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Preface

There are numerous definitions of the terms malnutrition, undernutrition, and star-
vation, many of which are used interchangeably. Strictly speaking, malnutrition also
refers to an “imbalance” and includes an excess of nutrients. However, within the
context of this handbook we are primarily concerned with a lack or deficiency of one
or more dietary components rather than an excess. Embedded within the deficiency
states is “acute restriction” whereby food is withdrawn or deliberately not consumed
at all. For example, individuals may refrain from eating to provide blood samples for
subsequent analysis or food may be withdrawn from patients before surgery. Further
downstream is the consumption of a fraction of the diet, or none at all. This may arise
when there are restrictions in the amount of food available to an individual or
population. The causes of such restrictions in dietary intake are varied and include
poverty, conflict, and regional famine. In the sociogeographical context, refugees
and displaced persons may also be vulnerable to undernutrition.

Some diseases will impact on the total food consumed, for example, when there
are physical impediments (intestinal obstruction or dysphagia) or anorexia. There
may also be restrictions in the availability of single micro- or macronutrients such as
vitamins, minerals, proteins, lipids, or dietary energy. There may be increased bodily
demands for certain nutrients in some diseases, but these may not be met by the
existing diet, thus resulting in deficiency states.

The impact of such dietary restrictions is variable. Deficiencies in micro- or
macronutrients will impact on cells, organs, individuals, and even populations.
Quality of life measures, for example, are impaired in anorexia and in famine.
Some communities are blighted by the absence of specific micronutrients which
impact on physical and mental health: endemic iodine deficiency is a good example
of this.

It is important to understand the causes of nutrient deficiencies and also to be
aware of the impact on the cell-to-community continuum. The knowledge gained
from understanding how cells and organs respond to nutrient deficiencies may be
transferable to understanding and treating deficiency diseases. At the population
level, it is important to know how to diagnose and treat nutritional deficiencies. In
the wider context, food waste and food insecurity are at opposite ends of the
spectrum but have in common the disparities between provision and need. Policies
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and procedures to address the aforementioned are required to reduce food waste and
food insecurity.

There is a wide range of information that interlinks the complexities of undernu-
trition, disease, famine, sociology, food waste, food insecurity, poverty, provision,
need, policies, and procedures. Hitherto, this has been sporadically distributed across
different publications. This is resolved in the Handbook of Famine, Starvation, and
Nutrient Deprivation: From Biology to Policy. It has wide coverage and also
includes social aspects, refugees, conflict, hunger, anorexia, screening tools, medical
causes of malnutrition, endocrinology, metabolism, tissue systems, life stages,
micronutrients, modeling, cellular and molecular biology, international aspects,
and management.

There are 12 parts as follows:

1. General Aspects of Famine and Undernutrition: Setting the Scene
2. Effects of Famine
3. Food Insecurity, Security, and Waste
4. Biosocial and Social Aspects, Inequalities, Low Income, Refugees, and Conflict
5. Hunger and Anorexia
6. Screening Tools, Classifications, and Applications
7. Medical Causes of Malnutrition, Prevalence, and Impact
8. Effects of Undernutrition, Endocrinology, Metabolism, and Tissue Systems
9. Life Stages, Pregnancy, the Young and Elderly

10. Micronutrients
11. Modeling Systems, Cellular and Molecular Effects
12. International Aspects, Policy, Management, Case Study, and Resources

The editors recognize the fact that it has been difficult to allocate specific chapters
to the different parts. Some chapters may be suitably placed in different parts of the
book. Nevertheless, the information in the Handbook of Famine, Starvation, and
Nutrient Deprivation: From Biology to Policy is wide ranging. To bridge the
intellectual divide and to provide guidance, each chapter has three sections as
follows:

Policies and Protocols
Dictionary of Terms
Summary Points

Contributors are authors of international and national standing, leaders in the
field, and trendsetters. Emerging fields of nutritional science and important discov-
eries are also incorporated in this book.

This book is designed for nutritionists and dietitians, public health scientists,
doctors, epidemiologists, biologists, health-care professionals of various disciplines,
policy makers, governmental bodies, and strategists. The Handbook of Famine,
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Starvation, and Nutrient Deprivation: From Biology to Policy is designed for
teachers and lecturers, undergraduates and graduates, researchers, and professors
and as a library resource.

Victor R. Preedy
Vinood B. Patel

The Editors
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Brazil

Allison J. Ames Department of Graduate Psychology, James Madison University,
Harrisonburg, VA, USA

Glenn C. W. Ames Department of Agricultural and Applied Economics, Univer-
sity of Georgia, Athens, GA, USA

Simone Angioloni Agri-Food Biosciences Institute, Antrim County, Belfast,
Northern Ireland, UK

Silvia M. Arribas Department of Physiology, Faculty of Medicine, Universidad
Autónoma de Madrid, Madrid, Spain

Hossein Azadi Department of Geography, Ghent University, Ghent, Belgium

Department of Engineering Management, University of Antwerp, Antwerp, Belgium

Research Group Climate Change and Security, Institute of Geography, University of
Hamburg, Hamburg, Germany

Subash Babu National Institutes of Health, National Institute of Research in
Tuberculosis (Formerly Tuberculosis Research Center), International Center for
Excellence in Research, Chennai, India

Nan Zou Bakkeli Department of Sociology and Human Geography, University of
Oslo, Oslo, Norway

Carlos Bald Department of Efficient and Sustainable Processes, AZTI, Derio,
Bizkaia, Spain

Jean Pierre Banea Programme National de Nutrition (PRONANUT), Kinshasa,
Congo

xxiv Contributors



Rafael Barrera Department of Surgery, Long Island Jewish Medical Center,
Northwell Health, Hofstra School of Medicine, New Hyde Park, NY, USA

Jack Bell Allied Health, Metro North HHS and School of Human Movement and
Nutrition Sciences, The University of Queensland. The Prince Charles Hospital,
Chermside, QLD, Australia

James A. Berkley KEMRI/Wellcome Trust Research Program, Kilifi, Kenya

The Childhood Acute Illness and Nutrition (CHAIN) Network, Nairobi, Kenya

Mark Berthold-Losleben St. Olavs Hospital, Trondheim University Hospital,
Orkdal District Psychiatric Centre, Trondheim, Norway

Orkanger, Norway

Jesse Bertinato Nutrition Research Division, Bureau of Nutritional Sciences,
Food Directorate, Health Products and Food Branch, Health Canada, Ottawa, ON,
Canada

Department of Biochemistry, Microbiology and Immunology, University of Ottawa,
Ottawa, ON, Canada

Sir Frederick G. Banting Research Centre, Ottawa, ON, Canada

Preeti Tomar Bhattacharya Department of Oral Medicine and Radiology, Sarjug
Dental College and Hospital, Darbhanga, Bihar, India

Yukthi M. Bhootra National Institutes of Health, National Institute of Research in
Tuberculosis (Formerly Tuberculosis Research Center), International Center for
Excellence in Research, Chennai, India

Zulfiqar A. Bhutta SickKids Centre for Global Child Health, The Hospital for Sick
Children, Toronto, ON, Canada

Centre of Excellence in Women and Child Health, The Aga Khan University,
Karachi, Pakistan

Verónica Silvina Biaggio Departamento de Bioquímica y Ciencias Biológicas,
Facultad de Química, Bioquímica y Farmacia, Universidad Nacional de San Luis,
IMIBIO-CONICET, San Luis, Argentina

Marie Blanquet Service de Santé Publique, Centre Hospitalier Universitaire de
Clermont-Ferrand, Clermont-Ferrand Cedex 1, France

Université Clermont Auvergne, CNRS-UMR 6602, Institut Pascal, Axe TGI,
Groupe PEPRADE, Clermont-Ferrand, France

Muriel Bost Laboratory of Trace Element and Toxic Metals Analysis, Pharmaco
Toxicology Unit, Biochemistry and Molecular Biology, CBAPS, Pierre-Bénite,
France

Christa Boulos Department of Nutrition, University of St Joseph, Beirut, Lebanon

Contributors xxv



Michael S. Boyne Tropical Metabolism Research Unit, Caribbean Institute for
Health Research, The University of the West Indies, Mona, Kingston, Jamaica

Špela Brecelj Unit for Eating Disorders, Center for Mental Health, University
Psychiatric Clinic Ljubljana, Ljubljana, Slovenia

Christian Breymann Medical University Zürich, Zürich, Switzerland

GGS Zürich Seefeld and Institute perinatal Zürich Hirslanden, Zürich, Switzerland

André Briend Department of Nutrition, Exercise and Sports, Faculty of Science,
University of Copenhagen, Frederiksberg, Denmark

Center for Child Health Research, Department of International Health, University of
Tampere School of Medicine, University of Tampere, Tampere, Finland

Nicola Bulled Interdisciplinary and Global Studies Division, Worcester Polytech-
nic Institute, Worcester, MA, USA

Camila Scalassara Campos Centre for Bariatric Surgery, Department of Surgery
and Anatomy, Faculty of Medicine of Ribeirão Preto, University of São Paulo,
Ribeirão Preto, Brazil

Beatriz Assis Carvalho Laboratory of Physiology, Nutrition and Health, Faculty of
Physical Education and Dance, Goias Federal University, Goiânia, GO, Brazil
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Brazil

Xiong Guo School of Public Health, Xi’an Jiaotong University Health Science
Center, Xi’an, Shaanxi, China

xxx Contributors



Javier Gutiérrez-Jiménez Laboratorio de Biología Molecular y Genética, Instituto
de Ciencias Biológicas, Universidad de Ciencias y Artes de Chiapas, Tuxtla Gutiér-
rez, Chiapas, Mexico

Mariana Gutiérrez-Mariscal Departamento de Genética del Desarrollo y
Fisiología Molecular, Instituto de Biotecnología, Universidad Nacional Autónoma
de México (UNAM), Cuernavaca, Morelos, Mexico

Andrea Guzman Wuqu’ Kawoq, Santiago Sacatepéquez, Guatemala

Ruth M. Hadfield Sydney, NSW, Australia

Lisa Hail Department of Psychiatry, University of California San Francisco, San
Francisco, CA, USA

Jing Han School of Public Health, Xi’an Jiaotong University Health Science
Center, Xi’an, Shaanxi, China

Ole Jørgen Hanssen Ostfold Research, Stadion 4, Fredrikstad, Norway

Daniel B. Hardy The Departments of Obstetrics and Gynecology and Physiology
and Pharmacology, The Children’s Health Research Institute and the Lawson Health
Research Institute, The University of Western Ontario, London, ON, Canada

Diego Haro Department of Nutrition, Food Sciences and Gastronomy, School of
Pharmacy and Food Sciences. Torribera Food Campus. University of Barcelona,
Santa Coloma de Gramenet, Barcelona, Spain

Institute of Biomedicine of the University of Barcelona (IBUB), Barcelona, Spain

Sofine Heilskov Department of Dermatology, Aarhus University Hospital, Aarhus
C, Denmark

Joel Claudio Heimann Laboratory of Experimental Hypertension, Department of
Internal Medicine, School of Medicine, University of São Paulo, São Paulo, SP, Brazil

Javad Heshmati Department of Nutrition, School of Public Health, Iran University
of Medical Science, Tehran, Iran

Trevor Holmes Department of Pharmaceutical Sciences, Texas A&M Health Sci-
ence Center, Irma Lerma Rangel College of Pharmacy, Kingsville, TX, USA

Mohammad Enamul Hoque Maternal, Sexual and Reproductive Health Unit, The
Nossal Institute for Global Health, Melbourne School of Population and Global
Health, The University of Melbourne, Melbourne, VIC, Australia

Sabine Houdart Nutrition Risk Assessment Unit, Risk Assessment Department,
French Agency for Food, Environmental and Occupational Health and Safety
(ANSES), Maisons-Alfort, France

Yen-Hsuan Hsu Department of Psychology, National Chung Cheng University,
Min-Hsiung Township, Chia-yi County, Taiwan

Contributors xxxi



Ching-Feng Huang Department of Neurology, Taichung Tzu Chi Hospital,
Buddhist Tzu Chi Medical Foundation, Taichung, Taiwan

Jean-François Huneau AgroParisTech, UMR914 Nutrition Physiology and
Ingestive Behavior, Paris, France

Bruno Iñarra Department of Efficient and Sustainable Processes, AZTI, Derio,
Bizkaia, Spain

Faisal Waseem Ismail Department of Gastroenterology, Aga Khan University
Hospital, Karachi, Pakistan

Tatsuya Iso Department of Medicine and Biological Science, Gunma University
Graduate School of Medicine, Maebashi, Gunma, Japan

Education and Research Support Centre, Gunma University Graduate School of
Medicine, Maebashi, Gunma, Japan

Lorraine Jaimes-Hoy Departamento de Genética del Desarrollo y Fisiología
Molecular, Instituto de Biotecnología, Universidad Nacional Autónoma de México
(UNAM), Cuernavaca, Morelos, Mexico

Patricia Joseph-Bravo Departamento de Genética del Desarrollo y Fisiología
Molecular, Instituto de Biotecnología, Universidad Nacional Autónoma de México
(UNAM), Cuernavaca, Morelos, Mexico

Tomotake Kanki Department of Cellular Physiology, Niigata University Graduate
School of Medical and Dental Sciences, Niigata, Japan

Elisa Mitiko Kawamoto Department of Pharmacology, University of São Paulo,
Butantã, São Paulo, Brazil

Sylvia Kirchengast Department for Anthropology, University of Vienna, Vienna,
Austria

Hallgeir Kismul Centre for International Health, University of Bergen, Bergen,
Norway

Nils Kohn Department for Cognitive Neuroscience, Radboudumc, Donders Insti-
tute for Brain, Cognition and Behaviour, Centre for Cognitive Neuroimaging
(DCCN), Radboud University, Nijmegen, The Netherlands

Nijmegen, The Netherlands

Jan Pieter Konsman CNRS UMR 5287 Institute for Cognitive and Integrative
Neurosciences in Aquitaine (INCIA), University of Bordeaux, Bordeaux, France

Basiliki Kotsampasi Research Institute of Animal Science, Directorate General of
Agricultural Research, Hellenic Agricultural Organization “DEMETER”, Giannitsa,
Greece

xxxii Contributors



Alicia J. Kowaltowski Departamento de Bioquímica, Instituto de Química,
Universidade de São Paulo, São Paulo, SP, Brazil

Masahiko Kurabayashi Department of Medicine and Biological Science, Gunma
University Graduate School of Medicine, Maebashi, Gunma, Japan

Department of Cardiovascular Medicine, Gunma University Graduate School of
Medicine, Maebashi, Gunma, Japan

Ozlem Kutlu Nanotechnology Research and Application Center, EFSUN-Center
of Excellence for Functional Surfaces and Interfaces for Nano Diagnostics, Sabanci
University, Istanbul, Turkey

Ángel L. López de Pablo Department of Physiology, Faculty of Medicine,
Universidad Autónoma de Madrid, Madrid, Spain

Asunción López-Calderón Department of Physiology, School of Medicine, Uni-
versity Complutense, Madrid, Spain

Mª Rosario López-Giménez Department of Preventive Medicine, Public Health
and Microbiology, Faculty of Medicine, Universidad Autónoma de Madrid, Madrid,
Spain

María José Labajos Laboratorios de Conducta Animal, Departamento de
Psicología Básica I, Facultad de Psicología, Universidad Nacional de Educación a
Distancia (UNED), Ciudad Universitaria, Madrid, Spain

Zandre Labuschagne Department of Educational, School and Counseling Psy-
chology, University of Missouri, Columbia, MO, USA

Beatriz Lardiés-Sánchez Nutrition Unit, Universitary Hospital Miguel Servet,
Zaragoza, Spain

Katia Lasaridi School of Environment, Geography and Applied Economics,
Harokopio University, Athens, Greece

Daniel Le Grange Department of Psychiatry, UCSF Weill Institute for Neurosci-
ences, University of California, San Francisco, San Francisco, CA, USA

Rui Li College of Health, Wuhan University, Wuhan, Hubei, China

Yang Li Department of Nutrition, University of Tennessee at Knoxville, Knoxville,
TN, USA

Yue Li Department of Chemistry and Biochemistry, North Dakota State University,
Fargo, ND, USA

Poon Nian Lim Department of Mechanical Engineering, National University of
Singapore, Singapore, Singapore

Contributors xxxiii



Chung-Ping Lo Department of Radiology, Taichung Tzu Chi Hospital, Buddhist
Tzu Chi Medical Foundation, Taichung, Taiwan

Katharine L. Loeb School of Psychology, Fairleigh Dickinson University,
Teaneck, NJ, USA

Matthew K. Loke Department of Natural Resources and Environmental Manage-
ment, College of Tropical Agriculture and Human Resources, University of Hawai‘i
at Mänoa, Honolulu, HI, USA

Hawai‘i Department of Agriculture, Agricultural Development Division, Honolulu,
HI, USA

Deborah A. Lown Department of Biomedical Sciences, Grand Valley State Uni-
versity, Allendale, MI, USA

Lorena Mercedes Luna-Cazáres Laboratorio de Fisiología y Química Vegetal,
Instituto de Ciencias Biológicas, Universidad de Ciencias y Artes de Chiapas, Tuxtla
Gutiérrez, Chiapas, Mexico

Marguerite MacMahon Department of Clinical Biochemistry and Diagnostic
Endocrinology, Mater Misericordiae University Hospital, Dublin, Ireland

Teresa Małecka-Massalska Department of Human Physiology, Medical Univer-
sity of Lublin, Lublin, Poland

Mala Ali Mapatano Department of Nutrition, School of Public Health, University
of Kinshasa, Kinshasa, Congo

Rossella Maragliano Department of Surgical, Oncological and Oral Sciences,
Section of Medical Oncology, University of Palermo, Palermo, Italy

Luba Marderfeld Institute of Gastroenterology, Nutrition and Liver Diseases,
Schneider Children’s Medical Center of Israel, Petah Tikva, Israel

Clinical Nutrition and Dietetics Department, Institute of Gastroenterology, Nutrition
and Liver Diseases, Schneider Children’s Medical Center of Israel, Petah Tikva,
Israel

Irène Margaritis Nutrition Risk Assessment Unit, Risk Assessment Department,
French Agency for Food, Environmental and Occupational Health and Safety
(ANSES), Maisons-Alfort, France

Pedro F. Marrero Department of Nutrition, Food Sciences and Gastronomy,
School of Pharmacy and Food Sciences. Torribera Food Campus. University of
Barcelona, Santa Coloma de Gramenet, Barcelona, Spain

Institute of Biomedicine of the University of Barcelona (IBUB), Barcelona, Spain

Skye Marshall Faculty of Health Sciences and Medicine, Bond University, Bond
Institute of Health and Sport, Robina, QLD, Australia

xxxiv Contributors



Ana Isabel Martín Department of Physiology, School of Medicine, University
Complutense, Madrid, Spain

Boris Martinez Wuqu’ Kawoq, Santiago Sacatepéquez, Guatemala

Vinicius José Baccin Martins Department of Physiology and Pathology, Federal
University of Paraíba, Health Sciences Center, João Pessoa, PB, Brazil

Enrica Marzola Eating Disorders Center, Department of Neuroscience, University
of Turin – Turin, Italy, Turin, Italy

Sania Masoud University of Michigan School of Public Health, Ann Arbor, MI,
USA

Cora McGreevy Acute and Geriatric Medicine, Mater Misericordiae University
Hospital, Dublin, Ireland

Sonia Mehrotra Department of Nephrology, Sanjay Gandhi Post Graduate
Institute of Medical Sciences, Lucknow, Uttar Pradesh, India

L. T. Meital Cluster for Biomedical Innovations, School of Health and Sport
Sciences, University of the Sunshine Coast, Maroochydore, QLD, Australia

PurnimaMenon Poverty, Health and Nutrition Division, International Food Policy
Research Institute, New Delhi, India

Dulce M. Minaya Department of Psychology, University of Florida, Gainesville,
FL, USA

Madhusmita Misra Pediatric Endocrine and Neuroendocrine Units, Division of
Pediatric Endocrinology, Massachusetts General Hospital, Boston, MA, USA

Harvard Medical School, Boston, MA, USA

Satya Ranjan Misra Department of Oral Medicine and Radiology, Institute of
Dental Sciences, Bhubaneswar, Siksha O Anusandhan University, Bhubaneswar,
Odisha, India

Gilles Mithieux INSERM U1213, Faculte de Medecine Lyon-Est ‘Laennec’, Lyon,
France

Université Lyon 1, Villeurbanne, France

Université de Lyon, Lyon, France

Rosy Mitri Nutrition Department, Beirut Arab University, Tripoli, Lebanon

Radosław Mlak Department of Human Physiology, Medical University of Lublin,
Lublin, Poland

Ren Mu Department of International Affairs, Bush School of Government and
Public Service, Texas A&M University, College Station, TX, USA

Shreya Mukhopadhyay Department of Chemistry and Biochemistry, North
Dakota State University, Fargo, ND, USA

Contributors xxxv



Michelle M. Murphy Unit of Preventive Medicine and Public Health, Department
of Basic Medical Sciences, Faculty of Medicine and Health Sciences, IISPV,
Universitat Rovira i Virgili, Reus, Tarragona, Spain

Biomedical Research Networking Center for the Pathophysiology of Obesity, Carlos
III Institute of Health, Madrid, Spain

Martha K. Mwangome KEMRI/Wellcome Trust Research Program, Kilifi, Kenya

Ehsun Naeem Aga Khan University, Karachi, Pakistan

Sven Neelsen Department of Health Economics, Erasmus School of Health Policy
and Management, Rotterdam, The Netherlands

Christine Nisbet Division of Nutrition and Dietetics, College of Pharmacy and
Nutrition/School of Public Health, University of Saskatchewan, Saskatoon, SK,
Canada

Shinta Nishioka Department of Clinical Nutrition and Food Services, Nagasaki
Rehabilitation Hospital, Nagasaki, Japan

Mikael Norman Department of Clinical Science, Intervention and Technology,
Division of Pediatrics, Karolinska Institutet, Stockholm, Sweden

Department of Neonatal Medicine, K78, Karolinska University Hospital, Stock-
holm, Sweden

Yuka Okazaki Department of Training and Development of Staffs, Nagasaki
Rehabilitation Hospital, Nagasaki, Japan

Shelby L. Oke The Department of Physiology and Pharmacology, The University
of Western Ontario, London, ON, Canada

Aline Sanches Oliveira Universidade Federal de Ouro Preto, Ouro Preto, Minas
Gerais, Brasil

Ana Maria Marques Orellana Department of Pharmacology, University of São
Paulo, Butantã, São Paulo, Brazil

Mikel Orive Department of Efficient and Sustainable Processes, AZTI, Derio,
Bizkaia, Spain

Christopher Nnaemeka Osuafor Department of Medicine for the Older Person,
Mater Misericordiae University Hospital, Dublin, Ireland

Medicine for Elderly Day Hospital, St Mary’s Hospital, Dublin, Ireland

Amanda Galvão Paixão Department of Pharmacology, University of São Paulo,
Butantã, São Paulo, Brazil

Wensheng Pan Department of Gastroenterology and Endoscopy Center, Key Lab-
oratory of Gastroenterology of Zhejiang Province, Zhejiang Provincial People’s
Hospital, People’s Hospital of Hangzhou Medical College, Hangzhou/Zhejiang,
China

xxxvi Contributors



Silvia Papalini Department for Cognitive Neuroscience, Radboudumc, Donders
Institute for Brain, Cognition and Behaviour, Centre for Cognitive Neuroimaging
(DCCN), Radboud University, Nijmegen, The Netherlands

Nijmegen, The Netherlands

Vinood B. Patel School of Life Sciences, University of Westminster, London, UK

Rashmi Patil Division of Nutrition and Dietetics, College of Pharmacy and Nutri-
tion/School of Public Health, University of Saskatchewan, Saskatoon, SK, Canada

J. Pedraza-Chaverri Facultad de Quimica, Ciudad Universitaria, Departamento de
Biologia, Universidad Nacional Autonoma de Mexico (UNAM), Ciudad de Mexico,
Mexico

Ricardo Pellón Laboratorios de Conducta Animal, Departamento de Psicología
Básica I, Facultad de Psicología, Universidad Nacional de Educación a Distancia
(UNED), Ciudad Universitaria, Madrid, Spain

Alessandro Perez Department of Surgical, Oncological and Oral Sciences, Section
of Medical Oncology, University of Palermo, Palermo, Italy

María Verónica Pérez Chaca Área Morfología, Departamento de Bioquímica y
Ciencias Biológicas, Facultad de Química, Bioquímica y Farmacia, Universidad
Nacional de San Luis, IMIBIO-CONICET, San Luis, Argentina

Albert Pérez-Martí Department of Nutrition, Food Sciences and Gastronomy,
School of Pharmacy and Food Sciences. Torribera Food Campus. University of
Barcelona, Santa Coloma de Gramenet, Barcelona, Spain

Institute of Biomedicine of the University of Barcelona (IBUB), Barcelona, Spain

Natalia Pichel Water and Energy Research Group, IMDEAWater, Madrid, Spain

Catherine A. Powell Department of Pharmaceutical Sciences, Texas A&M Health
Science Center, Irma Lerma Rangel College of Pharmacy, College Station, TX, USA

Tomasz Powrózek Department of Human Physiology, Medical University of
Lublin, Lublin, Poland

Narayan Prasad Department of Nephrology, Sanjay Gandhi Postgraduate Institute
of Medical Sciences, Lucknow, Uttar Pradesh, India

Victor R. Preedy Diabetes and Nutritional Sciences Research Division, Faculty of
Life Science and Medicine, King’s College London, London, UK

Mina Yamazaki Price Division of Critical Care, Medicine and Surgery, Depart-
ment of Therapies, Royal Free Hospital, Royal Free London NHS Foundation Trust,
London, UK

Contributors xxxvii



Lakshmi Pulakat Dalton Cardiovascular Research Center, Division of Cardiovas-
cular Medicine, Departments of Medicine and Nutrition and Exercise Physiology,
University of Missouri, Columbia, MO, USA

Harry S Truman Memorial Veterans Hospital, Columbia, MO, USA

Chengjuan Qu Department of Integrative Medical Biology, Umeå University,
Umeå, Sweden

Fabienne Rajas INSERMU1213, Faculte de Medecine Lyon-Est ‘Laennec’, Lyon,
France

Université Lyon 1, Villeurbanne, France

Université de Lyon, Lyon, France

Rajkumar Rajendram Department of Internal Medicine, King Abdulaziz Medical
City, Riyadh, Ministry of National Guard Health Affairs, Riyadh, Saudi Arabia

Diabetes and Nutritional Sciences Research Division, Faculty of Life Science and
Medicine, King’s College London, London, UK

David Ramiro-Cortijo Department of Physiology, Faculty of Medicine,
Universidad Autónoma de Madrid, Madrid, Spain

Saioa Ramos Department of Efficient and Sustainable Processes, AZTI, Derio,
Bizkaia, Spain

Joana Relat Department of Nutrition, Food Sciences and Gastronomy, School of
Pharmacy and Food Sciences. Torribera Food Campus. University of Barcelona,
Santa Coloma de Gramenet, Barcelona, Spain

Institute of Nutrition and Food Safety of the University of Barcelona (INSA-UB),
Santa Coloma de Gramenet, Barcelona, Spain

Angela Maria Ribeiro Department of Biochemistry and Immunology,
Universidade Federal de Minas Gerais, Belo Horizonte, Minas Gerais, Brasil

Kimberly L. Robertson Department of Psychology, University of Florida,
Gainesville, FL, USA

Marc Rockmore Department of Economics, Clark University, Worcester, MA,
USA

Pilar Rodríguez-Rodríguez Department of Physiology, Faculty of Medicine,
Universidad Autónoma de Madrid, Madrid, Spain

Peter Rohloff Wuqu’ Kawoq, Santiago Sacatepéquez, Guatemala

Division of Global Health Equity, Brigham and Women’s Hospital, Boston, MA,
USA

P. Rojas-Morales Facultad de Quimica, Ciudad Universitaria, Departamento de
Biologia, Universidad Nacional Autonoma de Mexico (UNAM), Ciudad de Mexico,
Mexico

xxxviii Contributors



Tessa J. Roseboom Department of Clinical Epidemiology, Biostatistics and
Bioinformatics, Department of Obstetrics and Gynaecology, Amsterdam Public
Health Research Institute, Amsterdam, AZ, The Netherlands

Marco Rossato Internal Medicine 3, Department of Medicine – DIMED, Univer-
sity of Padova, Padova, Italy

Neil E. Rowland Department of Psychology, University of Florida, Gainesville,
FL, USA

Gal Rub Institute of Gastroenterology, Nutrition and Liver Diseases, Schneider
Children’s Medical Center of Israel, Petah Tikva, Israel

F. D. Russell Cluster for Biomedical Innovations, School of Health and Sport
Sciences, University of the Sunshine Coast, Maroochydore, QLD, Australia

Antonio Russo Department of Surgical, Oncological and Oral Sciences, Section of
Medical Oncology, University of Palermo, Palermo, Italy

Pascale Salameh Lebanese University, Hadath, Lebanon

Wilson Salgado Junior Department of Surgery and Anatomy, Faculty of Medicine
of Ribeirão Preto, University of São Paulo, Ribeirão Preto, SP, Brazil

Eloy Salinas Área Biología, Departamento de Bioquímica y Ciencias Biológicas,
Facultad de Química, Bioquímica y Farmacia. Universidad Nacional de San Luis,
San Luis, Argentina

David San Martin Department of Efficient and Sustainable Processes, AZTI,
Derio, Bizkaia, Spain

Lisa Santoriello Emergency/Internal/Critical Care Medicine, Long Island Jewish
Medical Center, Northwell Health, Hofstra School of Medicine, New Hyde Park,
NY, USA

Ana Sanz Department Animal Biology, University of Granada, Granada, Spain

Alejandro Sanz-París Nutrition Unit, Universitary Hospital Miguel Servet, Zara-
goza, Spain

Ana Lydia Sawaya Department of Physiology, Federal University of São Paulo,
São Paulo, SP, Brazil

Connor Scagnelli Department of Neurological Sciences, Robert Larner, MD Col-
lege of Medicine and University of Vermont Medical Center, Burlington, VT, USA

Cristoforo Scavone Department of Pharmacology, University of São Paulo,
Butantã, São Paulo, Brazil

Bianca Schröder-Heurich Department of Obstetrics, Gynecology and Reproduc-
tive Medicine, Hannover Medical School, Hannover, Germany

Contributors xxxix



Stine Schramm Centre for Global Health, Department of Clinical Research,
University of Southern Denmark, Odense C, Denmark

Maura L. Scott Florida State University, Tallahassee, FL, USA

Karin Sernec Unit for Eating Disorders, Center for Mental Health, University
Psychiatric Clinic Ljubljana, Ljubljana, Slovenia

Meera Shah Division of Endocrinology, Diabetes and Nutrition, Mayo Clinic
College of Medicine, Rochester, MN, USA

Gatha J. Shah Department of Physiology and Pharmacology, The State University
of New York Downstate Medical Center, Brooklyn, NY, USA

Bio-Defense Systems, Inc, Rockville Centre, NY, USA

Nilank C. Shah Department of Physiology and Pharmacology, The State
University of New York Downstate Medical Center, Brooklyn, NY, USA

Bio-Defense Systems, Inc, Rockville Centre, NY, USA

Raanan Shamir Institute of Gastroenterology, Nutrition and Liver Diseases,
Schneider Children’s Medical Center of Israel, Petah Tikva, Israel

Sackler Faculty of Medicine, Tel-Aviv University, Tel - Aviv, Israel

Raj Kumar Sharma Department of Nephrology, Sanjay Gandhi Post Graduate
Institute of Medical Sciences, Lucknow, Uttar Pradesh, India

Farzad Shidfar Department of Nutrition, School of Public Health, Iran University
of Medical Science, Tehran, Iran

Maria Sebastiana Silva Laboratory of Physiology, Nutrition and Health, Faculty
of Physical Education and Dance, Goias Federal University, Goiânia, GO, Brazil
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Abstract
Following ethnic, economic, and religious tensions, the republic of Biafra unilat-
erally declared independence from the rest of Nigeria in 1967. This action triggered
the Nigerian civil war in which the inflow of food and supplies to Biafra was blocked.
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The result was extensive famine, regarded as one of the great nutritional disasters of
modern times. During the two-and-a-half years of armed conflict, an estimated one
to three million people died, most of them from starvation.

Forty years later, adults in Enugu (the former capital of Biafra) who had been
conceived or born during the famine and who survived the famine show health
problems with two-to-three times higher prevalence of hypertension, glucose intol-
erance, and overweight than those born before or after the war. These findings
support that undernutrition early in life have significant and adverse impact on
human development and physiological design, eventually contributing to an
increased risk for noncommunicable diseases in adulthood such as ischemic
heart disease, stroke, and diabetes. The long-term effects of undernutrition during
pregnancy and in infancy should be considered and receive high priority when
setting goals for global health, education, and economic agendas.

Keywords
Sub-Saharan Africa · Nigeria · Biafran famine · Developmental origins of health
and disease · Fetal undernutrition · Intrauterine growth restriction · Low birth
weight · Metabolic syndrome · Diabetes · Hypertension · Overweight · Obesity

List of Abbreviations
BMI Body mass index
OR Odds ratio
SBP Systolic blood pressure

Introduction

Epidemiological evidence supported by experimental data suggests that public
health problems emerging in adult life are not only determined by genes and adult
life-style, but also by perinatal factors acting before and shortly after birth
(Barker 1998; Gluckman and Hanson 2004; Armitage et al. 2004; Gluckman et
al. 2009). According to this concept, early living conditions – of which fetal
nutrition is a key component – shape not only our ability to survive birth and
infancy, but also our physiological capacity to respond to health challenges
occurring later in life. In this way, developmental plasticity in response to early
under- or malnutrition can be considered an important, underlying mechanism
explaining why adults born small – a proxy for fetal starvation – are at increased
risks for cardiovascular disease and diabetes.

In the twenty-first century, the prevalence of obesity, hypertension, and insulin
resistance, i.e., the metabolic syndrome (sometimes also including a proinflammatory
and prothrombotic state) has increased (Manson et al. 2004; Franks et al. 2010). The
metabolic syndrome is the most important predictor of cardiovascular disease and type
2 diabetes (Rapsomaniki et al. 2014; Ekblom-Bak et al. 2009). In developed countries
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around 15% of the adult population is affected and in the developing world, rates of
metabolic syndrome are rapidly becoming even higher. As a result, 80% of all new
cases of diabetes and 85% of all deaths in cardiovascular disease are estimated to
occur in low-middle income countries by 2025–2030 (Joshi et al. 2008).

Although infections still plague many Sub-Saharan African countries, non-
communicable diseases are emerging as leading causes of morbidity and death
(Unwin 2001). Besides better economy and successful vaccination and educational
programs, this change in epidemiology is commonly attributed to rural-to-urban shifts
in adult lifestyle, typically involving obesity-promoting diet, lack of exercise, and
cigarette smoking (Yach et al. 2004). However, there may also be a significant perinatal
contribution to this development. In particular, people who suffered from undernu-
trition in utero and who later in life become exposed to nutritional affluence are
thought to run the greatest risks of cardiovascular disease and diabetes (Barker et al.
1993; Barker 1998; Gluckman and Hanson 2004).

The role of undernutrition during pregnancy for future childhood and adult health
has been evaluated in different settings exposed to famine, most of them outside
Sub-Saharan Africa (1991; Ravelli et al. 1998, 1999; Roseboom et al. 1999, 2001;
Victora et al. 2003, 2008; Bhargava et al. 2004; Richter et al. 2004; Sachdev et al.
2005; Grajeda et al. 2005). Given limited resources, previous and ongoing maternal
– infant undernutrition (Black et al. 2008) and growing numbers affected by car-
diovascular disease, obesity, diabetes, and hypertension (Ike 2009; Unwin 2001), the
significance of poor fetal-maternal health for adult disease risk, would be of great
importance to clarify in Sub-Saharan Africa as well. To do so, researchers from
Sweden and Nigeria focused on long-term health among adult survivors of the
Biafran famine occurring almost 50 years ago in Nigeria (Hult et al. 2010).

The Biafran Famine

In 1960, Nigeria became independent from United Kingdom. As with other new
African states, the borders of the country did not reflect earlier ethnic boundaries,
resulting in social unrest. As a culmination of ethnic and religious tensions, civil war
broke out in Nigeria on 6 July 1967, after the Igbo people in the south-eastern part
had declared independence as the Republic of Biafra. The struggle for control over
the large amount of oil in the southeastern Nigeria is also likely to have contributed
to armed conflict.

Disapproving of the secession, federal Nigerian forces rapidly encircled Biafran
territory and inflow of food to this densely populated enclave was stopped. The
resulting famine was extensive and has been regarded as one of the greatest nutritional
disasters of modern time (Miller 1970). Of the estimated one to three million Biafrans
that lost their lives, only a small fraction (10%) died in military actions and the rest
from starvation. International relief actions were launched but they were insufficient
and the majority of Igbos did not get access to food from these aid programs (Aall
1970). The war ended in January 1970, Fig. 1.
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