populations studied are needed to make the basis for classi-

fication into ethnic groups clear (Bhopal and Donaldson, 1998).

Another major problem is that many studies investigating the relation between

ethnicity and disease do not take potentially confounding factors into account. It is well

established that ethnic minority groups tend to be disproportionately poor, making

socioeconomic status a probable confounder of the relation. Therefore, research that

does not take socioeconomic status into consideration can lead to incorrect conclusions,

such that susceptibility attributed to ethnicity may really relate to poverty (O’Loughlin,

1999). Further, socioeconomic status is difficult to measure comprehensively because

it comprises many factors; these include, among others, educational attainment, income,

employment, access to goods, services and labor markets, access to healthy foods,

safe and inexpensive places to exercise, smoke-free environments, and educational,

economic, political and cultural discrimination. Therefore, even when socioeconomic

status is taken into account, confounding can still be a problem if measurement of

socioeconomic status is incomplete (O’Loughlin, 1999).

Hence, ethnicity is difficult to define, but most definitions reflect self-identification

with cultural traditions that provide both a meaningful social identity and boundaries

between groups (Barot, 1996). This section has considered evidence that uses various

definitions of ethnicity. However, in the main these definitions are those that people

apply to themselves. Thus ethnicity as used here includes cultural identity, place of

origin and skin color, and so includes white and nonwhite groups.

Research comparing health attributes between racial or ethnic groups has a long his-

tory. Notably higher rates of morbidity, mortality or both have been observed with respect

to stroke among Afro-Caribbeans in the UK (Chaturvedi and Fuller, 1996), diabetes and

coronary artery disease among south Asians in the United Kingdom (Chaturvedi and

Fuller, 1996; Yudkin, 1996; Cappuccio, 1997; Mather et al., 1998) and Canada (Sheth 

et al., 1999), diabetes, stroke and hypertensive disease among Hispanic people in New

York City (Fang et al., 1997). However, explanations for between-country differences in

health will require an appreciation of the complex interactions of history, culture, politics,

economics, and the status of women and ethnic minorities (Lynch et al., 2001).

Risk factors: environmental, genetic

It is generally assumed that type 2 diabetes arises from an interaction between genetic

and lifestyle factors. Much of the evidence for a genetic base for type 2 diabetes comes

from studies in twins, with higher rates of concordance in monozygotic (MZ) than in

dizygotic (DZ) twin pairs (Kaprio et al., 1992). If conducted and analyzed properly,

studies of the similarities and differences within both MZ and DZ twin pairs can be
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used to make guarded inference about the roles of genetic and nongenetic factors on the

etiology of disease. Twin studies can never prove the existence of a genetic suscepti-

bility, however, and at best can indicate the extent of genetic determination consistent

with a specific model, under certain important assumptions (Hopper, 1999).

A widely cited study from the UK reported rates of concordance for type 2 diabetes

in MZ twin pairs at 1, 5, 10, and 15 years follow-up that were 17%, 33%, 57%, and

76%, respectively. The concordance rate for any abnormality of glucose metabolism

(either type 2 diabetes or impaired glucose tolerance) at 15 years follow-up was 96%

(Medici et al., 1999). However, lower rates of concordance in a study conducted within

the Danish Twin Registry (Poulsen et al., 1999) suggest that there may have been unin-

tended selection bias in the relatively small sample in that original landmark study

(Hopper, 1999). The population-based Danish study suggests that whereas MZ pairs

are concordant for diabetes, and more so than DZ pairs, the difference is not large and

consistent with chance (Poulsen et al., 1999). However, twins share more than genes 

in utero. Nongenetic intergenerational mechanisms related to the metabolic milieu include

amniotic fluid growth factors and a range of hormones, plus other maternal exposures.

Lifestyle interventions

Type 2 diabetes has long been linked with behavioral and environmental factors such

as overweight, physical inactivity, and dietary habits. Obesity is by far the strongest

predictor of diabetes risk in all populations examined to date and almost certainly

underlies the increase of type 2 diabetes in most societies, for example “whites” in the

US (Flegal et al., 1998). This change probably underlies the “insulin resistance syn-

drome”, which for many people is likely to increase both the incidence of diabetes and,

through its multiple risk factor associations, cardiovascular risk (Haffner and Miettinen,

1997). Epidemiological data support the roles of obesity (Haffner et al., 1986), fat

intake (Marshall et al., 1994), and low physical activity (Helmrich et al., 1991) as risk

factors for diabetes and have led to a wave of trials to prevent type 2 diabetes by

lifestyle or drug interventions (Hammersley et al., 1997; NIDDK, 2001). These trials

have been preceded by positive results in a large community-based intervention in

Da-Qing, China (Pan et al., 1997) and the beneficial metabolic effects seen in a small

group of urbanized Australian Aborigines who returned temporarily to a traditional

lifestyle about 20 years ago (O’Dea, 1984). In a study on the relationships between

lifestyle and cardiovascular risk factors among the Brazilian Amondava, one of the

world’s most isolated populations Pavan et al. (1999) also concluded that a traditional

lifestyle (no contact with “civilization”, diet based on complex carbohydrates and

vegetables, high energy expenditure) may protect against the development of hyper-

tension, hypercholesterolemia, and diabetes.

In a randomized trial of 522 middle-aged, overweight people with impaired glucose

tolerance Tuomilehto et al. (2001) showed that lifestyle changes can reduce the risk of

progression to diabetes by a striking 58% over four years. Each person in the inter-

vention group received individualized counseling aimed at reducing weight, reducing

intake of total fat and saturated fat and increasing intake of dietary fiber and increasing

physical activity. The net weight loss at the end of two years, 3.5 kg in the intervention

168 Diabetes



group and 0.8 kg in the control group, was modest. However, the cumulative incidence

of diabetes after four years was 11% in the intervention group and 23% in the control

group. The reduction in the incidence of diabetes was directly associated with the

changes in lifestyle. One case of diabetes was preventable for every five subjects with

impaired glucose tolerance treated for five years, or for every 22 subjects treated for

one year. Two earlier studies from Sweden (Eriksson and Lindgarde, 1991) and China

(Pan et al., 1997) showed that lifestyle interventions may delay progression from

impaired glucose tolerance to diabetes. However, the Swedish study was not ran-

domized and the Chinese study was randomized by clinic, rather than by individual.

Thus, the Finnish study offers us the best evidence so far that lifestyle modification

can indeed prevent diabetes.

The putative “thrifty genotype”

The alarmingly high prevalence of diabetes among Pima Indians and Nauruans pro-

vides further important clues to causation. It has been postulated that until recently

such people were hunter–gatherers or agriculturalists and may have acquired an

insulin-sensitive metabolism favoring fat storage at times of plenty but would not nec-

essarily require a similar degree of insulin sensitivity in muscle tissue, where glucose

entry to cells might be largely stimulated by high activity levels (Orchard, 1994). With

westernization, a plentiful supply of energy-dense food has been accompanied by a

reduction in physical activity. Both factors may therefore cause the previously favor-

able metabolic profile seen in “survivors” to become a handicap: the “thrifty genotype

rendered detrimental by ‘progress’ ” (Neel, 1962). Reaven (1998) has recently further

developed this “muscle resistance-thrifty genotype” hypothesis by suggesting that mus-

cle insulin resistance will favor survival by preserving muscle protein, thus enhancing

the ability to hunt and gather.

On the basis of our research on the impact of lifestyle change on diabetes and asso-

ciated conditions in Australian Aborigines, we have proposed an alternative hypo-

thesis of “selective insulin resistance” to explain how the “thrifty genotype” could have

operated to favor survival under conditions of the hunter–gatherer lifestyle, but pro-

mote the development of obesity and type 2 diabetes when populations became urban-

ized (O’Dea, 1992). Under conditions of the hunter–gatherer lifestyle, a metabolism

that could efficiently convert excess energy intake into depot fat would confer survival

advantage. The feasts for hunter–gatherers were usually provided by large animals 

(terrestrial or marine). In general wild animals have low carcass fat contents, in stark

contrast to domesticated meat animals such as beef cattle and sheep (Crawford, 1968;

Naughton et al., 1986; O’Dea et al., 1990). Thus the feasts may have often been high

in protein and relatively low in carbohydrate and fat. An efficient system for convert-

ing excess dietary protein into glucose and fat as readily available forms of energy

could be achieved by a high capacity for hepatic gluconeogenesis, which was not sensi-

tive to insulin suppression, coupled with a high capacity for hepatic lipogenesis which

was sensitive to stimulation by insulin. Thus, an efficient system for fat accumulation to

take advantage of the “feasts” could be achieved under conditions of hyperinsulinemia

in which there was resistance to the hypoglycemic actions of insulin but normal

Risk factors: environmental, genetic 169



sensitivity to those actions of insulin involved in fat deposition. We have made obser-

vations consistent with this possibility utilizing glucose turnover studies in Aborigines

at high risk of type 2 diabetes (Proietto et al., 1992). A key question of course is

whether the selective insulin resistance is genetic or acquired.

The “thrifty genotype” hypothesis is now being down played (Bjorntorp, 2001) –

even by its original proposer (Neel, 1999). Over the past 35 years, it has become

increasingly clear that essential hypertension and obesity share many of the epidemio-

logical features of type 2 diabetes. Both are diseases of urbanization, with a very grad-

ual onset. Both are familial, with the disease the result of a complex interplay of genetic

and environmental factors. It has also become clear that genetically type 2 diabetes is

an etiologically heterogeneous entity. A good illustration is the recognition of a distinc-

tive maturity-onset-type diabetes of youth (MODY) in which the impairment of glucose

metabolism has an early onset, progresses slowly, and appears to be inherited as a sim-

ple dominant trait (Spielman and Nussbaum, 1992; Fajans et al., 1994). In the 25 years

since its recognition, MODY has by now been divided into some five subtypes, each

associated with a specific aspect of glucose metabolism, and the locus for each sub-

type generally characterized by numerous different mutations at the molecular level

(Spielman and Nussbaum, 1992; Fajans et al., 1994). There are also a number of other

rare genetic syndromes that seem to carry an increased risk of type 2 diabetes. It does

not appear that these rare, monogenically inherited subtypes will collectively comprise

more than about 10% of what is commonly diagnosed as type 2 diabetes (Neel, 1999).

Obesity

Many investigators studying metabolic diseases have simply used body mass index

(BMI) as a measure of relative body size or obesity and attempted to match groups for

this variable, without considering that BMI does not account for the fact that people

with similar BMI may have widely varying amounts and distribution of their adipose

tissue. When the relationship between insulin sensitivity and BMI in a group of 93

healthy subjects �45 years old was examined by Kahn et al. (1993), it was found that

these two variables are not simply linearly related. Even individuals who would be

considered to be lean (BMI �25 kg/m2) had a broad range of insulin sensitivity with

some of these apparently lean subjects having insulin sensitivity values that were as

low as those observed in individuals who would be considered to be obese and insulin

resistant. The reason(s) for this lack of a simple relationship between body size and

insulin sensitivity, especially in relatively lean subjects, is complex because it is well

recognized that insulin sensitivity can be influenced by factors such as dietary nutrients

(Mann, 2000), body fat distribution (Bjorntorp, 1993; Fujimoto et al., 1994; Abate et al.,

1995; Goodpaster et al., 1999), genetics (Barroso et al., 1999), acute exercise (Prigeon

et al., 1995), physical fitness (Kahn et al., 1990), and medications (Kahn et al., 1989).

Body fat distribution

It is becoming abundantly clear that the pattern of body fat distribution is a major

determinant of the residual variation of insulin sensitivity. Accumulation of body fat
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centrally is associated with insulin resistance, whereas distribution of body fat in a

peripheral pattern is less metabolically important from the standpoint of impairing

insulin action (Kahn et al., 2001). However, although it is clear that central adiposity

is of greater importance metabolically (Despres et al., 1990; Bjorntorp, 1993), there is

still debate about which of the central depots is more important. Although many groups

have proposed the role of the intra-abdominal depot (Bjorntorp, 1993; Fujimoto et al.,

1994), others have argued that it is central subcutaneous fat accumulation that is the

critical determinant of reduced insulin sensitivity (Abate et al., 1995, 1996). Also, the

association between abdominal obesity and hyperglycemia is stronger in the presence

of a parental history of diabetes (van Dam et al., 2001).

If intra-abdominal fat depot is an important contributor to insulin sensitivity, then

interventions that reduce adipose tissue mass within the peritoneal cavity should be

associated with improvements in insulin sensitivity. This is illustrated by the results of

a 3-month weight loss program in 21 older men that was associated with an average

4.5 kg (10%) weight loss, of which 80% was fat. This decrease in fat mass was associ-

ated with a 24% reduction in intra-abdominal fat area, a 58% improvement in insulin

sensitivity and the development of a less atherogenic lipid profile (Purnell et al., 2000).

Similar findings of the effect of weight loss on body fat distribution and insulin sensi-

tivity were also reported by Goodpaster et al. (1999).

Although the issue of which of the central depots is the most important is still being

debated and how these fat depots may predict this reduction in whole body insulin

sensitivity is also unclear, it is apparent that marked variability in these parameters

occurs even in healthy subjects and may contribute to differences in disease risk among

these individuals.

Public health implications of the obesity pandemic

The increase in obesity worldwide will have an important impact on the global incidence

of cardiovascular disease, type 2 diabetes, cancer, osteoarthritis, work disability, and

sleep apnea. Obesity has a more pronounced impact on morbidity than on mortality.

Disability due to obesity-related type 2 diabetes will increase particularly in indus-

trializing countries, as insulin supply is usually insufficient in these countries. As 

a result, in these countries, an increase in disabling macrovascular (atherosclerosis)

and microvascular (nephropathy, neuropathy, and retinopathy) disease is expected.

Increases in the prevalence of obesity will potentially lead to an increase in the

number of years that subjects suffer from obesity-related morbidity and disability. A

1% increase in the prevalence of obesity in such countries as India and China leads to 

20 million additional cases of obesity. Thus the focus should be on prevention pro-

grams to stem the obesity epidemic more efficiently than weight-loss programs, which

have a poor record of sustainability over the long term (Visscher and Seidell, 2001).

The role of physical inactivity

The goal of treatment in type 2 diabetes is to achieve and maintain near-normal blood

glucose levels and optimal lipid levels, in order to prevent or delay the microvascular,
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macrovascular, and neural complications (Eastman et al., 1993). Exercise is frequently

recommended in the management of type 2 diabetes and can improve glucose uptake by

increasing insulin sensitivity and lowering body adiposity. Either alone or when com-

bined with diet and drug therapy, physical activity can result in improvements in glycemic

control in type 2 diabetes. Exercise also modifies lipid abnormalities and hypertension. In

addition, exercise can also help to prevent the onset of type 2 diabetes, in particular in

those at higher risk, and has an important role in reducing the significant worldwide bur-

den of this type of diabetes. Recent studies, described below, have improved our under-

standing of the acute and long-term physiological benefits of physical activity, although

the precise duration, intensity, and type of exercise have yet to be fully elucidated.

From observational studies (Helmrich et al., 1991; Manson et al., 1991, 1992; Hu

et al., 1999, 2001a,b; Wei et al., 1999) to clinical trials (Yamanouchi et al., 1992, 1995;

Uusitupa et al., 2000; Tuomilehto et al., 2001) in a variety of populations and age

groups, evidence is mounting in support of the hypothesis that physical activity plays

a significant role in the amelioration and/or prevention of type 2 diabetes. Based on the

current findings, it is likely that physical activity can reduce the risk of development

of type 2 diabetes and the protective benefit is especially pronounced in persons at the

highest risk for the disease (Helmrich et al., 1991). What is less clear is how much

physical activity is necessary, and for how long (intensity, frequency). Obviously, we

are more likely to see the anticipated physiological changes if the dose is maximized.

Yet, although maximal is better from a physiological point of view, it is also recog-

nized that a sedentary individual will most likely not sustain a high intensity activity

exercise regimen. In contrast, evidence is mounting regarding long-term compliance

to moderate levels of activity (Hu et al., 1999), which appear to be easier to adopt in

one’s lifestyle and are less likely to result in injury (Kriska, 2000). More importantly,

there appear to be beneficial changes in insulin sensitivity and glucose tolerance in the

sedentary individual who incorporates moderate levels of activity, such as walking 

or low intensity bicycling, into their lifestyle (Helmrich et al., 1991; Usui et al.,

1998). Regular physical exercise at least once a week, and even vigorous activity once

a week at weekends, has been shown to be associated with a decreased risk of type 2

diabetes (Okada et al., 2000). However, the onset of beneficial metabolic changes

appear to occur much more slowly and less dramatically than what occurs with a high

intensity regimen. Although the mechanism is still unclear, exercise seems to be effec-

tive in promoting long-term weight loss and has consistently been one of the strongest

predictors of long-term weight control (Long, 1985). Exercise is, therefore, a valuable

adjunct measure along with dietary changes in the long-term management of weight.

Furthermore, individuals who exercise may adhere better to nutritional advice. Physical

activity may improve mood and self-esteem and as a result contribute to better control

of food intake (Schneider et al., 1984).

It has also been shown that low cardiorespiratory fitness was associated with

increased risk for impaired fasting glucose and type 2 diabetes and a sedentary lifestyle

may contribute to the progression from normal fasting glucose to impaired fasting

glucose and diabetes (Wei et al., 1999). However, it is uncertain whether there is a

dose–response effect of exercise on improved glucose control in type 2 diabetes.

There does appear to be a limited amount of evidence suggesting that increasing levels
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of physical activity contribute to better diabetes control (Yamanouchi et al., 1995).

Clearly, additional studies are needed to determine the influence of physical fitness on

the treatment and prevention of type 2 diabetes (Kelley and Goodpaster, 2001).

Dvorak et al. (1999) hypothesized that metabolically obese, normal-weight

(MONW) women – a hypothesized subgroup of the general population – would dis-

play higher levels of total and visceral fat and lower levels of physical activity than

normal women. They studied a cohort of 71 healthy nonobese women (21–35 years

old), MONW women were identified based on cut off points for insulin sensitivity

(impaired � glucose disposal �8 mg/min/kg of fat-free mass (FFM), n � 13 vs. 

normal � glucose disposal �8 mg/min/kg of FFM, n � 58). Body composition was

measured by dual energy X-ray absorptiometry and body fat distribution by computed

tomography, cardiorespiratory fitness from VO2max on a treadmill, physical activity

energy expenditure using doubly labeled water and indirect calorimetry, glucose toler-

ance with an oral glucose tolerance test, serum lipid profile, and dietary intake. They

observed a higher body fat percentage and higher abdominal (both subcutaneous and

visceral) adiposity in the MONW group versus the normal group. The MONW group

showed a lower physical activity energy expenditure, but no difference in cardiorespi-

ratory fitness was noted between groups. Hence, despite a normal body weight and

lack of difference in cardiorespiratory fitness compared to controls, young apparently

healthy MONW women had lower physical activity energy expenditure, which may

have produced a cluster of high risk phenotypic characteristics that predispose to 

type 2 diabetes and cardiovascular disease (Dvorak et al., 1999).

Even if activity is known to be beneficial, at the population level we are faced with

the challenge of reaching sedentary individuals who would most likely benefit from an

increase in physical activity. The protective nature of a physically active lifestyle in

preventing type 2 diabetes does not have a lasting impact once a return to a sedentary

way of life is made. Therefore, from a public health viewpoint, long-term commitments

to increased activity are required. In the large prospective Da-Qing study (Pan et al.,

1997), both dietary and physical activity interventions reduced the incidence of type

2 diabetes considerably in a Chinese population. Whether this is also achievable in

other ethnic populations at high risk for developing type 2 diabetes, and whether addi-

tional pharmacological measures are useful, is currently under investigation.

In conclusion, the question is no longer “can increased physical activity benefit the

individual with type 2 diabetes?” The answer is yes. Future research needs to refine

questions regarding type, dose, and magnitude of effects of physical activity (and its

subcategory exercise) on glycemic control, insulin sensitivity, and on risk factors for

cardiovascular disease within the context of program acceptability and feasibility

(Tudor-Locke et al., 2000). The issue of sustainability of increased levels of physical

activity at both the individual and population level is the major challenge, as urban life

becomes increasingly “obesigenic” (Egger and Swinburn, 1997).

Insulin resistance and blood pressure

The relationship between physical activity and type 2 diabetes appears to be mediated

by serum true insulin level and components of the insulin resistance syndrome
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(Wannamethee et al., 2000). Insulin resistance is associated with dyslipoproteinemia

characterized by increased serum triglycerides, reduced high-density lipoprotein

(HDL) cholesterol, and an increase in the small, dense particle subfraction of low-

density lipoprotein (LDL). Physical activity and weight reduction are known to improve

insulin resistance and dyslipoproteinemia (Halle et al., 1999). A multiethnic epidemi-

ological study examined whether physical activity was related to insulin concentra-

tions in two populations at high risk for diabetes that greatly differ by location, ethnic

group, and BMI (Kriska et al., 2001). Physical activity was negatively associated with

insulin concentrations both in the Pima Indians, who tend to be overweight, and in

Mauritians, who are leaner. These findings suggest a beneficial role of activity on

insulin sensitivity that is separate from any influence of activity on body composition.

In fact, walking, which can be safely performed and easily incorporated into daily life,

can be recommended as an adjunct therapy to diet treatment in obese type 2 diabetic

patients, not only for body weight reduction, but also for improvement of insulin sen-

sitivity (Yamanouchi et al., 1995).

Risk for type 2 diabetes is elevated in older persons and those with high blood pres-

sure, high body mass index, and triglyceride levels and a parental history of diabetes

(Wei et al., 1999). Hyperinsulinemia is linked to blood pressure elevation in some, but

not all, populations. However, it is generally accepted as an independent risk factor for

atherosclerosis. Furthermore, insulin per se does not elevate blood pressure, but rather

reduces total peripheral vascular resistance in experimental studies. Blood pressure

might be elevated by other mechanisms secondary to hyperinsulinemia, such as

enhanced renal sodium retention, elevated intracellular free calcium, and increased

activity of the sympathetic nervous system. Indeed, subjects whose blood pressure is

salt-sensitive exhibit hyperinsulinemia after glucose loading, and normotensive sub-

jects with glucose-induced hyperinsulinemia will develop hypertension within 5 years

more often than normoinsulinemic subjects. In primary hypertension, the incidence of

insulin resistance and hyperinsulinemia is much higher than in normotensive controls.

However, not all reported studies show a relationship between hyperinsulinemia and

blood pressure elevation, and in some experimental studies no blood pressure elevation

could be induced by prolonged hyperinsulinemia. Therefore, it is still unclear whether

hyperinsulinemia induces hypertension or is only casually associated with it (Bonner,

1994).

Interventions

The Diabetes Prevention Program (DPP), a major clinical trial comparing diet and

exercise to treatment with metformin in 3234 people with impaired glucose tolerance

(IGT), ended a year early, because participants randomly assigned to intensive lifestyle

intervention reduced their risk of getting type 2 diabetes by 58%. On average, this

group maintained their physical activity at 30 minutes per day, usually with walking

or other moderate intensity exercise, and lost 5–7% of their body weight. Participants

randomized to treatment with metformin also reduced their risk of getting type 2

diabetes, but only by 31% (NIDDK, 2001).
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As already noted, smaller studies in China (Pan et al., 1997) and Finland (Tuomilehto

et al., 2001) have shown that diet and exercise can delay type 2 diabetes in at-risk 

people, but the DPP, conducted at 27 centers across the US, is the first major trial to

show that diet and exercise can effectively delay diabetes in a diverse American

population of overweight people with IGT. In the study of Finnish adults at high risk

for type 2 diabetes showed that losing up to 5 kg, boosting exercise, and switching 

to a reduced fat, higher fiber diet reduced the risk of developing diabetes by 58%

(Tuomilehto et al., 2001). Researchers followed 522 Finns, for 2–6 years, who were

all overweight and showed IGT. Half received intensive instruction from a dietitian in

sessions at least once every 3 months and from fitness professionals at a health club

to which participants got free memberships. Those participants developed diabetes

less often than did people in the other half of the group, who received advice about the

importance of a healthy diet and regular exercise but not periodic instruction.

Body weight and the prevalence of obesity are rising so rapidly in many countries

that the World Health Organization has recognized that there is a “global epidemic of

obesity” (WHO, 1997). The prevalence of type 2 diabetes is rising in parallel. While

both obesity and type 2 diabetes have a combined genetic and environmental back-

ground, the epidemic must be due to major changes in the environment. There is a great,

and still insufficiently understood, variation in prevalence of obesity and in the rate of

change of the prevalence. The prevailing contention is that the epidemic is due to the

changes in the society leading to overnutrition and a sedentary life. In Denmark, a steep

rise has taken place in the prevalence of obesity among schoolboys and young men in

two phases linked to the birth cohorts of the 1940s and of the mid-1960s and later

(Sorensen, 2000). This rise is consistent with environmental influences operating

early in life.

Intrauterine factors

The maternal factors of diabetes, obesity, and pregnancy weight gain alter the intrauter-

ine environment and thereby increase the risk of later obesity in the offspring. Of these

maternal factors, evidence is strongest for the role of maternal diabetes. No single

mechanism explains how these maternal factors could change the intrauterine environ-

ment to increase obesity risk. However, all potential mechanisms involve an altered

transfer of metabolic substrates between mother and fetus, which may influence the devel-

oping structure or function of the organs involved in energy metabolism (Whitaker

and Dietz, 1998).

Intrauterine exposure to diabetes per se conveys a high risk for the development of

diabetes and obesity in offspring in excess of risk attributable to genetic factors alone

(Dabelea et al., 2000a). Pettitt and Knowler (1998) studied the long-term effect of the

diabetic pregnancy on Pima Indian offspring to determine how the prevalence of diabetes

during pregnancy was influenced by early life events, such as birth weight and type of

infant feeding, that are known to influence the prevalence of diabetes in nonpregnant

Pima adults. They found that diabetes during pregnancy was a major risk factor for

early onset obesity and type 2 diabetes in the offspring during adolescence and early

adulthood. Diabetes in the next generation was less common among children breast-fed
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for at least 2 months (6.9% and 30.1% among offspring of nondiabetic and diabetic

women, respectively) than among bottle-fed children (11.9% and 43.6%, respectively).

The apparent protective effect of breast-feeding may be related to attenuating the

increased appetite in the babies of diabetic mothers secondary to their hyperinsulin-

emia at birth. It is possible that the increasing fat content of breast milk during each

feed produces greater satiety and helps curb their overconsumption.

The prevalence of diabetes during pregnancy was influenced by other conditions,

such as birth weight, which is known to influence the prevalence of diabetes in this

population in general. The highest rates of diabetes during pregnancy at 25–34 years

of age (25%) were found among women with a birth weight below 2.5 kg. The infant

of the woman with diabetes during pregnancy was at risk of becoming obese and of

developing type 2 diabetes at a young age. Hence, the effects of the diabetic pregnancy

can be thought of as a vicious cycle, with consequences for the offspring extending

well beyond the neonatal period. The young woman whose mother had diabetes during

pregnancy is at risk of perpetuating the cycle by developing diabetes by her child-

bearing years (Dabelea et al., 2000b). The prevalence of diabetes in women of child-

bearing age is influenced by factors occurring early in life (i.e., birth weight and type

of infant feeding). Whether or not the long-term adverse outcomes, including diabetic

pregnancies in the next generation, can be lessened or prevented by meticulous control

of diabetes during pregnancy, careful attention to intrauterine growth, or more general

infant breast-feeding remains unknown (Pettitt and Knowler, 1998), although it has

strong biological plausibility.

The standard risk factors – dyslipidemia, hypertension and smoking – do not fully

explain the raised cardiovascular risk in diabetes. The observations of an association

between short stature and microalbuminuria suggested that intrauterine or early infant

nutrition may represent a common antecedent, these having also been shown to pre-

dict both components of the insulin resistance syndrome and cardiovascular disease in

adult life (Yudkin, 1995). However, in a study on 169 subjects exposed to malnutrition

in utero during the siege of Leningrad (now St Petersburg) in 1941–44, intrauterine

malnutrition was not associated with glucose intolerance, dyslipidemia, hypertension,

or cardiovascular disease in adulthood (Stanner et al., 1997).

In India there is a rapidly escalating epidemic of the insulin resistance syndrome

and its major sequelae (diabetes and coronary heart disease). Contribution of genes

and environment is under debate. Small size at birth coupled with subsequent obesity

increases risk for insulin resistance syndrome in later life. The tendency of Indians to

have higher body fat and central adiposity compared with other races may be pro-

grammed in utero. The adipose tissue releases not only fatty acids but also a number

of proinflammatory cytokines, which increase insulin resistance and cause endothelial

dysfunction. Crowding, infections, and environmental pollution in Indian cities may

increase cardiovascular risk by stimulating cytokine production. Prevention of diabetes

and coronary heart disease in India will need to be addressed through a comprehensive

life course approach. It is clear that such an approach should encompass not only on

the conventional adult risk factors (diet, exercise, lifestyle generally), but also on early

life influences and other factors associated with poverty such as high burden of infectious

diseases (Yajnik, 2001).
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It has been shown that aspects of maternal diet exert an influence on fetal growth,

especially the dietary intake of carbohydrate, protein and some micronutrients. How-

ever, these relationships are less strong than might have been predicted, especially

when compared with the associations that can be drawn with maternal shape, size and

metabolic capacity. Maternal height, weight and body composition relate to the meta-

bolic capacity of the mother and her ability to provide an environment in which the

delivery of nutrients to the fetus is optimal. Current evidence suggests that the size 

of the mother determines her ability to support protein synthesis, and that maternal

protein synthesis, especially visceral protein synthesis, is very closely related to fetal

growth and development. The extent to which the effect of an adverse environment 

in utero can be reversed by improved conditions postnatally is not clear (Jackson,

2000).

Is there a role for diet? How might the
transition that we find in the developed world 
in diet affect the diabetes trends independent 
of its effect on obesity?

The demographic and economic transition that many developing countries are under-

going is producing important changes in diet and lifestyle that greatly impact on disease

risks. Among the risk behaviors associated with socioeconomic transition and urban-

ization are excessive dietary fat intake, sedentary lifestyle, smoking, and environ-

mental contamination. Combined with a reduced infant mortality and increased life

expectancy, those risk factors lead to an increasing prevalence of chronic disease like

type 2 diabetes and coronary heart disease (Caballero and Rubinstein, 1997).

The average prevalence of obesity (BMI 
30 kg/m2) among European centers

participating in the WHO-MONICA study between 1983 and 1986 was about 15% in

men and 22% in women. Prevalence figures ranged in men from 7% in Gothenburg to

22% in Lithuania and in women from 9% to 45% in the same places. Some monitoring

projects or repeated surveys suggest that the prevalence of obesity has been increasing

during the past 15 years in some European countries. Data from The Netherlands suggest

that average weight increase of the order of about 1 kg can be responsible for quite

dramatic increases in the prevalence of obesity. This suggests that only small changes

in the daily caloric balance may be sufficient to increase the number of obese subjects

in populations (Seidell, 1997).

Prospective studies in the US have highlighted the potential role of saturated fat in

increasing the risk of type 2 diabetes. For example, to further investigate the role of

dietary fat and carbohydrate as potential risk factors for the onset of type 2 diabetes,

current diet was assessed among a geographically based group of 1317 subjects with-

out a prior diagnosis of diabetes who were seen in the period from 1984 to 1988 in two

counties in southern Colorado. In this study, 24-hour diet recalls were reported prior

to an oral glucose tolerance test. Persons with previously undiagnosed diabetes
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(n � 70) and impaired glucose tolerance (n � 171) were each compared with confirmed

normal controls (n � 1076). The adjusted odds ratios relating a 40 g/day increase in

fat intake to type 2 diabetes and impaired glucose tolerance were 1.51 (95% confidence

interval (CI) 0.85–2.67) and 1.62 (95% CI 1.09–2.41), respectively. Restricting cases

to diabetic persons with fasting glucose greater than 140 mg/dl and persons with

impaired glucose tolerance confirmed on follow-up, the odds ratios increased to 3.03

(95% CI 1.07–8.62) and 2.67 (95% CI 1.33–5.36), respectively. The findings of this

study support the hypothesis that high-fat, low-carbohydrate diets are associated with

the onset of type 2 diabetes in humans (Marshall et al., 1991). In a later study Marshall

et al. (1994) concluded that fat consumption significantly predicts type 2 diabetes risk

in subjects with IGT after controlling for obesity and markers of glucose metabolism.

High intake of trans and saturated fatty acids has been shown to increase the risk of

coronary heart disease. Christiansen et al. (1997) studied the effects of diets enriched

in various fatty acids on postprandial insulinemia and fasting serum levels of lipids and

lipoproteins in obese patients with type 2 diabetes. They concluded that in the pres-

ence of unchanged glycemia, both dietary trans fatty acids and saturated fatty acids

induce an increase in postprandial insulinemia in obese patients with type 2 diabetes.

However, most of these conclusions were reached based on data obtained from self-

reported dietary intakes. Schaefer et al. (2000) conducted a study to investigate the

efficacy of food-frequency questionnaires and diet records in subjects fed natural-food

diets of known composition. They compared the validity of a semi-quantitative food-

frequency questionnaire in assessing intakes of macronutrients (absolute amounts and

percentages of energy) by 19 subjects fed natural-food diets of known composition.

They also tested 3-day diet records in small subsets (n � 5 or 6). In their study each

subject consumed three different diets for 
6 weeks and self-reported his or her food

intake by using a food-frequency questionnaire and a diet record. The diets varied 

in their chemically analyzed contents of fat (15–35% energy), saturated fat (5–14%),

monounsaturated fat (5–14.5%), polyunsaturated fat (2.5–10.5%), carbohydrate

(49–68%), and cholesterol (108–348 mg/day). The food-frequency questionnaire

significantly underestimated fat, saturated fat, monounsaturated fat, and protein intakes

and significantly overestimated carbohydrate intake with the high-fat diet. The percentage

of energy from fat was significantly underestimated for the high-fat diet and significantly

overestimated for the very-low-fat diet. Estimates from the food-frequency question-

naire differed significantly from actual intakes for fat (absolute and percentage), satu-

rated fat (absolute and percentage), monounsaturated fat (absolute and percentage),

and protein (percentage) in the high-fat diet and for polyunsaturated fat (absolute and

percentage), saturated fat (percentage), fiber (absolute), and cholesterol (daily

absolute; in mg/day) in the lower-fat diet. Estimates from the diet records agreed bet-

ter with actual intakes than did estimates from the food-frequency questionnaire

except for monounsaturated fat (absolute and percentage) in the high-fat diet and

polyunsaturated fat (percentage) in the lower-fat diet and the very-low-fat diet. Their

data indicated that the food-frequency questionnaire did not provide reliable estimates

of absolute amounts of dietary fats or cholesterol (Schaefer et al., 2000). Similarly,

Livingstone et al. (1990) evaluated the seven day weighed dietary record, which is

currently accepted as the most accurate technique for assessing habitual dietary intake
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in studies investigating the links between diet and health. Energy intake, as measured

by the seven day weighed dietary record, was compared to total energy expenditure

estimated concurrently by the doubly labeled water technique in 31 free-living adults

(16 men and 15 women). Average recorded energy intakes were significantly lower

than measured expenditure in the group overall (9.66 MJ/day vs. 12.15 MJ/day). Among

those in the upper third of energy intakes the mean ratio of intake to expenditure was

close to 1.0, indicating accurate records. In the middle and lower thirds the ratios for

men were only 0.74 and 0.70, respectively and for women 0.89 and 0.61. These results

show a serious bias in reporting habitual energy intake. Thus the conclusions of all

studies using self-reported dietary intake data should be carefully evaluated.

To determine the relations of diet with risk of clinical type 2 diabetes, Colditz et al.

(1992) analyzed data from a prospective cohort of 84 360 US women. During 6 years

of follow-up 702 definite incident cases were identified. Because BMI is a powerful

risk factor for diabetes, they examined the relations of fat (including type), fiber,

sucrose, and other components of self-reported dietary intake to risk of diabetes, among

women with BMI �29 kg/m2. After controlling for BMI, previous weight change, and

alcohol intake, they observed no associations between self-reported intakes of energy,

protein, sucrose, carbohydrate, or fiber and risk of diabetes. Compared with women 

in the lowest quintile of energy-adjusted intake, and relative risks (and tests for trend)

for those in the highest quintile were 0.61 (P trend � 0.03) for vegetable fat, 0.62 

(P trend � 0.008) for potassium, 0.70 (P trend � 0.005) for calcium, and 0.68 

(P trend � 0.02) for magnesium. These data are consistent with a protective effect of

a diet rich in plant food. These inverse associations were attenuated among obese women

(BMI 
29 kg/m2). Furthermore, in a more recent study there are data that support a

protective role for grains (particularly whole grains), cereal fiber, and dietary magne-

sium in the development of diabetes in older women (Meyer et al., 2000).

Increase in energy density – link with obesity

The association between type 2 diabetes and adiposity is arguably of even greater

importance than the previously well described association with cardiovascular risk

factors including hypertension, dyslipidemia and hypertension. Although the causes

of obesity are the result of complex interactions between genetic predisposition and

environmental trigger factors, the current epidemic has to be attributed to the “obeso-

genic environment” (Egger and Swinburn, 1997) as the human genome has not changed

in this period. In addressing the environmental facilitators of obesity, we need to consider

both food intake and energy expenditure.

Much of the discourse on the role of diet in the development of obesity highlights

the role of fat, due to its high energy density (kJ/g of food or beverage) and its propen-

sity, if consumed in excess, to be deposited as adipose tissue. However, there is now

evidence that fat gain is similar with overfeeding of carbohydrate or fat (McDevitt et al.,

2000). Spontaneous energy intake is strongly influenced by energy density. Covert

manipulation of energy density results in sustained changes in energy intake (Stubbs

et al., 1998). The increased use of low-fat products, many of which are energy dense
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due to their high sugar content, and sugar-containing beverages, now contribute

significantly to total energy intake. Independent of fat content, low energy dense diets

generate greater satiety than energy dense diets, suggesting that an important regula-

tory signal may be the weight or volume of food consumed. Epidemiological studies

confirm that energy intake increases with energy density and thus weight loss may be

best achieved on a low energy dense diet (Poppitt and Prentice, 1996).

Sweetened drinks – link with childhood obesity

Evidence is accumulating that the form in which the sucrose is consumed is also

important. A recent prospective study from Ludwig et al. (2001) demonstrated a clear

cut, graded relation between the consumption of sugar-sweetened drinks and devel-

opment of obesity in children. The prevalence of obesity among children in the United

States doubled between 1980 and 1994 so that 11% are now above the 95th reference

percentile of BMI for age and sex. The observation that this increase paralleled the

increase in sugar-sweetened soft drinks prompted Ludwig et al. (2001) to enroll 548

ethnically diverse school children (average age 11.7 � 0.8 years) in four Massachusetts

communities in a prospective study for 19 months. The difference in measures of 

obesity was related to differences in consumption of sugar-sweetened drinks and other

possible determinants of obesity including physical inactivity and fat intake. For each

additional serving of sugar-sweetened drinks both BMI (mean 0.24 kg/m2) and fre-

quency of obesity (odds ratio 1.6) increased after adjustment for anthropometric,

demographic, dietary and lifestyle variables. Differences in diet soda intake were not

related to obesity incidence.

Of course an observational study does not prove causality, but it is of interest that

another recently published study in an entirely different group of older individuals

produced similar results. Elmslie et al. (2001) compared a group of bipolar (manic

depressive) patients and matched controls; the patient group had higher rates of over-

weight and obesity than the controls. The bipolar patients reported a higher energy

intake, the increased energy being derived almost entirely from sucrose in sweetened

drinks. Energy from drinks (regardless of whether it is from sugar, fat, or alcohol)

adds to total energy intake, and does not displace energy from other forms (Poppitt 

et al., 1996). Furthermore, compensation at subsequent meals for energy consumed in

the form of liquid appears to be less complete than for energy consumed in solid form

(Mattes, 1996).

Although these new data suggest a potentially untoward effect, in terms of promoting

obesity, of sugar-containing beverages it may also be relevant to recall data published

some thirty years ago (Mann et al., 1970). Free-living middle-aged men were asked to

replace as far as possible sucrose with foods rich in starch in order to maintain energy

balance. Despite regular advice and encouragement from a dietitian they were unable

to maintain energy balance and lost weight presumably because of the greater satiety-

promoting qualities of the starchy foods. Although not providing direct evidence for

sugar as an etiological factor these observations do suggest that recommending a

reduction in sugar (in both beverages and food) may be a potentially useful public
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health measure in countries where obesity and its co-morbidities have reached

epidemic proportions.

Type of dietary fat

Although a low-fat diet is recommended for diabetic and nondiabetic patients (ADA,

1994), findings from epidemiological studies on the association of total dietary fat with

type 2 diabetes or insulin sensitivity have been inconsistent (Feskens and Kromhout,

1989; Lundgren et al., 1989; Marshall et al., 1991). However, more recent epidemio-

logic and metabolic studies suggest that dietary fat subtypes may be relevant to diabetes

pathophysiology. The impact of various dietary fatty acids on the risk of type 2 diabetes

was examined in the Iowa Women’s Health Study (Meyer et al., 2001), which studied

35 988 women, aged 55–69 years, free of diabetes, and followed them for 11 years,

resulting in 1890 new cases of type 2 diabetes. Intake of fat and fatty acids was

assessed from a validated food-frequency questionnaire. After adjustments for main

risk factors, including BMI, waist-to-hip ratio, physical activity, dietary fiber, magne-

sium, and other dietary fat subtypes, substituting polyunsaturated fatty acid (PUFA)

intake for saturated fatty acid (SFA) was inversely associated with diabetes risk, with

a 16% reduction in the highest quintile. The consumption of vegetable fat was associated

with a 22% reduction in new cases of diabetes in the highest quintile. Interestingly, in

another study on patients with type 2 diabetes, relative to high-monounsaturated-fat

diets, high-carbohydrate diets also caused persistent deterioration of glycemic control

and accentuation of hyperinsulinemia, as well as increased plasma triglyceride and

very-low-density lipoprotein cholesterol levels, which is undesirable (Garg et al., 1994).

People with diabetes in Spain have near-optimal serum lipid levels and maintain rea-

sonably good blood glucose control and BMI, indicating that diabetes management

that includes the usual Spanish diet, which is low in carbohydrates and high in fat,

especially monounsaturated fat (mostly olive oil), might be a useful model (DNCT,

1997). Furthermore, diets enriched with polyunsaturated fatty acids augment insulin

secretion significantly more than a diet comprising primarily saturated fatty acids

(Lardinois et al., 1987). Borkman et al. (1993) observed significant inverse relations

between fasting serum insulin and the content of n-3 and n-6 fatty acids within skeletal-

muscle phospholipids. This implies that the type of polyunsaturated fat (the n-6/n-3

ratio) may also be critical.

Although the mechanism for this increased insulin sensitivity in response to unsat-

urated fats is unknown, there are several mechanisms that have been proposed. Satu-

rated fatty acids have been shown to decrease insulin binding to receptors and to impair

glucose transport (Pelikanova et al., 1989). Specific dietary fatty acids may modify

the phospholipid composition of cell membranes, which in turn may alter the function

of the insulin receptor (Boden, 1996). Dietary PUFAs (n-6 and n-3) have been shown

to reduce triglyceride accumulation in skeletal muscle and possibly in �-cells, by upreg-

ulating the expression of genes encoding proteins involved in fatty acid oxidation

while simultaneously downregulating genes encoding proteins of lipid synthesis (Clarke,

2001). Fatty acids are also known to affect gene expression directly as they act as natural

ligands for genes, such as peroxisome proliferator-activated receptors (PPAR)
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(Kliewer et al., 1997). Other potential pathways relating PUFA and vegetable fat to

diabetes risk involve low-grade inflammation. Proinflammatory cytokines, such as

tumor necrosis factor-, may induce insulin resistance by influencing the function of

the insulin receptor (Hotamisligil et al., 1996). Interestingly the production of these

inflammatory cytokines is affected by the ratio of n-6/n-3 PUFA in the diet (Leaf, 1999).

Implications for health care and quality of life

Diabetes is a lifelong condition that seriously affects a person’s quality of life. Indi-

viduals with the disease have to make major lifestyle changes and learn to live with

monitoring blood glucose, using multiple drugs and injections, and dealing with com-

plications of the disease and their treatment. Diabetes is a complex and multifactorial

disease that is associated with considerable mortality, morbidity, and loss of quality of

life. The complications of type 2 diabetes are both microvascular and macrovascular

in nature and include the following: retinopathy, peripheral and autonomic neuro-

pathy, nephropathy, peripheral vascular disease, atherosclerotic cardiovascular and

cerebrovascular disease, hypertension, and susceptibility to infections and perio-

dontal disease.

The onset of type 2 diabetes is insidious and is usually recognized only 5–12 years

after hyperglycemia develops. During this period of undiagnosed diabetes, hyper-

glycemia, in combination with lifestyle factors (physical inactivity, alcohol use, smok-

ing), and other metabolic (dyslipidemia, obesity, insulin resistance) and hemodynamic

(hypertension) abnormalities frequently associated with type 2 diabetes, promote the

initiation and progression of micro- and macrovascular complications. Furthermore,

when blood glucose levels are increased only slightly and no symptoms are apparent,

the physician may be reluctant to diagnose type 2 diabetes or start treatment. A delay

in diagnosing the disease results in a high prevalence of chronic complications at the

time of actual diagnosis. Indeed, when type 2 diabetes is diagnosed, cardiovascular

disease and neuropathy are found in approximately 10% of cases, and retinopathy and

nephropathy in 15–20% (Muggeo, 1998).

Much of the direct costs of diabetes result from its complications, and hospitaliza-

tion costs are particularly high (IDF, 1997). On average people with diabetes are three

times more likely to be hospitalized than nondiabetic individuals. The risk for hospi-

talization is slightly diversified, venous complications being the least risky (1.7 times)

and heart-related complications the most risky (3.1 times). The risk of premature

death is higher for persons with diabetes compared to those without diabetes, and the

life expectancy is 10–15 years shorter. US data show that diabetes is the leading cause

of blindness and accounts for 40% of the new cases of end-stage renal disease. The

risk for leg amputation is 15–40 times higher and the risk for heart disease and stroke

is two to four times higher for people with diabetes compared with people without

diabetes. Recent studies show that the health care expenditures are as much as five

times higher for individuals with diabetes compared to individuals without diabetes.

In Sweden in 1994, three times more resources were spent on treating complications

182 Diabetes



compared to what was spent on control of the disease. Studies show that intensive

treatments cost more than traditional treatment, but also cut costs substantially for the

treatment of late complications (Bjork, 2001).

Nephropathy has been considered a rare complication of type 2 diabetes in patients

from European or North American populations, in which the highest incidence of this

disease is recorded in individuals aged over 70 years. Other ethnic groups such as

Pima Indians in the USA, Pacific Islanders, and Australian Aborigines have markedly

different incidence patterns of type 2 diabetes, with a high incidence in the 20–50-

year age group. These patients live long enough to develop nephropathy, and they do

so at a similar or higher rate to type 1 diabetes patients. Since the prevalence of type

2 diabetes is increasing worldwide, particularly in the developing world, diabetic

nephropathy will be a growing problem in patients with this disease. The prevention

of end-stage renal failure is possible in most patients, but the treatment of end-stage

renal disease is very expensive (Borch-Johnsen, 1995).

The United Kingdom Prospective Diabetes Study (UKPDS), conclusively demon-

strated that improved blood glucose control in these patients reduces the risk of devel-

oping retinopathy and nephropathy and possibly reduces neuropathy (UKPDS, 1998a,b;

Stratton et al., 2000). The overall microvascular complications rate was decreased by

25% in patients receiving intensive therapy versus conventional therapy. Epidemi-

ological analysis of the UKPDS data showed a continuous relationship between the

risk of microvascular complications and glycemia, such that for every percentage point

decrease in hemoglobin (Hb)A1c (e.g., 9 to 8%), there was a 37% reduction in the risk

of microvascular complications (Stratton et al., 2000).

The proportion of family income spent on diabetes care is higher in disadvantaged

socioeconomic groups in both industrialized and industrializing countries. Diabetes 

is expensive for people with the disease and their families and also for nations. For

example, in households with a diabetic patient, a substantial portion of the family

income, 5–25% in India, and 5–10% in the United States, is devoted to diabetes care

(IDF, 1997). At the national level, diabetes exerts a substantial toll on the direct health

care costs in all countries. A person with diabetes costs the health care sector �2.5

times more than a person without the disease (Selby et al., 1997). The estimated total

annual direct health care cost of diabetes in 1998 in industrialized countries varied

from US$ 0.54 billion in Denmark to US$ 60 billion in the United States (IDF, 1997).

Within the ambit of economic aspects of the population in a developing country, the

direct cost of diabetes health care is very high for many people. One study estimated

the annual direct cost of diabetes in India at US$ 2.2 billion (Shobhana et al., 2000).

These large variations in the estimated national costs of diabetes reflect a number of

factors. There may be variations in (a) the methods used for measuring and estimating

costs, (b) differences in clinical practice patterns, (c) differences in the purchasing

power for the same amount of resources, and (d) the effect of competing priorities on

the level of resources allocated for treating diabetes (Narayan et al., 2000).

O’Brien et al. (1998) estimated the direct medical costs of complications resulting

from type 2 diabetes in the US. They calculated event costs (associated with resource

use that is specific to the acute episode and any subsequent care occurring in the first

year) and state costs (the annual costs of continued management), expressed in 1996
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US dollars. They concluded that more severe or debilitating events associated with

diabetes, such as acute myocardial infarction ($27 630 event cost; $2185 state cost),

generate a greater financial burden than do early-stage complications, such as micro-

albuminuria ($62 event cost; $14 state cost). However, complications that are initially

relatively low in cost (e.g., microalbuminuria) can progress to more costly advanced

stages (e.g., end-stage renal disease, $53 659 state cost). In the CODE-2 Study (Costs

of Diabetes in Europe-Type 2) performed in eight European countries, the total

expenses for type 2 diabetics in Germany were evaluated and analyzed for the first

time. In the German arm of the study, the annual costs caused by type 2 diabetes

patients in Germany in 1998 amounted to 31.4 billion DM. Of these costs, 61% were

covered by statutory and private health insurance. The annual expenses of the Statutory

Health Insurance (SHI) for these patients amounted to 18.5 billion DM, 50% being

spent for inpatient treatment, 13% for ambulatory care, and 27% for medication.

Diabetes medication (insulin, oral antidiabetic drugs) accounted for only 7% of total

SHI costs. Only 26% of all diabetic patients had HbA1c values �6.5%, the therapeutic

target of the European Diabetes policy group. Around 50% of the type 2 diabetic

patients exhibited severe macro- and/or microvascular complications. The costs per

patient compared to the average expenses for SHI insured patients increased with

complication state from the 1.3-fold (no complications) up to the 4.1-fold (macro- and

microvascular complications). Diabetes-related complications and concomitant diseases

are the predominant reasons for these high costs (Liebl et al., 2001).

In conclusion, there is strong evidence that improved glycemic control is effective

at lessening the risks of retinopathy, neuropathy, and nephropathy in type 2 diabetes.

The evidence about the effect on coronary heart disease is limited and equivocal. The

hypoglycemic risk from improved glycemic control is significantly less in type 2 diabetes

than in type 1, and weight gain seems to be modest. Although glycemic goals should

be individualized based on several clinical factors, most patients with type 2 diabetes

would probably benefit from glucose lowering to a HbA1c level between 7% and 8%

(Gaster and Hirsch, 1998).

In addition to these direct costs, diabetes takes a toll on society through several

indirect costs, such as lost productivity due to worker sickness, absences, disability,

premature retirement, and premature mortality. These indirect costs may be as high, if

not higher, than direct costs, and estimates vary from US$ 330 million per year in

Mexico to US$ 54 billion per year in the United States (IDF, 1997).

Population health implications

Both obesity and type 2 diabetes are common consequences of urbanization (increased

sedentary lifestyles and increased energy density of diets). Both are potentially 

preventable through lifestyle modification on a population level, but this requires

coherent and multifaceted strategies. The development and successful and sustainable

implementation of such strategies is a major public health challenge globally. There is

an urgent need to develop global and national plans for the prevention and manage-

ment of obesity and type 2 diabetes mellitus (Seidell, 2000). Early diagnosis and

treatment through opportunistic screening of type 2 diabetes may reduce the lifetime

184 Diabetes



incidence of major microvascular complications and result in gains in both life-years

and QALYs. Although current recommendations in industrialized countries like

Australia and the US are that screening should begin at age 45 years, it is becoming

apparent that screening can be more cost-effective at younger ages (CDC, 1998b).

This is particularly the case in developing countries and in other populations at high

risk (minority groups in affluent western countries).
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Introduction

One of the most perceptible and pervasive changes that affected human society in the

late 20th century has been the accelerated health transition that has propelled non-

communicable diseases (NCDs) to the forefront of global public health challenges. 

In particular, cardiovascular diseases (CVDs) have emerged as the principal cause of

death and disability in most regions of the world (Murray and Lopez, 1996; Reddy

and Yusuf, 1998; Yusuf et al., 2001a,b; Reddy, 2001, 2002). As these advancing epi-

demics threaten to overwhelm health care systems in the developing countries through

their mounting demands and also disrupt development through premature mortality

and prolonged morbidity in mid-life, effective strategies for CVD prevention over the

lifespan become imperatives for early attention and urgent action. Nutrition is a major

determinant of the process and pace of these epidemics and warrants a key position in

the multisectoral matrix of global CVD prevention.

Burdens of CVD: global and regional estimates

According to the World Health Organization, 30% of all global deaths in 1998,

accounting for 15.3 million lives lost that year, were due to CVD. Both men and women

experienced these burdens, with CVD contributing to 28% of deaths in the former and

34% of deaths in the latter (WHO, 1999). The low- and middle-income countries con-

tributed 78% of all CVD deaths and 86.3% of disability adjusted life year (DALY)

loss attributed to CVD that year. Although this is largely due to the larger populations

in those countries, the rise in proportional mortality rates, of CVD deaths as a fraction

of all deaths, portends a growing burden of CVD in these countries (Yao et al., 1993;

Yusuf et al., 2001a). Coronary heart disease (CHD) and stroke are the dominant CVDs,

with rheumatic heart disease (RHD) contributing to the disease burdens only in the

The Nutrition Transition
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countries in an early stage of health transition. CHD and stroke vary across the world

in their relative burdens (Murray and Lopez, 1996). In 1990, the developing countries

accounted for over two-thirds of all stroke deaths and about half of all coronary deaths

in the world (Table 10.1).

CVD-related deaths also occur at a younger age in the developing countries, as

anticipated by their current stage of health transition. Of the CVD-related deaths that

occurred in these countries in 1990, about 46.7% occurred under the age of 70 years,

whereas the corresponding proportion in the industrially advanced countries was only

22.7% (Murray and Lopez, 1996; Reddy and Yusuf, 1998). As these epidemics advance

in the developing countries, the social gradient too is moving from the rich to the poor

as the dominant victims. Although this phenomenon is at present only seen in some

regions, depending on their level of health transition, other regions too are likely to

witness it as their CVD epidemics mature (Pais et al., 1996; Reddy and Yusuf, 1998;

InterAmerican Heart Foundation, 2000).

Projected CVD burdens in 2020

Most available estimates compare the 1990 baseline against projections for 2020,

which are based on demographic and econometric models. The burdens of CVD will

rise in all parts of the world, as populations age. The Global Burden of Disease study

estimates that the developing countries will experience a 137% rise in men and a 120%

rise in women, between 1990 and 2020, in the mortality attributable to CHD (Murray

and Lopez, 1996; Yusuf et al., 2001a). The developed countries will witness a much

smaller rise (48% in men and 29% in women, respectively). Similarly, stroke mortality

would exhibit 124% and 107% increases in men and women, respectively, in the devel-

oping countries, during this period. The corresponding elevations in the developed

countries would be 56% in men and 28% in women. The world, as a whole, would

experience a 100% and 80% rise in CHD mortality in men and women, respectively,

as well as 106% and 78% elevations in stroke mortality (Table 10.2).

According to the Global Burden of Disease study, a 55% rise would occur in CVD

attributable DALY loss, between 1990 and 2020, in the developing countries (Murray and

Lopez, 1996). This would be in contrast to a 14.3% reduction in the proportion of CVD

attributable DALY loss during the same period in the developed countries (including

192 Cardiovascular diseases

Table 10.1 Regional differences in burden of cardiovascular disease (1990) (from Murray and

Lopez, 1996)

Region Population CVD  Coronary Cerebrovascular DALYs

(millions) mortality mortality mortality (000’s) lost (000’s)

(000’s) (000’s)

Developed regions 1144.0 5328.0 2678.0 1447.9 39 118

Developing regions 4123.4 9016.7 2469.6 3181.2 108 802

DALYs, disability adjusted life years.



both established market economies and former socialist economies) (Table 10.3). The

gap would widen further if the former socialist economies, which are facing a resur-

gence in CVD, are excluded. In India, CVD-related deaths are expected to rise from

24.2% in 1990 to 41.8% of total deaths in 2020. Thus the increasing burden of CVD

would be mostly borne by the developing countries in the next two decades (Murray

and Lopez, 1996; Reddy, 2002).

The high burdens of mid-life deaths would continue to haunt the developing coun-

tries, even as the CVD epidemics advance to claim a higher share of the global disease

burden (Table 10.4). It has been projected that 6.4 million deaths would occur due to
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Table 10.2 Percentage rise in cardiovascular disease mortality 1990–2020 (from Murray and 

Lopez, 1996)

CHD Stroke

Men Women Men Women

Developed countries 48 29 56 28

Developing countries 137 127 124 107

World 100 80 106 78

Table 10.3 Contribution of cardiovascular disease to DALY loss (% of total) (derived from Murray

and Lopez, 1996)

Region CVD DALY loss (as % of total DALY loss)

1990 2020

World 10.8 14.7

Developed countries 25.7 22.0

Developing countries 8.9 13.8

DALY, disability adjusted life year.

Table 10.4 Developing countries: cardiovascular disease profile 2020 AD (based on projections by

global burden of disease study, Murray and Lopez, 1996)

Estimated Proportion  Persons dying 

deaths in of deaths in middle 

2020 between age

(million) 30 and 69 (million)

years (%)

Coronary heart disease Men 4.3 54
3.3

(heart attacks) Women 3.5 27

Cerebrovascular disease Men 3.2 52.7
2.5

(strokes) Women 2.7 28

Inflammatory and rheumatic Men 0.6 62.6
0.6

heart disease Women 0.4 44.4



CVD in the developing countries in 2020 in the age group 30–69 years (Murray and

Lopez, 1996; Reddy, 2002).

These projections do not directly factor in the likely rise in population levels of car-

diovascular risk factors, though developmental patterns in the econometric models

probably account for some such change. If these risk factors rise rapidly (as is likely

from the combined effects of industrialization, urbanization, and globalization), the

global dimensions of the future CVD epidemic may be even larger than is presently

envisioned.

Health transition and CVD: determinants and
directions

The variations across time and geographical regions, in the overall CVD burden as

well as the diversity in relative burdens of different diseases within the CVD spectrum,

are best explained by the model of health transition. The model, which has been modified

since its original description by Omran, explains the changes in the health status of

populations as well as the extent of different CVDs on the basis of progressive devel-

opmental pattern influencing the determinants of health and patterns of disease

(Omran, 1971; Olshansky and Ault, 1986; Pearson et al., 1993). Such an evolutionary

perspective, which has historical validity and predictive value, is superior to static

cross-sectional views which afford only fleeting glimpses of an epidemic in motion.

Countries in the earliest phases of epidemiologic transition have a large burden of

rheumatic heart disease as well as infectious and nutritional cardiomyopathies. Hyper-

tension emerges as a public health problem in the next phase, as salt consumption

rises, and adds hemorrhagic stroke and hypertensive heart disease to the burdens of

rheumatic heart disease. As countries advance further in their demographic and socio-

economic transition, these are largely replaced by thrombotic strokes and coronary heart

disease, with increased fat intake and rising blood lipids contributing to atherothrom-

botic vascular disease (Pearson et al., 1993). Although a decline in the burden of rheu-

matic heart disease is evident in regions experiencing rapid health transition, it is still

an important problem in regions that are at an early stage of demographic and devel-

opmental transition. The transition to the atherothrombotic phase of the epidemic may

be preceded by a sharp fall in the burden of hemorrhagic strokes. The recent decline

in CVD mortality, reported from South Korea, reflects such a fall in the contribution

from hemorrhagic strokes while thrombotic stroke and coronary heart disease burdens

have just begun to rise (Suh, 2001). Large developing countries may have different

regions in different phases of health transition with urban areas usually experiencing

higher CVD burdens at this stage. This phenomenon is evident in Latin America, parts

of Africa, China, and India (Reddy and Yusuf, 1998). The risk factors for cardiovas-

cular diseases also vary regionally and are themselves in transition (Reddy, 2002).

Most of the developed countries have entered the phase of delayed degenerative

disease, where cardiovascular diseases remain the leading contributors to death and
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disability, but mostly manifest at a late age and with an overall decline in mortality.

The task before the developing countries is to shorten the phase of large and escalating

cardiovascular disease burdens in mid-life and rapidly transit to the phase of delayed

and stable cardiovascular disease burdens.

There are several factors, which explain the recent emergence and underlie the

projected escalation of the CVD epidemic in the developing countries (Pearson et al.,

1993; Reddy and Yusuf, 1998; Yusuf et al., 2001a,b; Reddy, 2002). Firstly, there has

been a global surge in life expectancy, especially more so in the developing countries.

As a greater proportion of the population survives into older decades, many more indi-

viduals are exposed to risk factors of CVD for sufficient duration for clinical consequences

to manifest. This epidemiologic transition, due to changing demographic profiles and

a decline in the competing causes of death due to infectious and nutritional disorders,

characterizes the advent of the CVD epidemic along with those of other chronic diseases.

This has been clearly demonstrated in urban China, where mortality attributable to

CVD increased from 86.2 per 100 000 (12.1% of total deaths) in 1957 to 214.3 per

100 000 (35.8% of all deaths) in 1990 (Yao et al., 1993).

Secondly, delayed industrialization and recent urbanization have been associated

with alteration in living habits, with deleterious changes in diet, physical activity, and

tobacco addiction. These environmental changes lead to acquisition or accretion of risk

factors. The increased “dose” of risk factor exposure, coupled to longer duration of

exposure due to demographic changes, leads to enhanced risk of CVD. In China, the

Sino-MONICA study demonstrated that the body mass index (BMI), hypertension,

and blood cholesterol levels in the population of age group 35–64 years rose from

1984–86 to 1988–89 (Yao et al., 1993).

There are also possible adverse effects of poor childhood nutrition (Barker et al.,

1993), which, if conclusively proven, would have an enormous impact on the developing

countries, which still have a substantial fraction of the population which was under-

weight at birth. The possibility of such programming or as yet unascertained genetic

factors may underlie the enhanced susceptibility of some ethnic groups, e.g., South

Asian migrants, to CHD (Enas and Mehta, 1995; Yusuf et al., 2001a). The excess risk

in these groups may be explained by gene–environment interactions or fetal program-

ming, but public health action must focus on the environmental changes which trigger

the expression of susceptibility.

Dynamics of the CVD epidemic in developing
countries

Although the determinants of health transition in the developing countries are similar

to those that charted the course of the epidemics in the developed countries, their

dynamics are different. The compressed time frame of transition in the developing coun-

tries imposes a large double burden of communicable and noncommunicable diseases.

Unlike the developed countries where urbanization occurred in prospering economies,
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urbanization in developing countries occurs in settings of high poverty levels and

international debt, restricting resources for public health responses. Organized efforts

at prevention began in developed countries when the epidemic had peaked and often

accelerated a secular downswing whereas the efforts in the developing countries are

commencing when the epidemic is on the upswing. Strategies to control CVD in the

developing countries must be based on recognition of these similarities and differ-

ences. Principles of prevention must be based on the evidence gathered in developed

countries but interventions must be context-specific and resource-sensitive (Reddy,

2001, 2002).

Tracking the epidemic: risk behaviors to risk
factors to events

Today’s risk behaviors are tomorrow’s risk factors and today’s risk factors are tomor-

row’s events. The natural history of major CVDs plays out the effects of cumulative

exposures to biologic risk factors which result from dominant risk behaviors (diet,

inactivity, tobacco) which operate from the early years of life. The conventional risk

factors may have been underestimated, in terms of their impact, due to (a) regression

dilution bias, (b) lag time effect, (c) dichomotous divisions of risk factors which actually

operate in a continuum, and (d) unquantitated exposures (Yusuf et al., 2001a,b).

The “lag time” effect of risk factors on CVD means that present mortality rates are

the effect of exposure to risk factors in past decades. Present public health strategies,

which intend to reduce future CVD burdens, must focus on current levels of risk behav-

iors, biologic risk factors (which relate principally to those behaviors) as well as the

proximate social determinants of those risk behaviors and risk factors. Inappropriate

nutrition, reduced physical activity and tobacco consumption are among the behaviors

most associated with an increased risk of CVD, whereas overweight, central obesity,

high blood pressure, dyslipidemia, and diabetes are among the risk factors which prin-

cipally contribute to the manifestation of that risk.

A rise in total fat intake and decline in carbohydrate consumption (especially the

complex variety), excess energy intake coupled with micronutrient deficiencies, reduced

physical activity with energy–activity mismatch leading to obesity as well as excess

salt intake characterize the nutrition transition that is becoming increasingly well

documented in many developing countries (Drewnowski and Popkin, 1997). The

falling price of vegetable fat in the international market and the rising price of dietary

fiber (fruit and vegetables) in the domestic markets are economic factors propelling

this change. The proportion of Chinese citizens consuming �30% fat as an energy

source in their daily diet rose steeply across all income classes between 1989 and 1993.

The forces of urbanization and globalization which shift production from the small

farmer to the large corporation, distribution from the shopkeeper to the supermarket,

consumption from fresh to processed foods and supply from local to export markets

are the dynamos of this change in dietary patterns (Lang, 1997). Worldover, food is

becoming part of a “common culture” that reflects the dominant forces in globalization.
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Although nutrition is an essential need, tobacco is an entirely avoidable external

agent which contributes greatly to the risk of CVD. The proportion of all deaths attrib-

utable to tobacco is estimated to rise in India, from 1.4% in 1990 to 13.3% in 2020 and

from 9.2% to 16.0% in China during the same period. The overall global escalation

would be from 6.0% to 12.3% over these 30 years (WHO, 1996). Of the 10 million

lives that would be lost globally in 2025, due to tobacco, 7 million would be from the

developing countries. The declining tobacco consumption patterns and the tactical,

albeit limited, retreat of the tobacco industry in the developed countries are accompa-

nied by aggressive marketing and rising consumption patterns in the developing coun-

tries and CVD would be the largest contributor to these tobacco-related deaths.

Recent reports from many developing countries chronicle rising rates of sedentariness,

overweight, high blood pressure dyslipidemia, diabetes, and tobacco consumption in

their populations (Reddy and Yusuf, 1998; InterAmerican Heart Foundation, 2000;

Yusuf et al., 2001a). These presage a sharp rise in future CVD events, unless effective

public health interventions to prevent, recognize, and reduce risk factors are urgently

introduced and implemented.

The prevalence of hypertension varies according to the definition of hypertension

used in different studies. Recent surveys in China and India confirm the higher urban

prevalence of hypertension compared to rural (Reddy, 1996). The overall prevalence

in China, with threshold values of 140/90 mmHg, was 12.5% in adults aged 35–64

years. Recent Indian studies estimate a prevalence of adult hypertension in India to 

be 27.3% in an urban setting and 12.2% in a rural setting. Based on these estimates,

the number of adults with hypertension in India and China together would exceed 

100 million. Prevalence estimates of hypertension in adults in sub-Saharan Africa are

in the range of 10–15% with figures as high as 20% in some large studies. The number

of hypertensive adults in this region, according to these studies, has been estimated to

be between 10 and 20 million (Cooper et al., 1998; Fuentes et al., 2000). Prevalence

of hypertension, in a national survey of adults in Mexico in 1993, was found to be

26.6% (Arroyo et al., 1999).

The developing countries are currently contributing to three-quarters of the global

burden attributable to diabetes. The anticipated rise in the number of diabetics in the

world from 135 million in 1995 to 300 million in 2025 would principally be related to

a sharp rise in diabetes prevalence in the developing countries, exemplified by a 195%

rise in India (King et al., 1998). This, in turn, would impact adversely on the CVD

attributable burden of disease in the developing countries. Although urban diabetes

prevalence rates are three- to fourfold higher than rural prevalence rates in most parts

of India, urban prevalence of glucose intolerance (diabetes or impaired glucose toler-

ance) rose in urban Madras (Chennai) from 16.9% in 1988–89 to 20.7% in 1994–95

(Ramachandran et al., 1997). Increase in body mass index as well as central obesity con-

tribute to the rising rates of glucose intolerance. Both of these, in turn, are determined

by changing patterns of diet and physical activity.

In most developing countries, at present, urban populations have higher levels of

cardiovascular risk factors, which are related to diet and physical activity (overweight,

hypertension, dyslipidemia and diabetes) whereas tobacco consumption is more widely

prevalent in rural population (Reddy, 1993). This suggests that tobacco consumption
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is more influenced by education and is the earliest risk factor to demonstrate a reversal

of the social gradient. The other risk factors are influenced by more complex social

interactions affecting diet and exercise and their social gradients reverse relatively

slowly. This variation indicates the need for specifically targeted prevention programs

addressing the needs of different social groups. It also offers an opportunity for policy-

linked social engineering to influence the dynamics of an advancing epidemic at an

early stage.

Ethnic diversity: variations in the theme

Although the pathways of CVD appear common to all regions of the world, there are

differences in populations which are mediated by ethnicity, just as there are differences

in individuals mediated by genetic influences. Ethnicity transcends racial designations

or genotypic groupings. It represents the conglomeration of cultural practices, lifestyle

patterns, social influences, religious pursuits and racial characteristics that shapes 

the distinctive identity of a community. Ethnicity, therefore, extends beyond race and,

although culturally distinctive, is also open to adaptation and alteration (Reddy, 1998).

Ethnic diversity in CVD has been noted at all stages of the CVD epidemic, whether

in terms of the dominant stroke profile or the relative burdens of CHD and stroke or

interpopulation differences in CHD rates at similar levels of economic development.

The Seven Countries Study initially portrayed these differences clearly and provided

variability in total blood cholesterol as the best explanation (Keys, 1980). As knowledge

about the distribution of coronary risk factors in different populations grew, the inter-

play of multiple coronary risk factors contributing to variability in coronary disease

rates between populations became clear. However, some conundrums have continued

to pose challenges to such epidemiologic elucidation. From the “French paradox” to the

“Hispanic paradox”, from the lower than expected rates in Pima Indians to higher than

expected rates in South Asians (based on conventional risk factor levels), there have

been several puzzles which have periodically demanded plausible explanations. These

ethnic differences have been extensively reviewed recently (Yusuf et al., 2001a,b).

Several factors may contribute to these observed interpopulation differences in 

the CVD profile. First, countries may be located at different points in the path of 

epidemiologic transition, with varied life expectancy, diverse demographic profiles

and differing contributions from the competing causes of death. Thus the total burden

of CVD as well as the composition of the CVD spectrum will vary according to 

the dynamics of health transition.

Second, environmental factors related to increased or decreased risk of CVD differ

widely across populations. These differences are partly culture-specific and partly related

to the stage of industrialization. Much of the variability of CVD risk, between and within

populations, has been explained by differences in risk factors which are influenced by

the environment (lifestyle factors). The greater range of risk factor distributions in

interpopulation comparisons demonstrates their association with disease more vividly,

even though unconfounded comparisons are difficult in such ecologic studies.
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Third, genetic factors explain variance in the risk of incident CVD within popula-

tions by providing the basis for differences in individual susceptibility in a shared and

relatively homogenous environment. They also contribute to interpopulation differences,

due to variable frequencies of one or more genetic determinants of risk in different

ethnic groups. Genetic contributions to lipid disorders, obesity, salt sensitivity, insulin

resistance, coagulation derangements and endothelial dysfunction are being unraveled

and investigated for attributable risk.

Fourth, the “programming” effect of factors promoting selective survival may also

determine individual responses to environmental challenges and, thereby, the popula-

tion differences in CVD. The “thrifty gene” has been postulated to be a factor in pro-

moting selective survival, over generations, of persons who encountered an adverse

environment of limited nutritional resources (Reddy, 2001). Although this may have

proved advantageous in surviving the rigors of a spartan environment over thousands

of years, the relatively recent and rapid changes in environment may have resulted 

in a metabolic mismatch. Thus the salt-sensitive person whose forefathers thrived

despite a limited supply of salt reacts to a salt-enriched diet with high blood pressure.

Similarly, an insulin-resistant individual whose ancestors may have survived, because

a relative lack of insulin sensitivity in the skeletal muscle ensured adequate blood

glucose levels for the brain in daunting conditions of limited calorie intake and demand-

ing physical challenges, may now respond to a high-calorie diet and a sedentary lifestyle

with varying degrees of glucose intolerance and hyperinsulinemia.

Yet another postulated “programming factor” which may underlie population dif-

ferences in CHD is the state of infant nutrition determined by influences in utero and

in early childhood. An adverse intrauterine growth environment due to poor maternal

nutrition may confer a selective survival advantage to the fetus who has been “pro-

grammed” for reduced insulin sensitivity. Similarly other physiological mechanisms

may be “irreversibly programmed”, by the fetal and infant growth environment to confer

a survival advantage. However, as the child grows and survives into adulthood, such a

programming would result in adverse consequences of high blood pressure, glucose

intolerance and dyslipidemia resulting in an increased risk of CVD in later life.

It is only after demographic profiles, environmental factors and possible program-

ming factors are ascertained and adjusted for that differences in gene frequency or

expression can be invoked as a probable explanation for interpopulation differences in

CVD (Reddy, 1998). The extent to which most chronic diseases, including CVD, occur

within and among different populations is determined by genetic–environmental

interaction which occurs in a wide and variable array, ranging from the essentially

genetic to the predominantly environmental. This is perhaps best illustrated by the

knowledge gained from studies in migrant groups, where environmental changes due

to altered lifestyles are superimposed over genetic influences. These “natural experi-

ments” have been of great value in enhancing the understanding of why CVD rates

differ among racial groups. The classical Ni-Hon-San study of Japanese migrants

revealed how blood cholesterol levels and CHD rates rose from Japan to Honolulu and

further still to San Francisco, as Japanese communities in the three areas were com-

pared (Robertson et al., 1977). The experience gleaned from the study of South Asians,

Chinese and Pima Indians further elucidates the complexities of ethnic variations in
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CHD (Yusuf et al., 2001a,b). The comparison of Afro-Caribbeans, South Asians and

Europeans in UK brought out the sharp differences in central obesity, glucose intoler-

ance, hyperinsulinemia and related dyslipidemia between the three groups despite

similar profiles of blood pressure, body mass index and total plasma cholesterol

(Chaturvedi et al., 1994). However, urban–rural comparisons within India as well as

migrant Indian comparison with their nonmigrant siblings reveal large differences in

these conventional risk factors (Reddy, 1993).

Thus, where the environment is common but gene pools differ, the nonconventional

risk factors appear to be explanatory of risk variance, whereas when the same gene

pool is confronted with different environments, the conventional risk factors stand out

in stark relief. Investigation of genetic–environmental interactions in the diverse “ethnic”

groups across the world may supply some of the missing pieces of the atherothrom-

botic puzzle. Identification of characteristic genetic markers of enhanced suscepti-

bility to vascular disease in any ethnic group does not imply that their future lies in gene

therapy (involving millions of individuals) but that relevant environmental changes

must be specifically targeted in that population. Often, the susceptibility attributed to

race may obscure the true association with poverty or inequitable access to health care.

Within as well as between ethnic groups, socioeconomic status is a strong determinant

of lifestyle practices. Environmental components remain dominant in determining the

varied “ethnic” risks for CVD. The mandate of preventive cardiology lies in identifying

and addressing the components most relevant to each community at their present and

projected levels of development and epidemiologic transition.

Back to the future: evaluating evidence for
initiating interventions

Evidence has been accrued from ecological, observational, and experimental studies,

conducted mostly in developed countries, of the principles which underlie CVD risk

and of strategies which are likely to be successful in reducing that risk. Prevention must

aim at risk reduction across the lifespan and be guided by the following facts. First,

risk operates across a continuum for most variables. Second, many more events arise

from the “moderate” middle of the distribution than from the “high-risk” tail. Third,

risk is multiplied when risk factors coexist, which they often do. Fourth, the majority

of CVD events occur in persons with modest levels of multiple risk factors rather than

in those with a high level of single risk factor. Fifth, “comprehensive” or “absolute” CVD

risk is the best guide for individual interventions, whereas “population-attributable

risk” should guide mass interventions, maximizing benefits by bringing about modest

distributional shifts. Sixth, a synergistically complementary blend of cost-effective

“population-wide” and “high-risk” interventions must extend from primary preven-

tion in children to secondary prevention in older adults (Reddy, 2001, 2002; Yusuf 

et al., 2001b).

Success of such an approach comes from community-based studies in Finland and

Mauritius (Dowsen et al., 1995; Puska et al., 1995) as well as clinical trials employing
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lifestyle interventions, apart from drug trials. As the evidence from clinical trials rein-

forces the risk associations identified by observational studies, the “preventive norms”

and “clinical norms” move closer, whether it be blood pressure or plasma cholesterol

that is under consideration.

The benefits of healthy diet on reducing CVD risk have been well attested by the

results of interventions in populations as well as in individuals (Pietinen et al., 1996;

De Lorgeril et al., 1999; Sacks et al., 2001). This should provide the basis for global

action for CVD prevention utilizing effective strategies to prevent or reduce the CVD

risk associated with diet, inactivity, and tobacco.

Telescoping the transition: pathways for 
public health action

The model of health transition offers an opportunity to predict the course of the CVD

epidemic in many regions of the world and to intervene effectively to alter that course.

Developmental and demographic changes will expose more people to the increased

risk of CVD but that can be countered by promoting healthy living habits, especially

in the area of nutrition and physical activity. Experience of diverse countries (Japan

and Southern Europe) suggests that development need not be necessarily accompanied

by high burdens of CHD. The burdens of CVD cannot be totally prevented as they will

continue to be the major contributors in the elderly. However, opportunities exist for

reducing the burdens of mid-life mortality and disability due to CVD, by abbreviating

the most dangerous phase of health transition. The challenge of public health in the

21st century, is to telescope the transition in the developing countries to contain these

avoidable burdens of CVD. Fortunately, nutrition provides a powerful and practical

pathway to meet that challenge. It requires an empowered community and an enlight-

ened policy, catalyzed by an energetic coalition of health professionals, to open up

and utilize that pathway for advancing the agenda of global CVD prevention and

control.
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Introduction

China represents one of the more rapidly developing countries in the world. In the past

two decades, the annual growth rate of the gross domestic product (GDP) was more than

8%; the highest rate in recent world history (World Bank, 2001). China has achieved

remarkable economic progress and high levels of education. Annual income per capita

is now almost 20 times greater than 20 years ago (State Statistical Bureau, 2001), reaching

$400 in rural areas and $850 in urban areas in 1999 (Fig. 11.1). As a result, the pro-

portion of the population considered to be poor decreased sharply from 20% in 1978

to lower than 5% in 1999. The proportion of the population with an income below $1

a day declined from 80% in 1978 to 12% in 1998 (World Bank, 2001). Only one-third

of all adults were able to read or write in 1978. By 1998, illiteracy among 15–25 year-

olds was about 7% (World Bank, 2001).

Along with these economic shifts, and many related social changes, has come a

rapid evolution of the Chinese diet. The Chinese cuisine has one of the oldest histo-

ries. By the third century BC, there was a complex theory of cuisine and gastronomy

developed for China. The starting point for modern Chinese cuisine is the cultivation

and consumption of cereals (Legge, 1885). Yi Yin, a famous cook and prime minister,

developed the standards that are still followed. These stress the mastery of cooking

techniques and the harmony of flavors (Chen Qiyou, 1984; Knechtges, 1986). Foods

are classified by nature (hot, cold, temperate, cool) and their flavor (salty, sour, sweet,

bitter, acrid). The absence of excessive oil, other higher fat ingredients, and cooking

options from this traditional cuisine, and even from the regional cuisines that emerged

during the Ching and Manchu dynasties, is surprising. The excessive use of meat in

the overall diet and the heavy additions of oils in modern dishes are new dimensions.
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There appears to be no ancient precedent for the current “westernization” of the

Chinese diet.

The classic Chinese diet includes cereals (usually rice in the south; wheat and

wheat products in the north) and vegetables with few animal foods. In rural areas, res-

idents did not usually consume animal food, except when guests visited the family 

or there was a large festival (e.g., spring festival). Typically, such a diet is low fat, 

low-energy density, high in carbohydrates and high in dietary fiber. It is a diet that

many scholars consider most healthful when adequate levels of intake are achieved

(Campbell and Chen, 1994; Campbell et al., 1998).

Earlier research by these authors has shown rapid changes in the diets and body

composition of Chinese adults during the 1980–91 period (Popkin et al., 1993, 1995).

As the classic eating pattern shifts, intake of cereals and many lower-fat mixed dishes

are being replaced. Animal foods are becoming popular and the consumption of 

edible oils is also quickly increasing. Most recently, Western fast food companies have

entered China (Watson, 1997). For example, no restaurants sold western fast foods in

Beijing in 1985; there are now more than 100 McDonald’s or Kentucky Fried Chicken

restaurants in Beijing. It is fashionable to eat at these restaurants.

There are five clear stages of the nutrition transition; that is, of dietary and body

composition patterns in human history: collecting food, famine, receding famine,

degenerative diseases and behavioral change (Popkin, 1993). This chapter shows that

China is transforming very rapidly from the pattern of the present receding famine

stage to that of diet-related degenerative diseases.

This shift in the composition of diet and body composition has been accompanied

by many positive and some negative changes. Infectious diseases and hunger, impor-

tant causes of death in the 1950s, no longer affect most of the population. Although

malnutrition and nutrition deficiency diseases are still problems that should not be

overlooked, the burden is shifting to diet-related degenerative diseases with a rapid
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increase in the prevalence of obesity. Mortality, particularly infant and child mortality,

and fertility are declining, and life expectancy has reached high levels. Heart diseases,

cerebrovascular diseases and cancer are now the major sources of mortality. Respira-

tory diseases are rapidly receding in importance.

Subjects and methods

Dietary data

Data were obtained from three sources. The first source, the State Statistics Bureau

(SSB), has had a national random sampling framework since 1952, which was clus-

tered by urban/rural areas and economic levels. A national representative sample was

drawn from this framework. SSB has two survey teams: the Urban Survey Team 

and the Rural Survey Team. The two teams are in charge of the urban and rural area 

surveys, respectively, and collect data such as economic, occupation, population, mar-

riage, and diet each year. The survey design is similar to a longitudinal survey, but

about 20% of the households in the sampling communities would be changed each

year. In this study, data from 1952 to 2000 were used to analyze the long-term transi-

tions in diet and nutrition in China. Not every year’s data before 1978 were avail-

able and data after 1992 did not include the total consumption of urban and rural 

residents.

The second data source was the China National Nutrition Survey (CNNS) which

was conducted as three rounds of a national nutrition survey in 1959, 1982, and 1992.

Unfortunately, since no computer files of data in 1959 were available; data from 1982

and 1992 were used in this chapter. CNNS used a multistage, cluster sampling method

to draw the sample. In 1982, about 1500 persons in each of 178 communities were

surveyed; the sample size was 238 134. Dietary data were collected using a five-

consecutive days weighing method. In 1992, 30 households in each of 960 commu-

nities were surveyed and the sample size was 100 201. Dietary data were collected by

a combination of the weighing method and three consecutive 24-hour recalls.

The third data source was the China Health and Nutrition Survey (CHNS), a longi-

tudinal survey designed to examine the effects of the health, nutrition, and family

planning policies and programs implemented by the national and local governments

and to observe how the social and economic transformation of Chinese society is

affecting the health and nutritional status of its population. The survey originally cov-

ered eight provinces, and now includes nine, that vary substantially in geography,

economic development, public resources, and health indicators. A multistage, random-

cluster process was used to select the sample surveyed in each of the provinces. 

In 1989, 190 communities including about 3800 households and 16 000 subjects were

surveyed; they were followed up in 1991, 1993, 1997 and 2000. Three consecutive

days of 24-hour recall and detailed household food consumption data were collected

(Popkin et al., in press). These three days were randomly allocated, from Monday to

Sunday, and are almost equally balanced across the seven days of the week for each

sampling unit. Household food consumption was determined by examining changes
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in inventory, from the beginning to the end of each day, in combination with a weigh-

ing and measurement technique.

Physical activity data

The CHNS collected detailed data on occupation, work character, labor force, work

time and other items related to physical activities. Physical activity was classified into

three categories: light, moderate, and vigorous (Bell et al., 2001). The proportion of

ownership of television (TV) sets was also analyzed to reflect the shifts in physical

activities.

Anthropometric data

Data from both CNNS and CHNS were used. Both surveys measured height and weight

in an elaborate way and these methods were described in Du et al. (2001a) and Ge 

et al. (1996). The World Health Organization’s (WHO) cutoff points for body mass index

(BMI) were used to define underweight (BMI �18.5) and overweight (BMI 
 25).

Overweight and obesity (BMI 
30) categories are combined for two reasons. The pro-

portion of BMI 
30 was very low (only 1.5% in 1992) and a recent international group

from the WHO-Pacific Region has recommended that a lower BMI cutoff for over-

weight of 23 and obesity of 25 should be used in Asia (Inoue and Zimmet, 2000).

Mortality and causes of death data

These data came from the Annual Death Report from the Ministry of Health of China.

China has a fairly complete death registration system that appears to be of reasonable

quality. In rural areas, village clinics collect death data (including decedant’s name,

gender, age, death date and time, causes of death and diagnostic hospital, etc.) and report

to town hospitals, which totals each village’s data. In urban areas, anti-epidemic 

stations at the district level collect all death data from hospitals, clinics, and neigh-

borhoods (the lowest government unit in a city). All data from anti-epidemic stations

are submitted to the Ministry of Health. Diseases are classified according to the

WHO’s International Classification of Disease, Injuries, and Causes of Death, version 9

(ICD-9). Death data before 1973 were not used since they were not complete and the

classification varied slightly from ICD-9.

Results

Food consumption pattern

The shift in the Chinese diet follows a classic westernization pattern. The economic

progress, linked in part to liberalization of food production controls and the introduction
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of a free market for food and food products, are linked to these important shifts in diet

(Guo et al., 1999). Focus was placed on shifts in key, separate components of the

Chinese diet.

Cereals

The long term

In the past, China was an autarkic agriculture country. Over 80% of the population

lived in rural areas. They worked on farms and their main income came from foods they

produced. However, this status has been changing in the last 50 years and this change

is considered historic. There are really five different stages of change (Fig. 11.2). First,

was the shift from an independent China, free of war, between 1949 and 1957. After a

long period of civil wars and anti-Japanese aggression, famine was widespread, mor-

tality was very high, and many people died young. China in 1949 was like a waste-

land, but people received hope from the new government. Farmers got their lands, and

workers got their jobs; economics began to recover, and food products began to

increase. Limited by the poor agriculture mode and poor land sources, food produc-

tion was inadequate and low cereal consumption patterns existed (Fig. 11.2).

In the second period, there was a sharp decrease in food consumption from 1957 to

1962 during the famine linked with the Great Leap Forward. The causes and conse-

quences of the famine during this period are not well documented, but it is clear that

a large-scale famine occurred and there was a major regression in the Chinese econ-

omy during this period (Piazza, 1986). In 1962, cereal intake reached the level of con-

sumption of 1949, only 165 kg per capita, per year.

The third period, between 1962 and 1979, was one of strong recovery. During this

period, per capita intake of cereals increased steadily from 165 kg to 195 kg. This was

an annual per capita increase of only 1.8 kg.
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The fourth or reform period of 1979 to 1985 came after the liberalization of food

production when the annual economic growth rate was over 10%. During this period,

China began to import cereals from the United States and other countries. As a result,

per capita intake of cereals increased by 60 kg within 6 years, 10 kg each year, or a

27.4 g increase each day.

After this rapid growth, further economic improvement led to a shift in energy

requirements. The structure of the Chinese diet shifted and cereal consumption began

to slowly decline; this is the fifth period presented in Popkin et al. (1993).

Large cultural, economic, and communications differences existing between urban

areas and rural areas are linked with different cereal intake patterns. Urban cereal

intake decreased slowly before 1979 and rapidly thereafter. In 1999, the intake of

cereals by urban residents was only 84.9 kg per capita. This was almost half of the

intake of cereals in 1979, or one-third of that for rural residents in 1999.

The short term

Both CNNS and CHNS data showed that intake of cereals decreased considerably

during the past two decades in both urban and rural areas and among all income

groups (Table 11.1). During the eight-year period from 1989 to 1997, the total intake

of cereals decreased by 127 g, per capita, per day (67 g for urban residents and 161 g

for rural residents). The decrease in the low-income group was the highest: 196 g per

capita, compared with their counterparts in mid- and high-income groups (86 g and

85 g, respectively). However, there remains an inverse relationship between income

and cereal intake. For example, in 1997, the intake in low-, mid- and high-income

groups was 615 g, 556 g and 510 g per capita, respectively.

The shift away from coarse grain consumption such as millet, sorghum and corn, is

a key component of this change. CHNS data showed a 38 g decrease in refined cereals
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Table 11.1 Shift in consumption in the Chinese diet (China Health and Nutrition Study, 1989–1997) for adults, ages 20 to 45

Food Mean intake (g/capita/day)

Urban Rural Low income Mid income High income Total

1989 1997 1989 1997 1989 1997 1989 1997 1989 1997 1989 1997

Total grains 556 489 742 581 811 615 642 556 595 510 684 557

Coarse 46 25 175 54 226 68 98 43 78 30 135 46

Refined 510 465 567 527 585 546 544 513 517 479 549 511

Fresh vegetables 309 311 409 357 436 356 360 357 335 325 377 345

Fresh fruit 14.5 35.9 14.9 16.7 5.5 8.0 13.2 18.1 26.1 37.5 14.8 21.7

Meat and meat 73.9 96.6 43.9 57.6 36.3 40.2 57.5 63.9 66.5 96.2 53.3 67.8

products

Poultry and game 10.6 15.5 4.1 11.7 4.1 7.0 6.6 10.2 7.7 20.3 6.1 12.7

Eggs and egg 15.8 31.6 8.5 19.6 6.0 13.9 10.6 21.7 15.8 31.5 10.8 22.7

products

Fish and seafood 27.5 30.5 23.2 26.9 11.8 16.4 28.7 26.0 33.4 40.1 24.6 27.9

Milk and milk 3.7 4.0 0.2 0.9 0.8 0.1 0.2 1.4 3.5 3.6 1.3 1.7

products

Plant oil 17.2 40.4 14.0 35.9 12.9 32.1 15.8 37.1 16.4 41.5 15.0 37.1



between 1989 and 1997, but an even larger decrease in coarse cereal consumption of

89 g. In CNNS data, the intake of refined cereals in 1992 was similar to that in 1982,

but the intake of coarse cereals decreased by 59 g per capita, per day.

Vegetables and fruits

The long term

Figure 11.2 presents a long-term shift in household vegetable consumption. Urban

residents’ intake, which was slightly higher than that of rural residents, decreased

steadily before 1997 and increased slightly thereafter. Among rural residents, there

was a sharp decrease from 1992 to 1993, a smaller decline from 1993 to 1995 and

then a slight increase.

Short term

The intake of vegetables decreased between 1989 and 1997. In contrast, the intake of

fruits, which are much more expensive than vegetables, showed an increase. CHNS

data showed that the urban residents’ intake of vegetables did not change from 1989

to 1997, but the intake of fruits in 1997 was 2.5 times that of 1989 (Table 11.1). As a

result, the total intake of vegetables and fruits in urban areas during this period

increased. The intake of vegetables of rural residents decreased 52 g per capita, per

day (409 g in 1989 to 357 g in 1997), whereas the intake of fruits increased by 1.8 g

per capita, per day during the same period. As a whole, total intake of vegetables and

fruits decreased from 391.8 g per capita per day in 1989 to 366.7 g per capita, per day

in 1997. The largest decrease occurred in the low-income group, where the intake

decreased from 441.5 g to 364 g, or 77.5 g per capita, per day.

Animal foods

Long term

In the past 50 years, annual consumption of animal foods more than tripled from a

very low level of consumption of 11 kg per capita in 1952 to 38 kg per capita in 1992

(Fig. 11.3). Urban residents’ intake increased to 65.3 kg per capita in 1999. There was

a slow rate of increase prior to 1979 but thereafter, it was much higher. From 1952 to

1979, intake increased by only 5.6 kg (0.2 kg annually), but it increased by 21 kg

(1.6 kg annually) between 1979 and 1992. Of the subcomponents, meat and meat

products increased from 8.4 kg to 20.3 kg, poultry and game from 0.6 kg to 2.3 kg, fish

from 3.2 kg to 7.3 kg and eggs from 2.0 kg to 7.8 kg per capita, per year.

Meat and meat products were the main sources of animal foods, but the proportion

decreased from 76% to 58% in rural areas and from 57% to 44% in urban areas. The

proportions of other sources increased, but at a very low level. For example, the pro-

portion of fish, as an animal food, increased from 11% to 16% in rural areas but there

was no change in urban areas (22%); poultry increased from 3% to 10% in rural areas

and from 6% to 12% in urban areas.
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Short term

Urban residents’ intake of animal foods per capita, per day in 1997 was higher than for

rural residents (178.2 g for urban vs. 116.7 g for rural) and also showed a larger

increase (46.7 g vs. 36.8 g) from 1989 to 1997. The amount and growth of intake of

animal foods was positively associated with income levels. Intake in the low-income

group was 77.6 g per capita, per day in 1997, an increase of 18.6 g, whereas it was

123.2 g and 19.6 g in the mid-income group; and 191.7 g and 64.8 g per capita, per day

for the high-income group. The intake level and the increase in the high-income group

from 1989 to 1997 was almost three times those in the low-income group.

The composition of energy in the diet

Long term

Figure 11.4 presents the long-term shifts in the proportion of energy from each

macronutrient component; trends of energy intake were similar to those of cereals. Total

energy intake increased before 1985; then began to decrease. Total energy intake was

2270 kcal (9.50 MJ) in 1952, 2440 kcal (10.21 MJ) in 1982, and 2328 kcal (9.74 MJ)

in 1992. Among the energy components, there was little change in the proportion of

energy from protein during this period, but the proportion of protein from animals

increased considerably. Only 3.1% of protein came from animal foods in 1952 and

this increased to 18.9% in 1992; intake of fat doubled in this time period (28.3 g vs.

58.3 g). Sources of energy changed remarkably; energy from fat increased two times

(11% vs. 22%), energy from carbohydrates decreased from 77% to 66%, and energy

from animal foods increased from 4.9% to 9.3%.

Short term

Data from the CHNS show the shift away from carbohydrates to fat in the diet. Energy

from carbohydrates (Table 11.2) decreased to 59.8% in 1997 from 68.7% in 1989 for
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all residents, and to only 53.3% from 65.8% in 1989 among urban residents, the low-

est for any group. Energy from fat increased sharply from 19.3% in 1989 to 27.3% in

1997. The shift toward a high fat diet is shown more pointedly by examining those

with low and high fat diets and higher animal fat diets from 1989 to 1997 (Table 11.3).

The proportion of adults with a high fat diet increased by 2.5 times (14.7% vs. 38.5%)

within these eight years. Over 60% of urban residents consumed more than 30% of

energy from fat in 1997. The proportion of diets with a fat energy less than 10%

declined considerably (18.4% to 3.1%) over this same eight-year period.

Physical activity

Energy expenditure at work and the proportion of TV set ownership were used to mea-

sure changes in daily physical activities. Large changes in technology in the workplace
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Table 11.2 Shifts in energy sources in the Chinese diet for adults, ages 20 to 45 (China Health and

Nutrition Survey, 1989–1997)

Energy from fat (%) Energy from carbohydrates (%)

1989 1991 1993 1997 1989 1991 1993 1997

Urban 21.4 29.7 32.0 32.8 65.8 58.0 55.0 53.3

Rural 18.2 22.5 22.7 25.4 70.0 65.6 65.2 62.1

Low income 16.0 19.3 19.7 23.0 72.9 69.2 68.6 64.5

Mid income 20.3 25.2 25.5 27.1 67.5 62.6 62.2 60.3

High income 21.5 30.0 31.5 31.6 65.4 57.5 55.4 54.8

Total 19.3 24.8 25.5 27.3 68.7 63.2 62.1 59.8



and in leisure activities are linked with rapid declines in physical activity. Economic

activities are shifting toward the service sector, particularly in urban areas (Popkin,

1998). The proportion of urban adults (male and female) working in occupations

where they participate in vigorous activity patterns has decreased, and increased

where the activity pattern is light. In rural areas, however, there has been a shift toward

increased physical activity linked to holding multiple jobs and more intensive effort.

For rural women, there is a shift toward a larger proportion engaged in more energy

intensive work but there are also proportions where light effort is increasing. In con-

trast, for rural men there is a small decrease in the proportion engaged in light work

effort. The results are presented in Table 11.4.

Television set ownership increased considerably during this eight-year period,

especially in rural areas and among lower income groups (Table 11.5). Clearly TV
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Table 11.3 Shifts in consumption of total and saturated fat for adults, ages 20 to 45 (China Health and Nutrition Survey,

1989–1997)

Percentage with energy from Percentage with energy from Percentage with energy from 

animal fat �10% fat 
30% animal fat 
10%

1989 1991 1993 1997 1989 1991 1993 1997 1989 1991 1993 1997

Urban 13.1 2.6 2.1 1.9 19.8 51.4 58.4 60.1 49.8 64.7 69.9 68.9

Rural 21.0 10.4 8.9 3.6 12.1 23.0 23.1 29.5 33.3 41.4 44.3 39.3

Low income 30.4 16.9 13.1 5.8 9.3 14.3 14.2 21.4 26.2 32.5 33.6 32.1

Mid income 14.8 5.4 6.1 2.7 16.2 31.1 31.4 35.5 42.8 50.6 53.2 42.6

High income 10.1 1.5 1.1 1.3 18.5 51.4 56.1 54.6 47.8 63.7 69.6 61.1

Total 18.4 7.9 6.8 3.1 14.7 32.0 33.7 38.5 38.8 48.7 52.0 48.0

Table 11.5 The proportion of ownership of TV sets in China (%) (China Health and Nutrition

Survey, 1989–1997)

1989 1993 1997

Urban 84.6 90.1 94.0

Rural 55.2 75.0 85.8

Total 64.7 79.6 88.5

Table 11.4 Activity distribution among adults, ages 20 to 45 years (China Health and Nutrition

Survey, 1989, 1997)

Light (%) Vigorous (%)

1989 1997 1989 1997

Urban Male 32.7 38.2 27.1 22.4

Female 36.3 54.1 24.8 20.8

Rural Male 19.0 18.7 52.5 59.9

Female 19.3 25.5 47.4 60.0



ownership represents a major potential source of inactivity. In 1997, close to 90% of

Chinese households owned TV sets.

Body composition

There has been a profound rightward shift in the body mass index (BMI) distribution

of Chinese adults particularly at levels of BMI from 23 to 30 as shown in Fig. 11.5.

Overweight and obesity were rare in 1982; only 3.5% of adults in the younger age

(20–45 years of age) range had a BMI above 25 and only 0.2% were classified as

being obese. These rates increased fourfold to 14.1% and 1.3%, respectively, in 1997.

Compared with rural areas, the prevalence was much higher in urban areas (20.9% vs.

14.2%), especially in large cities. In 1992, more than 40% of urban residents in

Beijing were overweight and obese, which would be a serious public health problem

(Ge, 1996). In the past 15 years, there has been almost a one percentage point per year

(0.93 percentage point annually) increase in the prevalence rate or an additional 

12 million overweight and obese cases each year.

At the same time, there is still a meaningful proportion of adults facing chronic

undernutrition and having a low BMI as shown in Table 11.6; the prevalence of under-

nutrition was 5.8% in 1997. During the period 1982 to 1992, this proportion decreased

by 0.4 each year, and by 0.2 between 1992 and 1997 (using our CHNS and CNNS data).

Morbidity

Blood pressure data from the CHNS show a modest increase in hypertension between

1991 and 1997 among adults, aged 30–65 years. Hypertension is greater among males

and urban residents, which is not surprising, given the greater obesity found in urban
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areas. Interestingly, the prevalence of hypertension in males in urban areas decreased

slightly from 1991 to 1997 (the difference was not statistically significant), whereas the

prevalence increased among all other groups, especially in rural males (Fig. 11.6).

Mortality of degenerate chronic diseases

The overall death rate decreased between 1974 and 1984, with no major clear reduc-

tion from 1984 to 1990 and then rose in urban areas. It increased by 34.7 per 100 000

during this latter period (553.4 vs. 588.1). These results are presented in Fig. 11.7.

This shift is noteworthy as it seems to be concurrent with the increase in diet-related

noncommunicable diseases related to the circulatory system and cancer. The 1999

specific mortality of infection and parasite diseases in rural areas, for example, was

one-seventh of the 1974 rate (58.2 vs. 8.0 per 100 000) but the mortality of diabetes in

urban areas increased fivefold in 1999 compared to 1974 (15.4 vs. 3.4 per 100 000).
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Table 11.6 Trends of BMI distribution for 20- to 45-year-old adults (China Health and Nutrition

Survey, 1989–1997)

BMI �18.5 (%) BMI 
25 (%)

1989 1991 1993 1997 1989 1991 1993 1997

Urban 7.8 7.8 7.7 6.2 10.6 12.1 12.7 18.7

Rural 8.3 8.4 7.3 5.6 8.4 9.9 10.2 13.7

Male 7.4 7.3 6.2 5.5 6.4 8.2 9.1 14.5

Female 8.7 9.1 8.6 6 11.5 12.7 12.6 16.2

Low Income 6.9 9.8 7.4 6 6.3 6.6 9.5 10.9

Mid Income 10 8.1 7.7 6.3 9.1 11.7 10 14.7

High Income 7.5 6.7 7.2 4.5 10.7 13.6 13.5 19.6

Total 8.1 8.2 7.5 5.8 10.3 10.6 10.9 15.4
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Figure 11.6 Trends in the prevalence of hypertension, adults aged 30–65 years, CHNS 1991 (�) and
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Discussion

In the half century since Chinese independence, there have been three major periods

related to the stages of the nutrition transition. Before 1985, the country was trans-

formed from one facing famine and extreme food shortages to one where the food

supply addressed basic needs. Food intake of key food types (cereals, vegetables, animal

foods) as well as total energy intake increased. Continuing the shift toward a reduction

of malnutrition between 1985 and 1990, food diversity increased considerably, total

energy began to decrease, and animal food intake increased considerably, as did the

proportions of poultry, eggs, and milk. After 1990, China entered a later stage of the

transition as obesity began to increase, energy density of the diet increased consider-

ably, and cereal intake decreased considerably. Diet-related noncommunicable diseases

began to increase rapidly.

What is the basis of stating a new stage of the nutrition
transition was reached?

First, the overall 1999 death rates among urban residents increased to a higher rate than

in the early 1970s. The main reason was that mortality increased from diet-related

degenerative diseases such as cardiovascular diseases, diabetes and cancers. Mortality

rates of rural residents are still improving but we expect these rates will also shift

upward in the next several decades. Farmers have become richer in many regions of the

country and the rural diet is following the same shift toward animal products that urban

areas followed, i.e., reduced carbohydrate and increased edible oil and total fat. Adult
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obesity in rural areas is beginning to increase. Cancer and cardiovascular disease

(CVD) will soon become the major sources of adult and total mortality in rural China.

Second, China is facing both challenges of malnutrition and overnutrition. In past

decades, the government tried its best to solve the malnutrition problem and made

great progress. However, the prevalence of malnutrition is still very high: 35% of pre-

school children were stunting; 20% of preschool children, 22% of school children and

adolescents, and 8% of adults were suffering from undernutrition (Du et al., 2001b).

On the other hand, the prevalence of overweight and obesity has risen to a relatively

high degree. Although details on overweight status among Chinese children were not

presented, other studies have shown large increases in overweight among preschool

children, older children, and teens (Du et al., 1999; Wang et al., in press).

For example, based on the cutoff points of BMI for overweight and obesity from 

the International Obesity Task Force (IOTF), 15% (28% in urban areas) of children

aged 2–6 years and 8% (12% in urban areas, 11 times that of 15 years ago) of children

and adolescents aged 7–17 years were overweight and obese (Du et al., 2001b).

The research by Doak et al. (2000) highlights this shift in the distribution of under-

and overnutrition in a different way. Her research identified households in which over-

weight and underweight coexist, and explored causative household levels. In China, the

prevalence of such households was 8% (Doak et al., 2000).

Third, marked shifts in the Chinese diet have been shown. Unlike other East Asian

countries, such as South Korea (which has actively promoted its traditional diets), China

seems to be rapidly relinquishing its traditional diets (Kim et al., 2000). South Korea

has used mass media and other government programs to encourage retention of their

high-vegetable, low-fat traditional cuisine.

The level of fat intake in South Korea is even lower than in China, although China’s

GNP was less than 1/14 of the GNP in South Korea in 1996. Starting in the 1990s,

people in China obtained more than 20% of energy from fat whereas South Koreans

still consumed less than 20% of energy from fat in 1995 (Kim et al., 2000). In China,

edible oil intake increases unabated as does the intake of other animal products

(Drewnowski and Popkin, 1997).

Also, there has recently been a rapid increase in food consumption from away-

from-home sources (Popkin et al., in press). In 1989 only 0.4% of all energy was con-

sumed at restaurants and stalls in China, but by 1997, over 7.4% of energy came from

restaurants and food stalls. Some scholars feel that increased away-from-home food

consumption is a contributing factor to increased overweight and obesity (Binkley 

et al., 2000).

Why did the prevalence of overweight and obesity and 
diet-related noncommunicable disease mortality rise so quickly?

The ongoing demographic and economic transition in China is promoting changes in

diet and lifestyle, as in other developing countries (Popkin, 1993, 1998; Caballero and

Rubinstein, 1997). The shifts in diet and activity have certainly been implicated in the

increase in obesity (Paeratakul et al., 1998). Traditional diets are shifting to high-fat
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and high-energy density diets. China is experiencing the nutrition transition much

sooner and at a much lower level of GNP than the United States and Western

European countries (Drewnowski and Popkin, 1997). The increase in energy density

of the food consumed in the Chinese diet was over 10% during the 1989 to 1997

period (Popkin et al., in press); reports showed energy density was probably responsi-

ble for the increase of energy intake and obesity (Bell et al., 1998; Hill and Peters,

1998; Rolls et al., 1999).

This chapter has shown a large increase in fat from animal sources. Over two-thirds

of urban Chinese consume over 10% of their energy from animal fat. These animal

food sources are predominantly high-fat pork and pork products with less lower fat

and healthier poultry and fish.

Other types of change that might be linked to future accelerations of the diet are

less clear. Other work shows large increases in the speed of consumption changes

(Guo et al., 2000). Media exposure might be a critical element in this shift. A less

clear effect is the role of the rapid increase in away-from-home consumption; it 

represents a small proportion of the diet, but it is clear that this will increase 

rapidly. Today, all provinces and almost all large cities have either a McDonald’s or 

a Kentucky Fried Chicken outlet and the spread in many areas is astounding 

(Watson, 1997).

Physical activities in daily life have been reduced due to advances in technology

and transportation (Bell et al., 2001). A large proportion of the people live a sedentary

life and this trend will continue. Also, the large shifts in ownership of TV sets and the

equally large reduction in physical activity at work are important. People spend more

time watching TV, playing electronic games, and working with the computer.

Urbanization plays an important role in the rapid transition found in China. Its 

role in shifting occupational patterns and other dimensions of physical activity, as

well as access to a different more processed, higher fat and sugar diet is important 

(Drewnowski and Popkin, 1997; Popkin, 1999; Holmboe-Ottesen, 2000). Moreover,

the proportion of the population that resides in urban areas has grown.

A further issue is the potentially greater vulnerability for noncommunicable dis-

eases that persons residing in rural areas face due to early fetal and infant malnutrition

(Barker et al., 1993; Barker, 1997; Hoffman et al., 2000a,b,c). In past decades, there

were very high rates of low birth weight and stunting among Chinese children, all of

which could have enhanced the likelihood of later obesity and other chronic diseases

(Popkin et al., 1996). As they grow, the metabolic balance (that served well in conditions

of undernutrition) may become maladaptive, leading to the development of abnormal

lipid profiles, altered glucose and insulin metabolism, and obesity (Barker et al.,

1993; Hoffman et al., 2000 a,b,c).

Today, diet-related noncommunicable diseases represent the major causes of mor-

tality in China. By 1995, the economic costs of undernutrition and overnutrition were

of similar magnitude in China and diet-related noncommunicable disease costs will

predominate in 2025. The economic cost of diet-related noncommunicable diseases

exceeded 2.1% of the GDP in China in 1995 (B.M. Popkin, S. Horton, S. Kim, 

A. Mahal and S. Jin, unpublished results). The question is whether the public health

system, faced with such massive increases in costs from these noncommunicable 
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diseases, can rise to the challenge and create the coordinated effort needed to address

China’s emerging problems.

Acknowledgments

This analysis was conducted while Shufa Du was a postdoctoral fellow at the Carolina

Population Center, University of North Carolina at Chapel Hill. Shufa Du and Bing

Lu received funding from the Fogarty International Center, NIH. Also we thank the

National Institutes of Health (NIH) (R01-HD30880 and R01-HD38700) for financial

support for the analysis. We wish to thank Ms Frances L. Dancy for administrative

assistance, Tom Swasey for graphics support, and Ms Zhihong Wang and Ms Hongfei

Hao for research assistance.

References

Barker, D.J. (1997). Br. Med. Bull. 53, 96–108.

Barker, D.J., Gluckman, P.D., Godfrey, K.M., Harding, J.E., Owens, J.A., and Robinson, J.S.

(1993). Lancet 341, 938–941.

Bell, E.A., Castellanos, V.H., Pelkman, C.L., Thorwart, M.L., and Rolls, B.J. (1998). 

Am. J. Clin. Nutr. 67, 412–420.

Bell, C., Ge, K., and Popkin, B.M. (2001). Int. J. Obes. Relat. Metab. Disord. 25, 1079–1086.

Binkley, J.K., Eales, J., and Jekanowski, M. (2000). Int. J. Obes. Relat. Metab. Disord.

24, 1032–1039.

Caballero, B., and Rubinstein, S. (1997). Arch. Latinoam Nutr. 47 Suppl 1, 3–8.

Campbell, T.C., and Chen, J. (1994). Am. J. Clin. Nutr. 59, 1153S–1161S.

Campbell, T.C., Parpia, B., and Chen, J. (1998). Am. J. Cardiol. 82, 18T–21T.

Chen, Q. (ed.) (1984). “Lü Shi Chun Qiu Jiao Shi”, Vol. 14. Xuelin Publishing House,

Shanghai, China.

Doak, C., Adair, L., Monteiro, C., and Popkin, B.M. (2000). J. Nutr. 130, 2965–2980.

Drewnowski, A., and Popkin, B.M. (1997). Nutr. Rev. 55(2), 31–43.

Du, S. (1999). In “The Dietary and Nutritional Status of Chinese Population – Children 

and Adolescents (1992 National Nutrition Survey)” (K. Ge, and F. Zhai, eds.), Vol. 2,

pp. 12–34. People’s Medical Publishing House, China.

Du, S., Zhai, F., and Ge, K. (2001a). J. Hyg. Res. 30, 339–342.

Du, S., Lu, B., Wang, Z., Zhai, F., and Popkin, B.M. (2001b). J. Hyg. Res. 30, 221–225.

Ge, K. (1996). J. Hyg. Res. 25 Suppl, 1–8 (in Chinese).

Ge, K., Zhai, F., and Yan, H. (eds.) (1996). “ The Dietary and Nutritional Status of Chinese

Population (1992 National Nutrition Survey)”. People’s Medical Publishing House,

China.

Guo, X., Popkin, B.M., Mroz, T.A., and Zhai, F. (1999). J. Nutr. 129, 994–1001.

Guo, X., Mroz, T.A., Popkin, B.M., and Zhai, F. (2000). Econ. Dev. Cult. Change 4, 737–760.

220 The nutrition transition in China: a new stage of the Chinese diet



Hill, J.O., and Peters, J.C. (1998). Science 280, 1371–1374.

Hoffman, D.J., Sawaya, A.L., Coward, A., Wright, A., Martins, P.A., de Nascimento, C.,

Tucker, K., and Roberts, S.B. (2000a). Am. J. Clin. Nutr. 72, 1025–1031.

Hoffman, D.J., Sawaya, A.L., Verreschi, I., Tucker, K.L., and Roberts, S.B. (2000b). 

Am. J. Clin. Nutr. 72, 702–707.

Hoffman, D.J., Roberts, S.B., Verreschi, I., Martins, P.A., de Nascimento, C., Tucker, K.L.,

and Sawaya, A.L. (2000c). J. Nutr. 130, 2265–2270.

Holmboe-Ottesen, G. (2000). Tidsskr Nor Laegeforen. 120, 78–82.

Inoue, S., and Zimmet, P. (2000) “The Asia-Pacific Perspective: Redefining Obesity and

its Treatment”. Health Commun, Sydney, Australia.

Kim, S., Moon, S., and Popkin, B.M. (2000). Am. J. Clin. Nutr. 71, 44–53.

Knechtges, D.R. (1986). J. Am. Orient. Soc. 106, 49–63.

Legge, J. (1885). “The Li Ki in The Sacred Books of China, Part 3”, The Royal

Regulations, Sect. III/14, Oxford.

Paeratakul, S., Popkin, B.M., Ge, K., Adair, L.S., and Stevens, J. (1998). Int. J. Obes.

Relat. Metab. Disord. 22, 424–432.

Piazza, A. (1986). “Food Consumption and Nutritional Status in the PRC”. Westview

Special Studies on China, Boulder, CO.

Popkin, B.M. (1993). Pop. Dev. Rev. 19, 138–157.

Popkin, B.M. (1998). Publ. Health Nutr. 1, 5–21.

Popkin, B.M. (1999). World Dev. 27, 1905–1916.

Popkin, B.M., Ge, K., Zhai, F., Guo, X., Ma, H., and Zohoori, N. (1993). Eur. J. Clin. Nutr.

47, 333–346.

Popkin, B.M., Paeratakul, S., Zhai, F., and Ge, K. (1995). Am. J. Publ. Health 85(5),

690–694.

Popkin, B.M., Richards, M.K., and Monteiro, C. (1996). J. Nutr. 126, 3009–3016.

Popkin, B.M., Lu, B., and Zhai, F. (2002). Publ. Health Nutr. (in press).

Rolls, B.J., Bell, E.A., Castellanos, V.H., Chow, M., Pelkman, C.L., and Throwart, M.L.

(1999). Am. J. Clin. Nutr. 69, 863–871.

State Statistical Bureau (2001). “China Statistical Yearbook 2000”. China Statistics Press,

China.

Wang, Y., Monteiro, C., and Popkin, B.M. (2002). Am. J. Clin. Nutr. (in press).

Watson, J.L. (ed.) (1997). “Golden Arches East: McDonald’s in East Asia”, pp. 1–256.

Stanford University Press, Stanford.

World Bank (2001). “World development indicators 2001”. World Bank, Washington, DC.

References 221



This Page Intentionally Left Blank



The Nutrition Transition
ISBN: 0-12-153654-8

Copyright © 2002 Elsevier Science Ltd
All rights of reproduction in any form reserved

Trends in under- and
overnutrition in Brazil

Carlos A. Monteiro, Wolney L. Conde, and 
Barry M. Popkin

12

Introduction

The process known as nutrition transition refers to major cyclical changes in the 

nutritional profile of human populations, produced by modifications in both 

dietary and nutrient expenditure patterns, and basically determined by an interplay of

economic, demographic, environmental, and cultural changes occurring in the society

(Popkin, 1993).

Outstanding changes in economic, demographic, environmental, and cultural fac-

tors have been registered in the last quarter of the 20th century in most developing

countries, but the impact of these changes on the nutritional profile of their popula-

tions is still to be fully assessed (Popkin et al., 1995; Popkin, 1998; Popkin and Doak,

1998). The relative burden of disease, represented by under- and overnutrition, the

pace of the transition process among children, adolescents and adults, and the distinct

effects on the social classes are still unclear in these countries.

Brazil is placed in a privileged position concerning the description of the nutrition

transition process. First, demographic, socioeconomic, environmental, and cultural

changes have been impressive in Brazil in the last quarter of the 20th century (Iunes,

2000; Patarra, 2000; Ibge, 2001). Second, in Brazil the availability of repeated nation-

ally representative cross-sectional surveys provides a basis for the careful understanding

of secular trends of the nutritional profile of its population. Third, Brazil has continental

dimensions (it is the fifth largest country in the world) and great economic differences

between the least-developed northern regions and the most-developed southern regions;

this makes it possible to stage the process of the nutrition transition at different levels of

economic development. Fourth, the strong uneven income distribution across the coun-

try permits the dynamics of the nutrition transition among the relatively poorer and

richer social strata to be individualized and compared within each region.



This chapter complements and updates previous analyses on specific aspects of the

nutrition transition in Brazil (Monteiro et al., 1992, 1994, 1995, 2000a,b,c,d, 2001;

Mondini and Monteiro, 1994; Monteiro and Conde, 1999).

Methods

Populations and sampling

Data used in this section come from four successive nationwide surveys undertaken in

Brazil in 1975, 1989, 1996, and 1997 (Estudo Nacional da Despesa Familiar, 1975;

Pesquisa Nacional sobre Saúde e Nutrição, 1989; Pesquisa Nacional sobre Demografia

e Saúde, 1996; Pesquisa sobre Padrões de Vida, 1997). The four surveys were executed

by, or with the support of, the federal agency in charge of national statistics in Brazil

(the Instituto Brasileiro de Geografia e Estatística) using similar probabilistic, census-

based, multistage, stratified, clustering sampling procedures (Ibge/UNICEF, 1982;

Ibge/UNICEF, 1992; Bemfam, 1997; Ibge, 1998). The most recent survey, undertaken

in 1997, was restricted to the northeastern and southeastern regions of Brazil. Therefore,

to allow proper comparisons, all trend analyses presented in this section will consider

only the sample of households studied by the four surveys in those two regions. The

northeastern and southeastern regions are, respectively, the least and the most econom-

ically developed regions in the country (1995 per capita gross domestic product (GDP)

of US$ 1728 and US$ 4913, respectively) (Lavinas and Magina, 1996). Together, these

two regions also concentrate 70% of the total Brazilian population (28% and 42%,

respectively, according to the demographic census of 2000). The number of sampled

households in these two regions was: (a) 36 105 in 1975, (b) 14 602 in 1989, (c) 8922 in

1996, and (d) 11 033 in 1997. In the 1975, 1989, and 1997 surveys¸ all individuals liv-

ing in the households were eligible for nutritional assessment through anthropometry

(weight and height measurements), but in 1996, this assessment was restricted to chil-

dren under five years of age. To avoid age groups where the assessment of the nutritional

status through anthropometry poses more difficulties, our trend analyses are focused on

three age groups:

1. 1–4-year-old individuals – hereafter called the young child group – studied in

1975, 1989, and 1996;

2. 10–17-year-old individuals – hereafter called the old child/adolescent group –

studied in 1975, 1989, and 1997;

3. Individuals aged 20 or more years – hereafter called the adult group – also stud-

ied in 1975, 1989, and 1997.

The coverage of the anthropometrical exams was very high in the four surveys among

all age groups (from 91% to 99%). The absolute number of young children, older chil-

dren and adolescents, and adults examined by each survey, pregnant women excluded,

is shown in Table 12.1.
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Data collection

The four surveys adopted similar processes for collecting anthropometrical data.

Weight and height measurements were obtained at the households by pairs of trained

and standardized interviewers. Weight was measured using calibrated portable scales

(mechanical in 1975 and microelectronic in the subsequent surveys) with the sampled

individuals wearing light clothes and no shoes. Recumbent length was obtained from

children less than two years of age using a horizontal stadiometer; height was

obtained in older children and adults using inextensible tapes in bare-footed individ-

uals, with the head held in the Frankfort plane. The age of all individuals was calcu-

lated based on birth certificates or equivalent documents. The economic status of 

the studied individuals was assessed through the direct collection of family income

data in 1975, 1989, and 1997 whereas the 1996 survey used an inventory of goods in

the household (radio, TV set, video player, refrigerator, vacuum cleaner, washing

machine, and car).

Indicators and data analysis

Height-for-age and weight-for-height indices expressed as z-scores of the international

growth reference (HAZ and WHZ, respectively) were used to assess children’s nutri-

tional status; stunted, wasted and underweight children corresponded to HAZ � �2,

WHZ � �2 and WHZ �2, respectively (WHO, 1995). Body mass index (BMI) or the

weight in kg divided by the height in meters squared (kg/m2), was used to assess the

nutritional status of both adolescents and adults (WHO, 1995). Underweight and over-

weight adolescents corresponded to BMI below the 5th centile or above the 95th cen-

tile, respectively, of a gender and age-specific BMI reference distribution built upon

the whole national sample of adolescents studied in 1989 using the LMS method

(Cole, 1990). Underweight adults corresponded to BMI �18.5 kg/m2 and obese adults

to BMI 
30.0 kg/m2 (WHO, 1995).
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Table 12.1 Number of individuals studied in four anthropometric surveys by age groups and region.

Brazil: 1975–1997

Year of the survey Region Age group

1–4 years 10–17 years Over 20 years

1975 Northeast 7798 15 870 33 582

Southeast 7335 18 414 44 449

1989 Northeast 1290 2894 6919

Southeast 890 2250 7097

1996 Northeast 1141 – –

Southeast 645 – –

1997 Northeast – 1678 4559

Southeast – 1305 4838



Time-trend analyses consider changes in the prevalence (and correspondent 95%

confidence intervals) of:

1. stunted, wasted, and overweight young children;

2. underweight and overweight old child/adolescents;

3. underweight and obese adults.

Time-trend analyses also consider changes in mean z-scores (and correspondent

95% confidence intervals) of young child HAZ and WHZ, old child/adolescent, and

adult BMI z-scores as well as shifts in the distribution curves of these variables. BMI

z-scores for adolescents were calculated with reference to the previously mentioned

gender and age-specific BMI distribution built on the whole national sample of older

children and adolescents studied in 1989. The BMI z-score for adults was calculated,

in an analogous way, with reference to a gender and age-specific BMI distribution

built on the whole national sample of adults studied in 1989. The analyses will be per-

formed firstly for the combined northeastern and southeastern populations (hereafter

referred to as a proxy of the Brazilian population); separately for each region; and

finally for region-specific quartiles relative to the per capita family income (1975,

1989, and 1997) or the number of goods in the household (1996).

All statistical analyses of this study were carried out using STATA (Stata Corp.,

1997). All estimates accounted for the sampling weights and the sampling design

effects on standard errors (and confidence intervals) resulting from the complex,

stratified, clustered, sample design employed by each survey. Estimates of adult

underweight and adult obesity were age-adjusted by the direct method to the gender-

specific age distribution observed in the last survey in order to control for ageing

trends across the surveys, existing in the case of the adult population. Statistical

significance of changes over time in child, adolescent, and adult nutritional status was

assessed by grouping the individual data files of each survey in one single data file and

running linear or logistic regression analyses in which the continuous or discrete

nutritional status indicators were the dependent variable and the survey year was the

independent variable (age group was a control variable for all analyses involving the

adult population). Tests for linear trends in the logistic models were calculated by

unfactoring the independent variable (the survey year).

Results

Trends in young children

Figures 12.1 and 12.2 display HAZ and WHZ distributions for the 1–4-year-old

Brazilian children studied in 1975, 1989, and 1996 (z-scores relative to the interna-

tional growth reference). The distributions refer to combined genders since no relevant

difference was found between time-trends in boys and girls. The HAZ curve shifts 

progressively toward the right (higher values) throughout the three surveys whereas 

the WHZ curve shifts slightly toward the right from 1975 to 1989 but then remains 
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relatively unchanged to 1996. In the three successive surveys (1975, 1989, and 1996)

the average child HAZ increased from �1.33 to �0.69 and then to �0.47

(P � 0.0001 for linear trend), whereas the average child WHZ increased from �0.17

to �0.06 (P � 0.0001) and then stabilized near zero (�0.02 in 1996). Although

improving throughout the surveys, the final average child HAZ achieved at the last

1996 survey (�0.47; 95% CI: �0.41; �0.53) remains significantly negative (i.e.,

below the international growth reference) indicating that child stunting is still present

in the population. The average WHZ is significantly negative in 1975 (�0.17; 95% 

CI: �0.19; �0.15) but positive and close to zero in the two most recent (1989 and

1996) surveys indicating the control of child wasting in the population.

Table 12.2 presents time-trends in gender combined child stunting, child wasting,

and child overweight. The prevalence of each event in each survey is given with cor-

respondent 95% confidence intervals. Trends are presented for the entire country, for

each region, and, within each region, for extreme income groups (the 25% poorest and
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Figure 12.1 Height-for-age distribution in 1–4-year-old children. Brazil: 1975–1996.
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Figure 12.2 Weight-for-height distribution in 1–4-year-old children. Brazil: 1975–1996.



the 25% richest children). For the entire country, stunting decreases continuously

throughout the surveys (34.3%, 18.2%, and 11.4%, respectively; P � 0.0001 for 

linear trend) while wasting decreases in the first period (from 4.6% to 1.5%;

P � 0.0001) and remains low and relatively constant in the second period (2.0% in

1996). Similar patterns of changes (i.e., strong continuous reductions in stunting

throughout the three surveys and apparent control of wasting by 1989) are seen in all

regional and income strata. The prevalence of young child overweight for the entire

country is relatively low and does not change significantly throughout the three sur-

veys: 3.3%, 3.1% and 4.0%, respectively. Higher rates of child overweight are seen

among the higher income children from the more-developed southeastern region but

these rates also do not change significantly throughout the three surveys (i.e., 6.8%,

10.3%, and 8.6%, respectively).

Changes in stunting affect in a complex way the regional and social distribution of

this event in the population. The regional gap in child stunting is actually increased

throughout the surveys because the pace of the stunting decline in the more-developed

region exceeds that observed in the less-developed region. The income gap in child

stunting increases in the less-developed region but decreases in the more-developed

region due to a more favorable trend among the poorest children. In both regions,

child wasting tends to be more common among lower income families, whereas over-

weight tends to be more common among higher income families. However, this pat-

tern of association with income does not essentially change throughout the surveys.

The relative importance of problems associated with child underfeeding (mostly

stunting in Brazil) and child overfeeding (overweight) clearly changed throughout the
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Table 12.2 Secular trends in the prevalence (%) of stunted, wasted, and overweight 1–4-year-old children by region and 

income group. Brazil: 1975–1996

Region and Stunteda Wastedb Overweightc

income group
1975 1989 1996 1975 1989 1996 1975 1989 1996

Northeast 47.1 29.9 19.0 4.1 1.8 2.6 2.9 1.5 2.7

(45.9–48.4)d (27.3–32.6) (16.6–21.5) (3.6–4.7) (1.0–2.5) (1.6–3.6) (2.5–3.3) (0.8–2.2) (1.8–3.7)

25% poorest 60.8 42.4 28.8 5.0 2.6 3.4 2.4 1.2 2.3

(58.3–63.2) (37.4–47.5) (25.0–32.5) (3.9–6.0) (0.9–4.2) (1.8–5.0) (1.7–3.2) (0.1–2.3) (1.0–3.6)

25% richest 26.2 8.6 2.4 2.8 1.0 0.0 3.3 2.8 6.9

(24.0–28.4) (4.9–12.3) (0.3–5.1) (2.0–3.6) (0.0–2.2) – (2.5–4.1) (0.8–4.7) (2.1–11.6)

Southeast 22.7 8.0 4.8 5.0 1.3 1.5 3.7 4.5 5.2

(21.7–23.8) (5.7–10.3) (3.1–6.5) (4.4–5.5) (0.2–2.4) (0.5–2.5) (3.1–4.0) (2.7–6.3) (3.4–6.9)

25% poorest 39.9 17.3 7.2 6.5 2.0 1.9 2.9 2.1 4.0

(37.7–42.1) (11.6–22.9) (4.3–10.2) (5.4–7.7) (0.0–4.5) (0.3–3.4) (2.1–3.7) (0.0–4.6) (1.8–6.2)

25% richest 6.0 3.4 3.0 2.5 0.9 1.2 6.8 10.3 8.6

(4.8–7.3) (0.4–7.3) (0.6–6.5) (1.6–3.3) (0.0–2.8) (1.2–3.7) (5.3–8.3) (4.8–15.8) (2.8–14.4)

Brazil 34.3 18.2 11.4 4.6 1.5 2.0 3.3 3.1 4.0

(33.5–35.1) (16.5–20.0) (9.9–12.8) (4.2–5.0) (0.9–2.2) (1.3–2.7) (3.0–3.6) (2.1–4.1) (3.0–5.1)

a Height-for-age � �2 z-scores of the international growth reference.
b Weight-for-height � �2 z-scores of the international growth reference.
c Weight-for-height �2 z-scores of the international growth reference.
d 95% confidence intervals are given in parentheses.



surveys. For instance, there were 10 cases of child stunting to one case of overweight

in 1975, countrywide, whereas, in 1996, this ratio was reduced to 3:1. Changes were

more pronounced in the more-developed southeastern region, where the ratio of six

cases of stunting to one case of overweight was replaced by an equilibrium between the

two events. Still more dramatic was the change among the higher income children from

the least-developed region, where eight cases of stunting to one case of overweight was

reversed to almost three cases of overweight to one case of stunting. Yet, it should be

noted that, in 1996, the average child living in the country’s least-developed region was

still seven times more susceptible to stunting than to overweight (and twelve times

more susceptible to stunting if he/she belonged to the lower income group).

Trends in old children and adolescents

Figure 12.3 shows BMI z-score distributions from the 10–17-year-old individuals (old

child/adolescents) studied in 1975, 1989, and 1997 (BMI z-score relative to the gen-

der and age-specific total BMI distribution in 1989). Distributions refer to combined

genders since trends did not differ by gender. A clear, progressive shift toward higher

z-score values is seen throughout the three surveys. The average old child/adolescent

BMI z-score in the three successive surveys was: �0.39, �0.04, and �0.11, respec-

tively (P � 0.0001 for linear trend).

Table 12.3 presents time-trends for the prevalence of underweight and overweight

for gender combined old child/adolescents (BMI below the 5th or above the 95th cen-

tile of the adolescent BMI reference mentioned previously). The prevalence of both

underweight and overweight in each survey is given with correspondent 95% confi-

dence intervals. Trends are again presented for the entire country, for each region, and
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Figure 12.3 BMI distribution in older children and adolescents. Brazil: 1975–1997.



for the extreme income groups within each region. For the entire country, underweight

decreases significantly in the first period (from 8.5% to 4.3%; P � 0.0001) but not 

in the second period (5.6% in 1997), whereas overweight increases continuously

throughout the three surveys (1.8%, 5.3%, and 9.2%; P � 0.0001 for linear trend).

Similar patterns of change (i.e., significant reductions in underweight in the first

period and continuous increases in overweight throughout the three surveys) are seen

in all region and income strata. These changes do not essentially alter either the direct

association between level of regional development or individual income and risk of old

child/adolescent overweight nor the inverse association observed with underweight.

Time changes, however, do alter the relative importance of under- and overweight for

the adolescent population. In 1975, the risk of underweight for the whole adolescent

population exceeded the risk of overweight by almost five times whereas, in 1997,

overweight exceeds underweight (by 1.6 times). Similar changes in the relative impor-

tance of under- and overweight were observed in all region and income strata.

Trends in adults

Figures 12.4 and 12.5 display gender-specific BMI z-score distributions of Brazilian

adults, 20 years of age or older, studied in 1975, 1989, and 1997 (BMI z-score rela-

tive to the gender and age-specific total adult BMI distribution in 1989). The BMI 

distribution for men shifts progressively toward the right (higher BMI values)

throughout the three surveys and the average BMI z-score increases from �0.31

to �0.02 and then to �0.27 (P � 0.0001 for linear trend). In the case of women, 
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Table 12.3 Secular trends in the prevalence (%) of underweight and overweight in older children

and adolescents by region and income group. Brazil: 1975–1997

Region and Underweighta Overweightb

income group
1975 1989 1997 1975 1989 1997

Northeast 8.9 4.9 5.9 1.0 2.5 4.6

(8.4–9.4)c (4.1–5.8) (4.4–7.4) (0.8–1.1) (1.9–3.1) (3.3–5.8)

25% poorest 10.5 6.0 3.4 0.7 1.4 2.5

(9.3–11.7) (4.1–7.8) (1.0–5.9) (0.4–1.1) (0.5–2.4) (0.2–4.9)

25% richest 8.3 5.5 4.5 1.5 4.5 7.2

(7.5–9.2) (3.9–7.2) (2.1–6.9) (1.2–1.9) (3.1–6.0) (4.4–10.1)

Southeast 8.2 3.9 5.3 2.5 7.3 12.9

(7.8–8.7) (2.9–4.9) (3.8–6.8) (2.3–2.8) (5.9–8.6) (10.6–15.2)

25% poorest 10.5 5.9 8.2 0.9 5.0 5.3

(9.4–11.4) (3.3–8.6) (4.4–11.9) (0.6–1.3) (2.4–7.5) (2.5–8.2)

25% richest 5.9 2.9 5.0 4.9 10.7 13.5

(5.2–6.7) (1.1–4.7) (1.8–8.2) (4.3–5.6) (7.3–14.0) (8.9–18.1)

Brazil 8.5 4.3 5.6 1.8 5.3 9.2

(8.2–8.8) (3.6–5.0) (4.5–6.6) (1.7–2.0) (4.5–6.2) (7.8–10.6)

a BMI values lower than the gender and age-specific 5th centile in the 1989 survey.
b BMI values higher than the gender and age-specific 95th centile in the 1989 survey.
c 95% confidence intervals are shown in parentheses.



BMI clearly shifts to the right from 1975 to 1989 (average z-scores of �0.31

to �0.04, respectively; P � 0.0001) but then stabilizes in the following period 

(average z-score of �0.04 in 1996).

Tables 12.4 and 12.5 present time-trends in the age-adjusted prevalence of under-

weight and obesity among adults (BMI � 18.5 kg/m2 or 
30 kg/m2, respectively).

The prevalence of each event in the three successive surveys is given with correspon-

ding 95% confidence intervals. Time-trends are once more presented for the entire

country, for each region, and for extreme income groups within each region. Since

trends in the adult population differ by gender, results are presented separately for

males and females.

Trends of underweight and obesity in men are clearly opposite. For the whole pop-

ulation, the prevalence of underweight declines throughout the three surveys from
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Table 12.4 Secular trends in the prevalence (%) of underweight and obesity in male adults by region

and income group. Brazil: 1975–1997

Region and Underweighta Obeseb

income group
1975 1989 1997 1975 1989 1997

Northeast 7.9 5.2 4.2 1.2 2.4 4.4

(7.5–8.4) (4.4–5.9) (3.3–5.1) (1.1–1.4) (1.9–3.0) (3.5–5.3)

25% poorest 7.8 4.8 5.5 0.7 0.8 1.8

(6.8–8.7) (3.4–6.2) (3.1–8.0) (0.4–0.9) (0.4–1.2) (0.9–2.7)

25% richest 7.5 3.5 2.6 2.5 5.1 8.4

(6.7–8.3) (2.2–4.8) (1.6–3.5) (2.1–3.0) (3.6–6.7) (6.3–10.5)

Southeast 8.7 4.8 2.9 2.9 5.8 8.4

(8.3–9.1) (4.1–5.5) (2.2–3.6) (2.7–3.2) (5.0–6.6) (7.2–9.6)

25% poorest 13.0 7.7 3.3 1.6 2.9 3.8

(12.1–14.0) (6.2–9.2) (1.9–4.7) (1.2–1.9) (2.1–3.7) (2.2–5.3)

25% richest 4.1 2.9 2.0 5.4 8.2 10.2

(3.5–4.7) (1.7–4.2) (0.9–3.1) (4.7–6.0) (6.1–10.4) (7.6–12.7)

Brazil 8.3 5.0 3.5 2.1 4.1 6.4

(7.9–8.7) (4.2–5.7) (2.8–4.3) (1.9–2.3) (3.5–4.8) (5.3–7.4)

a Body mass index � 18.5 kg/m2.
b Body mass index 
 30 kg/m2.

Prevalences are age-adjusted according to the age distribution in the 1997 surveys; 95% confidence 

intervals in parentheses.

Table 12.5 Secular trends in the prevalence (%) of underweight and obesity in female adults by

region and income group. Brazil: 1975–1997

Gender, region and Underweighta Obeseb

income group
1975 1989 1997 1975 1989 1997

Northeast 16.0 9.5 7.6 4.1 7.8 12.5

(15.4–16.6) (8.5–10.5) (6.6–8.7) (3.9–4.4) (6.9–8.7) (11.1–13.8)

25% poorest 17.6 11.2 9.6 3.1 5.2 7.7

(16.3–18.9) (9.0–13.3) (6.7–12.4) (2.5–3.6) (3.8–6.7) (5.2–10.2)

25% richest 12.4 6.1 5.6 6.7 9.8 14.5

(11.4–13.3) (4.6–7.7) (4.1–7.1) (6.0–7.4) (7.9–11.6) (12.1–16.8)

Southeast 10.8 5.4 5.4 7.8 14.0 12.3

(10.3–11.2) (4.6–6.1) (4.5–6.3) (7.5–8.2) (12.8–15.2) (11.0–13.6)

25% poorest 13.9 6.4 8.9 6.1 11.2 14.1

(12.9–14.8) (5.1–7.6) (6.8–11.1) (5.5–6.7) (9.5–13.0) (11.4–16.9)

25% richest 6.8 4.3 3.1 7.9 14.4 8.9

(6.1–7.5) (2.9–5.8) (1.9–4.3) (7.2–8.7) (11.8–17.0) (6.7–11.2)

Brazil 13.4 7.5 6.5 6.0 10.9 12.4

(12.9–13.9) (6.6–8.3) (5.6–7.5) (5.7–6.3) (9.9–12.0) (11.0–13.7)

a Body mass index � 18.5 kg/m2.
b Body mass index 
 30 kg/m2.

Prevalences are age-adjusted according to the age distribution in the 1997 survey; 95% confidence 

intervals in parentheses.



8.3% to 5.0% (1975 to 1989) and then to 3.5% (1997) whereas obesity increases from

2.1% to 4.1% and then to 6.4% (P � 0.0001 for linear trend in both cases), respect-

ively. Similar trends of continuous reductions in underweight and increases in obesity

are observed for most region and income strata of the adult male population.

Clear trends toward decreasing underweight and increasing obesity also exist

among women, but only from 1975 to 1989. In this period, underweight declines

among all women from 13.4% to 7.5% (P � 0.0001) while obesity increases from

6.0% to 10.9% (P � 0.0001). Additionally, much lower, and nonsignificant reductions

in female underweight (from 7.5% to 6.5%) and additional increases in obesity (from

10.9% to 12.4%) occur from 1989 to 1997.

The region and income stratification confirms the general tendency toward the

reduction in female underweight (particularly in the first period) and the tendency

toward the increase in female obesity (only in the first period). However, trends in

female obesity from 1989 to 1997 strongly differ according to region and income

level. In this period, female obesity increased significantly in the less-developed

region (from 7.8% to 12.5%) whereas it tended to decline in the more developed

region (from 14.0% to 12.3%). Within the less-developed region, obesity showed minor,

nonsignificant increases among lower income women (from 5.2% to 7.7%) but major,

significant increases among higher income women (from 9.8% to 14.5%). Within the

more-developed region, obesity tended to increase among lower income women (from

11.2% to 14.1%) but decline significantly among higher income women (from 14.4%

to 8.9%). Obesity also increased significantly among the intermediate income groups

from the less-developed region and tended to decrease among the intermediate

income groups from the more-developed region (data not shown).

The recent trends described for female obesity profoundly changed the regional

and income distribution of this event in Brazil. In 1997, contrary to what was

observed in 1975 and 1989, the average woman from the less-developed region was

no longer less exposed to obesity than her counterpart living in the more-developed

region. Still in 1997, in the more developed region, the lower income women (and no

longer the higher income) were the group most vulnerable to obesity. Actually, in

1997, lower income women in the more-developed region were significantly more

susceptible than higher income women to both underweight (8.9% vs. 3.1%,

P � 0.05) and obesity (14.1% vs. 8.9%, P � 0.0001). This simultaneous higher 

vulnerability of the lower income women to both underweight and obesity is also seen

when the whole BMI distributions of lower and higher income women are compared

(Fig. 12.6).

The relative importance of underweight and obesity was clearly changed throughout

the surveys in both men and women. In 1975, for the whole country, there were two to

four cases of adult underweight to one case of obesity whereas, in 1996, there were

almost two obese adults to one underweight adult. This pattern of excessive under-

weight being replaced by excessive obesity was found in most region and income strata

of the country. Two exceptions were: (1) lower income adults from the less-developed

region, particularly males, for whom underweight remained more frequent than obe-

sity, even in 1996, and (2) the higher income adults from the more-developed region,

for whom obesity was already more frequent than underweight in 1975.
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Discussion

Brazil, along with other middle-income countries in Latin America, Asia, and the

Middle East, is far advanced in the processes involving the demographic, economic,

environmental, and cultural transitions. Although Brazil has almost doubled its total

population in the last three decades (from 93 million in 1970 to 170 million in 2000)

population growth has been continuously declining: from near 3% per year in the

1960s to less than 1.5% in the 1990s. Impressive reduction in fertility rates – 5.8 

births per woman in 1970 to only 2.3 in 1999 – and the consequent decline in birth

rates – 40.8 per thousand inhabitants in 1970 and 21.2 in 1999 – were decisive for

lowering population growth. The strong decline in fertility and birth rates, combined

with changes in age-specific mortality rates, more than doubled the proportion of

Brazilians over 60 years of age (from 4% in 1970 to 10% in 1999). Another relevant

component of the demographic transition in the period was the continuous

rural–urban migration that reduced the country’s rural population (from 41 million in

1970 to 32 million in 2000) and resulted in more than 80% of the total Brazilian pop-

ulation living in cities (the urbanization rate increased from 56.0% in 1970 to 81.2%

in 2000). The expansion of the Brazilian GDP and the increase in the average family

income (particularly in the 1970s, when both the GDP and family income were dou-

bled) were also relevant in the period from 1970 to 1999. No less important was the

continuous expansion in occupations within the services sector and, to a lesser extent,

within industry, to the detriment of agricultural occupations. Finally, it is also impor-

tant to recognize the great expansion that occurred during the period in the public

infrastructure and essential services (communications, transport, energy supply, water

supply, health care and education) and also the higher public access to durable goods

(cars, refrigerators, TV sets and other household assets) (Ibge, 2001).
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However, a known, undesirable characteristic of the Brazilian society, i.e., the enor-

mous interpersonal and interregional concentration of wealth, did not improve in the

period from 1970 to 1999. For instance, during this period, the 10% richest individuals

in the country had an average income 15–20 times higher than the poorest 40%. In the

less-developed northeastern region, where the average income is 2–3 times lower than

in the more-developed southeastern region, the richest 10% had an average income up

to 25 times higher than the poorest 40%. The same concentrated distribution pattern

exists concerning people’s access to the public infrastructure and services. For instance,

in 1999, only 34% of the country’s lower income households were served by both water

supply and sanitation services whereas the same coverage to the higher income house-

holds was 86%. This gap between lower and higher income households was still larger

in the less-developed northeastern region (20% and 67%, respectively) than in the more

developed southeastern region (68% and 97%, respectively) (Ibge, 2001).

Carefully designed and adequately implemented nationwide probabilistic surveys

conducted at three moments within the period from 1975 to 1997 indicated that the

nutritional profile of the Brazilian population responded to the intense demographic,

economic, environmental, and cultural changes that occurred in the country. Clear

declining trends in undernutrition were documented for young children, old children

and adolescents, and adults throughout the country and among all regional and

income strata. Fortunately, there was no evidence that undernutrition (stunting and

wasting) in young children, in any regional or income strata, had been replaced by

obesity. However, increasing trends in overweight or obesity were simultaneous to the

decreasing trends in undernutrition for older children and adolescents, male adults,

and women in the less-developed region. An interesting situation was documented for

women living in the more developed region of the country. Earlier trends (1975–1989)

in undernutrition and obesity for this group were similar to that described earlier for

the other population groups, i.e., declining trends for undernutrition and increasing

trends for obesity, but recent trends (1989–1997) pointed to a stability of both under-

nutrition and obesity. In the particular case of obesity, the observed stability resulted

from increasing disease rates among the lower income women and decreasing rates

among the higher income women.

In most situations, regional and social gaps in undernutrition, unfavorable to the

less-developed region and to lower income individuals in general, were kept

unchanged or even increased throughout the surveys. An auspicious exception to this

occurred with the evolution of undernutrition among young children from the more-

developed region, where the gap in both child stunting and child wasting between

lower and higher income groups was substantially reduced. The association between

income and overweight/obesity remained positive throughout the surveys among all

age, region, and income groups with the single exception of adult females living in the

more developed southeastern region. In this particular group of women, a slight pos-

itive association between income and obesity, existing in 1975, was reversed in 1997

into a significant negative association. Since the negative association between income

and undernutrition for this group was not changed throughout the surveys, lower

income women of the southeastern region are, in 1997, significantly more susceptible

than the higher income women to both undernutrition and obesity.
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The relative importance of under- and overnutrition was perhaps the characteristic that

most changed throughout the surveys. In 1975, cases of undernutrition in children, ado-

lescents, and adults predominated over cases of overweight/obesity. The only exception

to this occurred in the higher income stratum, within the more-developed southeastern

region, where undernutrition and overweight/obesity were in equilibrium. However, in

1997, cases of overweight/obesity were more common than undernutrition among all

higher income individuals (children, adolescents, and adults) from both regions and also

among lower income women from the more-developed southeastern region.

The declining trends in undernutrition among young Brazilian children and the rel-

atively low and stable prevalence of overweight in this group agree with trends

reported for most developing countries in the same period (de Onis et al., 1993; de

Onis and Blössner, 2000; Martorell et al., 2000a). In the United States, an increase in

overweight among young children has been demonstrated for girls, but not boys

(Ogden et al., 1997). Reports on trends in undernutrition among older children, ado-

lescents and adults are rare, in both the developed and the developing countries, and

usually not based on comparable representative surveys, which precludes an adequate

comparison with the results presented here. The systematic increase in overweight

documented in older children and adolescents in Brazil agrees with trends observed

in a few developed countries that count with repeated population-based studies on this

age group (WHO, 1998; Troiano and Flegal, 1998) and also with trends documented

in China (Wang et al., 2001). A recent report on 12–15-year-old school children sug-

gests that adolescent obesity might also be increasing in Taiwan (Chu, 2001). The

increasing trends in adult obesity observed before 1997 in Brazilian males and before

1989 in Brazilian females agree with trends reported by the various population-based

studies undertaken in the developed countries and the few in developing countries

(WHO, 1998; Popkin and Doak, 1998; Martorell et al., 2000b). However, the trends

in female obesity observed from 1989 to 1997 in the more-developed southeastern

region of Brazil (i.e., increasing obesity rates in lower income groups and decreasing

rates in higher income groups) were not described for any developing country.

Actually, an extensive review of studies in both the developing and the developed

countries conducted by the International Obesity Task Force (WHO, 1998) identified

a single setting, two Finnish provinces, where declining obesity in adults (also women

from higher socioeconomic status) had been well documented (Pietinen et al., 1996).

The scarcity of studies relative to changes over time in the social distribution of both

under- and overnutrition, and also in the ratio between the two (under-/overnutrition) in

both the developing and the developed countries, makes the comparison of the present

results very difficult. One review of studies on young child overweight in developing

countries identified that, in one determined point in time, countries with higher rates of

wasting tended to have lower rates of overweight and vice versa but no data on time-

trends were provided for the individual countries (de Onis and Blössner, 2000).

The identification of the specific variables and mechanisms responsible for the

changes documented in the nutritional profile of the Brazilian population is a complex

task. In this respect we should refer to the plausibility of hypotheses rather than strict

hypotheses verification. Elsewhere, we have demonstrated that reductions in young

child undernutrition in Brazil could be attributed to a moderate increase in family
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income, combined with an exceptional expansion in the public provision of health,

sanitation, and education services. Both these factors were facilitated by favorable

demographic changes which included the rapid urbanization of the country and sub-

stantial declines in fertility rates (Monteiro et al., 1992, 2000b). The same factors

could explain at least part of the reduction in undernutrition among old child/adoles-

cents and adults described in the present study.

The worldwide trend towards increased obesity has been attributed, in both the

developed and the developing countries, to rapid declines in energy expenditures

related to shifts toward much less physically demanding occupations and sedentary

leisure activities. Equally important for many countries may have been the shift

toward a much higher fat, energy-dense diet. In developing countries in particular,

marked increases in urbanization and income, coupled with the increased penetration

of the Western culture, certainly favored shifts in diet and physical activity conducive

to obesity (Popkin, 1998). All these factors are probably underlying the increase in

obesity indicators documented in Brazilian old child/adolescents and adults. As in

most countries, there is no specific secular trend information in Brazil on patterns of

physical activity, although the expansion of the services sector of the economy is in

line with increasingly less physically demanding occupations. Individuals employed

by the services sector increased from 29% in 1970 to 55% in 1999, whereas those

employed in agriculture declined from 55% to 25% (Ibge, 2001). The enormous

increase in the proportion of Brazilian households with TV sets (24% in 1970 and

88% in 1999) could indicate trends toward more sedentary leisure activities and

higher exposure to the Western diet and lifestyles. Secular trend data on dietary intake

in Brazil from 1975 to 1987 – only available at the family level and restricted to met-

ropolitan areas of the country – point to an increase of 2–7 percentage points in the

proportion of energy relative to fat intake (Mondini and Monteiro, 1994). The relative

stability of overweight observed among Brazilian children below 5 years of age is

consistent with the relatively higher energy requirements of this group and the higher

capacity of self-regulation of the energy intake observed in younger children (Birch

and Deysher, 1986; Birch et al., 1991).

It is difficult to explain the interruption of the increase in female obesity observed

from 1989 to 1997 in the more-developed southeastern region of Brazil, and even

harder to explain the reversal in the obesity prevalence documented specifically

among the higher income women. Data from the last metropolitan food expenditure

survey conducted in Brazil in 1996 indicate that the proportion of energy relative to

fat intake had further increased in the relatively poorer cities of the northeastern

region (from 23% in 1987 to 25% in 1996) but remained stable (about 30%) in the

richer cities of the southeastern region (Monteiro et al., 2000d). A more disaggregated

analysis of these data by income levels will be necessary to assess how changes in diet

might explain recent trends of obesity in Brazil. Patterns of leisure time physical

activity were assessed for the first time in the country by the national survey of 1997.

In this survey, the practice of regular physical exercise among women, although 

incipient, was more frequent in the more-developed southeastern region than in the

less-developed northeastern region (9.8% and 5.5%, respectively) and much more fre-

quent in higher income than in lower income women (18.0% and 1.3%, respectively).
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Regardless of the immediate determinants involved with the decline in obesity from

1989 to 1997, governmental public health policies are unlikely to have contributed

significantly to it since only recently have the health authorities in Brazil chosen the

control of obesity as a real priority (Ministério da Saúde, 2000). Elsewhere, we

defended the possibility that the intense informal education work done by the

Brazilian mass media vehicles – focused on combating sedentary lifestyles and pro-

moting better food habits – could be one of the factors responsible for the decline of

obesity among the higher income, and better educated, women’s population from the

southeastern region (Monteiro et al., 2000a). The findings of the 1989 national survey,

disclosed in 1992, showed that obesity, and not undernutrition, was the main nutri-

tional problem of the adult population in Brazil. Since then, several major TV net-

works and leading newspapers and magazines have produced, on an almost weekly

basis, extensive information on the health consequences of obesity and the impor-

tance of avoiding energy-dense diets and increasing physical activity. Part of the

media (particularly TV programs targeted to the female population) has also been

engaged in promoting a, sometimes unrealistic, thin image for women.

To conclude this chapter on the description of the nutrition transition in Brazil, it is

necessary to say that in July 1999, after a long and productive process of consultations

with relevant parts of the civil society (e.g., scholars, professional and scientific asso-

ciations, workers unions, and representatives of private companies, among others) and

relevant governmental bodies, the Brazilian Ministry of Health approved a new

national food and nutrition policy that is more in line with the contemporaneous nutri-

tional profile disclosed by the last nationwide survey (Ministério da Saúde, 2000).

The main goal of this new policy is the promotion, protection and support of eating

practices and lifestyles conducive to optimum nutritional and health status for all

rather than the exclusive control of nutritional deficiencies. Its main features are the

formulation of evidence-based priorities and the acknowledgment that intersector

work is essential to assure the control of most nutritional problems. This new policy

has assured continual resources to combat nutritional deficiencies where they still

exist, particularly through well-targeted, integrated interventions but it has also initi-

ated courageous actions, with a great potential to prevent nutritional disorders due to

over- or wrong-feeding (e.g., obligatory nutritional labeling of any processed food

commercialized in the country, the regulation of health claims in foods, and the inclu-

sion of a 70% minimum of fresh or minimally processed foods in the multimillion

dollar national school feeding program) (Ministério da Saúde, 2001). The publicity of

soft drinks and other nonhealthy foods during TV broadcastings directed to children

and adolescents is under study and may also be regulated in the near future. Large-

scale changes in the curriculum of the public primary and secondary schools are also

being implemented to promote healthier eating habits and lifestyles among teachers

and students. Another positive characteristic of the new policy is the stimulus to form

partnerships with local governments and nongovernmental organizations. The best

example in this case is perhaps the series of local initiatives, started in cities of the São

Paulo state, but now spread throughout the country, to promote and support physical

activities in schools, work places and every available public space in the community

(Matsudo, 1997). Although not yet fully evaluated, it is certain that the recent food and
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nutrition policy established in Brazil will be an important source of information to all

individuals and institutions concerned with the development of policies and programs

consistent with the new nutritional profile found in the developing countries.
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The countries in transition face a very different set of circumstances than did higher-

income countries who began their epidemiological transition and faced a period with

a high level of nutrition-related noncommunicable diseases (NR-NCD) in the first

half of the 20th century. First and foremost, NR-NCD are not the only problem of

these countries. Protein-energy malnutrition and single- or multiple-micronutrient

deficiencies are still endemic in several parts of the developing world. The pace of the

nutrition transition is such that in most countries undergoing this transition, the pro-

tracted problems of undernutrition overlap with the emerging threat of overnutrition

and diet-related chronic diseases. To these contrasting situations, many countries must

add the burden of infectious diseases such as malaria and HIV. Developing a compre-

hensive public health policy to address these issues, usually with limited resources, is

perhaps the most difficult challenge for developing countries today.

There is some consensus that prevention is the only viable strategy to reduce 

the burden of NR-NCD in developing countries. A traditional medical treatment

approach is not realistic under the conditions of most developing country health sys-

tems. The US is a clear example on how medical care for chronic diseases can demand

an enormous fraction of the health care budget. There is little expectation that the 

limited health care budgets of most developing countries will be able to provide con-

tinuing care to the increasing number of persons with diabetes, hypertension, and 

cardiovascular diseases. In addition, debilitating chronic diseases reduce work capac-

ity, thus constraining economic growth and creating a vicious circle of poverty and

inadequate health care.

The burden of NR-NCD on the national economy can be substantial, and its impact

can be felt in economies as varied as China’s or India’s. In China, the overall cost of

health care and lost work output due to premature death associated with NR-NCD was

estimated as a minimum of 2.2% of the GDP for 1995. In India, that figure was 1.1%

(Popkin et al., 2001). In contrast the costs of undernutrition are decreasing in these

countries and in 1995 were less than the costs of overnutrition for China and equal 

for India.



Constraints to NR-NCD prevention strategies 
in the developing world

Countries currently in transition face unique challenges in confronting chronic non-

communicable diseases, compared to countries that experienced that transition earlier

in the 20th century. As noted above, NR-NCD in developing countries emerge in con-

ditions in which poverty and undernutrition are still widespread, where there are high

rates of low birth weight and stunting, and within a health care system often frag-

mented, underfunded, and frequently focused on treatment rather than prevention.

Poverty and undernutrition

The association between poverty and health outcomes has been documented in

numerous studies. But as pointed out above, this and other factors operate in a unique

way in populations in transition. First, urban dwelling is frequently associated with a

widening of the gap between rich and poor (Menon et al., 2000), with the potential to

exacerbate health risks associated with income. Second, improvements in socioeco-

nomic status, which could in other contexts result in improvement in health status,

may in fact increase the risk for NR-NCD, for example, by leading to more consump-

tion of saturated and total fat, or to a more sedentary lifestyle (television watching). A

closer look at the data on NR-NCD burden in developing regions indicates that for the

poorest segment of the population in countries in transition, communicable diseases

are still the more serious threat to health (Gwatkin et al., 1999); however as Monteiro

and his collaborators have shown in a series of studies, the burden of NR-NCDs is ris-

ing rapidly for the poor, and not only in Brazil but also in other countries is already

greater for the poor than the rich (Monteiro et al., 2000, 2002). Consistent with this,

data on stunting showed a larger socioeconomic differential in urban than in rural

areas (Menon et al., 2000). Longitudinal data from several countries also indicate that

the burden of NR-NCD is rapidly shifting to the poor (Berrios et al., 1990; Grol et al.,

1997; Guo et al., 2000; Monteiro et al., 2002).

Low birth weight and childhood malnutrition

As discussed in Chapter 7, the possibility that early malnutrition results in a life-long

increase in risk for adult NCD is of obvious importance for the developing world. This

concept, initially based on descriptive epidemiological studies by Barker (1992), has

been supported by data from a number of other cohorts (Phipps et al., 1993; Phillips

et al., 1994; Adair et al., 2001). Thus, efforts to reduce the prevalence of childhood

stunting in developing country populations would constitute an effective prevention

approach for NCD. Similarly, the possible role of breast feeding in reducing the risk

for diabetes (Pettitt et al., 1999) and hypertension (Singhai et al., 2001) in the adult

makes breastfeeding promotion another potentially important intervention for the 

prevention of NCD.
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Limited health care infrastructure

In many developing countries, the health care system is poorly funded, frequently seg-

mented and focused on treatment rather than prevention. Few developing countries

have even begun to recognize the magnitude of NR-NCD. A recent WHO survey

showed that many countries have not yet formulated policies or plans for the preven-

tion and control of noncommunicable diseases (WHO, 2001a). The percentages

ranged from 13% in the African region to 59% in European countries. Other studies

have also shown that only a few countries have started pilot activities in this area

focused on prevention (Doak, 2002). One important consequence of this is the lack of

stable surveillance systems that could allow a better understanding of the magnitude

of the problem and its national or regional characteristics.

Approaches to prevention of NR-NCD

There is general consensus that the three major modifiable factors responsible for the

increase in noncommunicable diseases are smoking, diet, and physical activity. A dis-

cussion of the first factor is beyond the scope of the present work, but it may be men-

tioned that efforts to introduce smoking cessation programs in the developing world

have encountered mixed success. In some cases, powerful economic interests and

aggressive marketing by tobacco companies have limited the actual impact of these

programs.

In the developed world, where NR-NCD have been major public health problems

for decades, several community-based prevention interventions have been developed

and evaluated. One frequently cited as an example of success is the North Karelia

Project, initiated in 1972 in that region of Finland (Puska, 1981). A number of other

interventions and demonstration projects have been implemented in the US and

Europe. Efforts to implement similar NCD prevention programs in developing coun-

tries were undertaken by the WHO and its regional offices. The Interhealth program,

initiated in 1986 by the World Health Organization (Interhealth, 1991), aimed at intro-

ducing health promotion and maintenance interventions at the community level, and

involved some 12 countries, but initially only three were in the developing world

(Mauritius, China, and Chile). A number of similar programs were launched in Latin

America (Cuba, Chile, Central America, and Argentina) with the assistance of the WHO

regional office. Others are being launched independently by the countries themselves

(e.g. Cointinho et al., 2002).

The rapid shift in the stage of the nutrition transition towards the pattern of NR-

NCD creates unique conditions for the implementation of prevention strategies.

Issues like early malnutrition, poverty, and degree of urbanization, which are major

determinants of the stage of the transition, vary widely across developing countries,

and are critical elements to define the best type of preventive strategy. In general, most

of the prevention approaches used in the developed world would be unworkable in

developing countries, due to cost or cultural limitations. The optimal mix of primary
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and secondary prevention has also not been adequately identified, an important issue

for countries that already have high rates of one or more NR-NCD. The complex issue

is that a number of developing countries, including lower income ones such as Egypt,

face similar situations. The opposite situation may occur in most countries in transi-

tion, where NR-NCD still affect a smaller proportion of the population, or predomi-

nate only in urban areas. Thus, interventions targeted at the general population have a

better potential for success.

A prevention strategy aimed at delivering simple, inexpensive measures to large

numbers of people may require substantial modifications to the traditional health care

delivery system. These programs also make extensive use of community resources,

such as the media, the school system, churches, and other community institutions. On

the other hand, narrowly targeted interventions for high-risk groups can also be cost-

effective, but they should complement rather than replace population-wide programs.

The appropriate endpoints for primary prevention programs must also be identified.

Some of the more simple indicators, such as body mass index, may not be appropri-

ate for certain types of interventions, but at the same time more specific biochemical

indicators may be impractical or too expensive.

Program and policy options

Each country will require its own combination of integrated set of activities, across a

variety of sectors, to promote healthier dietary and physical activity patterns. There

are several new, innovative programs emerging from several developing countries,

such as Brazil (Cointinho et al., 2002). Other efforts have recently been reviewed

(Doak, 2002; Zhai et al., 2002). These interventions usually involve activities in sev-

eral settings, such as schools, the workplace, and community organizations. The focus

includes changes in food production policy, marketing, and other macroeconomic

efforts. All this requires active involvement in the legislative process.

Improvements of diets

As the Finnish experience has shown, successful food policy can shift the prices and

availability of the foods one wishes to promote and demote in the diet in ways that

radically can shift eating patterns. The relative and absolute prices of high and low sat-

urated fats, salt and many other elements of the Finnish diet were affected by taxation,

import controls, and shifts in agricultural research subsidies, among others. In every

country in transition, the costs and availability of hundreds of food products are

affected by government policies. The Finnish experience was the first to show that

promotion of a healthy diet can effectively use these same levers of policy. Not only

did the Finns affect food prices, they also affected consumer knowledge and attitudes

through systematic public education and social marketing efforts. The campaign to

reduce salt intake in Finland was one such example that involved health care per-

sonnel, and public education in cooperation with the food and catering industry. 
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And there was legislation to reduce the sodium content of the foods and the creation

of new labeling options related to salt intake.

This broad-based macroeconomic incentive system, along with public education,

will also be essential for success in developing countries.

Some countries, most notably Brazil, have begun to develop approaches similar to

those found in Finland. For example, an intervention to improve dietary patterns in

children in Brazil took advantage of the federally funded school lunch program (sim-

ilar to those existing in several countries), requiring that 70% of the resources be spent

on fresh vegetables and fruits. To overcome the problem of convenience and prepara-

tion time, usual justifications for the use of processed foods, the intervention engaged

local producers, who agreed to prepare their produce (clean, cut, sort, and pack) in order

to reduce preparation time at the school. In exchange, local producers would become

selected vendors for the school system (Cointinho et al., 2002). It should be noted that

this effort resulted from a nationwide consensus-building activity, involving health

professionals, consumers, the private sector, and the health authorities at the national,

regional and local levels.

Physical activity

The same type of systematic effort is needed to reduce sedentarism and improve over-

all physical activity patterns. For instance, city planning, building design and trans-

portation system layout must go hand in hand with efforts across all settings and

macro and micro efforts to promote healthy activity patterns. Brazil is again a leader

in this effort. Agita is a multilevel, community-wide intervention designed to increase

the knowledge about benefits and the level of physical activity in Brazil (Matsudo 

et al., 2002). With a focus on getting all persons to have at least 30 minutes of physical

activity of moderate intensity, on most days of the week, they have included promotion

of activities in four settings: home, transport, work, and leisure time.

Surveillance

Surveillance is a critical element of any disease prevention policy, but few countries

in transition have developed meaningful surveillance systems. Although there is con-

tinuing progress in this regard, data on specific risk factors, longitudinal national 

surveys, and data on biomarkers of risk in different populations are still scarce. The

establishment of national surveillance systems is one approach to overcome those

limitations. For instance, one model is that promoted by the WHO for development of

NCD surveillance, the “STEPwise” approach. As implied by its name, the program

involves progressively more intense data collection, from mortality data and simple

survey questionnaires to identify major risk factors, progressing to disease-specific

mortality (by verbal autopsy) and anthropometric measurements, and advancing to

death rates by death certificate, cause-specific incidence and prevalence, and assess-

ment of biochemical indicators (WHO, 2001b). The use of a standardized protocol
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would permit comparison of data across countries, as well as sharing resources at the

regional level. An approach for assessing the quality of surveillance activities has also

been proposed by Silva et al. (2001).

Efforts for the prevention of NR-NCD must receive priority consideration by coun-

tries in transition. Although in some of these countries the prevalence of NCD has not

reached the level of developed countries, the economic cost and burden on the health

care system are magnified by the limited health infrastructure in countries in transi-

tion. Existing interventions focused on reducing the prevalence of low birth weight,

promoting breastfeeding, and reducing chronic malnutrition, may all have a positive

impact on adult NR-NCD. Specific programs aimed at providing healthy alternatives

to the demand for “better” diets by populations undergoing the nutrition transition are

also essential. Critical elements for success would include nutrition education from

the early years, community-based health promotion interventions, and market strate-

gies to promote healthier eating habits.

A coherent summary of the rapid shift toward higher rates of NR-NCDs and the

need for systematic program and policy preventive options is the Bellagio Declaration

(2002). The text of this declaration is provided at the end of this chapter.
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Bellagio Declaration: Nutrition and health
transition in the developing world: the time to act

We from Africa, the Middle East, Asia, Europe and the Americas, met as participants

in the meeting on the Nutrition Transition and its Implications for Health in the

Developing World, held at the Rockefeller Centre at Bellagio, Lake Como, Italy, under

the auspices of the International Union of Nutritional Sciences, declare as follows.

The control and prevention of undernutrition is unfinished work in many countries.

At the same time nutrition-related chronic diseases are now the main causes of dis-

ability and death, not only globally but also in most developing countries.

Evidence presented at our meeting supports and reinforces evidence already

accepted by the World Health Organization and many national governments, and proves

that the patterns of disease throughout the developing world are rapidly changing.

Changes in food systems and patterns of work and leisure, and therefore in diets

and physical activity, are causing overweight, obesity, diabetes, high blood pressure,

cardiovascular disease including stroke, and increasingly cancer, even in the poorest

countries. Malnutrition early in life, followed by inappropriate diets and physical

inactivity in childhood and adult life, increases vulnerability to chronic diseases.

Evidence from many developing countries discussed at the meeting shows that

nutrition-related chronic diseases prematurely disable and kill a large proportion of

economically productive people, a preventable loss of precious human capital. This

includes countries where HIV/AIDS is a dominant problem. Four out of five deaths

from nutrition-related chronic diseases occur in middle and low-income countries.

The burden of cardiovascular disease alone, is now far greater in India, and also in

China, than in all economically developed countries in the world added together. Low

income communities are especially vulnerable to nutrition-related chronic diseases,

which are not only diseases of affluence.

Obesity, itself a disease, also predicts more serious diseases. Current rates of over-

weight and obesity most of all in children, young adults and women, project rapidly

increasing disability and premature death from nutrition-related chronic diseases for

most developing countries. Phenomenal social and economic changes, on a scale and

at a speed unprecedented in history, have resulted in an epidemic of nutrition-related

chronic diseases that must be contained.

Prevention is the only feasible approach to nutrition-related chronic diseases. The

cost of their treatment and management imposes an intolerable economic burden on

developing countries. There is an urgent need for governments, in partnership with all

relevant constituencies, to integrate strategies to promote healthful diets and regular

physical activity throughout life into all relevant policies and programs including

those designed to combat undernutrition.

Chronic diseases are preventable. This has already been demonstrated by successful

programs in a few developed countries. Their chief causes are smoking, inappropriate

diet and nutrition, and physical inactivity. Exposure to these factors is largely deter-

mined by political, economic and commercial policies and practices which reflect

decisions made at national and transnational levels.
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Effective programs and policies will include not only health promotion and educa-

tion but community empowerment and action to overcome the environmental, social,

and economic constraints to improvement in dietary quality and reduction of seden-

tarism. Finland and Norway have succeeded in reversing, over a short time span,

extremely high levels of nutrition-related chronic diseases through comprehensive

food policy and community involvement.

Several examples of innovative and promising approaches in developing countries

emerged from the meeting. These include: promotion of daily physical activity

through massive community participation as in Agita São Paulo in Brazil; protection

of healthful aspects of the traditional low-fat high-vegetable diet as in South Korea

with a strong support from home economics and dietetic professionals and infrastruc-

ture; selective price policies promoting consumption of soy products in China; devel-

opment of food-based dietary guidelines in several countries based on local disease

patterns and available foods. School based programs to promote healthy diets and

physical activity are an especially valuable opportunity for action early on which

should protect health over the lifespan. Examples are the national school food pro-

gram in Brazil that provides fresh unprocessed food to school children and the new

national physical activity program in Thailand.

Immediate action to control and prevent nutrition-related chronic diseases is not only

a public health imperative but also a political, economic, social necessity. Successful

programs will be multidisciplinary and intersectoral, and will include government,

industry, the health professions, the media and civil society, as well as international

agencies, as partners.

We, present at this meeting, pledge ourselves to be part of this process.

Agreed at the Rockefeller Centre at Bellagio, Lake Como, Italy
Thursday 24, August 2001

At the meeting in Bellagio papers were presented from Egypt, Morocco, Tanzania

and South Africa; Cuba, Mexico, Brazil and Chile; Iran; and India, China, Thailand,

Malaysia, and South Korea. Material showing information and trends from Africa,

Latin America, the Middle East and Asia was also reviewed. Senior officials from 

the World Health Organization in Geneva, and from the Food and Agriculture

Organization of the United Nations in Rome, were also present at the meeting as

observers.

The group met at Bellagio responsible for this Declaration proposes to continue to

work together, initially as members of the IUNS Task Force on the Nutrition Transition

and its Implications for Health in the Economically Developing World, in consultation

with UN, international and bilateral agencies, national governments, and other con-

stituencies. Other information on the meeting, slide presentations and papers can be

found at: www.nutrans.org or www.nutritiontransition.org

Barry Popkin, Convenor, University of North Carolina at Chapel Hill, USA

Cecilia Albala, Instituto de Nutricion y Tecnologia de los Alimentos (INTA), Chile

Sabah Benjelloun, Institut Agronomique et Vétérinaire Hassan II, Morocco

Lesley Bourne, Medical Research Council, South Africa
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Colleen Doak, University of North Carolina at Chapel Hill, USA

Geoffrey Cannon, Rapporteur, World Health Policy Forum, Switzerland
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Egypt

Hossein Ghassemi, Formerly Director, National Study on Food and Nutrition

Security in Iran, Iran
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Min-June Lee, The Graduate School of Human Environmental Science, South Korea

Tumsifu Maletnlema, Child Growth Promotion Union, Tanzania

Victor Matsudo, CELAFISCS, Brazil
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