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Abstract
Worldwide changes in eating habits are contributing to a rise in obesity and chronic
noncommunicable diseases (NCDs) such as diabetes and heart disease, across all countries, including middle- and low-income countries. Now that many countries share
common challenges related to food choice and public health, international organizations
such as the World Health Organization have recommended global campaigns to address
the rise of NCDs by implementing policies to improve diets. Although these organizations have proposed pricing and income policies, the effectiveness of such policies—
based on income level and regional preferences, as well as on age and gender—could
differ across countries. To address this issue, this study investigates how income and
prices influence dietary habits globally. No prior studies have globally evaluated the
influence of price and income on major dietary risk factors for NCDs by age or gender.
In this report, nationally representative dietary intake data for 164 countries were used
to derive income and own-price elasticities of food consumption across the spectrum of
rich and poor countries. Our results show considerable differences among individuals
across food groups, regions/countries, and age and gender subgroups. Similar to past
studies of cross-country food demand, results also show that low-income countries are
more affected by changes in income and food prices than are higher income countries.
Keywords: demand, diets, elasticity, food, global, income, intake, noncommunicable
diseases (NCDs), nutrition, prices
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What Is the Issue?
Worldwide changes in eating habits and poor nutrition are contributing to a global rise in obesity
and chronic noncommunicable diseases (NCDs) such as diabetes, heart disease, and stroke,
putting all income groups and ages, as well as both genders, at risk of these diseases. NCDs
are particularly problematic in developing countries, where they have been shown to negatively affect economic growth and development potential and are more likely than in developed
countries to result in premature deaths. In recent years, a number of international meetings and
reports have focused on promoting policies (1) to reduce the availability and consumption of
saturated fatty acids, high-sodium prepared and processed foods, and added sugars in food and
nonalcoholic beverages, and (2) to increase the availability, affordability, and consumption of
fruits, vegetables, and other healthy foods. Although international organizations have encouraged healthier diets through pricing and income policies, their effectiveness could differ among
countries by income levels and regional preferences, as well as within countries by gender and
age subgroups.

What Did the Study Find?
ERS research confirms that changes in income and food prices more strongly affect food intakes
in low-income countries than in higher income countries. Income and prices also influence
dietary intake patterns across gender, age, regions, countries, and the 11 food categories considered in this study (fruit, vegetables, beans and legumes, nuts and seeds, whole grains, unprocessed red meat, processed meat, fish, milk, sugar-sweetened beverages, and 100-percent fruit
juice). All findings are based on 2010 and 2011 data.

ERS is a primary source
of economic research and
analysis from the U.S.
Department of Agriculture,
providing timely information on economic and policy
issues related to agriculture,
food, the environment, and
rural America.

Income elasticities (the percentage change in intake due to a percentage change in income) were
largest for countries in the lowest income decile (those with incomes in the bottom 10 percent of
countries studied). The responsiveness of fruit intake to an income increase was the exception:
the change was positive for all income groups except the lowest income countries, where the
change was insignificant. In the lowest-income-decile countries, milk intake (with a more than
1.0 percent response to a 1-percent change in income) responded more strongly than other foods.
Milk intake was followed by that of processed meat (0.8 percent) and sugar-sweetened beverages (0.6 percent). Across countries and income levels, in response to income growth, the intake
of meat and beverages is more likely than that of other commodities to rise, and intake of plantbased food, other than fruit, shows little or no change.

www.ers.usda.gov

Individuals in low-income countries also respond more than those in higher income countries to food prices.
When intakes of fruit, milk, processed meat, and sugar-sweetened beverages were compared across income
groups, countries in the lowest income decile showed the largest response to food-price changes, and intakes
of processed meat and fruit were affected most strongly by those changes, followed by sugar-sweetened
beverages. At the lowest income level, milk intake was not responsive to price. Across countries and income
levels, a rise in prices is more likely to cause a decrease in meat and beverage intake (milk, 100-percent fruit
juice, and sugar-sweetened beverages), with little or no change in plant-based food intake, other than fruit
and whole grains.
The associations among income, prices, and food intake globally shown by this report may be important when
considering policy options for improving diets and addressing the challenges of NCDs related to dietary intake.
However, programs focusing solely on increasing incomes or lowering food prices, without a nutrition-promotion component, may fail to improve their populations’ health and well-being. The results also show the importance of relating initiatives to specific groups of people and countries/regions.

How Was the Study Conducted?
Comprehensive data of global consumption patterns available from the Global Dietary Database (2010) were
used in this research. The database contains intake data on 11 major food categories and provides estimates
of daily consumption levels of major food groups by country, age, and gender. Per-capita 2010 gross domestic
product (GDP) estimates from the World Bank were used to account for income differences across countries, and price-level indexes for related food categories from the 2011 International Comparison Program
were used to account for price differences across countries. Similar to the Global Dietary Database, the 2011
International Comparison Program data represent the most up-to-date, comprehensive snapshot of global
food prices available.
Intake demand for each food category was estimated separately, accounting for differences across gender and
age subgroups by allowing these factors to have a direct effect on food intake, as well as an additional effect
through income and price responsiveness. The modeling framework also allowed the income and price effects
to vary based on income level. To account for cross-country differences due to cultural preferences or related
factors, binary variables were added to the model to allow for differences in intake across the following regions:
Sub-Saharan Africa, Latin America and the Caribbean, Former Centrally Planned economies of Central and
Eastern Europe and Central Asia, Southeast Asia and the Asian Pacific, North Africa and the Middle East, and
an aggregate category to account for rich countries in the Western Hemisphere, Australia, New Zealand, and
surrounding islands.

www.ers.usda.gov

The Influence of Income and Prices on
Global Dietary Patterns by Country, Age,
and Gender
Introduction
Although undernutrition continues to be a problem for low-income people and countries, worldwide
changes in eating habits and poor nutrition are contributing to a global rise in obesity—in middleand low-income countries, as well as in high-income countries (Lim et al., 2013). For instance, since
1990, obesity rates among women in high-income Western countries have increased from 16 percent
to 28 percent in 2014. During this same period, however, obesity rates among women also increased
in East and South East Asia (from 2 percent to 8 percent), Sub-Saharan Africa (from 5 percent to 14
percent), Latin America and Caribbean (from 16 percent to 27 percent), and Central Asia, Middle
East, and North Africa (from 19 percent to 31 percent).1 In turn, the global rise in obesity has led
to an increase in diet-related noncommunicable diseases (NCDs) such as diabetes and heart disease
(Lim et al., 2013). As obesity rates have risen around the globe, many developing countries now face
the double burdens of addressing food insecurity and undernutrition while also addressing overnutrition and NCDs (Mendez et al., 2005).
According to the World Health Organization (WHO), NCDs are a global problem, putting all income
groups, men and women, adults as well as children, at risk of these diseases (Beaglehole et al.,
2011a). NCDs are most serious in developing countries, where they have been shown to negatively
affect economic growth and development potential. These effects are especially strong for rapidly
growing countries such as China and India, but also for least developed countries such as Tanzania,
which have experienced an upsurge in chronic disease risks and deaths (WHO, 2005). All countries
have suffered economically because of the health care expenditures and increased mortality related
to the spread of NCDs. In the United States, for instance, the direct medical costs alone have been
estimated at over $500 billion annually (Cawley and Meyerhoefer, 2012; Muka et al., 2015), straining
public budgets and tax bases.
Now that many low-, middle-, and high-income countries share common challenges related to food
choice and public health, international organizations such as the WHO have advocated for global
initiatives to examine policy options for improving diets and nutrition. The need for a global approach
was the topic of the United Nations (UN) High-Level Meeting on NCDs in 2011, seen as creating an
opportunity for a global campaign against NCDs and their consequences (Beaglehole et al., 2011b). A
global approach was also addressed in the WHO Global Action Plan for the Prevention and Control
of NCDs 2013-2020 and the Framework for Action from the Second International Conference on
Nutrition, organized by the Food and Agriculture Organization of the UN and the WHO in 2014.2
These initiatives provide a framework and policy options for member countries to reduce premature
mortality from NCDs by improving diets and reducing other risk factors.
1These data were obtained from the NCD Risk Factor Collaboration (NCD-RisC) Network, http://www.ncdrisc.org/
index.html. Obesity rates among men have also increased, but at a lower prevalence than women.
2The

Second International Conference on Nutrition was held in Rome, November 2014, and jointly organized by the
UN’s Food and Agriculture Organization (FAO) and WHO. The conference focused particularly on nutrition challenges in
developing countries. The Framework for Action can be found at http://www.fao.org/about/meetings/icn2/documents/en/.
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A key component of the WHO Global Action Plan is the strengthening of global food and nutrition policies to improve diets, thereby lessening the exposure of individuals and populations to
the common risk factors associated with NCDs. It has been argued that policies implemented by
member countries should reduce the availability and consumption of saturated fatty acids, highsodium prepared and processed foods, and added sugars in food and nonalcoholic beverages, and
likewise, that such policies should increase the availability, affordability and consumption of fruit,
vegetables, and other healthy foods (WHO, 2013). Affordability is an important driver of food
demand and underscores the importance of income and prices in dietary choices. Knowing how
prices and income affect the consumption of healthy and unhealthy foods within and across countries is critical to understanding the role that government policies can play in changing global diets
and nutrition. While organizations such as the WHO and UN have proposed pricing and income
polices to encourage healthier diets, it is important to note that the effectiveness of such policies
could differ across countries based on income level and regional preferences, and within countries
across gender and age subgroups.
This report investigates how income and prices influence dietary habits globally. Nationally representative intake data for 164 countries are used to derive income and price elasticities of food
consumption across the complete spectrum of rich and poor countries.3 The heterogeneity in food
intake is evaluated, as are the income and price elasticities based on gender and age subgroups
within each country and for 11 food categories that can affect the risk of NCDs: fruit, vegetables,
beans and legumes, nuts and seeds, whole grains, fish, milk, 100-percent fruit juice, unprocessed red
meat, processed meat, and sugar-sweetened beverages.4
The dietary intake data come from the 2010 Global Dietary Database (GDD), the first database to
provide estimates of daily consumption levels of major food groups by country, age, and gender
(Del Gobbo et al., 2015; Imamura et al., 2015; Micha et al., 2015; Micha et al., 2014; Micha et al.,
2012; Singh et al., 2015). We used 2010 per-capita gross domestic product (GDP) (purchasing power
parity-adjusted) from the World Bank as our measure of income, and we used price-level indexes
for related food categories from the 2011 International Comparison Program (ICP), World Bank.5
Similar to the GDD, the 2011 ICP data represent the most up-to-date, comprehensive snapshot of
global food prices available.
While the relationship among income, prices, and food choice has been extensively studied,
the GDD and ICP data allowed for a global coverage rarely seen in food and nutrition demand
research facilitating comparisons of individuals in rich and poor countries. Food and nutrition
studies with a global focus mostly use national food availability estimates based on agricultural
production, exports, and imports. Findings based on such estimates may be limited by differences
between national food availability data and actual dietary consumption (Del Gobbo et al., 2015).
Additionally, the nature of the available data in multi-country studies permit only estimates of elasticities at the national level, precluding an understanding of how income or price elasticities might
3The relationship between income and food choice is often defined by the income elasticity, which is the percentage response in intake due to a percentage change in income; the relationship between price and food choice is often defined by
the own-price elasticity, which is the percentage response in intake due to a percentage change in the price of the good.
4While

we present results related to individual food groups, a discussion of their nutritional and disease impacts is
outside the scope of our analysis. Readers are referred to Imamura et al. (2015) and Lim et al. (2013) for a more thorough
discussion of NCD risk and the selected food categories.
5The ICP data that are available for public access are limited to price-level indexes for broad categories such as food
and nonalcoholic beverages. We were given special access to the disaggregated data for this project and related research.
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vary across and within countries by age or gender—differences that could greatly influence certain
dietary choices in response to income or prices. Furthermore, studies that consider subgroup characteristics have been limited to a single country or a select group of countries (Dubois et al., 2014; Guo
et al., 2000).

3
The Influence of Income and Prices on Global Dietary Patterns by Country, Age, and Gender, ERR-225
Economic Research Service/USDA

Income, Prices, and Diet
Dietary choices are influenced by a range of factors including income, food prices, sociocultural
and religious preferences, education, local and regional agricultural production, domestic and international food transportation networks, and marketing and retailing (Afshin et al., 2014). Although
choosing a healthy diet may involve higher food costs, thus requiring more income or expenditures,
this choice is also determined by an understanding of the links between nutrition and health and a
willingness to forgo certain food attributes that could negatively affect future well-being (Blaylock
et al., 1999; Finke and Huston, 2003). The latter implies that nutritional knowledge and personal
discipline play an important role in determining food intake (Wardle et al., 2000). Some studies
have found that when controlling for factors like education, which is a proxy for nutrition and health
knowledge, the effect of income on intake may be relatively small (Behrman et al., 1988; Behrman
and Wolfe, 1984; Wolfe and Behrman, 1983; Zhong et al., 2012). Other studies have found that nutritional knowledge modifies the effect of economic variables on intake, rather than being the main
determinant (Beydoun and Wang, 2008).
There is extensive literature that focuses on estimating income and price elasticities of demand for
food, nutrients, and/or calories, with estimates that vary based on the populations studied. Although
income and prices are clearly important determinants of food choice, there is no strong consensus on
how they affect food and nutrient intake, or how income and price changes might relate to qualitative rather than just quantitative dietary changes. Some interesting results, however, have emerged:
Finke and Huston (2003) examined U.S. households and found income to be significant and
inversely related to the probability of having a risky diet as measured by an index of unhealthy food
consumption. Examining households in Europe and the United States, Darmon and Drewnowski
(2008) found that higher socioeconomic status as measured by occupation, education, and income
positively influenced healthy food choices. Similar relationships have been found in other studies
(Gundersen et al., 2011; Loopstra and Tarasuk, 2013).
Since the share of income spent on food tends to decline as incomes rise (Engel’s law) (Houthakker,
1957), the effects of income on food demand tend to be stronger among lower income households.
Consequently, income elasticities tend to be larger for poorer households and smaller for richer
households. Income elasticities can also differ by food group, with staple foods having low or even
negative income elasticities and high-value food products having higher elasticities, though results
are often context-specific (Deaton, 1997; Strauss and Thomas, 1995). Income (or expenditure) elasticity estimates for staple foods tend to vary between 0.3 and 0.6 (Bouis, 1994).6 These householdlevel results on income and diet from the 1990s preceded the recent decades of income growth and
rapid changes due to globalization. More recently, Kumar et al. (2011) estimated expenditure elasticities for India, and their results for cereals varied from 0.5 for very poor households to 0.0 for higher
income households. Zhou et al. (2014) find that the income elasticity for cereals in China declined
from 0.4 in 2000 to 0.3 in 2010, reflecting the economic growth during this period. Estimates for
expenditure elasticities for bread in Australia, the United States, Canada, and Japan, as reported by
Ulubasoglu et al. (2015), ranged from 0.5 in Japan to approximately 1.0 in Canada.
Although country-specific studies can take advantage of a lot of detailed information from household surveys, the results from these studies are to some degree influenced by the underlying definition of the food groups considered, as well as other country-specific factors, and therefore do not
6Total

expenditure is often used as a proxy for income since it is (often) measured more accurately than income.
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lend themselves to cross-country comparisons. However, global nutrition and health research can
benefit from comparing consumer behavior across countries, ideally worldwide. Unfortunately, there
are relatively few cross-country studies because there are few publicly available databases with
information on per capita expenditures or intake for multiple goods and countries. For conducting
cross-country research, a dataset that covers a sufficiently large number of countries to be representative of global trends is ideal.
One such dataset is the ICP database, which has been used by a number of researchers over the
years. Clements and Theil (1979) and Suhm (1979) were the first to apply a cross-country demand
system to ICP data, which in 1975 covered 15 countries and 8 groups of consumer goods (Regmi
and Seale, 2010). Muhammad et al. (2011) reported expenditure elasticities for food based on the
2005 ICP data, which covered 144 countries.7 Their expenditure elasticity estimates ranged from
0.51 in low-income countries to just 0.02 in high-income countries for cereals. Results for meats
were higher, 0.77 in low-income countries and 0.49 in high-income countries. Similar estimates were
found by Seale et al. (2003) using 1996 ICP data.
Consumer demand, particularly food demand, usually responds to price changes. While it is intuitively clear that the quantity demanded for a product will decrease if its relative price increases, the
degree of this price response depends on a number of factors including income, the availability of
substitutes, and other factors. Preferences, such as those rooted in cultural and religious practices,
may lead to weaker price responsiveness than otherwise expected. Additionally, consumers tend
to have lower price responsiveness (measured own-price elasticities) for necessities, such as staple
foods, than for higher value foods such as meats (Schnepf and Richardson, 2011).
The importance of income level as a determining factor in price responsiveness was shown by
Timmer (1981), who found that in order to study food consumption patterns, it was necessary to
disaggregate by commodity as well as by income class. He argued that “the poor behave rationally,
but more sensitively to changes in their economic environment” (Timmer, 1981, p. 441).
Overall, lower income households tend to be more responsive to food prices than high-income
households. Using 2005 ICP data, Muhammad et al. (2011) showed that food budgets in lower
income countries were on average 49 percent of total expenditures compared to 20 percent in highincome countries and the corresponding own-price elasticities for food were estimated to be an
average of -0.57 for low-income countries, compared to -0.36 for high-income countries. Green et
al. (2013) conducted a systematic review of the effect of rising food prices on food consumption by
running meta-regressions on 3,495 own-price food elasticities from 162 countries as reported in 136
studies. They found that in low-income countries, a 1-percent increase in the price of cereals led to
a 0.61-percent reduction in consumption; in contrast, in high-income countries, they found a 0.43percent reduction. The effect of a percentage increase in the price of meat, a higher value product,
showed stronger price responsiveness: -0.78 for low-income countries and -0.60 for high-income
countries. Andreyeva et al. (2010) reviewed 160 studies on the price elasticity of demand for major
food categories. They found price elasticities for foods and nonalcoholic beverages ranging from
-0.27 to -0.81, and much higher responsiveness for food away from home, soft drinks, juice, and
meats, with price elasticities between -0.70 and -0.80.

7The

estimates in this study were based on per-capita expenditures and not dietary intake.
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Data and Methods
The Global Dietary Database
For our assessment of global dietary behavior, we used the 2010 Global Dietary Database (GDD),
a database of intake data (in gram equivalents per day) on 11 major food categories based on age
and gender across 187 countries (see box, “Global Dietary Database Overview”). Our analysis is
global in reach and includes 164 countries, divided into 6 regions: Southeast Asia and the Asian
Pacific (Asia); Former Centrally Planned economies (FCP) of Central and Eastern Europe and
Central Asia; the Middle East, North Africa, and South Asia (MENA/South Asia); Latin America
and the Caribbean (LAC); Sub-Saharan Africa (SSA); and the Rest of the World (ROW) (table 1).8
Although the GDD covers 187 countries, our analysis was limited to the number of countries with
corresponding price data from the 2011 ICP; for each country in the analysis, both intake values and
prices were needed.
The food categories are plant based (fruit, vegetables, beans/legumes, nuts/seeds, whole grains);
meat and fish (unprocessed red meat, processed meat, fish); and beverages (milk, 100-percent fruit
juice, and sugar-sweetened beverages). These food categories are not exhaustive and, in some cases,
do not cover dietary staples and other important sources of calories such as corn and potatoes.9
The fruit category includes fresh, frozen, and canned fruit, all of which may provide micronutrients. However, salted and pickled fruits were excluded during data collection because of their high
sodium levels and possible negative health effects. The vegetable group excludes starchy vegetables
such as potatoes and corn. The whole-grains category includes foods that have a fiber content of at
least 1 gram per 10 grams of carbohydrate, among typically consumed processed grain products
such as breakfast cereals, bread, and pasta. The fruit juice category includes only 100-percent juice,
while all other juice-containing beverages are included in the sugar-sweetened beverages category
(see table 2 for further details).

Income Data
For income, we used 2010 per-capita gross domestic product (GDP) data from the World Bank
Development Indicators Database.10 To account for differences in currency and purchasing power
across economies, we used purchasing power parity-adjusted estimates, discounting differences
across countries due to disparities in the overall price level. The lowest per capita income region is
SSA (an average per capita income of $4,160); however, within SSA are large variations in income
ranging from $632 in the Democratic Republic of Congo to $34,441 in Equatorial Guinea (table 3).
The richest region is ROW, which includes most of the world’s developed countries. The average per
capita income for ROW is $38,799, ranging from $7,366 in Fiji to $89,147 in Luxembourg.

8The

ROW region comprises largely Western, industrialized countries; while not geographically connected, these
countries share other similarities. We included several small island countries in this grouping because they were not sufficiently numerous to merit their own regional grouping.
9See Appendix 2: Dietary Intake Across Regions for a discussion of GDD mean intake levels by food category and
region.
10The

World Bank database of development indicators can be accessed at http://data.worldbank.org/data-catalog/
world-development-indicators.
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Global Dietary Database Overview
The Global Dietary Database (GDD) contains intake values on select food categories by age and
gender for 187 countries. It makes use of 325 dietary surveys of 1.75 million individuals, representing 116 countries and 89 percent of the global adult population, and is currently maintained
by the Global Nutrition and Policy Consortium based at the Tufts Friedman School of Nutrition
Science and Policy. Using qualitative assessment and quantitative modeling, the information from
the 325 surveys was combined with relevant country-level information and the United Nations
Food and Agriculture Organization (FAO) food balance sheets to derive estimates of intakes by
food category, age, gender, and country.
In developing the database, researchers searched multiple electronic databases and worked with
government authorities worldwide to identify and obtain nationally representative dietary intake
surveys and large subnational surveys. Individual-level surveys from large cohort studies as well
as other data sources on diet such as the World Health Organization (WHO) Global InfoBase,
WHO STEPwise approach to Surveillance (STEPS) database, and household expenditure surveys
were used for countries without identified national or subnational individual-level dietary surveys.
Although GDD data represent the most up-to-date, comprehensive snapshot of global consumption patterns available, there are limitations to consider. The fact that individual-level national
surveys were not available for every country and dietary factor resulted in increased statistical
uncertainty and a greater reliance on modeling and adjusted FAO data than on individual-level
national surveys to arrive at final estimates. Consequently, GDD data could be more similar to data
from FAO food balance sheets than to national survey data and have greater statistical uncertainty
for foods, countries, and demographic subgroups underrepresented in global dietary surveys.
For instance, fruit and vegetables were the most frequently assessed dietary factor in individuallevel surveys, included in 214 surveys from 109 countries (85 percent of the global population).
Nearly 60 percent of the 214 surveys had age- and gender-specific data. For whole grains, however,
there were only 39 surveys from 53 countries. Although all 39 surveys contained age- and genderspecific data, they covered only 41 percent of the global population. Patterns in data availability
also indicate key gaps for developing nations, particularly in Sub-Saharan Africa (SSA). For
example, among world regions, SSA had the fewest available individual-level dietary data, and
mostly only on fruit and vegetables from the WHO Global InfoBase. Arguably, our results for
whole grains may be statistically less precise than our results for fruit and vegetables. Likewise,
our results for SSA may be statistically less precise than our results for higher income countries
and more represented regions.
See the following for a more detailed discussion of the methods and descriptive findings of the
Global Dietary Database: Del Gobbo et al., 2015; Imamura et al., 2015; Micha et al., 2012; Micha
et al., 2014; Micha et al., 2015; Singh et al., 2015.
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Table 1

Countries included in this study, by region
Southeast Asia/
Asian Pacific (Asia)
Brunei Darussalam
Cambodia
China
Indonesia
Japan
South Korea
Laos
Malaysia
Maldives
Philippines
Singapore
Thailand
Vietnam

Former Centrally
Planned econo- Mideast/North Africa
mies (FCP)
(MENA)/ South Asia
Albania
Armenia
Azerbaijan
Belarus
Bosnia and
Herzegovina
Bulgaria
Croatia
Czech Republic
Estonia
Georgia
Hungary
Kazakhstan
Kyrgyzstan
Latvia
Lithuania
Macedonia
Moldova
Mongolia
Montenegro
Poland
Romania
Russia
Serbia
Slovak Republic
Slovenia
Tajikistan
Ukraine

Algeria
Bahrain
Bangladesh
Bhutan
Egypt
India
Iran
Iraq
Israel
Jordan
Kuwait
Morocco
Nepal
Oman
Pakistan
Qatar
Saudi Arabia
Sri Lanka
Tunisia
Turkey
United Arab Emirates
West Bank-Gaza
Yemen

Latin America/
Caribbean (LAC)

Sub-Saharan Africa
(SSA)

Antigua and Barbuda
Bahamas
Barbados
Belize
Bolivia
Brazil
Chile
Colombia
Costa Rica
Cuba
Dominica
Dominican Republic
Ecuador
El Salvador
Grenada
Guatemala
Haiti
Honduras
Jamaica
Mexico
Nicaragua
Panama
Paraguay
Peru
St. Lucia
St. Vincent and
Grenadines
Suriname
Trinidad and Tobago
Uruguay
Venezuela

Angola
Benin
Botswana
Burkina Faso
Burundi
Cabo Verde
Cameroon
Central African
Republic
Chad
Comoros
Congo, Democratic
Republic
Congo, Republic
Cote d’Ivoire
Djibouti
Equatorial Guinea
Ethiopia
Gabon
Gambia
Ghana
Guinea
Guinea-Bissau
Kenya
Lesotho
Liberia
Madagascar
Malawi
Mali
Mauritania
Mauritius
Mozambique
Namibia
Niger
Nigeria
Rwanda
Sao Tome and
Principe
Senegal
Sierra Leone
South Africa
Sudan
Swaziland
Tanzania
Togo
Uganda
Zambia
Zimbabwe

Source: USDA, Economic Research Service.
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High income/
rest of world
(ROW)
Australia
Austria
Belgium
Canada
Cyprus
Denmark
Fiji
Finland
France
Germany
Greece
Iceland
Ireland
Italy
Luxembourg
Malta
Netherlands
New Zealand
Norway
Portugal
Seychelles
Spain
Sweden
Switzerland
United Kingdom
United States

Table 2

Food categories in the Global Dietary Database1
Food

Description: total intake is measured in gram equivalents per day.

Fruit

Total fruit intake, including fresh, frozen, cooked, canned, or dried fruit
(excludes fruit juices and salted or pickled fruits)

Vegetables

Total vegetable intake, including fresh, frozen, cooked, canned, or dried
vegetables (excludes salted or pickled vegetables, vegetable juices, starchy
vegetables (e.g., potatoes, corn), legumes, nuts, and seeds)

Beans/legumes

Total intake of beans and legumes, including tofu (excludes soy milk)

Nuts/seeds

Total intake of nuts and seeds

Whole grains

Total intake of whole grain foods, including from cereals, bread, rice, pasta,
biscuits, muffins, tortillas, etc. A whole grain is defined as a food with ≥1.0
grams of fiber per 10 grams of carbohydrate, representing the approximate
fiber content of whole wheat.

Unprocessed red meat

Total unprocessed red meat intake from all livestock, both domesticated and
non-domesticated (excludes poultry, fish, eggs, and all processed meats)

Processed meat

Total processed meat intake processed with sodium or other preservatives,
including processed deli or luncheon meats, bacon, salami, sausages,
bratwursts, frankfurters, hot dogs, etc.

Fish

Total seafood intake from fish and shellfish

Milk

Total milk intake, combining non-fat, and low-fat and full-fat milk (excludes
soy milk, other plant-derived alternatives)

Fruit juice

Total fruit-juice intake, 100-percent fruit juice only

Sugar-sweetened
beverages

Total sugar-sweetened beverages intake, defined as any sugar-sweetened
beverage containing ≥ 50 calories per 8-ounce (226.8-gram) serving, including carbonated beverages, soft drinks, sodas, energy drinks, sweetened ice
teas, fruit drinks, etc. (excludes 100-percent fruit and vegetable juices)

1These

dietary factors were originally identified and evaluated because of their influence on chronic diseases such as
coronary heart disease, stroke, diabetes, obesity, and diet-related cancers.
Source: Tufts University Friedman School of Nutrition Science and Policy, Global Nutrition and Policy Consortium, Global
Dietary Database.

Table 3

Gross domestic product per capita (purchasing power parity-adjusted) statistics by region,
2010
Region

Mean

Median

Standard
deviation

Minimum

Maximum

--------------------------------------------Dollars-------------------------------------------World

17,103

10,651

19,060

632

127,236

4,160

1,953

6,035

632

34,441

Latin America/Caribbean

12,128

10,664

6,066

1,518

29,321

Former Centrally Planned
economies

14,752

15,703

7,492

2,110

28,016

Asia

21,933

10,681

24,035

2,513

71,816

MENA/South Asia

24,421

11,256

30,667

1,999

127,236

High income/ROW

38,799

38,671

14,508

7,366

89,147

Sub-Saharan Africa

MENA = Middle East/North Africa. ROW = rest of world.
Source: USDA, Economic Research Service, based on data from the World Bank.
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Food Price Data
We used price-level indexes for select food categories from the 2011 ICP data. The ICP is a worldwide statistical initiative that estimates purchasing power parities (PPPs) for use as conversion factors
to compare the size and price levels of economies around the world. The 2011 ICP data cover nearly
200 economies from 8 regions, 7 geographical regions: Africa, Asia and the Pacific, Commonwealth
of Independent States, Latin America, the Caribbean, Western Asia, and the Pacific Islands, and an
eighth region composed of Organization for Economic Co-operation and Development (OECD) and
Western European economies. The ICP derives PPP estimates in stages: first for individual goods
and services, then for groups of products, and finally for each of the various levels of aggregation up
to GDP. While the purpose of the ICP is to estimate the real size of the global economy, the GDP
and aggregate PPP estimates are based on expenditure and price data for narrowly defined categories, including disaggregated food groups (table 4).11 For a more detailed discussion of the ICP, see
Purchasing Power Parities and the Real Size of World Economies: A Comprehensive Report of the
2011 International Comparison Program (World Bank, 2015).12
PPPs are spatial indexes comparing the price of a given basket of goods and services across economies relative to a base economy. For example, if the price of a hamburger is €4.80 in France and
$4.00 in the United States, the PPP for hamburgers between the two economies is $0.83 to the euro
from the French perspective (4.00/4.80) and €1.20 to the dollar from the U.S. perspective (4.80/4.00)
(World Bank, 2014, p. 7). Put differently, for every dollar spent on hamburgers in the United States,
€1.20 would have to be spent in France. To make cross-country comparisons, PPPs must be standardized to a common currency unit (usually the U.S. dollar). For instance, at an exchange rate of €0.80
per $1.00, the previous example can be restated as follows: for every dollar spent on hamburgers in
the United States, $1.50 would have to be spent in France. Currency-standardized PPPs are often
referred to as price-level indexes.
Table 4 shows the GDD food categories and their corresponding ICP food categories. Fish and milk
are categories with a one-to-one matching between the two data sources. Proxies were used for
beans/legumes and nuts/seeds since they are not explicitly defined in the ICP data. For instance, the
fish intake category from the GDD corresponded to the fish (fresh, chilled, and frozen) price index
from the ICP, but the nuts and seeds category from the GDD was matched with the edible oils and
fats price index from the ICP, which is the closest food category given the use of nuts and seeds in oil
production. The most narrowly defined ICP category for nonalcoholic beverages is mineral waters,
soft drinks, fruit, and vegetable juices. The price index for this category was originally used for both
sugar-sweetened beverages and fruit juice. However, preliminary results showed that the sugar price
index and fresh-fruit price index were considerably better predictors of sugar-sweetened beverage
and 100-percent fruit juice intake, respectively.13 This is plausible because both are primary inputs in
production, affecting the price of the final product. All else equal, countries with relatively low sugar
prices should have lower sugar-sweetened beverage prices. The same could be said of 100-percent
fruit juice prices in countries with relatively low fresh-fruit prices.

11The

ICP data for these narrowly defined categories cover 180 countries.

12ICP

publications can be found at http://siteresources.worldbank.org/ICPEXT/Resources/ICP_2011.html.

13In comparing the relative performance of the price indexes, we considered the overall fit of the model (adjusted R 2),
parameter significance, and the predictive power of the model in explaining intake values across countries.
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Table 4

Global Dietary Database and 2011 International Comparison Program food categories
Global Dietary Database

Select ICP food categories

Fruit

Fresh or chilled fruit
Frozen, preserved, or processed fruit and fruitbased products

Vegetables

Price measure

Simple average

Fresh or chilled vegetables other than potatoes
Frozen, preserved, or processed vegetables and
vegetable-based products

Simple average

Beans and legumes

Frozen, preserved, or processed vegetables and
vegetable-based products

No averaging required

Nuts and seeds

Other edible oils and fats

No averaging required

Whole grains

Bread

Expenditure weighted
average

Rice
Unprocessed red meat

Beef and veal
Expenditure weighted
average

Pork
Lamb, mutton, and goat
Processed meat

Beef and veal

Expenditure weighted
average

Pork
Fish

Fresh, chilled, or frozen fish and seafood

No averaging required

Milk

Fresh milk

No averaging required

Sugar-sweetened beverages Sugar

No averaging required

Fruit juice

No averaging required

Fresh or chilled fruit

Note: Price averaging was not required for one-to-one category mappings (beans and legumes, nuts and seeds, fish, milk,
sugar-sweetened beverages, and 100-percent fruit juice).
Source: USDA, Economic Research Service, based on Tufts University Friedman School of Nutrition Science and Policy,
Global Nutrition and Policy Consortium, Global Dietary Database; and World Bank, International Comparison Program (ICP).

The nonalcoholic beverage category from the ICP includes all beverage products (including bottled
water). Consequently, price differences for either sugar-sweetened beverages or 100-percent fruit
juice may not be fully reflected by this category.
The remaining GDD food categories corresponded to more than one ICP category. For instance, the
ICP disaggregates fruits and vegetables into two groupings: fresh and frozen/preserved/processed.
For fruits and vegetables, we used a simple average of the ICP categories. Simple averages were not
sufficient for whole grains, unprocessed red meat, and processed meat because of significant differences in expenditures across countries (e.g., negligible pork demand in Islamic countries relative to
Western countries). For these categories, we used an expenditure-weighted average of the ICP categories. For instance, whole grains corresponded to two ICP categories: bread and rice. If a country’s
expenditure on bread as a share of its total expenditure on bread and rice was 0.20, the whole grains
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price index for that country was 0.20×bread price index + 0.80×rice price index.14 See table 4 for
the complete listing of how the GDD intake data were matched to the ICP price data.

Model and Estimation
Since the focus of this study is intake and not purchases or expenditures, the economic properties
associated with demand estimation based on expenditure data do not necessarily apply. For example,
the adding-up property in demand is based on expenditures on all categories “adding up” to total
income (or total expenditures). Such a relationship does not apply to individual intake, particularly when the correspondence between purchases and intake is not one to one. Since the standard
demand framework does not fully apply in this context, past studies using intake, nutrients, or calories data have used fairly basic functional forms for analysis (linear, log-linear, etc.) (e.g., Behrman
and Wolfe, 1984; Sahn, 1988; Subramanian and Deaton, 1996). Yet, there are still economic
factors that must be considered. An important consideration is selecting a functional form that fits
the observed data while providing estimates consistent with basic economic theory and consumer
behavior. As mentioned, intake responsiveness to income and prices will likely diminish as incomes
rise. The reason being, once the need for a well-balanced meal is satisfied, increases in income
could result in increased demand for other quality attributes, such as taste, variety, and convenience,
resulting in a smaller share of expenditures being devoted to intake and nutrition, and thus a smaller
responsiveness of intake to changes in income or prices (Timmer, 1981; Banks et al., 1997; Deaton,
1997; Regmi et al., 2001). Therefore, any functional form considered should account for the effects
of income level on intake responsiveness.
Let qgiC represent mean daily intake (in gram equivalents per day) of the ith food category in
country C by subgroup g and piC the price level index for the same food category and country.15 Let
YC and PC represent real per capita income and the food-price level index, respectively, in country
C. The following semi-log quadratic form is used to estimate the relationship among food intake,
income, and prices: 16
(1)


p 
 p 
qgiC = α 0*i + α1*i log (YC ) + α 2*i log  iC  + α 3*i log (YC ) × log  iC  
 PC 
 PC  

+α 4*i log (YC ) + u giC .
2

The α ni* � terms are parameters to be estimated and ugiC is a random error term.17

14When mapping the two data sources, we considered other ICP food categories (preserved milk and dairy products,
processed and preserved fish, other meat, cereals, and pasta). These categories made no significant difference in results
and, in many instances, decreased the performance of the models.
15g

= {gender and age}

16Many

studies actually used a double-log quadratic form (e.g., Sahn, 1988). However, a problem with the double-log
form is that significant differences in intake across subgroups can be lost in log conversions. For instance, assume that
intake is 60 grams per day (g/d) for one demographic subgroup and 90 g/d for another. The logs of these values are 4.09
and 4.50, respectively. A semi-log relationship allowed for a better assessment of subgroup effects on intake responsiveness. It has also been shown that under straightforward conditions, semi-log models of demand are consistent with economic theory and contain the necessary information for obtaining, for instance, reliable measures of consumer welfare
and the underlying preference structure of consumers (LaFrance, 1990).
17n

= {0,1,2,3,4}.
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Note that equation (1) allows for the income and price effects to vary based on income level due
to the quadratic income term, log(YC)2, and income-price interaction term, log(YC) × log(piC/PC) .
Also, note that the price term is defined by the price of the ith food category piC relative to overall
food prices PC . Thus, the model discounts any price differences across countries due to differences
in overall food prices and implicitly accounts for the cross-price effects of other foods, albeit in a
very general way. For instance, holding real income and other factors constant, if both fruit and food
prices are 10 percent higher in one country than in another, there should be no difference in fruit
intake between the two countries. Additionally, if fruit prices are the same in two countries, but the
overall food price level is not, fruit intake should be greater in the country with the higher food price
level because fruits are cheaper relative to other foods.
Our modeling framework accounts for differences across gender and age subgroups by allowing
these factors to have a direct effect on food intake, as well as an additional effect through income
and prices. Accordingly, the parameters in equation (1) were expanded to account for differences
across gender and age subgroups. Global analyses of food demand behavior should also account for
differences in preferences across countries due to cultural differences or other non-income or nonprice related factors (Kearney, 2010; Clements and Theil, 1979). We assumed these preferences are
region specific and expanded the model parameters accordingly:
(2)

*
α=
α ni 0 + α ni1W + α ni 2 Age + α ni 3 Age 2 + α ni 4 k ∑ k Regionk
ni

n = {0,1, 2, 3,, 4} .

W is a binary variable (= 1 for women and 0 otherwise). Age is a continuous variable ranging from
20 to 80 in 5-year intervals. The Age2 term is added to allow for nonlinear age effects and the possibility of optimal responsiveness between the youngest and oldest subgroups. We account for preferences across countries due to factors not related to income or prices by including regional binary
variables (Region). These terms account for differences in dietary intake that are influenced by
factors such as religious traditions and culture (Kearney, 2010). The regions are defined according to
table 2: Asia, FCP, LAC, SSA, and MENA/South Asia. The rest of the world (ROW) is the base or
reference region.
Taking the derivative of equation (1) with respect to log(YC) or log(piC), and then multiplying by
1 , the income elasticity (ε) and own-price elasticity (η) are respectively derived as follows:
qgiC

(3)

ε giC =

(4)

η giC =

%∆qgiC
%∆YC
%∆qgiC
%∆piC

 *

 piC 
*
*
α1i + α 3i log 
 + α 4i 2 log (YC ) 
 PC 



=

1
qgiC

=

1
α 2*i + α 3*i log (YC )  .
qgiC 

εgiC is the percentage change in intake due to a percentage change in income and is positive or negative depending on the food category. If εgiC > 0, the food category is considered normal since an
increase in income results in an increase intake. And when εgiC < 0, the food category is considered
inferior since an increase in income results in a decline in intake. ηgiC is the percentage change in
intake due to a percentage change in the price level; ηgiC should be negative since an increase in
price usually leads to a decrease in quantity demanded. Intake could be highly responsive to price
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(elastic demand), which is the case when ηgiC > 1, indicating that the magnitude of intake responsiveness is larger than the percentage change in price. If 1 >ηgiC > 0, the magnitude of intake
responsiveness is smaller than the percentage change in price (inelastic demand).18 Since α ni* � can
vary with gender, age, and region, depending on significance of the terms in equation (2), εgiC and
ηgiC can also vary with gender, age, and region.
Equation (1)—including the parameters from equation (2)—was estimated for each food category
separately using a least-squares procedure that allowed for error correlations among observations
within the same country (country clusters) (Cameron and Trivedi, 2005).19 The coefficients from
equation (1) and (2) were then used to derive estimates of εgiC and ηgiC for each food category, by
country or region, and by age and gender. We also derived the standard errors for each εgiC and ηgiC
estimate using the delta method (Hall and Cummins, 2005, p.37).20
Preliminary results indicated that while α 0i* varied with gender, age, and region, the remaining
*
*
estimates ( α1i to α 4i) varied with gender and age only. Thus, the parameters in the final model were
specified as follows:

α 0*i = α 0i 0 + α 0i1W + α 0i 2 Age + α 0i 3 Age 2 + α 0i 4 k Σ k Regionk .
α1*i = α1i 0 + α1i1W + α1i 2 Age + α1i 3 Age 2
α 2*i = α 2i 0 + α 2i1W + α 2i 2 Age + α 2i 3 Age 2
α 3*i = α 3i 0 + α 3i1W + α 3i 2 Age + α 3i 3 Age 2
α 4*i = α 4i 0 + α 4i1W + α 4i 2 Age + α 4i 3 Age 2
While the GDD provides the most comprehensive country-level dataset that we are aware of, there
are limitations that must be considered. Dietary intake varies by socio-economic status and location
(rural versus urban) within countries, as well as age and gender. While the dataset provides broad
age categories and gender, we are unable to account for other types of group heterogeneity. Similarly,
our income and price data are at the national level; however, income and prices vary greatly within
countries, across regions and socioeconomic groups. While we enable cross-country comparisons of
individual behavior by providing a global perspective of how intake responds to income and prices at
the national level, we do not account for differences in income and prices between men and women,
and among different age groups within countries/regions.
Our defined regions may not completely represent behavior across the countries within each region.
That is, there are some countries that do not perfectly fit within their defined region. For instance,
individuals in high-income Asian countries such as Japan and South Korea are likely different from
individuals in other Asian countries such as China and the Philippines. The same could be said of
individuals in South Asian countries such as India and Bangladesh when compared to North African
and Middle Eastern countries, and the relatively few island economies included in ROW when
compared to the Western countries that make up ROW. It could be argued that these inconsisten-

ηgiC = 1, demand is considered unit elastic; the percentage changes in intake and price are of equal magnitude.

18When
19Since

we are not estimating share equations or imposing parameter restrictions across food categories (equations),
each intake equation could be estimated separately.
20The

econometric software TSP version 5.0 (Palo Alto, CA) was used to estimate all equations and derive the income
and price elasticity estimates and their corresponding standard errors.
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cies could lead to biased elasticity estimates. Note that these countries were not explicitly defined as
regions due to their limited number; high-income Asian countries were only 2 percent of total countries, South Asia only 3 percent, and island countries only 0.6 percent. These are particularly small
when compared to other regions (e.g., SSA accounted for 27 percent). To examine if our results were
sensitive to how the regions were specified, we estimated similar models with these smaller regions
explicitly defined. That is, we removed high-income Asian countries, South Asian countries, and
Other Islands from Asia, MENA/South Asia, and ROW, respectively, and specified these regions in
addition to the original six. Overall, we found no significant difference in the estimates, particularly
in the income, price, age, and gender estimates used to derive the income and own-price elasticities
(see “Appendix 1: Full-Model and Base-Model Estimates” for more detail).
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Empirical Results
Income and Price Elasticities by Region and Subgroup
The following discussion focuses on the income and price elasticities. The estimated coefficients
used to derive the elasticities are discussed in Appendix 1. Also, see “Appendix 2: Dietary Intake
Across Regions” for a discussion of mean intake levels of the various food categories by region.
The income (tables 5−6) and price (tables 7−8) elasticities are reported for four demographic groups
(women, age 20; men, age 20; women, age 80; and men, age 80).21 These groups were chosen to
provide the range of responses based on age. We identified the “type” of good based on the income
elasticities. Economists define “normal goods” as those with positive income elasticities. Goods
with negative income elasticities are considered “inferior” goods; individuals consume these goods,
particularly when income is low, but prefer other goods when income increases. Among normal
goods, those with elasticities between 0 and 1 are considered “necessities” and those with elasticities
greater than 1 are considered “luxury” goods. The intuition is that demand for household necessities is not affected greatly by changes in income; rather, households sacrifice other food or nonfood
purchases to protect such basic necessities. On the other hand, when income decreases, luxury items
are the first foods to be sacrificed. Recall that based on the own-price elasticities, intake demand
could either be inelastic (a small response to a price change) or elastic (a large response to a price
change). Overall, our income and price elasticity estimates differed across regions and food categories. However, differences across gender and age subgroups within regions were not as significant
except for fruit, processed meat, fish, and sugar-sweetened beverages.
We begin with results for plant-based food intake. For fruit, we observe positive income elasticities across all demographic groups and regions ranging from 0.27 in SSA (women, age 80) to 0.05
in ROW (men, age 20). Across regions, the fruit income elasticity is highest for SSA, and within
regions, older women are the most responsive to changes in income while young men are the least
responsive and, in some instances, nonresponsive. If we leave out the insignificant estimates for
men, age 20, in MENA/South Asia, Asia, and ROW, percentage increases in income are associated
with increased fruit intake ranging from 0.10 to 0.27 percent (table 5). While these results are partly
driven by older women consuming more fruit than any other subgroup, they also indicate a common
finding in nutrition research: age tends to be positively correlated with nutritional knowledge and
better diet choices, and women are more likely than men to be concerned with their diet (Baker and
Wardle, 2003; Parmenter et al., 2000).
Other than fruit, nuts/seeds and beans/legumes are the only other plant-based categories with
income elasticities significantly different from zero. Unlike fruit, however, these categories are inferior goods. For beans and legumes, the responsiveness of intake to income is insignificant in the two
high-consuming regions (SSA and LAC), as well as in FCP. However, in MENA/South Asia and
Asia, a 1-percent increase in income is associated with decreased intake of 0.28 to 0.38 percent. In
ROW, the decreased intake is 0.79 to 0.94 percent. Nuts and seeds are inferior in all regions except
SSA where the estimates are negative but statistically insignificant. The income elasticities are the
most negative in ROW (-1.92), which is in part influenced by relatively low nut and seed intake in
these countries, and the least negative are in Asia (-0.14) (see table 5).

21The

estimates in tables 5-8 are derived using regional averages of income and prices.
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Table 5

Plant-based intake: income elasticity estimates by region, gender, and ages 20 and 80
Region

Gender, age

Sub-Saharan
Africa

Latin America
and Caribbean

Former
Centrally
Planned
economies

Asia

MENA/South
Asia

High income/
rest of world

Fruit

Vegetables

Beans and
legumes

Nuts and seeds

Whole grains

Women, 20

0.19 (0.05)***

0.00 (0.05)

0.03 (0.09)

-0.19 (0.20)

0.15 (0.09)

Women, 80

0.27 (0.05)***

0.01 (0.05)

0.01 (0.08)

-0.18 (0.18)

0.06 (0.08)

Men, 20

0.13 (0.06)**

0.00 (0.05)

0.03 (0.09)

-0.21 (0.22)

0.17 (0.10)*

Men, 80

0.24 (0.05)***

0.01 (0.05)

0.01 (0.08)

-0.19 (0.19)

0.07 (0.08)

Women, 20

0.13 (0.03)***

-0.02 (0.06)

-0.07 (0.09)

-0.65 (0.29)**

Women, 80

0.16 (0.03)***

0.00 (0.06)

-0.11 (0.09)

-0.58 (0.26)**

0.00 (0.13)

Men, 20

0.10 (0.04)*

-0.04 (0.06)

-0.07 (0.09)

-0.68 (0.31)**

-0.02 (0.18)

Men, 80

0.16 (0.03)***

-0.01 (0.06)

-0.11 (0.09)

-0.61 (0.27)**

0.00 (0.13)

Women, 20

0.15 (0.05)***

-0.03 (0.05)

-0.70 (0.62)

-0.91 (0.40)**

-0.20 (0.37)

Women, 80

0.26 (0.04)***

-0.01 (0.05)

-0.93 (0.58)

-0.80 (0.35)**

-0.10 (0.28)

Men, 20

0.10 (0.05)*

-0.04 (0.05)

-0.69 (0.63)

-0.97 (0.42)**

-0.21 (0.38)

Men, 80

0.24 (0.05)***

-0.02 (0.05)

-0.91 (0.59)

-0.85 (0.37)**

-0.11 (0.28)

Women, 20

0.10 (0.04)***

-0.03 (0.04)

-0.38 (0.20)*

-0.16 (0.07)**

-0.11 (0.10)

Women, 80

0.17 (0.04)***

-0.01 (0.04)

-0.48 (0.21)**

-0.14 (0.06)**

-0.08 (0.08)

Men, 20

0.06 (0.04)

-0.04 (0.04)

-0.38 (0.21)*

-0.16 (0.07)**

-0.10 (0.10)

Men, 80

0.16 (0.04)***

-0.02 (0.04)

-0.48 (0.21)**

-0.15 (0.07)**

-0.08 (0.09)

Women, 20

0.13 (0.05)***

-0.03 (0.04)

-0.28 (0.15)*

-0.58 (0.28)**

-0.31 (0.25)

Women, 80

0.21 (0.05)***

-0.01 (0.04)

-0.35 (0.16)**

-0.52 (0.25)**

-0.20 (0.20)

Men, 20

0.08 (0.06)

-0.04 (0.04)

-0.29 (0.15)*

-0.61 (0.29)**

-0.32 (0.26)

Men, 80

0.19 (0.05)***

-0.02 (0.04)

-0.34 (0.16)**

-0.55 (0.26)**

-0.21 (0.21)

Women, 20

0.10 (0.06)*

-0.05 (0.07)

-0.79 (0.42)*

-1.83 (0.80)**

-0.25 (0.20)

Women, 80

0.17 (0.04)***

-0.02 (0.06)

-0.94 (0.47)**

-1.66 (0.72)**

-0.08 (0.15)

Men, 20

0.05 (0.07)

-0.07 (0.07)

-0.79 (0.42)*

-1.92 (0.85)**

-0.26 (0.20)

Men, 80

0.15 (0.05)***

-0.03 (0.07)

-0.93 (0.47)**

-1.73 (0.76)**

-0.08 (0.16)

-0.02 (0.17)

Note: ***, **, and * denote the 0.01, 0.05, and 0.10 significance level, respectively. Standard errors are in parentheses.
MENA = Middle East/North Africa.
Source: USDA, Economic Research Service estimates based on Tufts University Friedman School of Nutrition Science and Policy,
Global Nutrition and Policy Consortium, Global Dietary Database; and World Bank, International Comparison Program.

Although it is plausible that beans are an inferior good in many parts of the world, particularly
when considered as a protein source, it is not obvious why nuts and seeds are also inferior. Note that
peanuts make up the larger share of global nut demand and per capita consumption is relatively high
in middle- and low-income countries. For instance, almonds are the leading tree nut with a global
per capita consumption of 0.12 kg/year. However, per capita peanut consumption is 4.5 kg/year (2010
data). While the leading tree nut-consuming countries tend to be high-income countries, the leading
peanut-consuming countries include China, India, Indonesia, Nigeria, and Vietnam (International
Nut and Dried Fruit Council, 2015). In some high-income countries, peanuts are mostly consumed
as butter or paste. For instance, in the United States, peanut butter accounts for half of all peanut
use.22 The dominance of peanuts in nut and seed consumption and the relatively high consumption
in middle- and low-income countries could be driving the observed inverse relationship.

22http://nationalpeanutboard.org/the-facts/fun-facts/
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Next, we turn to the results for non-plant intake, where the income elasticities are mostly positive and
significant across all food categories (table 6). Results indicate that unprocessed red meat is a normal
good with little variation in the income elasticity across demographic groups (around 0.17 in ROW to
0.34 in Asia). The income elasticity for processed meat, unlike unprocessed red meat, is not significant
for individuals in MENA/South Asia, Asia, and ROW, and income has no effect on women, age 80,
globally. Processed meat intake is most responsive to income in SSA (as high as 0.46 for men, age 20),
more than seven times the estimates for the same demographic group in other regions (0.06 in LAC
and 0.05 in FCP). In LAC, MENA/South Asia, FCP, and Asia, fish is a normal good for older adults;
however, fish intake for young adults is nonresponsive to income. Compared with the other meat categories, fish intake is the least responsive to income; the largest income elasticity is only 0.12 (FCP men,
age 80), and in SSA and ROW, fish intake levels are not associated with differences in income. The
meat and fish income elasticities suggest that income growth will more likely lead to greater unprocessed red meat intake than processed meat or fish intake, with the exception of SSA, where there is a
greater preference for processed meat, particularly for young adults (see table 6).
Table 6

Meat, fish, and beverage intake: income elasticity estimates by region, gender, and ages 20 and 80
Sugarsweetened
beverages

Gender, age

Unprocessed
red meat

Processed
meat

Fish

Milk

Women, 20

0.26 (0.06)***

0.38 (0.10)***

0.05 (0.06)

0.38 (0.06)***

0.21 (0.05)*** 1.01 (0.20)***

Women, 80

0.26 (0.06)***

0.10 (0.12)

0.06 (0.05)

0.38 (0.06)***

0.20 (0.06)*** 0.94 (0.29)***

Men, 20

0.26 (0.06)***

0.46 (0.10)***

0.05 (0.06)

0.39 (0.07)***

0.19 (0.05)*** 1.03 (0.23)***

Men, 80

0.25 (0.06)***

0.26 (0.10)**

0.07 (0.05)

0.39 (0.06)***

0.20 (0.06)*** 0.79 (0.34)**

Latin
America
and
Caribbean

Women, 20

0.22 (0.04)***

0.05 (0.03)*

0.00 (0.04)

0.14 (0.03)***

0.01 (0.02)

0.20 (0.03)***

Women, 80

0.23 (0.04)***

0.01 (0.03)

0.07 (0.04)**

0.12 (0.03)*** -0.02 (0.02)

0.20 (0.04)***

Men, 20

0.22 (0.04)***

0.06 (0.03)**

0.01 (0.04)

0.14 (0.03)***

0.01 (0.02)

0.20 (0.04)***

Men, 80

0.23 (0.04)***

0.04 (0.03)

0.07 (0.04)**

0.12 (0.03)*** -0.03 (0.02)

0.18 (0.05)***

Former
Centrally
Planned
economies

Women, 20

0.20 (0.04)***

0.04 (0.03)

0.14 (0.04)***

0.08 (0.08)

0.45 (0.08)***

Women, 80

0.21 (0.04)***

0.01 (0.03)

0.11 (0.07)*

0.11 (0.03)*** -0.06 (0.09)

0.48 (0.11)***

Men, 20

0.20 (0.04)***

0.05 (0.02)**

0.00 (0.08)

0.14 (0.04)***

0.06 (0.07)

0.47 (0.09)***

Men, 80

0.21 (0.04)***

0.04 (0.03)

0.12 (0.06)*

0.11 (0.03)*** -0.08 (0.09)

0.43 (0.12)***

Women, 20

0.32 (0.09)***

0.04 (0.06)

0.02 (0.03)

0.10 (0.10)

-0.02 (0.10)

0.49 (0.11)***

Women, 80

0.33 (0.09)***

0.00 (0.08)

0.06 (0.03)*

0.04 (0.09)

-0.19 (0.11)*

0.51 (0.13)***

Men, 20

0.32 (0.09)***

0.08 (0.07)

0.02 (0.03)

0.11 (0.10)

-0.03 (0.09)

0.52 (0.12)***

Men, 80

0.34 (0.09)***

0.05 (0.07)

0.06 (0.03)*

0.05 (0.10)

-0.22 (0.11)**

0.47 (0.14)***

Women, 20

0.21 (0.06)***

0.04 (0.14)

-0.01 (0.07)

0.08 (0.06)

0.00 (0.08)

0.47 (0.11)***

Women, 80

0.22 (0.06)*** -0.01 (0.17)

0.11 (0.07)

0.04 (0.06)

-0.11 (0.09)

0.51 (0.13)***

Men, 20

0.22 (0.06)***

0.11 (0.15)

0.01 (0.07)

0.09 (0.06)

-0.01 (0.07)

0.48 (0.12)***

Men, 80

0.23 (0.06)***

0.09 (0.15)

0.12 (0.07)*

0.04 (0.06)

-0.13 (0.10)

0.48 (0.15)***

Women, 20

0.17 (0.07)**

-0.02 (0.04)

-0.02 (0.06)

0.04 (0.05)

-0.09 (0.09)

0.19 (0.05)***

Women, 80

0.17 (0.07)*** -0.01 (0.04)

0.06 (0.05)

-0.00 (0.05)

-0.26 (0.11)**

0.21 (0.06)***

Men, 20

0.17 (0.06)*** -0.00 (0.04)

-0.01 (0.05)

0.04 (0.05)

-0.09 (0.08)

0.20 (0.06)***

Men, 80

0.18 (0.07)***

0.07 (0.05)

-0.00 (0.05)

-0.31 (0.12)**

0.20 (0.07)***

Region
SubSaharan
Africa

Asia

MENA/
South
Asia

High
income/
rest of
world

0.00 (0.04)

-0.01 (0.08)

Fruit juice

Note: ***, **, and * denote the 0.01, 0.05, and 0.10 significance level, respectively. Standard errors are in parentheses. MENA = Middle East/
North Africa.
Source: USDA, Economic Research Service estimates based on Tufts University Friedman School of Nutrition Science and Policy,
Global Nutrition and Policy Consortium, Global Dietary Database; and World Bank, International Comparison Program.
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Compared with the other food categories, beverage intake is the most responsive to income. Milk is
a normal good for all demographic groups in SSA, LAC, and FCP; however, milk intake levels are
not associated with differences in income in MENA/South Asia, Asia, and ROW. The largest effects
of income on milk intake are observed for SSA (0.39), followed by LAC and FCP (0.14). Of all the
food categories, fruit juice intake is the most responsive to income where income elasticities are
fairly consistent across demographic groups but differ across regions: 1.03 (SSA men, age 20) to 0.18
(LAC men, age 80) (see table 6).
The results for sugar-sweetened beverages are particularly interesting and require a more thorough
explanation. Worldwide, there are large differences in sugar-sweetened beverage intake across age
groups (which is not the case for the other food categories), with 20-year-olds consuming 4 times as
much as 80-year-olds in most countries. Consequently, there are notable differences in the income
elasticities for sugar-sweetened beverages between these two age groups, particularly in Asia and
ROW. Interestingly, SSA is the only region where income has a positive effect on sugar-sweetened
beverage intake, but in many parts of the world (LAC, FCP, and MENA/South Asia), the effects of
income on intake is insignificant. In Asia and ROW, the effects of income on intake are not significant for young adults, but are significant and negative for older adults suggesting that older adults
in these regions view sugar-sweetened beverages as inferior goods and will decrease their intake by
about 0.2 percent (Asia) and 0.3 percent (ROW), given a percentage increase in income.
The differences in the income elasticities across regions are due, in part, to differences in regional
income. To highlight the effects of affluence on intake responsiveness, we estimated the income elasticities across countries by income decile. Results are reported in figure 1 for four food categories
(fruit, milk, processed meat, and sugar-sweetened beverages). As expected, the income elasticities
are largest for countries in the lowest income decile where the average income is $1,079 per capita.
The fruit income elasticity is the only exception, which is insignificant for countries in the bottom
10 percent. In the poorest countries, milk intake is the category most responsive to a percentage
increase in income at 1.04 percent, followed by processed meat (0.76 percent), and sugar-sweetened
beverages (0.59 percent). However, the income elasticities significantly decrease with each income
decile and are mostly insignificant by the eighth income decile, where average income is $24,500
per capita. In contrast, the fruit income elasticity slightly increases across the lower income deciles
and remains positive and significant, even in the highest income countries (fig. 1).
As noted in a previous chapter, diets are also affected by education and nutritional knowledge.
Because these factors are not included in our model and are likely positively correlated with
national income, our income elasticity estimates may reflect these effects.23 Thus, the actual effects
of income on intake (when the effect is positive) could be smaller when factors such as education
are accounted for. However, it is also possible that educational attainment and income are highly
correlated at the national level, where income could be both a measure of purchasing power as well
as a proxy for other affluence-related variables. In this context, our results could be interpreted as
revealing the effects of affluence (or economic growth), which include not only increased purchasing
power, but also the associated outcomes of being in a richer economy such as better education,
healthcare, and committed public resources to nutrition programs.

23Given

the global coverage of our data, it was difficult finding other variables (such as education level) with the same
global coverage.
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Figure 1

Selected income elasticities by income decile
Income elasticity

1.40
1.20

Milk

Processed meat

Sugar-sweetened beverages

Fruit

1.00
0.80
0.60
0.40
0.20
0.00
-0.20
1st

2nd

3rd

4th

5th

6th

7th

8th

9th

10th

Income decile
Note: Each income decile is composed of 16 countries (except the 4 lowest deciles, which are each composed of 17
countries). The income range (PPP-adjusted in $thousands) for each decile is as follows: (1st) $0.6-$1.5, (2nd) $1.5-$2.7,
(3rd) $2.7-$5.3, (4th) $5.5-$8.0, (5th) $8.3-$10.8, (6th) $11.1-$15.2, (7th) $15.3-$20.3, (8th) $20.6-$29.4, (9th) $30.4-$40.9,
and (10th) $41.3-$127.2. Error bars (the I-shaped bars) are 90-percent confidence intervals. Estimates are averaged across
gender and are derived at age 40.
Source: USDA, Economic Research Service estimates based on Tufts University Friedman School of Nutrition Science
and Policy, Global Nutrition and Policy Consortium, Global Dietary Database; and World Bank, International Comparison
Program.

Next, we turn to the own-price elasticities (tables 7 and 8). Fruit and whole grains are the only plantbased categories significantly affected by prices. Overall, fruit intake is inelastic with respect to
price changes, but is more elastic in SSA than in other regions. In SSA, men, age 20, are the most
responsive to fruit prices (-0.91), while women, age 80, are the least responsive (-0.77). However, the
difference between these two groups is not significant. In LAC, the own-price elasticity for fruit is
about the same across all subgroups (-0.3), as well as in FCP (-0.5). In Asia, women and men, age
80, are responsive to fruit prices (-0.32), but young adults are not responsive to them. The relationship between fruit intake and prices is not significant for individuals in MENA/South Asia (women,
age 80, are the exception) and ROW (table 7).
The responsiveness of whole grain intake to prices is significant for all subgroups in SSA, LAC, and
FCP. By and large, whole grain intake is more elastic than fruit intake, ranging from -0.66 in SSA
(men, age 20) to -3.23 in FCP (men, age 80). It must be noted, however, that the particularly large
estimates for FCP are partly due to the region’s low whole grain intake compared with other regions
(see Appendix 2).
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Table 7

Plant-based intake: own-price elasticity estimates by region, gender, and ages 20 and 80
Region
Sub-Saharan
Africa

Latin America
and Caribbean

Former
Centrally
Planned
economies

Asia

MENA/South
Asia

High income/
rest of world

Gender, age

Fruit

Vegetables

Beans and
legumes

Nuts and seeds

Whole grains

Women, 20

-0.87 (0.23)***

-0.05 (0.19)

-0.00 (0.24)

-0.38 (0.89)

-0.69 (0.33)**

Women, 80

-0.77 (0.22)***

-0.15 (0.19)

0.08 (0.24)

-0.32 (0.77)

-0.93 (0.31)***

Men, 20

-0.91 (0.23)***

0.04 (0.18)

-0.01 (0.24)

-0.42 (0.93)

-0.66 (0.33)**

Men, 80

-0.86 (0.23)***

-0.08 (0.19)

0.07 (0.24)

-0.35 (0.79)

-0.93 (0.31)***

Women, 20

-0.33 (0.14)**

-0.01 (0.27)

-0.16 (0.28)

0.34 (1.19)

-1.65 (0.83)**

Women, 80

-0.33 (0.13)**

-0.13 (0.26)

-0.07 (0.29)

0.32 (1.04)

-1.78 (0.74)**

Men, 20

-0.32 (0.14)**

0.10 (0.27)

-0.17 (0.29)

0.30 (1.24)

-1.59 (0.82)*

Men, 80

-0.34 (0.14)**

-0.05 (0.27)

-0.08 (0.30)

0.28 (1.08)

-1.76 (0.74)**

Women, 20

-0.47 (0.23)**

0.00 (0.25)

-1.75 (2.68)

0.57 (1.48)

-3.12 (1.70)*

Women, 80

-0.54 (0.24)**

-0.11 (0.25)

-0.97 (2.64)

0.53 (1.29)

-3.21 (1.50)**

Men, 20

-0.46 (0.25)*

0.09 (0.25)

-1.86 (2.75)

0.52 (1.58)

-3.11 (1.75)*

Men, 80

-0.55 (0.25)**

-0.03 (0.25)

-1.03 (2.65)

0.48 (1.36)

-3.23 (1.54)**

Women, 20

-0.25 (0.18)

0.01 (0.19)

-0.98 (1.26)

0.13 (0.24)

-0.68 (0.45)

Women, 80

-0.32 (0.18)*

-0.06 (0.19)

-0.72 (1.32)

0.12 (0.21)

-0.63 (0.39)

Men, 20

-0.22 (0.19)

0.08 (0.21)

-1.03 (1.29)

0.12 (0.24)

-0.66 (0.45)

Men, 80

-0.32 (0.20)*

-0.01 (0.20)

-0.75 (1.34)

0.11 (0.22)

-0.63 (0.40)

Women, 20

-0.31 (0.24)

0.01 (0.19)

-0.67 (0.84)

0.53 (0.90)

-1.59 (1.11)

Women, 80

-0.37 (0.22)*

-0.05 (0.18)

-0.51 (0.88)

0.49 (0.80)

-1.36 (0.91)

Men, 20

-0.24 (0.24)

0.07 (0.19)

-0.71 (0.88)

0.50 (0.94)

-1.58 (1.13)

Men, 80

-0.36 (0.23)

-0.01 (0.19)

-0.53 (0.88)

0.46 (0.84)

-1.42 (0.96)

Women, 20

-0.19 (0.24)

0.03 (0.31)

-1.71 (2.03)

1.61 (2.23)

-0.82 (0.72)

Women, 80

-0.27 (0.21)

-0.06 (0.30)

-1.50 (2.18)

1.49 (2.00)

-0.63 (0.61)

Men, 20

-0.12 (0.28)

0.12 (0.33)

-1.75 (2.05)

1.54 (2.36)

-0.80 (0.71)

Men, 80

-0.25 (0.23)

0.00 (0.30)

-1.54 (2.19)

1.43 (2.11)

-0.64 (0.62)

Note: ***, **, and * denote the 0.01, 0.05, and 0.10 significance level, respectively. Standard errors are in parentheses. MENA = Middle East/
North Africa.
Source: USDA, Economic Research Service estimates based on Tufts University Friedman School of Nutrition Science and Policy,
Global Nutrition and Policy Consortium, Global Dietary Database; and World Bank, International Comparison Program.

Processed meat and fish intake are significantly influenced by price. Interestingly, men and women,
age 20, are the only subgroup where unprocessed red meat intake is influenced by price. For
processed meat, we observe significant own-price elasticities across all demographic groups in SSA,
LAC, and FCP, and young adults in MENA/South Asia. Estimates range from -1.36 in MENA/South
Asia (women, age 20) to -0.21 in FCP (women, age 80). The influence of price on fish intake is
significant across all regions ranging from -0.90 in FCP (men, age 20) to -0.34 in Asia (women and
men, age 20) (table 8).
Worldwide, milk intake for all subgroups and regions is negatively associated with rising prices;
countries are the most responsive to price in Asia (-0.7) and are the least responsive in LAC (around
-0.3). Overall, the own-price elasticity for sugar-sweetened beverages indicates that individuals
across all sub-groups and regions will likely decrease their intake when prices increase. These estimates also reflect the greater preference for sugar-sweetened beverages by young adults. Note that
older adults in all regions will decrease their sugar-sweetened beverage intake by a larger percentage
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Table 8

Meat, fish, and beverage intake: own-price elasticity estimates by region, gender, and ages 20 and 80

Region

Gender, age

Unprocessed
red meat

Processed
meat

Fish

Milk

Sugarsweetened
beverages

Fruit juice

Women, 20

-0.19 (0.21)

-1.10 (0.38)*** -0.44 (0.19)**

-0.27 (0.14)*

Women, 80

-0.17 (0.21)

-0.80 (0.39)**

-0.31 (0.14)** -1.18 (0.23)*** -1.55 (0.54)***

Men, 20

-0.21 (0.21)

-1.11 (0.37)*** -0.45 (0.19)**

-0.25 (0.15)*

Men, 80

-0.19 (0.21)

-0.90 (0.36)**

-0.30 (0.15)** -1.30 (0.25)*** -1.46 (0.55)***

Latin
America
and
Caribbean

Women, 20

-0.20 (0.13)

-0.30 (0.12)*** -0.56 (0.24)**

-0.25 (0.11)** -0.18 (0.04)*** -0.31 (0.15)**

Women, 80

-0.18 (0.13)

-0.22 (0.12)*

-0.26 (0.10)** -0.28 (0.04)*** -0.35 (0.17)**

Men, 20

-0.21 (0.12)* -0.29 (0.11)*** -0.56 (0.23)**

-0.24 (0.11)** -0.18 (0.04)*** -0.33 (0.16)**

Men, 80

-0.19 (0.13)

-0.60 (0.20)***

-0.25 (0.10)** -0.32 (0.04)*** -0.35 (0.17)**

Former
Centrally
Planned
economies

Women, 20

-0.19 (0.11)* -0.30 (0.12)**

-0.87 (0.37)**

-0.30 (0.13)** -0.93 (0.22)*** -0.72 (0.37)*

Women, 80

-0.17 (0.12)

-0.94 (0.33)***

-0.30 (0.12)** -1.46 (0.21)*** -0.84 (0.43)*

Men, 20

-0.19 (0.11)* -0.28 (0.12)**

-0.90 (0.38)**

-0.29 (0.13)** -0.90 (0.19)*** -0.79 (0.40)**

Men, 80

-0.18 (0.11)

-0.93 (0.33)***

-0.29 (0.12)** -1.61 (0.21)*** -0.84 (0.44)*

Women, 20

-0.32 (0.19)* -0.65 (0.31)**

-0.34 (0.15)**

-0.73 (0.32)** -0.82 (0.21)*** -0.82 (0.49)*

Women, 80

-0.29 (0.19)

-0.36 (0.14)***

-0.70 (0.29)** -1.23 (0.20)*** -0.94 (0.55)*

Men, 20

-0.33 (0.18)* -0.65 (0.33)**

-0.34 (0.15)**

-0.69 (0.32)** -0.80 (0.19)*** -0.91 (0.53)*

Men, 80

-0.31 (0.19)

-0.35 (0.13)***

-0.68 (0.30)** -1.35 (0.21)*** -0.97 (0.57)*

Women, 20

-0.22 (0.13)* -1.36 (0.68)**

-0.81 (0.36)**

-0.44 (0.20)** -0.67 (0.17)*** -0.77 (0.48)

Women, 80

-0.19 (0.13)

-0.82 (0.32)***

-0.42 (0.18)** -0.96 (0.17)*** -0.89 (0.54)*

Men, 20

-0.22 (0.13)* -1.28 (0.68)*

-0.81 (0.36)**

-0.42 (0.20)** -0.65 (0.16)*** -0.83 (0.51)*

Men, 80

-0.20 (0.13)

-1.00 (0.66)

-0.82 (0.32)***

-0.42 (0.18)** -1.07 (0.18)*** -0.93 (0.56)*

Women, 20

-0.19 (0.13)

-0.28 (0.17)

-0.52 (0.25)**

-0.34 (0.16)** -0.52 (0.17)*** -0.32 (0.23)

Women, 80

-0.17 (0.12)

-0.19 (0.17)

-0.48 (0.20)**

-0.33 (0.15)** -0.84 (0.21)*** -0.38 (0.26)

Men, 20

-0.18 (0.12)

-0.25 (0.16)

-0.50 (0.24)**

-0.31 (0.15)** -0.49 (0.15)*** -0.35 (0.25)

Men, 80

-0.17 (0.12)

-0.18 (0.16)

-0.48 (0.20)**

-0.33 (0.15)** -0.94 (0.22)*** -0.40 (0.27)

SubSaharan
Africa

Asia

MENA/
South
Asia

High
income/
rest of
world

-0.23 (0.11)**
-0.21 (0.12)*
-0.22 (0.11)*
-0.46 (0.31)
-0.48 (0.30)
-0.96 (0.69)

-0.52 (0.16)***
-0.52 (0.16)***
-0.59 (0.20)***

-0.73 (0.20)*** -1.49 (0.49)***
-0.71 (0.19)*** -1.58 (0.52)***

Note: ***, **, and * denote the 0.01, 0.05, and 0.10 significance level, respectively. Standard errors are in parentheses. MENA = Middle East/
North Africa.
Source: USDA, Economic Research Service estimates based on Tufts University Friedman School of Nutrition Science and Policy,
Global Nutrition and Policy Consortium, Global Dietary Database; and World Bank, International Comparison Program.

than do younger adults when prices increase, in spite of significantly less consumption globally. The
own-price elasticity for sugar-sweetened beverages ranges from a high of -1.61 in FCP (among men,
age 80) to a low of -0.18 in LAC (among men and women, age 20)—partly because of LAC’s generally high consumption compared with other regions. Fruit-juice intake is elastic with respect to a
price change in SSA (approximately -1.5 to -1.6 for all subgroups), but is lower in Asia and MENA/
South Asia (-0.8 to -0.9), FCP (-0.7 to -0.8), and LAC (between -0.3 and -0.4). The relationship
between fruit juice intake and prices is not significant for individuals in ROW (see table 8).
The own-price elasticities are also evaluated across countries by income decile for fruit, milk,
processed meat, and sugar-sweetened beverages (fig. 2). As expected, the own-price elasticities are
largest for countries in the bottom 10 percent for all categories (milk intake is the exception). For the
lowest income group, processed meat and fruit own-price elasticities are the greatest in magnitude
(-1.5 and -1.2, respectively) of all food categories, followed by sugar-sweetened beverages (-0.9). The
own-price elasticity for milk is insignificant for countries that make up the bottom 10 percent (first
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Figure 2

Selected own-price elasticities by income decile
Own-price elasticity
-2.6
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-2.4
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-2.2
-2.0
-1.8
-1.6
-1.4
-1.2
-1.0
-0.8
-0.6
-0.4
-0.2
0.0
0.2
0.4
1st

2nd

3rd

4th

5th

6th

7th

8th

9th

10th

Income decile
Note: Each income decile is composed of 16 countries (except the 4 lowest deciles, which are each composed of 17
countries). The income range (PPP-adjusted in $thousands) for each decile is as follows: (1st) $0.6-$1.5, (2nd) $1.5-$2.7,
(3rd) $2.7-$5.3, (4th) $5.5-$8.0, (5th) $8.3-$10.8, (6th) $11.1-$15.2, (7th) $15.3-$20.3, (8th) $20.6-$29.4, (9th) $30.4-$40.9,
and (10th) $41.3-$127.2. Error bars (the I-shaped bars) are 90-percent confidence intervals. Estimates are averaged across
genders and are derived at age 40.
Source: USDA, Economic Research Service estimates based on Tufts University Friedman School of Nutrition Science
and Policy, Global Nutrition and Policy Consortium, Global Dietary Database; and World Bank, International Comparison
Program.

income decile) but is significant for the eighth income decile. With the exception of milk, the ownprice elasticities significantly decrease (in absolute value) with income and are mostly insignificant
by the eighth income decile.
The results suggest important implications for policy and suggest that price incentives could influence intake behavior, particularly in low-income countries. However, the effectiveness of such
policies decreases at higher income levels as evidenced by the smaller (in absolute value) and insignificant own-price elasticities in the top income deciles.

Income Elasticity Across Countries
For illustrative purposes, we report the income elasticities of fruit for men and women, ages 20 and
80, across all countries. Equation (3) shows that the income elasticity can vary by country, age, and
gender, because of the age and gender interaction estimates (α estimates), differences in income
and prices across countries, and differences in intake levels across countries and subgroups. While
the elasticities in the previous chapter were derived using regional averages for income, prices, and

23
The Influence of Income and Prices on Global Dietary Patterns by Country, Age, and Gender, ERR-225
Economic Research Service/USDA

subgroup intake, the estimates reported in this chapter are derived using income and price values at
the country level and the intake level for the subgroup.
Recall that fruit exhibited noticeable differences in income responsiveness across subgroups and
regions; these differences seem to hold true even at the country level (fig. 3). Although differences
in the fruit-intake income elasticities across subgroups are small, there is still a distinct global
pattern of income responsiveness. Note that fruit intake by older adults (women and men, age 80) is
more sensitive to increases in income globally than that of young adults (women and men, age 20),
suggesting that income growth will have a more positive effect on the fruit intake of older adults.
Even within age groups, the fruit-intake income elasticities are higher for women across most countries, supporting the notion that women are more nutritionally aware than men.

Figure 3

Income elasticity of fruit intake by country (ordered by elasticity value for women, age 80)
Income elasticity
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United Arab Emirates
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Guatemala
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Benin
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China
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Belarus
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0.00
-0.05

Note: Congo, Dem. Rep. = Democratic Republic of Congo.
Source: USDA, Economic Research Service estimates based on Tufts University Friedman School of Nutrition Science and Policy, Global
Nutrition and Policy Consortium, Global Dietary Database; and World Bank, International Comparison Program.
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Conclusion
Changes in global eating habits have led to a global rise in obesity and related chronic diseases in
both developing and developed countries. Consequently, many low-, middle-, and high-income countries share common challenges related to food choice, diet-related diseases, and public health. These
common challenges have led to global initiatives by the World Health Organization, the United
Nations Food and Agriculture Organization, and other organizations to combat the spread and risk
of diet-related diseases such as diabetes, heart disease, and stroke. Toward these ends, implementing
policy options that would encourage healthy diets is a priority on these organizations’ agendas. Both
pricing and income-support policies have been proposed as a means to influence behavior. However,
it is unclear if such incentives could be applied globally.
To address these issues, we used daily intake data from the 2010 Global Dietary Database (GDD),
2010 per-capita GDP data (purchasing power parity-adjusted) from the World Bank, and 2011
International Comparison Program (ICP) food-price indexes to examine the relationship among
income, prices, and dietary patterns across 164 countries, with particular attention to the influence of
gender and age in shaping these relationships. We estimated the responsiveness of individuals’ food
intake (based on gender and age subgroups) in 11 categories to changes in income and prices. The
extensiveness of the GDD and ICP data allowed for a global coverage rarely seen in food and nutrition demand research.
This study provides evidence of how prices and income might influence behavior in both rich and
poor countries. Increasing the affordability of fruit and vegetables is a key objective for international
organizations, and our results suggest that fruit intake by men and women of all ages and across
almost all countries would be positively affected by an increase in income. However, the relationship
between income and fruit intake was particularly weak for countries in the bottom 10 percent. For
fruit, processed meat, and sugar-sweetened beverages, the relationship between prices and intake
was strongest among low-income countries, but became significantly weaker at higher income levels.
This result implies that the use of price incentives to affect fruit, processed-meat, or sugar-sweetened
beverage intake would be most effective in lower income countries. However, policies such as taxes
to influence prices could be problematic given the limits of governments to implement effective and
transparent incentive schemes and opposition from industry (Barquera et al., 2013). Developing
countries carry added concerns about how these policies would affect food- insecure populations
(Swinnen and Squicciarini, 2012).
Overall, the income-elasticity estimates suggest that income growth is likely to cause an increase in
meat and beverage intake and to have little or no effect on plant-based intake, other than fruit. For
nuts, seeds, beans, and legumes, income growth is actually associated with decreases in intake. The
WHO and supporting organizations advocate a goal of increasing fruit and vegetable intake globally to decrease the spread of NCDs. Toward that end, governments are often advised to invest in
ways to increase income, particularly for the most vulnerable populations. Although our results show
that income growth is associated with increased fruit intake globally, they also suggest that income
growth would not affect vegetable intake. Some of the results related to processed meat, unprocessed
red meat, and sugar-sweetened beverages could be concerns, given their suggested role in global
obesity trends.

25
The Influence of Income and Prices on Global Dietary Patterns by Country, Age, and Gender, ERR-225
Economic Research Service/USDA

Although our results show associations among income, prices, and food intake globally, some of
these relationships may represent deeper causal linkages. If the relationships are causal, policymakers may choose to consider the price and income elasticities of certain foods, as well as the
behavior of demographic subgroups, as they address current and future nutrition and health challenges. However, the importance of education also has been demonstrated. Programs that focus
solely on increasing incomes or lowering prices, without a nutrition-education component, might
fail to achieve their goals (Finkelstein et al., 2004). It would also benefit international organizations
such as the WHO to consider the differences in price and income elasticities for certain countries
and regions and for income and demographic subgroups within countries. The heterogeneity of the
results underscores the importance of context/country-specific income, price, nutrition, and foodrelated programs.
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Appendix 1: Full-Model and Base-Model Estimates
The coefficients and standard errors used to derive the income and price elasticities are examined
(appendix tables 1.1 and 1.2). For comparison, we also provide estimation results from models
without interaction terms (base models) (appendix tables 1.3−1.4). Given the complexity of the full
model, particularly the interaction terms, it is difficult to discuss the raw estimates in the context
of dietary behavior. For instance, the estimate for the gender binary variable (W) is significant and
negative in the fruit-intake model (full model) (26.05). However, this is due to the interaction terms
and is not an indication of a ceteris-paribus relationship. Note that the same estimate in the fruitintake model without the interaction terms is positive and significant (22.83), reflecting the fact that
women consume more fruit than men, all else equal. Consequently, we do not discuss any particular
estimate in detail and limit the discussion in this chapter to the relationship between the full- and
base-model estimates and the elasticity results reported in the study.
The base-model results show that fruit, processed meat, fish, sugar-sweetened beverages, and fruit juice
are the only categories affected by both price and income. Interestingly, these are the only categories
where the income and own-price elasticities derived from the full model were mostly significant. Even
when a base-model estimate for a food category was significant for income or price (but not both), the
corresponding income or price elasticities were also significant (e.g., nuts and seeds and whole grains).
Note that the base-model price effect for unprocessed red meat was not highly insignificant, which
is why the own-price elasticity was significant for at least one subgroup. In comparing the results,
it is clear that the significance of the income and price estimates in the base models is an indication
of the significance of the corresponding elasticities derived using the full model, at least for some
regions, countries, and demographic subgroups. The base-model income and price estimates were not
significant for vegetables as well as beans and legumes; however, vegetable intake is the only category
where the income and price elasticities were insignificant for all regions and subgroups. For beans and
legumes, the base and full-model price and income estimates were insignificant, yet the income elasticities were significant for three regions. This is in part due to the primary income effect (78.01) in the
full model not being highly insignificant. Lastly, it is important to note that when the base-model price
and income estimates were significant, but the full-model estimates were mostly insignificant, (e.g.,
unprocessed red meat, fish, and fruit juice), there was little variation in the elasticities across subgroups
and differences across regions were mostly due to differences in relative consumption levels.
Our defined regions may not be completely representative of nonincome- and nonprice-related
factors across all countries within each region. For instance, it could be argued that high-income
Asian countries such as Japan and South Korea (APC) are very different from other Asian countries
such China and the Philippines, South Asian (SA) countries such as India and Bangladesh are very
different from North African and Middle Eastern countries, and the relatively few island economies
included in the rest of the world (ROW) are very different from high-income Western economies
that most make up ROW. Here we present estimation results where APC, SA, and Other Islands are
removed from Asia, MENA/South Asia, and ROW, respectively, and defined as additional regions.
As noted, we aggregated these countries with other regions due to their small number. To illustrate
how our estimates are fairly robust to different regional definitions, we report the base-model results
with these added “regions” for comparison purposes (appendix table 1.5). Note that when comparing
these estimates to the estimates in appendix tables 1.3 and 1.4, there are no significant differences.
Most importantly, the effects of gender (W) and age (Age and Age2) are almost identical for most
food categories, and the effects income (Y) and price (P) are statistically equal.
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Appendix table 1.1

Estimates for plant-based intake (full model)
Variable

Fruit

Vegetables

Beans and legumes

Nuts and seeds

Whole grains

Constant

5.11 (196.05)

-20.89 (163.20)

-366.51 (240.07)

-5.40 (40.31)

-488.53 (246.39)**

-26.05 (44.35)

28.68 (30.98)

1.02 (7.77)

0.47 (3.37)

-0.81 (8.78)

4.73 (4.68)

4.23 (3.94)

1.73 (3.61)

-1.35 (1.90)

-0.28 (1.10)

Women (W)
Age
Age2

-0.05 (0.04)

-0.04 (0.03)

-0.02 (0.03)

Asia

14.92 (21.59)

27.72 (24.15)

0.85 (6.52)

-27.23 (20.90)

-12.46 (6.98)*

FCP

-35.82 (13.25)***

LAC

47.77 (16.66)***

SSA

-12.90 (14.80)

-43.76 (20.70)**
-27.12 (20.13)

0.01 (0.02)

0.00 (0.01)

28.21 (12.87)**

-8.81 (35.35)

-7.06 (4.09)

-75.96 (25.51)***

58.69 (15.37)***

-6.62 (4.41)

-56.92 (26.85)**

101.97 (25.77)***

-7.53 (5.05)

4.85 (33.45)

MENA/South
Asia

-8.94 (14.12)

51.42 (19.07)***

13.62 (5.66)**

-0.91 (3.96)

-57.81 (26.79)**

log(Y)

25.39 (43.98)

31.25 (34.76)

78.01 (48.78)

5.06 (9.39)

119.73 (51.32)**

W × log(Y)

3.24 (9.96)

-3.59 (6.96)

0.12 (1.72)

0.30 (0.71)

-0.09 (1.90)

-1.47 (1.07)

-0.65 (0.88)

-0.01 (0.79)

0.51 (0.44)

0.05 (0.24)

0.01 (0.01)

0.01 (0.01)

0.00 (0.01)

-0.01 (0.00)

0.00 (0.00)

-28.63 (107.47)

34.33 (126.83)

-11.59 (20.79)

-6.81 (173.38)

25.70 (30.24)

-8.57 (20.53)

2.39 (3.84)

-2.74 (1.65)*

-17.05 (6.13)***

5.06 (3.05)*

-0.34 (2.45)

3.29 (2.21)

-1.29 (0.80)

-2.12 (0.80)***

-0.04 (0.02)

0.00 (0.02)

-0.03 (0.02)

0.01 (0.01)

-0.02 (0.01)***

log(P) × log(Y)

35.19 (14.72)**

5.96 (12.74)

-5.98 (13.53)

1.23 (2.59)

-3.57 (19.52)

W × log(P) ×
log(Y)

-3.68 (3.49)

-0.13 (2.36)

-0.20 (0.40)

0.33 (0.17)**

1.48 (0.64)**

Age × log(P) ×
log(Y)

-0.61 (0.36)*

-0.08 (0.28)

-0.29 (0.24)

0.15 (0.08)*

0.18 (0.09)**

0.00 (0.00)

0.00 (0.00)

0.00 (0.00)

0.00 (0.00)*

0.00 (0.00)***

-1.79 (2.44)

-2.06 (1.88)

-4.06 (2.48)

-0.43 (0.55)

-6.46 (2.76)**

0.24 (0.55)

0.24 (0.39)

-0.02 (0.09)

-0.03 (0.04)

0.03 (0.10)

0.12 (0.06)*

0.04 (0.05)

-0.01 (0.04)

-0.03 (0.02)

0.00 (0.01)

0.00 (0.00)*

0.00 (0.00)

0.00 (0.00)

0.00 (0.00)

0.00 (0.00)

0.47

0.32

0.40

0.31

0.29

Age × log(Y)
Age2

× log(Y)

log(P)

-361.95 (129.49)***

W × log(P)
Age × log(P)
Age2

× log(P)

Age2

× log(P) ×
log(Y)
log(Y)2
W × log(Y)2
Age ×
Age2

log(Y)2

×

log(Y)2

Adjusted

R2

Note: ***, **, and * denote the 0.01, 0.05, and 0.10 significance level, respectively. Standard errors are in parentheses. FCP = Former Centrally
Planned economies. LAC = Latin America and Caribbean. SSA = Sub-Saharan Africa. MENA = Middle East/North Africa.
Source: USDA, Economic Research Service estimates based on Tufts University Friedman School of Nutrition Science and Policy,
Global Nutrition and Policy Consortium, Global Dietary Database; and World Bank, International Comparison Program.
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0.00
4.18
-0.41
0.00
-1.80
-0.28
0.04
0.00

W × log(P)

Age × log(P)

× log(P)

Age2

log(P) × log(Y)

W × log(P) × log(Y)

Age × log(P) × log(Y)

Age2
-0.07
0.01
0.00
0.29

W × log(Y)2

Age × log(Y2

log(Y)2

R2

Age2
(0.00)

(0.01)

(0.12)

(0.96)

(0.00)

(0.03)

(0.60)

(4.94)

(0.00)

(0.32)

(5.81)

(47.99)

(0.00)

(0.13)

(2.11)

(17.60)

(6.33)

(7.87)

(6.48)

(6.19)

(6.66)***

(0.01)

(0.57)

(9.19)

(79.06)

0.55

0.00

0.01

0.26

-1.29

0.00

0.01

-0.47

1.16

0.00

-0.06

5.59

-20.89

0.00

-0.11

-5.61

26.47

-19.25

-15.46

-1.31

0.45

-13.96

0.01

0.48

26.52

-102.66

(0.00)

(0.00)***

(0.12)**

(0.42)***

(0.00)

(0.01)

(0.51)

(2.37)

(0.00)

(0.08)

(4.46)

(21.27)

(0.00)*

(0.03)***

(2.18)***

(7.67)***

(1.86)***

(2.46)***

(3.22)

(2.57)

(2.13)***

(0.00)**

(0.14)***

(9.43)***

(35.20)***

Processed meat

0.42

0.00

0.04

-0.04

-0.58

0.00

0.03

-0.04

-2.03

0.01

-0.73

0.69

16.19

0.00

-0.36

0.51

7.89

-16.68

-11.45

-9.66

-15.40

6.63

-0.01

1.52

-1.98

-7.59

(0.00)

(0.02)

(0.02)

(0.42)

(0.00)

(0.08)

(0.08)

(1.63)

(0.01)

(0.66)

(0.66)

(13.26)

(0.00)

(0.39)

(0.43)

(7.84)

(3.55)***

(5.29)**

(4.51)**

(3.13)***

(5.66)

(0.01)

(1.76)

(1.93)

(36.72)

Fish

0.42

0.00

0.13

-0.77

-10.35

-0.01

0.68

-1.66

-25.18

0.05

-5.00

9.66

176.69

0.04

-2.92

16.28

228.39

-16.38

19.69

24.14

2.76

-58.64

-0.19

13.44

-70.30

-1,043.46

(0.00)***

(0.04)***

(0.24)***

(2.69)***

(0.00)***

(0.22)***

(1.03)

(13.28)*

(0.02)**

(1.81)***

(8.74)

(111.09)

(0.01)***

(0.67)***

(4.40)***

(48.80)***

(15.96)

(19.18)

(20.38)

(17.44)

(20.35)***

(0.04)***

(2.99)***

(19.70)***

(219.66)***

Milk

0.77

-0.01

0.77

1.00

-25.60

0.01

-1.07

-2.35

37.09

-0.17

19.17

33.39

-635.80

0.12

-14.09

-17.89

488.55

23.69

107.41

532.46

-42.22

-49.79

-0.44

54.07

65.43

-1,942.61

(0.00)***

(0.25)***

(0.35)***

(8.36)***

(0.01)

(1.21)

(1.84)

(40.92)

(0.10)*

(11.70)

(17.77)*

(397.70)

(0.04)***

(4.51)***

(6.25)***

(150.54)***

(28.89)

(34.44)***

(68.16)***

(28.14)

(32.87)

(0.17)**

(20.00)***

(27.52)**

(670.75)***

Sugar-sweetened
beverages

Fruit juice

0.47

0.00 (0.00)

0.00 (0.06)

-0.13 (0.30)

0.24 (2.45)

0.00 (0.00)

-0.02 (0.31)

0.37 (1.58)

-2.17 (13.59)

-0.01 (0.02)

1.07 (2.56)

-7.56 (13.26)

-23.77 (112.88)

0.00 (0.01)

-0.73 (1.07)

5.99 (5.42)

24.15 (44.83)

-31.34 (9.46)***

-30.28 (13.14)**

10.34 (10.70)

-30.04 (9.66)***

-28.70 (9.80)***

-0.03 (0.04)

5.24 (4.70)

-36.62 (23.94)

-157.12 (203.67)

Source: USDA, Economic Research Service estimates based on Tufts University Friedman School of Nutrition Science and Policy, Global Nutrition and Policy Consortium,
Global Dietary Database; and World Bank, International Comparison Program.

Note: ***, **, and * denote the 0.01, 0.05, and 0.10 significance level, respectively. Standard errors are in parentheses.
FCP = Former Centrally Planned economies. LAC = Latin America and Caribbean. SSA = Sub-Saharan Africa. MENA = Middle East/North Africa.
The Sugar-sweetened beverages model contained Region and Age interaction terms as explanatory variables. These estimates can be provided upon request.

Adjusted

×

-0.06

log(Y)2

× log(P) × log(Y)

7.15

log(P)

× log(Y)

-0.03

Age2

10.98

log(Y)

Age × log(Y)

-3.95

MENA/South Asia
0.04

4.72

SSA

W × log(Y)

1.09

-19.89

Asia
-4.08

0.00

Age2

LAC

0.04

FCP

-0.09

Age

-47.38

Unprocessed
red meat

Women (W)

Constant

Variable

Estimates for meat, fish, and beverage intake (full model)

Appendix table 1.2

Appendix table 1.3

Estimates for plant-based intake (base model)
Variable

Fruit

Constant

-94.33 (39.32)**

102.83 (52.08)**

Women (W)

Vegetables

Beans and legumes
17.86 (61.92)

Nuts and seeds

Whole grains

30.63 (15.45)**

8.27 (67.20)

22.83 (1.05)***

15.00 (0.57)***

0.77 (0.15)***

0.74 (0.07)***

2.31 (0.21)***

Age

1.15 (0.09)***

1.89 (0.07)***

0.78 (0.07)***

0.38 (0.05)***

0.30 (0.03)***

Age2

-0.01 (0.00)***

-0.02 (0.00)***

-0.01 (0.00)***

0.00 (0.00)***

0.00 (0.00)***

Asia

15.64 (20.60)

29.57 (23.73)

FCP

-35.67 (12.29)***

LAC

49.26 (15.61)***

SSA

-10.72 (14.70)

MENA/South Asia

-8.34 (34.01)

-9.62 (9.93)

-2.38 (2.75)

-71.70 (19.12)***

-40.24 (16.50)**

61.70 (17.53)***

-1.68 (3.06)

-51.67 (19.90)**

100.93 (26.76)***

-5.59 (4.51)

0.65 (31.13)
-58.39 (22.23)***

52.27 (17.31)***

13.91 (7.51)*

2.86 (2.71)

-2.15 (5.82)

-3.22 (1.46)**

log(Y)

19.80 (3.65)***

-1.17 (4.99)

log(P)

-63.09 (20.65)***

-11.38 (22.68)

0.46

31.74 (13.14)***

-24.21 (17.70)
-26.61 (19.23)

-7.35 (13.82)

Adjusted R2

2.49 (7.85)

3.09 (27.41)

0.32

-1.13 (7.08)

0.40

3.64 (6.23)
-78.01 (31.54)**

0.30

0.28

Note: ***, **, and * denote the 0.01, 0.05, and 0.10 significance level, respectively. Standard errors are in parentheses.
FCP = Former Centrally Planned economies. LAC = Latin America and Caribbean. SSA = Sub-Saharan Africa. MENA = Middle East/North
Africa.
Source: Estimates by USDA, Economic Research Service, based on Tufts University Friedman School of Nutrition Science and Policy,
Global Nutrition and Policy Consortium, Global Dietary Database; and World Bank, International Comparison Program.

Appendix table 1.4

Estimates for meat, fish, and beverage intake (base model)
Variable

Unprocessed
red meat

Processed
meat

Constant

-54.85 (19.43)***

Fish

Milk

Fruit juice

13.36 (7.00)*

-8.55 (10.35)

-5.57 (0.21)***

-2.91 (0.18)***

-0.69 (0.04)***

12.43 (0.58)***

-13.36 (0.82)***

7.76 (0.59)***

Age

0.35 (0.01)***

-0.05 (0.00)***

0.81 (0.03)***

-2.28 (0.11)***

-10.87 (0.74)***

-1.46 (0.11)***

Age2

0.00 (0.00)***

0.00 (0.00)***

-0.01 (0.00)***

0.03 (0.00)***

0.08 (0.01)***

0.01 (0.00)***

Asia

-19.73 (6.47)***

-13.37 (2.21)***

7.29 (5.59)

-53.54 (20.17)

-10.63 (15.21)

-29.12 (9.76)***

FCP

1.35 (5.67)

1.33 (2.44)

-15.36 (2.96)***

14.26 (17.56)

-4.32 (11.53)

-30.34 (9.50)***

LAC

-3.87 (6.20)

-0.26 (3.18)

-9.32 (4.17)**

35.64 (18.89)*

263.13 (30.50)***

9.79 (10.55)

SSA

4.85 (7.91)

Women (W)

MENA/
South Asia

-3.53 (5.96)

log(Y)

11.18 (1.79)***

log(P)

-9.82 (6.26)

Adjusted R2

0.29

-15.58 (2.50)*** -10.97 (5.08)**

-92.51 (51.87)

Sugar-sweetened
beverages

17.80 (20.64)

-18.88 (1.83)*** -16.16 (3.21)*** -14.03 (16.77)
1.77 (0.68)***
-6.96 (2.77)**
0.54

1.78 (0.96)*

27.79 (4.73)***

-15.18 (4.81)*** -36.71 (16.90)**
0.42

0.39

280.25 (47.59)*** -18.27 (29.82)

54.52 (15.10)*** -30.28 (13.13)**
25.29 (12.49)**

-31.36 (9.35)***

13.96 (4.48)***

11.73 (2.73)***

-53.61 (15.15)*** -20.28 (8.00)**
0.67

0.46

Note: ***, **, and * denote the 0.01, 0.05, and 0.10 significance level, respectively. Standard errors are in parentheses.
FCP = Former Centrally Planned economies. LAC = Latin America and Caribbean. SSA = Sub-Saharan Africa. MENA = Middle East/North
Africa.
Source: Estimates by USDA, Economic Research Service, based on Tufts University Friedman School of Nutrition Science and Policy,
Global Nutrition and Policy Consortium, Global Dietary Database; and World Bank, International Comparison Program.
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Appendix table 1.5

Estimates for selected categories with High-Income Asian Pacific (APC), South Asia (SA), and
Other Islands as additional regions (base model)
Variable
Constant
Women (W)

Unprocessed
red meat

Processed
meat

Fish

-67.12 (44.27)

7.09 (7.77)

4.28 (11.06)

22.83 (1.05)***

-2.91 (0.18)***

Age

1.15 (0.09)***

Age2

-0.01 (0.00)***

Asia (w/o
APC)

-110.53 (61.02)*

Sugar-sweetened
beverages

Fruit juice

249.46 (58.04)***

3.92 (36.09)

-0.69 (0.04)***

12.43 (0.58)***

-13.36 (0.82)***

7.76 (0.59)***

-0.05 (0.00)***

0.81 (0.03)***

-2.28 (0.11)***

-10.87 (0.74)***

-1.46 (0.11)***

0.00 (0.00)***

-0.01 (0.00)***

0.03 (0.00)***

0.08 (0.01)***

0.01 (0.00)***

-45.12 (26.80)*

10.40 (17.83)

-34.11 (12.02)***

FCP

-40.05 (13.00)***

2.35 (2.56)

-16.44 (3.09)***

14.39 (18.38)

0.41 (11.92)

-34.02 (9.96)***

LAC

44.03 (16.29)***

1.26 (3.38)

-10.89 (4.47)**

36.03 (19.64)*

268.94 (32.06)***

5.84 (10.98)

SSA
MENA
(w/o SA)

25.08 (27.88)

Milk

-10.04 (2.76)***

-2.13 (5.31)

-19.30 (16.16)

-13.09 (3.01)*** -14.81 (5.77)***

20.71 (22.76)

4.73 (14.56)

-19.38 (1.82)*** -17.06 (3.28)***

-18.86 (16.19)

-18.14 (2.07)***

APC

-19.17 (26.26)

SA

-57.98 (18.75)*** -14.31 (2.90)*** -18.51 (4.90)***

Other Islands

-38.92 (11.67)***

log(Y)

17.34 (4.09)***

log(P)

-60.88 (20.55)***

Adjusted R2

0.50

23.43 (7.51)***

32.17 (13.40)**

-30.89 (9.58)***

-73.29 (20.65)***

-42.07 (16.46)**

-30.45 (10.82)***

-0.50 (38.41)*

22.66 (17.81)

-46.39 (11.40)***

0.28 (2.17)

4.75 (4.31)

-46.68 (15.74)***

2.32 (0.72)***

0.51 (1.05)

29.68 (5.59)***

-16.25 (5.12)***

-36.06 (16.81)**

-4.78 (3.23)
0.55

0.46

63.72 (17.36)*** -36.90 (14.70)**

0.40

54.56 (15.13)*** -46.52 (9.96)***
16.72 (5.63)***

9.80 (3.32)***

-52.29 (15.57)*** -18.75 (7.96)**
0.67

0.47

Note: ***, **, and * denote the 0.01, 0.05, and 0.10 significance level, respectively. Standard errors are in parentheses.
FCP = Former Centrally Planned economies. LAC = Latin America and Caribbean. SSA = Sub-Saharan Africa. MENA = Middle East/North
Africa. APC = High-Income Asian Pacific. SA = South Asia.
Source: Estimates by USDA, Economic Research Service, based on Tufts University Friedman School of Nutrition Science and Policy,
Global Nutrition and Policy Consortium, Global Dietary Database; and World Bank, International Comparison Program.
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Appendix 2: Dietary Intake Across Regions
Mean intake levels of the various food categories by region are reported in appendix figures 2.1-2.3,
which highlight plant-based, meat- and fish-based, and beverage intake, respectively. Considerable
differences in daily intake across food categories, as well as regions, were evident. Overall, fruits
and vegetables are important components of diets in every region; however, intake levels vary
greatly. Fruit intake in LAC is about 160 grams per day (g/d), nearly twice the intake level in
SSA. All other regions fall between LAC and SSA: ROW (151 g/d), Asia (136 g/d), MENA/South
Asia (117 g/d) and FCP (96 g/d). Mean vegetable intake ranges from 104 g/d in LAC to 191 g/d in
MENA/South Asia.
Intake of beans/legumes shows a much greater variability across regions, with the largest intake
in SSA (121 g/d) and LAC (79 g/d). This is mostly due to relatively high consumption in Southern
Africa (Zimbabwe, Botswana, Namibia, and Swaziland), Paraguay, Guatemala, Nicaragua, and
Brazil, with very low consumption in most other regions: MENA/South Asia (31 g/d), Asia (26
g/d), ROW (13 g/d), and FCP (8 g/d). Average whole-grain intake is relatively high in SSA (92 g/d),
followed by Asia (85 g/d) and ROW (56 g/d), but is significantly lower in other parts of the world,
particularly in the FCP region (20 g/d). Nut and seed intake is significantly lower than other plantbased food categories, except in Asia, where intake of nuts/seeds is 38 g/d.

Appendix figure 2.1

Average individual intake in grams/day by region (plant-based intake), 2010
Mean intake (grams per capita per day)
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Note: MENA = Middle East/North Africa. ROW = rest of world.
Source: USDA, Economic Research Service, based on Tufts University Friedman School of Nutrition Science and Policy,
Global Nutrition and Policy Consortium, Global Dietary Database.
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Unprocessed-red-meat intake, the largest of the meat and fish categories, is highest in ROW at 65
g/d, followed by FCP (54 g/d), MENA/South Asia (53 g/d), and LAC (51 g/d). Asia has the lowest
intake of unprocessed red meat (32 g/d) but the highest fish intake (41 g/d). Fish intake in ROW (37
g/d) is the next highest, followed by SSA (25 g/d), LAC (25 g/d), FCP (17 g/d), and MENA/South
Asia (18 g/d). Processed-meat intake is lower than unprocessed-red-meat intake in all regions. In
MENA/South Asia, SSA, and Asia, processed meat is the least consumed on average, ranging from
only 5 to 11 g/d. Processed meat intake in ROW is 24 g/d, LAC is 27 g/d, and FCP is 26 g/d.
Appendix figure 2.2

Average individual intake in grams/day by region (meat and fish), 2010
Mean intake (grams per capita per day)
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Note: MENA = Middle East/North Africa. ROW = rest of world.
Source: USDA, Economic Research Service, based on Tufts University Friedman School of Nutrition Science and Policy,
Global Nutrition and Policy Consortium, Global Dietary Database.
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Daily milk intake is about the same in LAC, FCP and ROW (150 g/d), significantly greater than
intake in SSA (89 g/d) and MENA/South Asia (109 g/d), and twice the intake in Asia (75 g/d).
Fruit-juice intake is low when compared to the other beverage categories, ranging from one-third to
one-fifth the level of milk intake in all regions, except LAC, where fruit-juice intake is about onehalf the level of milk. The most pronounced difference in beverage consumption is the very high
consumption of sugar-sweetened beverages in LAC (436 g/d), which is approximately 38 percent of
total g/d of the combined 11 food categories. Intake in all other regions is below 150 g/d, with the
share of total g/d ranging from 12-19 percent. SSA has the second-highest sugar-sweetened beverage
intake (139 g/d), and FCP (75 g/d) has the lowest.

Appendix figure 2.3

Average individual intake in grams/day by region (beverages), 2010
Mean intake (grams per capita per day)
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Note: MENA = Middle East/North Africa. ROW = rest of world.
Source: USDA, Economic Research Service, based on Tufts University Friedman School of Nutrition Science and Policy,
Global Nutrition and Policy Consortium, Global Dietary Database.
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