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Food and low quality diets are the most important 
underlying factor in the global burden of disease



The food system straddles farm to flush...



...and is a key determinant of food security, 
nutrition status, and food waste



Current food systems are failing their mission
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Food systems are at the heart of many of the key 
global challenges in the 21st century



Poverty, Inequality, and Inequity



Poverty, Inequality, and Inequity

Economic inequality remains persistently high and is growing in S Asia 
and MENA



Poverty, Inequality, and Inequity

Poverty and inequality strongly correlate with undernutrition



Demographic Changes

Growing, aging, and wealthier populations place additional pressures on 
health, food, and ecological systems



Urbanization

Lagos, Nigeria

Delhi, IndiaSão Paulo, Brazil

Tokyo, Japan



9.7 billion

Urbanization

Two thirds of the global population will live in cities by 2050



Terror / Conflicts / Migration / Geopolitical Instability



Terror / Conflicts / Migration / Geopolitical Instability

Source: Uppsala Conflict Data Program; Citi Research.

Conflict, particularly intrastate and internationalized, is on the rise



Terror / Conflicts / Migration / Geopolitical Instability

Source: CFS/HLPE, Nutrition and food systems, 2017; FAO, The State of Food Security and Nutrition in the World 2017.

“Conflict, especially when compounded by climate change, is therefore a key factor explaining the 

apparent reversal in the long-term declining trend in global hunger, thereby posing a major challenge to 

ending hunger and malnutrition by 2030.”  FAO

Conflict causes persistent hunger and slows down progress in nutrition
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Resource Scarcity and Stress on Planetary Boundaries 

Source: Steffen et al. Science 13 Feb 2015: Vol. 347, Issue 6223, 1259855.

Food production is the human activity with the highest impact on five of 
the nine critical planetary boundaries
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Resource Scarcity and Stress on Planetary Boundaries 

Source: Steffen et al. Science 13 Feb 2015: Vol. 347, Issue 6223, 1259855; World Resources Institute.

Food systems lead to natural capital losses estimated at over 7 trillion 
dollars per year 
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Resource Scarcity and Stress on Planetary Boundaries 

Source: 1Pimentel D. Livestock Production: Energy Inputs and the Environment, 2Water Footprint Network, 3Wang Y, Beydoun MA, Caballero B et al.

Individual food choices are consequential to food system footprints



Environmental Degradation and Climate Change



Environmental Degradation and Climate Change

Source: World Resources Institute.

Climate-related crop yield losses will affect vulnerable regions the most 



Environmental Degradation and Climate Change

Source: Myers et al. The Lancet Global Health, Volume 3 , Issue 10 , e639 - e645.

Increased atmospheric CO2 is likely to worsen micronutrient deficiencies



Source: Watts et al. Lancet 2015; 386: 1861–914.

Climate change impacts global health through 
multiple pathways… 
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…and has a direct impact on food systems



Can we afford to continue down this path?



http://www.un.org/sustainabledevelopment/sustainable-development-goals/

The SDGs offer an extraordinary framework for action

http://www.un.org/sustainabledevelopment/sustainable-development-goals/


Source: M. Irvine, The Sustainable Development Goals and Business. Available at: https://www.dnvgl.com/feature/sdgs-business-action.html.

Food touches or is touched by all SDGs



Source: Adapted from EAT-Lancet Commission.

Systemic thinking
Human values

Our common humanity & ecosphere

Towards healthy diets from sustainable food systems



The private sector has a key role to play in enabling 
healthy diets from sustainable food systems



Overview of the Global 
Nutrition Landscape

PEGGY BENTLEY,  PH.D.

PROFESSOR OF NUTRITION 

& ASSOCIATE DEAN FOR GLOBAL HEALTH



“End all forms of 
malnutrition by 2030.”







On a global level, overweight and obesity are now more prevalent than 
under-nutrition

WHO estimates: almost one in six of the estimated world population of 
6.5 billion is now overweight or obese, and about 800 million people do 
not have enough to eat 

Micronutrient deficiencies  MND – hidden hunger – affect more than 2 
billion people – including those under and over nourished

World wide, households and communities are experiencing the triple 
burden of disease – co-existing undernutrition and over-nutrition and 
micronutrient deficiencies

The Triple Burden



WEBB F ET AL. INT. J. EPIDEMIOL. 2006;35:24-30



Undernutrition

Data and graph: FAO, accessed via http://www.worldhunger.org

925 million hungry people in 2010



Micronutrients
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Micronutrients
Focus in global health has been on micronutrient deficiencies and their 
association with maternal and child health and development

Main concerns have been around iron, iodine, Vitamin A, zinc, folic acid

MULTIPLE micronutrient deficiencies are common

Also need to consider effects of deficiencies AND excesses on chronic 
disease risk

9



Defining Undernutrition

Weight status

◦ Children: defined relative to the WHO growth standard
◦ Low Weight-for-age = WAZ <-2 SD

◦ Wasting = weight-for-length <-2  SD 

◦ Adults:  BMI < 18.5 kg/m2



Defining undernutrition: Stunting

Length or height-for-age Z score < -2



UNICEF Conceptual 
Framework



Basic Causes of Undernutrition



Examples of Basic Causes

Rights of women and girls

Entrenched poverty

Equitable education and income 
distribution



Underlying Causes of 
Undernutrition



Underlying Causes Overlap

Sick child depends on mother 

Mother’s time depends on work 

Time required to access health 
facility



Immediate Causes



Synergism of nutrition and infection

Nutrition Infection

* Diarrhea & vomiting increase
nutrient losses

*Fever increases energy needs
*Infection disrupts nitrogen balance

& increases protein needs
*Infection causes anorexia

Malnutrition depresses immune
function and increases
susceptibility to infection



Poor Public Health

Access to clean, safe water and sanitation

Presence of malarial breeding sites

Quality of shelter and level of cold, stress, 
overcrowding

Access to basic health services



Caring Practices

Infant and young child feeding
◦ Breastfeeding

◦ Complementary feeding  

Hygiene and health seeking behaviors



Emerging Plant Disease and 

Global Food Security

Jean Beagle Ristaino

WNR Distinguished Professor 

Department of Entomology and 

Plant Pathology



Four Components of Food 

Security

Food security exists when all people have physical, social and economic

access to sufficient, safe and nutritious food to meet their dietary needs

and food preferences for an active and healthy life.



Conflict impacts

Food Security –
93 million displaced people

human rights, food security, migration, and displacement 



Climate related disasters have 

increased and affect food production



Food Production must 

increase

In order to match the projected 

increase in demand for food, by 2050 

global food production must be 60 

percent higher than it was in 

2005/2007 (FAO, 2012). Food loss 

and waste must decrease



Drought 

Salty Soils 

Fertilizer Dependence

Emerging disease





Potential for more 

emerging pests and 

pathogens



What are the Characteristics of 

Emerging Plant Diseases?

• Caused by pathogens that have increased in 

incidence, geographical or host range

• Have changed in pathogenesis

• Have newly evolved

• Have been discovered or newly recognized.

Anderson et al, TRENDS in Ecology and Evolution 

2004. 



Plant disease threatens food 

security and national security

Late blight – Phytophthora infestans



Late blight re-emerging disease: 

A constraint to production worldwide  -
food security

Has increased in incidence, geographical 

and host range



Late blight epidemics in the US in 2009 

Emergence of US-22 strain
• Climate change – rainy season

• Movement of infected tomato transplants

• Susceptible varieties



Viral diseases of cassava 

in Africa – Newly evolved, 

host jumps
healthy tubers Cassava mosaic disease Cassava brown streak disease

• Pathogen may have jumped host from indigenous plants 

when cassava was introduced into Africa from South 

America- Accidental Host

• Cassava Mosaic Virus in Uganda – $60 million losses



Aflatoxins – corn and peanut



A pathogen that has changed in pathogenesis

New virulent race (UG-99) of Puccinia graminis not in 

US yet…..

Dr. Norman Borlaug  

issued a call to action to 

find a way to reduce the 

impact of Ug99. 

Borlaug was concerned 

that all of the 

advancement made in 

the past few decades 

during the “Green 

Revolution,” may be 

eliminated by an 

outbreak of Ug99. 

This disease threatens to 

eliminate the majority of 

the resistant varieties 

developed.



New race of stem rust discovered 

in Sicily, 2016



Coffee Rust – Climate Change
• Hemilia vastatrix - fungus

• Wind blown spores –
regional epidemics

• Lack of resistant varieties

• More disease at high 
altitudes

• Lack of fungicide use in 
shade grown coffee areas  
by small holders

• Old plantations >40 years
J.Avelino



Panama Disease – subtropical 

Race 4 – banana -

A plant disease that has 

changed in pathogenesis and 

expanded in geography



Drivers of Emerging Plant Diseases

• Global trade- movement of plant materials
• Climate change

• Change the distribution of vectors and pathogens
• Increase frequency of unusual weather events
• Drought stress – aflatoxins
• Milder winters- increase pathogen survival

• Agricultural change:
• Developing countries – increased intensity and acreage 

of nontraditional crops (fruits, flowers, vegetables).
• > 40% of world crops – 4 staples –monoculture and 

loss of genetic diversity are major issues 

• Host parasite evolution-
• interspecific hybridization - Alder– Phytophthora alni, 
• Host jumps – Cassava Mosaic Virus



Alignment with CGIAR



New faculty

Emerging Plant Disease

Global Food Security

Biologist- plant-virus-vector 

interactions,  biologically-based 

strategies for controlling

viruses and arthropod vectors.

Engineer - next-generation 

field-deployable molecular 

imaging, sensing, and 

diagnostic tools

Landscape Ecologist-

management, climate change, and 

natural disturbances impact 

resilience

Bioinfomatics

evolution of infectious 

pathogens,  new 

phylogenetic methods 

to track epidemic 

dynamics using 

pathogen sequence 

data



Global Food 

Security Initiative, 

April, 2017

The GFSI brings together scientific thought leaders 
from six NC State Colleges and the Chancellors 
Faculty Excellence Program Clusters, expertise from 
Duke University World Food Policy Center and the 
Triangle Center for Evolutionary Medicine (TRICEM), 
Food Security and Agriculture from RTI International, 
Nutrition and Public Health from UNC-CH, and 
companies in RTP. 

www.globalfoodsecurity.ncsu.edu



Global Food 

Security 

Institute

Areas of Research GFSI

Global Food Security



www.rti.orgRTI International is a registered trademark and a trade name of Research Triangle  Institute.

Integrating agriculture and nutrition for 

a healthier and more sustainable world

Triangle Global Health Consortium Annual Conference

Paul Weisenfeld

Executive Vice President, International Development



The Feed the Future Initiative

U.S. Government effort to address the root causes of 

hunger and poverty.

Supports partner country-led efforts through the work of 

11 U.S. federal agencies.



Feed the Future Senegal Naatal Mbay Project

USAID-funded project to boost smallholder incomes by 

significantly scaling up and expanding successful 

technologies.

Strengthens production, productivity, and marketing of 

irrigated and rain-fed rice, maize, and millet.

Photo: Anthony Scavone, Peace Corps



Rwanda Milk Production Study

Supporting Feed the Future Innovation Lab for Livestock 

Systems (at University of Florida) to evaluate nutrition 

impacts and animal source food consumption.

Will help measure whether a recent nutrition education 

intervention has shown successful outcomes.

Photo: Anthony Scavone, Peace Corps



The Locality of Global Health
Hunger, Obesity, and Chronic Disease in Edgecombe County NC  

Jen Zuckerman

Director of Strategic Initiatives

World Food Policy Center, Duke University

Jennifer.Zuckerman@duke.edu



World Food Policy Center
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 New center, established in July 2017

 Within Sanford School of Public Policy, Duke University

 Directed by Dr. Kelly Brownell

 Looking at issues of food across policy areas:

 Hunger and Malnutrition

 Obesity and Chronic Disease

 Agriculture and the Environment

 Food Safety and Food Defense

 Global center, rooted in North Carolina

 Durham and Edgecombe as model food communities



North Carolina
Source - USDA Economic Research Service, ESRI
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Edgecombe County

Edgecombe County



Food Insecurity in NC - Percentage Food Insecure
Source - Robert Wood Johnson 2017 County Health Rankings and Roadmaps
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Poverty and Median Household Income
Source - Data USA, Wake County, NC and Edgecombe County, NC

5Poverty Rate Median Household Income



Conetoe: it started with a garden

 Focus on education, 

economic stability, 

neighborhood and 

built environment, 

health and healthcare, 

social and community 

context

 Graduation rate increased 
from 40%-98%

 No teen pregnancies

 Reduced ER use from 96 
people per year to 24

 $24K in scholarship funds 
collected through garden 
funds

 GAP certification-selling 
into hospitals and schools

6

Social Determinants model: Results:



Conetoe, North Carolina
7

 Growing food and growing people:

https://youtube.com/watch?v=r8lhNVMA42k


Growing what works

 Investing in people

 Listening to community

 Building capacity

 Providing technical assistance and support

 Importing and exporting expertise

 Documenting the success

8

What is a model food systems community?
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