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ABSTRACT

The world has seen aremarkabl e shift from a period when diets, activity patterns and
body composition were characterized by the period termed the receding famine pattern to one
dominated by nutrition-related non-communicable diseases (NR-NCDs). This presentation first
examines the speed of these changes, summarizes dietary changes, and provides some sense of
the way the burden of obesity is shifting from the rich to the poor not only in urban but also
rural areas throughout the world. The focusis on the lower- and middle-income countries of
Asia, Africa, the Middle East, and Latin America but some examples will come from the
United States, Australia, and the UK. After showing that changes are occurring at great speed
and at earlier stages of countries’ economic and social development, the presentation shiftsto
some of the critical policy opportunities and some example of options. Few policy lessons exist
at amacro level outside of selected countries such as South Korea and Finland. Examples of
ways price policy and other options might work, using Chinese longitudinal case studies, are
presented. The challenge is for the agricultural economics profession to focus on this major
global issue—one which challenges some of the earlier paradigms of food policy an

agricultural development.
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INTRODUCTION TO THE NUTRITION TRANSITION

The world is experiencing rapid shiftsin structures of diet and body composition with
resultant important changes in health profiles. In many ways these shifts are a continuation of
large scale changes that have occurred repeatedly over time; however this paper shows that the
changes facing low and moderate income countries are very rapid. Broad shifts have and
continue to occur around the world in population size and age composition, disease patterns,
and dietary and physical activity patterns. The former two sets of dynamic shifts are termed the
demographic and epidemiological transitions. The latter, whose changes are reflected in
nutritional outcomes, such as changes in average stature and body composition, is termed the
nutrition transition. The developing world is seeing most rapid change in dietary and activity
patterns and obesity rates. These changes are reviewed here as afirst step toward laying out
what is being done and can be done to address them as it relates to the economics field.

Two historic processes of change occur simultaneously with or precede the ‘ nutrition
transition’. One is the demographic transition — the shift from a pattern of high fertility and
mortality to one of low fertility and mortality (typical of modern industrialized countries). The
second is the epidemiological transition, first described by Omran (Omran, 1971): the shift
from a pattern of high prevalence of infectious disease, associated with malnutrition, periodic
famine and poor environmental sanitation, to one of high prevalence of chronic and
degenerative disease, associated with urban-industrial lifestyles (Olshansky and Ault, 1986).

The three most recent Patterns of the nutrition transition are described in more detail in
Figure 1 (Popkin, 2002). In Pattern 3, famine begins to recede as income rises. In Pattern 4,
changesin diet and activity pattern lead to the emergence of new non-communicable disease

problems and increased disability. In Pattern 5, behavioral change beginsto reverse the



negative tendencies and make possible a process of * successful ageing’ (Manton and Soldo,
1985; Crimmins, et al., 1989). Prior to these three later Patterns were earlier Patterns—the first
one a Pattern of hunter-gather societies often linked with Paleolithic man and the second one
coincided with the second agricultural revolution (crop rotation, fertilizer) and the Industrial
Revolution when extensive famine occurred concurrently (Popkin, 1993). The changes are all
driven by arange of factors, including urbanization, economic growth, technical change and
culture. For convenience, the patterns can be thought of as historical developments: however,
‘earlier’ patterns are not restricted to the periods in which they first arose, but continue to
characterize certain geographic and socio-economic sub-populations.
--- Figure 1 about here ---

DYNAMICSOF THE FOOD SYSTEM AND RELATED CHANGES
Dietary shifts: More fats, more added caloric sweeteners, mor e animal sour ce foods

The diets of the developing world are shifting rapidly, particularly with respect to fats,
caloric sweeteners and animal source foods (Popkin, 2002; Popkin and Du, 2003).
Edible ail:

In the popular mind, the Westernization of the global diet continues to be associated
with increased consumption of animal fats. While this has certainly been true during the 1980-
1975 period in the higher income world, edible oil has been a major source of dietary changein
the lower and middle income countries. The recent shift in the Pattern of the nutrition transition
in developing countries typically begins with major increases in the domestic production and
imports of oilseeds and vegetable ails, rather than meat and milk. Elsewhere, Williams and also
this author have both written in more depth about the technology behind this shift and the

broader nature of these changes in both oil seed extraction technology aswell as breeding of



new oil seed varieties containing more oil (Williams, 1984; Drewnowski and Popkin, 1997,
Popkin and Drewnowski, 1997). Principal vegetable oils include soybean, sunflower, rapeseed,
palm and groundnut oil. With the exception of groundnut oil, global availability of each has
approximately tripled between 1961 and 1990.

Fat intake increases with income, but there have aso been dramatic structural changes
in the GNP/capita-fat relationship. These are displayed for the period 1962-90 in Figure 2.
Most significantly, even poor nations had access to arelatively high-fat diet by 1990, when a
diet deriving 20 percent of energy (kcal) from fat was associated with countries having a GNP
of only $750 per capita. In 1962, the same energy diet (20 percent from fat) was associated
with countries having a GNP of $1475 (both GNP values in 1993 dollars).

--- Figure 2 about here ---

This dramatic change arose principally from a magjor increase in the consumption of
vegetable fats. In 1990, these accounted for a greater proportion of dietary energy than animal
fats for countriesin the lowest 75 percent of countries (al of which have incomes below $5800
per capita) of the per capitaincome distribution. The change in edible vegetable fat prices,
supply, and consumption is unique because it affected rich and poor countries equally, but the
net impact isrelatively much greater on low-income countries.

Theintake of edible oil has increased consistently over the past 15 years. In fact in
some developing countries, we have documented an upwards shift in the income elasticity for
al groups, and a higher one for the poor [see (Du, et a., 2004) for the China example€].

Caloric sweetener:



Sugar is the world's predominant sweetener.! For this article, however, we use the term
caloric sweetener instead of added sugar, as there is such arange of non-sugar products used
today. High fructose corn syrup is a prime example asiit is the sweetener used in all US soft
drinksand it isincreasingly being used on aworldwide basis for sweetened beverages and
some baked goods (Bray, et al., 2002). There are many itemsin this category including awide
variety of monosaccharides (glucose and fructose) and disaccharides (sucrose and saccharose),
which exist either in a crystallized state as sugar or in thick liquid form as syrups. Included in
sweeteners are maple sugar and syrups, caramel, golden syrup, artificial and natural honey,
maltose, glucose, dextrose, isoglucose (also known as high-fructose corn syrup), other types of
fructose, sugar confectionery, and lactose. In the last several decades, increasingly larger
quantities of cereals (primarily maize) have been used to produce sweeteners derived from
starch.

The overall trends show alarge increase in caloric sweetener consumed (see Table 1)
(46). In 2000, 306 kcals were consumed per person per day, about athird more than in 1962;
caloric sweeteners also accounted for alarger share of both total energy and total carbohydrates
consumed (Drewnowski and Popkin, 1997).

Unsurprisingly, Table 1 shows that all measures of caloric sweetener increase
significantly as GNP per capita of the country and urbanization increase. However, the
interaction between income growth and urbanization is important. Figure 3 shows the

relationship between the proportion of energy from different food sources and GNP, for two

Y1t isnot clear exactly when sugar became the world’s principal sweetener — most likely in the
17th or 18th century, as the New World began producing large quantities of sugar at reduced

prices (Mintz, 1977;Galloway, 2000).



different levels of urbanization [see (Drewnowski and Popkin, 1997) for a description of the
analysis]. In the less urbanized case (Panel A), the share of sweeteners increases sharply with
income, from about 5 percent to about 15 percent. In the more urbanized case, the shareis
much higher at lower income (over 15 percent), and hardly increases with income. The analysis
confirms previous observations, that people living in urban areas consume diets distinct from
those of their rural counterparts (Popkin world devel opment paper urbanization).

--- Table 1 and Figure 3 about here ---
Animal source foods:

The revolution in animal source foods (ASF) refersto the increase in demand and
production of meat, fish, and milk in low-income developing countries. |FPRI’ s Christopher
Delgado has studied this issue extensively in anumber of seminal reports and papers (Delgado
and Courbois, 1999; Delgado, et a., 2001; Delgado, 2003). Most of the world’s growth in
production and consumption of these foods comes from the developing countries. Thus,
developing countries will produce 63 percent of meat and 50 percent of milk in 2020. By 2020,
developing countries will consume 107 million metric tons (mmt) more meat and 177 mmt
more milk than they did in 1996/98, dwarfing devel oped-country increases of 19 mmt for meat
and 32 mmt for milk It isaglobal food activity, transforming the grain markets for animal feed.
It also leads to resource degradation, rapid increases in feed grain imports, rapid concentration
of production and consumption and social change.

Delgado (Delgado, 2003) has shown that the share of the world's meat consumed in
developing countries rose from 37 to 48 percent, and their share of the world's milk rose from
34 to 44 percent. Pork and poultry accounted for 76 percent of the large net consumption

increase of meat in developing countries from 1982/84 to 1996/98.



There are different devel oping countries who dominate consumption for different
animal products. Chinaand Brazil play thisrolein meat consumption while Indiaisthe key
milk consumer. In the mid-1990s, Indian milk consumption amounted to 13 percent of the
world stotal and 31 percent of milk consumption in all developing countries (Delgado, 2003).

Aggregate meat consumption in developing countriesis projected to grow by 106
million metric tons (mmt) between the late 1990s and 2020, whereas the corresponding figure
for developed countriesis 19 mmt. Similarly, additional milk consumption in the developed
countries of 32 mmt of Liquid Milk Equivalents (LME) will be dwarfed by the additional
consumption in developing countries of 177 mmt.

China Example of Dietary Changes:

Data from China are useful for summarizing these changes for atypical fast growing
economy. Elsewhere we have presented in detail the overall shiftsin Chinain depth (Du, et al.,
2002; Popkin and Du, 2003). Here we just summarize these changes. The shift in the Chinese
diet follows a classic Westernization pattern. First, we find that intake of cereals decreased
considerably during the past two decades in both urban and rural areas and among all income
groups. The relative proportion of refined rice and flour increased and coarse grains such as
millet, sorghum and corn, decreased greatly.

Second, consumption of animal products increased, more so for the rich than the poor,
and for urban than rural residents. The amount and growth of intake of animal foods were
positively associated with income levels. The intake level and the increase in the high-income
group from 1989 to 1997 were almost three times those in the low-income group (Popkin and

Du, 2003; Du, €t al., 2004).



Third, and partly as aresult of this change, data from the CHNS also show a shift in the
diet away from carbohydratesto fat. Energy from carbohydrates fell for al residents, and by
over 20 percent for urban residents. Energy from fat more than doubles in the past 15 years.

Finally, when we specifically examine the combined effect of these various shiftsin the
structure of rural and urban Chinese diets, we find an upward shift in the energy density of the
foods consumed (Popkin and Du, 2003).

Higher income country shifts: Most in-depth research on dietary shiftsin higher income
countries comes from in-depth studies in the US. Japan, the United Kingdom and South Korea
actually have more extensive dietary data collection systems—systems that go back to the late
1940s or so. However, very little in-depth research has been carried out by scholarsin any
country either on national eating patterns or trends. Essentially what we know from nationally
representative studies on shiftsin either foods consumed or location or timing of meal patterns
comes from US research. In the US, scholars have shown very large shiftsin dietary behavior
over time. The shifts differ by income, education and race (Popkin, et a., 1996; Popkin, et al.,
2003) but generally show the following: refined food intake continues to increase, led by
caloric sweeteners; meal patterning has shifted from 3 meals a day to an additional 2 meals of
closeto equal sizethat are snacks; away from home intake continues to increase rapidly in all
age-race-socioeconomic status (SES) groupings, and energy intakeisincreasing at atime
when energy expenditures are decreasing (Jahns, et a., 2001; Zizza, et a., 2001; Nielsen, et a.,
2002). The biggest difference with the developing world is that there is much more
heterogeneity related to these patterns in the developed world—e.g. there is little snacking or
away from home intake or fast food intake in China whereas the Philippines |ooks more similar

to the US (Adair and Popkin, 2005).
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CRITICAL RELATED REDUCTIONSIN PHYSICAL ACTIVITY

Clearly, the economics profession is not very involved in address activities related to
physical activity. However, shiftsin physical activity are half of the reason why global obesity
isincreasing and a minimal understanding of these issuesis useful. There are several linked
changesin physical activity occurring jointly. Asany economist knows, there have been large
changesin the structure of employment, primarily from high energy expenditure activities such
as farming, mining and forestry towards lower energy expenditure activitiesin the service
sector. Elsewhere we have shown this large effect (Popkin, 1999). Reduced energy
expenditures within the same occupation due to technological advancements are a second
change. Other major changes relate to mode of transportation and activity patterns during
leisure hours.

China again providesinteresting illustrations. For China we have shown a mgjor shift
away from physical activity even for adults in the same occupation (Popkin, 2006). In rural
areas, however, there has been a shift for some towards increased physical activity linked to
holding multiple jobs and more intensive effort. For rural women, there is a shift towards a
larger proportion engaged in more energy-intensive work, but there are a so sections where
light effort isincreasing. In contrast, for rural men there is a small decrease in the proportion
engaged in light work effort. These shiftsin occupation have been shown to represent a major
cause for the development of obesity in China (Bell, et a., 2001; Bell, et a., 2002).

In China, 14 percent of households acquired a motorized vehicle between 1989 and
1997. In one study we showed that the odds of being obese were 80 percent higher (p<0.05) for
men and women in households which owned a motorized vehicle compared to those which did

not own avehicle (Bell, et a., 2002).
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A magjor increasing source of leisure globally istelevision viewing. In China, ownership
of television sets has grown to over 97 percent of the population and color TVs are now found
in close to two-thirds of households. Further, TV advertising has sharply increased during the
past 15 years as has Western TV programming.

OBESITY DYNAMICS: RAPID SHIFTS IN URBAN AND RURAL AREAS, SHIFT
FROM UNDER TO OVERNUTRITION AND TOWARDSTHE POOR

Over the past several years, the obesity story has received global attention. We present a
set of figures to provide some sense of these global shifts. Figure 4A highlightsthe large
prevalence of overweight and obesity [measured respectively by body mass index (BMI
represents kg/m?) as the standard popul ation-based measure of overweight and obesity status.
For adults, the cutoffs used to delineate overweight isaBMI of 25.0 to 29.99 and obesity is
30.0 and over] in low and middle income countries. Figure 4B shows that the rates of changein
low and middle income countries are often very high (Popkin, 2002).

The urban-rural patterns of over- and under-weight are shown in Table 5 for 38
countries. All of these data come from weighted samples of nationally representative surveys of
women of child bearing age in which the women’s weight and height were collected (Mendez,
et a., 2005). These data show that overweight statusisfar greater than underweight statusin
both urban and rural areas of most developing countries. Also it shows that urban levels of
overweight are typically above thosein rural areas.

---Figures 4 and 5 about here---

A separate set of studies using these same data plus for some countries data for men

explored the issues of the relationships between GNP per capita, individual SES and obesity

(Monteiro, et a., 2004, Monteiro, et a., 2004). In these studies, using multilevel techniques
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with obesity as the outcome, it was shown that for all countries with GNP per capita above
$2500 in 2005 US $ terms, there was greater obesity among women of lower SES groupings
that higher ones. This was found for women but the opposite was found for men. In other work
donejust on trendsin Brazil, Monteiro et al have shown these shiftsin more depth (Monteiro,
et al., 2004).

POLICY EXPERIENCES

Ideally, we would have alarge number of examples from both the developing and
developed world that would provide guidance related to ways to promote a reduction of obesity
and related to that selection of a healthier diet with reduced caloric intake. Unfortunately, there
are no national examples of reductions in obesity related to major pushed on the food or
activity side at the national level. There are from the Scandanavian countries of Finland and
Norway some examples of the use of macroeconomic levers to change the relative pricing of
selected foods and then the linkage of these changes with positive changesin nutrition-rel ated
chronic diseases (Milio, 1990). There is also an example from South Korea of major policy
options that alowed South Koreato consume a much healthier diet with major improvements
in health linked with that diet (Kim, et a., 2000, Leg, et a., 2002).

The Scandinavian country that has most systematically merged health and agricultural
concerns into an effective nutrition policy is Norway. Norway began to be concerned with
reducing dietary fat in the 1960s and devel oped the Norwegian National Nutrition Policy in
1976, formally linking economic and agricultural policy with nutrition and health (Milio, 1990).
The results were impressive: Norway stimulated research on breeding cows for lower-fat milk;
denied consumer price subsidies when sugar import prices soared in the mid-1970s; increased

consumer subsidies for skim milk more than for whole milk, for poultry more than for pork,
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and for fish more than for beef; and implemented a set of producer subsidies to favor fish
production over beef production. Thus research and price policy were used actively. As noted
above, the results were dramatic, including alarge change in the proportion of whole and
reduced-fat milk, rapid increases in the consumption of poultry, and changes in the amount of
edible fat and the proportion of margarine and light margarine. Norway has most markedly
reduced the proportion of energy obtained from animal fats, from 29 percent in 1961 to 23
percent in 1988. The reductionsin total fat of about 6 percentage points (from 41 percent to 35
percent) was observed between 1975 and 1989, with equally large declines in saturated fat
(Milio, 1991).

Finland also focused on similar issues but its achievements were focused in one region
and were much more community-based with minimal attention to macroeconomic factors
(Puska, et a., 2002). The North Karelia Project was launched in 1972 as a community based,
and later on, national program to influence diet and some other lifestylesthat are crucial in the
prevention of cardio-vascular diseases (CVD). The intervention focused very much on alocal
community organization strategy and involved local communitiesin a most active manner.
Studies have shown a strong reduction in total fat intake, a shift away from saturated fat, and
major reductions in population serum cholesterol and blood pressure levels (Puska, et al., 2002).
It has also shown how ischemic heart disease mortality in aworking age population has
declined by 73 percent in North Karelia and by 65 percent in the whole country from 1971 to
1995.

South Korea provides a unique example of the good things a country can do to preserve
the healthful elements of itstraditional cuisine. A combination of large-scale training of

housewives in preparation of the traditional low fat, high vegetable cuisine coupled with strong
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social marketing have led to very low fat and high vegetable intake levels (Kim, et al., 2000;
Lee, et a., 2002). Obesity is considerably below that expected for a country with its high
income level asisthe percentage of energy from fat. The relationship between GNP per capita
and dietary fat intake was studied for 121 countries. From these studies, we expected that in
1996 the proportion of energy from fat in the Republic of Koreawould be 35.5 percent. The
actual percentage of energy from fat was 16.7 percentage points less than this expected level.
Given the fat intake level in 1996, we calculated that the GNP should be US$ 311. If we
estimate food disappearance data for the Republic of Korea, based on the data on which this
relationship was calculated in both the studies, we would predict that, in the Republic of Korea,
the food disappearance intake of fat as a percentage of energy would be 13.5 percentage points
more in 1996 than we actually found. Further similar analyses for GNP and obesity show that
obesity levels were also much lower than may be expected given the Republic of Korea's
economic development level compared with other Asian countries, let alone most western
countries (Kim, et al., 2000).

A few lower income countries have made some initial foraysinto large-scale prevention
activities related to obesity and nutrition-related non-communicable diseases. Thisincludes
both Chinaand Brazil, however in both cases there islittle evidence of any impact of these
early efforts (Coitinho, et a., 2002; Zhal, et a., 2002).

Therolefor Agricultural economics. price policy

There are several mgjor issues that directly could involve the agricultural economics
sector. One is understanding and measuring the vast array of ways that government spending—
beit on research or direct subsidies and other mechanisms, affects the relative prices of

healthier and unhealthier foods. Second, is to understand how shiftsin the relative prices of a
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vast array of foods will change overall diet. The latter would involve studying the direct and
cross price elasticities and the ways they affect food and nutrient intake patterns. There are
many issues that can utilize economic analysis from demand studies to ways to use pricing and
regulations to shift portion sizes and other eating behaviours toward more healthful ones.

A central issue affecting the world’ s public health is the need to shift the relative prices
of arange of foods to encourage healthier, less energy dense and more nutrient dense foods. A
second key issue isfiguring out ways to affect to reduce caloric intake while not adversely
affecting the poor’ s nutritional status. These are quite related issues that this author has
examined once for China (Guo, et a., 1999; Guo, 2000) and will present a brief example here
of ongoing research on thistopic.

One of the itemsin the diet that has increased most rapidly in China and many other
developing countriesis edible oil intake (Drewnowski and Popkin, 1997; Du, et a., 2002). A
sizable proportion of the total energy increase over the past severa decadesfor Asian, Middle
Eastern and African countries has come from this commodity.

China Edible Oil Case Study
Background:

Edible oil was strictly controlled as akey commodity during the period up to 1991 by
the Chinese government. In May 1991, the price of grain and edible il on ration was
readjusted by alarge margin for the first time since the mid-1960s. The price of grain was
raised by 70 percent, and the price of edible oil ailmost doubled. The government also released
supplies previously unseen in China, resulting in demand and consumption increasing
significantly during this period (Popkin, et a., 1993; Du, et a., 2002). By 1992, governmental

control over price of edible oil was lifted across the country. To lessen the impact of therisein
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costs on the population's living standard, the government provided subsidies on certain non-
staple food to urban residents. In addition, in 1996, state-own enterprises (SOEs) were
exempted from value-added tax (VAT) when selling oil (Qian, 2000).

The most recent development is China s accession into World Trade Organization
(WTO) in 2006. This resulted in the elimination of a quota on sunflower, peanut and corn oil,
in place of a 10 percent tariff, as well as a phasing out tariff quotafor soy oil in January 2006
(Agri-Canada., 2002). In addition, the supply of domestic oil production has been rising,
especialy for rapeseed and soy, with improved technology (in seed crushing and processing).
There has been enormous rationalization of the Chinese production sector—employment is
dropping significantly and larger, much more capital-intensive modern production facilities are
emerging.

Data

All of these signal general declinesin oil pricesto approach international market prices,
and might have implications on consumer demand. Table 3 presents consumption data for
adults aged 20-45 for the 1989-2004 period. These data come from the nine-province China
Health and Nutrition Survey (CHNS), the source of many China examplesin this paper. Three
days of weighed household edible oil along with daily 24-hour recalls are used for this analysis.
The design of the survey, the diet methodology and other measurement are presented el sewhere
(Zhai, et al., 1996; Guo, 2000; Popkin, et al., 2002; Du, et a., 2004). The CHNS data, available
free on the web, are alongitudinal survey of about 16,000 individuals with data collected from
over 200 communitiesin 1989, 1991, 1993, 1997, 2000, 2004 and 2006.This analysis focuses
on adults between 20 and 45 years old surveyed over the 1989-2000 period.

Prices were collected in a systematic manner from each community surveyed. The key
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independent variable of interest is the price of edible oil. Two approaches were used to create
an ail price. One option used the cheapest edible oil sold in each community. The second
created aweighted price linked with the oils consumed in each region. Since there are a variety
of edible oils consumed in China, this analysis matched available edible oil prices and regiona
consumption patterns from the 1992 China Nationwide Nutrition Survey (CMPH, 1994), to
create aweighted edible oil price. Other pricesincluded in the modelling were for key common
food groupings: rice, flour, chicken, eggs, fatty pork and the cheapest retail coarse grain for
each community (among corn, millet, and sorghum).

Household income was approximated from the survey through responses to direct
guestions about income and through the summeation of net receipts from al reported activities.
This detailed estimation of income represents a significant advance in the measurement of
income in China, allowing the inclusion of non-monetary government subsidies, such as state-
subsidized housing. This study will include al cash and non-cash income components, except
food subsidies.

Price and income variables were deflated by year- and province-specific consumer price
indices developed for urban and rural areas (CPI) (SSB, 1990; SSB, 1992; SSB, 1994; SSB,
1998; SSB, 2001; SSB, 2005). The useof real deflated vauesin the analyses will removethe
effect of inflation and alow the analysisto focus on theeffect of the increasein real price and
real income. The 1980 CPI was used as the baselineto deflate the nominal values for urban and
rural consumers by province.

Other household level variables include household size, whether the household residesin
a community with an urban designation and region of residence. The measurement of region was

developed by the World Bank in collaboration with the SSB (World Bank, 1995), reflecting
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contiguous groupings with comparable income levels. With respect to agricultural economics
and food behavior, samples were regrouped into three regions: the South Hinterland (Guezhou,
Guangxi, Hunan); the Central Core (Henan, Hubel, Jingsu); and the North (Liaoning,
Heilongjiang, Shangdong).

Individual level data controlled for in the models include age, gender and education. Age
and number of years of education are continuous variables and gender is a dichotomous variable.
In addition, year dummies were included to account for possibly time trends.

Estimation:

Our focusis on the estimation of own-price and cross-price elasticites in arigorous
manner. In our specifications, all models include time, region, household income, food prices,
age, gender, education, urban residency, household size and interactions between edible oil price
with time dummies and interactions between edible oil price with income tertiles as control
variables. All estimations were also clustered at the household level due to possibility of having
multiple adults within each household, and hence related error terms across observations.
Alternative specification explored included using income as a continuous variabl e together with
the square of household income, as well as different interaction terms between income, region,
prices and time.

This analysis presents the estimation of only the proportion of energy from fat, protein
and carbohydrate. We use two sets of estimations. Thefirst is based on percent of energy from
protein, fats and carbohydrates and is constrained such that they always sum to 100%. Therefore,
the sum of the coefficients across the 3 dependent variables should always be zero. The second

set of estimation looks at elasticities.
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For ease of interpretation, we derived predictions on macronutrient consumption to
estimate the effect of a 10 percent increase in the price of the cheapest oil in the community on
the average consumption decisions of adultsin China. In addition, we derived predictions by
income tertiles to see what differencesin consumption decisions due to changing edible ail
prices might exist.

RESULTS:

Results from using the two oil prices, were generally similar, except for some slight
differencesin significance for the effects of other food prices on energy from fat and
carbohydrates. We only present the estimation results from using the cheapest oil price available
to each community (Table 4) because the results appear more stable. We can see that thereisa
relationship between the real price of the cheapest edible oil, the percentage of energy from fat
(strongly negative) and the percentage of energy from carbohydrates (strongly positive). This
suggests substitution for fats with carbohydrates as the price of edible oil increases. Meanwhile,
thereislittle change in consumption of proteins.

The results are consistent across the two sets of estimations, and show that there are
strong negative el asticities between the demand for energy from protein and the real price of
flour and eggs, while there are positive e asticities between this outcome and the real prices of
rice and fatty pork. It also appears consistent across the various macronutrient that flour and rice
are substitutes. Moreover, income appears to have a strong affect on macronutrient composition,
as were region, education, urban residency and gender.

--- Table 4 about here ---
To understand the full effect of increasing the price of oil, we ran simulations, and they

are shown in Figures 7A and 7B. Figure A shows the predicted change in the composition of
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energy dueto a 10 percent increase in the real weighted price of edible oilsfor all observations
and also for those in the rich and poor tertiles. The poor are more price responsive in reducing
their consumption of fats and possibly substituting by increasing their carbohydrate and protein
intake as a proportion of total energy consumed. Figure 7B illustrates the change in demand for
percent of energy from protein, fats and carbohydrates due to a 10 percent increase in the real
prices of edible oil. Again, the elasticity islarge and negative for fats and small and positive for
carbohydrates and proteins.
--- Figure 7 about here ---

DISCUSSION

The agricultural economics profession has done little to examine policy options as they
relate to the remarkable shift in diet, activity and body composition toward a pattern of the
transition linked with non-communicable diseases. Obesity is the norm globally and
undernutrition, while still important in afew countries and in targeted populations in many
others, is no longer the dominant disease. While there are great disputes and limited
understanding of the full set of economic, technological and other factors that explain this
transition, the redlity isthat globally far more obesity than undernutrition exists and the rates of
change for the former are large and positive while those of the latter are negative. Thefirst part
of this paper essentially uses a combination of multi-country studies, ecological data plus some
case studies from China and afew other countries to layout the nature of the shifts underway.

Theissue of policy optionsisreally quite complex. Thereislittle knowledge on the role
of major macro mechanisms which must be an element in our arsenal to shift demand and supply
toward a hedlthier food supply and reduced total energy intake. The example from Chinaisan

important one. It shows that a situation where price changes are used against one el ement in the
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diet which contributes fairly adversely to health can be reduced in intake. By examining total
direct and cross elasticities and looking here just at the overall effect on energy from fat, protein
and carbohydrates, we gain insights into this option for China and can see the potential power
embedded in the vast array of subsidies and credit and price shifts currently used in most
countries. Essentialy if China used taxation or other policiesto increase the price of edible oils,
one would see a shift away from fat [each gram of which contains 9 calories of energy], a bit
away from protein (4 calories per gram) and toward carbohydrates (4 calories per gram).

The effect of price policies and many other regulations need much more careful
exploration prior to our being able to undertake massive shifts of a healthy nature in the structure
of diet. Many other mechanisms available to the economic sector must be rigorously explored.
Thisareaisrealy one relatively ignored by the profession but one deserving of much more

research.
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Tablel World Trends in Caloric sweetener intake for GNP and Urbanization Quintiles

(1962 values)

Quintilel Quintile2 Quintile3 Quintile4 Quintile5 Tota
A. Quintiles of GNP (using 1962 GNP levelsfor each country)
Caloric sweetener (kcal/capita/day)
1962 90 131 257 287 402 232
2000 155 203 362 397 418 306
Total Energy (kcal/capita/day)
1962 2008 2090 2157 2411 2960 2322
2000 2346 2357 2716 2950 3281 2725
B. Quintilesof % Urban (using the 1962 valuesfor % urban for each country)
Caloric sweetener (kcal/capita/day)
1962 79 131 236 335 389 232
2000 151 201 339 403 441 306
Source: Popkin and Nielsen (46); Food and Agriculture Organization FAOSTAT data set

for food balance data



Table 2. Shiftsin energy sourcesin Chinese diet, for adults aged 20 to 45 years

Received more than 10% energy from animal source food

(%)

1989 1991 1993 1997 2000
Urban 49.8 55.8 59.8 57.2 62.0
Rural 33.3 34.8 37.6 37.6 44.0
Low-income 26.2 289 28.7 27.1 354
Mid-income 42.8 42.9 45.3 424 51.3
High-income 47.8 52.4 61.5 61.6 60.7
Total 38.8 41.2 43.9 43.5 49.4
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Table 3. Shift in edible oil consumption in the Chinese diet (China Health and Nutrition

Study, 1989-2004) for adults, ages 20 to 45. (Mean intake grams/per capita/per day)

Edibleoil Urban Rural Low Income MidIncome HighIncome Tota

1989 17.2 14.0 12.9 158 16.4 150
1991 23.9 22.6 19.1 23.0 26.5 23.0
1993 27.6 23.0 22.3 24.1 26.7 24.3
1997 31.8 27.8 26.4 29.5 31.2 29.0

2000 335 314 30.9 321 33.3 32.0
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Table 4. Coefficient Estimates from random effects models clustered at household level using cheapest oil price.
% energy %energy Y%energy log% energy log% energy log% energy
N=21,389
from protein fromfat fromcarbs from proten from fat from carbs

log real weighted oil price 0.36 -5.71** 5.35** 0.02 -0.43 ** 0.08 **
log real wgt oil price* 1991 0.40 -9.26 ** 8.85** 0.05 -0.52 ** 0.13**
log real wgt oil price* 1993 0.84 -3.02 2.18 0.09 ** 0.02 0.06

log real wgt oil price* 1997 1.70 ** -2.64 ** 0.95 0.17 ** 0.09 0.04

log real wgt oil price* 2000 0.12 -1.46 134 0.05* 0.09 0.05

log real wgt ail price* medium income -0.40 ** 0.88 -0.49 -0.03 0.14** 0.01

log real wgt oil price* high income -0.79 ** 1.86 ** -1.06 -0.06 ** 0.21** 0.01
1991 -0.13 6.08 ** -5.95%* -0.01 0.42** -0.07
1993 -0.86 2.08 -1.22 -0.10* -0.11 -0.05
1997 -1.68 ** 0.48 1.18 -0.17 ** -0.23* -0.01
2000 0.55 1.24 0.69 0.01 -0.23* -0.002
Medium income tertile 0.71** 246 ** -3.17* 0.05* -0.001 -0.07 **
High income tertile 172 ** 451 ** -6.24 ** 0.13** 0.05 -0.14 **
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% energy %energy %energy log% energy log% energy log % energy

N=21,389

from protein fromfat fromcarbs from protein from fat from carbs
North 0.43 ** -5.00 ** 4.57 ** 0.04* -0.21 ** 0.09 **
Centra 0.03 -3.34 ** 3.31** 0.01 -0.15** 0.06 **
log real pricerice 0.43 ** -1.29* 0.86* 0.04 ** -0.08 ** 0.01
log real price flour -2.09 ** 1.16 0.92 -0.18 ** 0.04 0.02
log real price eggs -0.11** -0.17 0.27* -0.01 0.02 0.01*
log real pricefat pork 2.78** -2.87 ** 0.10 0.24 ** -0.10* 0.01
log real price cheap grain -0.01 -0.78 0.80 -0.001 -0.05* 0.01
Age (years) -0.002 0.04 ** -0.04 * -0.0003 0.001 -0.001 **
Household size 0.03 -0.78 ** 0.75** 0.003 -0.04 ** 0.01**
Education (years) 0.06 ** 0.42** -0.48 ** 0.005 ** 0.02 ** -0.01 **
Male -0.05* -1.33** 1.38 ** -0.004 -0.06 ** 0.02 **
Urban 0.80 ** 2.24 ** -3.03 ** 0.07 ** 0.11 ** -0.05 **
Constant 4.99 ** 37.91 ** 57.11 ** 1.86 ** 3.81** 4.01**
R-square 0.10 0.22 0.25 0.09 0.23 0.21



** denotes significance at the 1% level; * denotes significance at the 5% level

Reference categories for year is 1989; for income tertile is poor; and for region is South.
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Figure 1. Stages of the Nutrition Transition
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Figure 2. Relationship Between the Percentage of Energy
from Fat and GNP Per Capita, 1962 and 1990
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Figure 3. Relationship Between the Proportion of Energy From Each Food Source
and Gross National Product Per Capita and Urbanization

Panel A. the Proportion of the Population Residing in
Urban Areas is placed at 25%, 1990

AAA’A.&.‘ 6’:

S
S
353

oot
LS

5555

355
355
it
&
el

etetelatete!
2%

o
e,

<

4

i,
W =®M®3DOD~®d®D®=W

ettty

o
o
e,

t

o5

by
iy

by
L

by
iy
by
L,

o
L
o
:f:

o
ey
b,

&
S
5

5
betele!
LS

Q%ooi
bateteteli
’ T
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percentage of total calories

Panel B. The Proportion of the Population Residing in
Urban Areas is Placed at 75%, 1990

10000 T
7300
6300
4500 |
2700
2200
1700
1300
1000

700 ]
400 T

200" ’
0% 10% 20%

Animal
fats

—® 3 — 3> >

Veggy
fat

W =O®>3D~DODSW

30% 40% 50% 60% 70% 80% 90% 10

Percentage of total calories

Source: Drewnowski & Popkin (14); Food balance data from the FAOUN; GNP data from the World Bank; regression work by UNC-CH



Percentage

Figure 4. Global Obesity Patterns and Trends
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Figure 5: Overweight and Underweight Prevalence in Women 20-49y
in 36 Developing Countries Ranked by Gross National Income (GNI) Per Capita
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Figure 6. Real World Prices, 1990 US $
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Change in the% of energy from macronutrients

from a 10% increase in the price of edible oil

Figure 7. The Effects of Changes in the Price of Edible Qil

A.Change in the Proportion of Energy Due to
a 10% Increase in Real Price of Edible Oils
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