


 (https://serve.mdpi.com/www/my_files/cliiik.php?oaparams=0bannerid=2346zoneid=4cb=d5




Editorial Board
Health Economics Section (/journal/ijerph/sectioneditors/health_eco)

Global Health Section (/journal/ijerph/sectioneditors/public_health)

Environmental Health Section (/journal/ijerph/sectioneditors/environment_health)

Environmental Science and Engineering Section (/journal/ijerph/sectioneditors/environment_engineering)

Occupational Safety and Health Section (/journal/ijerph/sectioneditors/occupational_health)

Health Behavior, Chronic Disease and Health Promotion Section (/journal/ijerph/sectioneditors/health_promotion)

Climate Change Section (/journal/ijerph/sectioneditors/Climate_Change)

Infectious Disease Epidemiology Section (/journal/ijerph/sectioneditors/Infectious_Disease_Epidemiology)

Mental Health Section (/journal/ijerph/sectioneditors/Mental_Health)

Digital Health Section (/journal/ijerph/sectioneditors/Digital_Health)

Children's Health Section (/journal/ijerph/sectioneditors/Children_Health)

Women's Health Section (/journal/ijerph/sectioneditors/women_health)

Health Care Sciences & Services Section (/journal/ijerph/sectioneditors/health_care_sci)

Health Communication and Informatics Section (/journal/ijerph/sectioneditors/Health_Communication)

Toxicology and Public Health Section (/journal/ijerph/sectioneditors/Toxicology_and_Public_Health_1)

Public Health Statistics and Risk Assessment Section (/journal/ijerph/sectioneditors/Statistics_Risk_Assessment)

Environmental Microbiology Section (/journal/ijerph/sectioneditors/environmental_microbiology_)

Oral Health Section (/journal/ijerph/sectioneditors/Oral_Health)

Exercise and Health Section (/journal/ijerph/sectioneditors/Exercise-Health)

Traumas Section (/journal/ijerph/sectioneditors/traumas)

Nursing Section (/journal/ijerph/sectioneditors/nursing)

Adolescents Section (/journal/ijerph/sectioneditors/adolescents)

Skin Health Section (/journal/ijerph/sectioneditors/skin-health)

Disabilities Section (/journal/ijerph/sectioneditors/disabilities)

Reproductive Health Section (/journal/ijerph/sectioneditors/reproductive-health)

Sport and Health Section (/journal/ijerph/sectioneditors/sport_health)

Aging Section (/journal/ijerph/sectioneditors/aging)

Air Section (/journal/ijerph/sectioneditors/Air)

Water Science and Technology Section (/journal/ijerph/sectioneditors/water_science_technology)

Anthropogenic Circularity Section (/journal/ijerph/sectioneditors/anthropogen_circularity)

Chemoenvironment Section (/journal/ijerph/sectioneditors/chemoenvironment)

Environmental Earth Science and Medical Geology Section (/journal/ijerph/sectioneditors/earth)

Biosafety Section (/journal/ijerph/sectioneditors/biosafety)

Disease Prevention Section (/journal/ijerph/sectioneditors/disease_prevention)

Health-Related Quality of Life and Well-Being Section (/journal/ijerph/sectioneditors/health-related_quality_of_life_and_well-
being)

Injury Prevention and Rehabilitation Section (/journal/ijerph/sectioneditors/injury_prevention_and_rehabilitation)

Disaster Medicine Section (/journal/ijerph/sectioneditors/disaster_medicine)

Environmental Ecology Section (/journal/ijerph/sectioneditors/environmental_ecology)

Please note that the order in which the Editors appear on this page is alphabetical, and follows the structure of the editorial board
presented on the MDPI website under information for editors: editorial board responsibilities
(/editors#Editorial_Board_Responsibilities).

Back to TopTop

  

 (/)


 (/toggle_desktop_layout_cookie)

https://serve.mdpi.com/www/my_files/cliiik.php?oaparams=0bannerid=2346zoneid=4cb=d5847e29c8oadest=http%3A%2F%2Fwww.isde.org%2F
https://www.mdpi.com/journal/ijerph/sectioneditors/health_eco
https://www.mdpi.com/journal/ijerph/sectioneditors/public_health
https://www.mdpi.com/journal/ijerph/sectioneditors/environment_health
https://www.mdpi.com/journal/ijerph/sectioneditors/environment_engineering
https://www.mdpi.com/journal/ijerph/sectioneditors/occupational_health
https://www.mdpi.com/journal/ijerph/sectioneditors/health_promotion
https://www.mdpi.com/journal/ijerph/sectioneditors/Climate_Change
https://www.mdpi.com/journal/ijerph/sectioneditors/Infectious_Disease_Epidemiology
https://www.mdpi.com/journal/ijerph/sectioneditors/Mental_Health
https://www.mdpi.com/journal/ijerph/sectioneditors/Digital_Health
https://www.mdpi.com/journal/ijerph/sectioneditors/Children_Health
https://www.mdpi.com/journal/ijerph/sectioneditors/women_health
https://www.mdpi.com/journal/ijerph/sectioneditors/health_care_sci
https://www.mdpi.com/journal/ijerph/sectioneditors/Health_Communication
https://www.mdpi.com/journal/ijerph/sectioneditors/Toxicology_and_Public_Health_1
https://www.mdpi.com/journal/ijerph/sectioneditors/Statistics_Risk_Assessment
https://www.mdpi.com/journal/ijerph/sectioneditors/environmental_microbiology_
https://www.mdpi.com/journal/ijerph/sectioneditors/Oral_Health
https://www.mdpi.com/journal/ijerph/sectioneditors/Exercise-Health
https://www.mdpi.com/journal/ijerph/sectioneditors/traumas
https://www.mdpi.com/journal/ijerph/sectioneditors/nursing
https://www.mdpi.com/journal/ijerph/sectioneditors/adolescents
https://www.mdpi.com/journal/ijerph/sectioneditors/skin-health
https://www.mdpi.com/journal/ijerph/sectioneditors/disabilities
https://www.mdpi.com/journal/ijerph/sectioneditors/reproductive-health
https://www.mdpi.com/journal/ijerph/sectioneditors/sport_health
https://www.mdpi.com/journal/ijerph/sectioneditors/aging
https://www.mdpi.com/journal/ijerph/sectioneditors/Air
https://www.mdpi.com/journal/ijerph/sectioneditors/water_science_technology
https://www.mdpi.com/journal/ijerph/sectioneditors/anthropogen_circularity
https://www.mdpi.com/journal/ijerph/sectioneditors/chemoenvironment
https://www.mdpi.com/journal/ijerph/sectioneditors/earth
https://www.mdpi.com/journal/ijerph/sectioneditors/biosafety
https://www.mdpi.com/journal/ijerph/sectioneditors/disease_prevention
https://www.mdpi.com/journal/ijerph/sectioneditors/health-related_quality_of_life_and_well-being
https://www.mdpi.com/journal/ijerph/sectioneditors/injury_prevention_and_rehabilitation
https://www.mdpi.com/journal/ijerph/sectioneditors/disaster_medicine
https://www.mdpi.com/journal/ijerph/sectioneditors/environmental_ecology
https://www.mdpi.com/editors#Editorial_Board_Responsibilities
https://www.mdpi.com/
https://www.mdpi.com/toggle_desktop_layout_cookie






Search by first name, last name, affiliation, Members (1791)

Prof. Dr. Paul B. Tchounwou (https://sciprofiles.com/profile/84)
Website (https://www.morgan.edu/school-of-computer-mathematical-and-natural-sciences/deans-office-and-chairpersons/dr-

paul-tchounwou)
Editor-in-Chief
School of Computer, Mathematical & Natural Sciences, Morgan State University, 1700 East Cold Spring Lane, Baltimore, MD 21252, USA
Interests: environmental health and diseases; gene-environment interactions; environmental toxicology, mutagenesis and carcinogenesis;
environmental epidemiology and disease control; health risk assessment and management; ecological risk assessment and management;
environmental chemistry and computational toxicology; environmental genomics and proteomics; environmental medicine; and natural
resources damage assessment and management
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Javier Abián-Vicén (https://sciprofiles.com/profile/1313137) *
Website (https://dialnet.unirioja.es/servlet/autor?codigo=917925)

Section Editor-in-Chief
Performance and Sport Rehabilitation Laboratory (DEPORSALUD), Faculty of Sports Sciences, University of Castilla-La Mancha, Avda.
Carlos III s/n, 45071 Toledo, Spain
Interests: sport science; sport biomechanics; physical activity; caffeine; ergogenic aids; racquet sports; injury prevention; exercise
performance; sonoelastography in sports injury diagnosis
* Section: Injury Prevention and Rehabilitation
Special Issues, Collections and Topics in MDPI journals

Dr. David Berrigan (https://sciprofiles.com/profile/244332) *
Website (https://staffprofiles.cancer.gov/brp/prgmStaffProfile.do?contactId=1456)

Section Editor-in-Chief
Division of Cancer Control and Population Sciences, Behavioral Research Program, National Cancer Institute, 9609 Medical Center Drive
MSC 7344, Bethesda, MD 20892, USA
Interests: cancer prevention; built environment; physical activity; obesity; energy balance; natural experiments; transportation and health;
acculturation; geospatial approaches to cancer control; childhood obesity
* Section: Health Behavior, Chronic Disease and Health Promotion
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Fabrizio Bert (https://sciprofiles.com/profile/83970) *
Website (https://medchirurgia.campusnet.unito.it/do/docenti.pl/Show?_id=fbert)

Section Editor-in-Chief
Department of Public Health, University of Turin, Via Santena 5 bis, 10126 Turin, Italy
Interests: public health; epidemiology; e-health; mental health; minority health
* Section: Digital Health
Special Issues, Collections and Topics in MDPI journals

Dr. Zahid Ahmad Butt (https://sciprofiles.com/profile/1062057) *
Website (https://uwaterloo.ca/public-health-and-health-systems/people-profiles/zahid-butt)

Section Editor-in-Chief
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School of Public Health and Health Systems, University of Waterloo, 200 University Avenue West, Waterloo, ON N2L 3G1, Canada
Interests: HIV/HCV/HBV coinfections; vaccine preventable diseases; communicable and non-communicable disease syndemics; global
health; big data; spatial analysis of complex data
* Section: Infectious Disease Epidemiology
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Alessandra Casuccio (https://sciprofiles.com/profile/395539) *
Website (https://pure.unipa.it/en/persons/alessandra-casuccio-4)

Section Editor-in-Chief
Department of Health Promotion Sciences Maternal and Infant Care, Internal Medicine and Medical Specialties “G. D’Alessandro”—
Hygiene Section, University of Palermo, 90133 Palermo, Italy
Interests: health promotion; vaccination; breastfeeding; screening; health impact assessment
* Section: Women's Health
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Lingxin Chen (https://sciprofiles.com/profile/968812) *
 ( https://clarivate.com/highly-cited-researchers/2022 ) Website1 (https://people.ucas.ac.cn/~0008768?language=en)

Website2 (https://www.researchgate.net/profile/Lingxin-Chen)
Section Editor-in-Chief
CAS Key Laboratory of Coastal Environmental Processes and Ecological Remediation, Shandong Key Laboratory of Coastal
Environmental Processes, Research Center for Coastal Environmental Engineering and Technology of Shandong Province, Yantai Institute
of Coastal Zone Research, Chinese Academy of Sciences, Yantai 264003, China
Interests: coastal zone pollutants; typical water body pollutants; microanalysis techniques; environmental microanalysis; oceanic oil spill;
situ on-line and real-time environmental monitoring techniques
* Section: Environmental Science and Engineering
Special Issues, Collections and Topics in MDPI journals



Dr. Cristina Cortis (https://sciprofiles.com/profile/503847) *
Website (https://www.unicas.it/ricerca/dottorato-di-ricerca/corso-di-dottorato-in-modelli-e-contesti-educativi-sport,-inclusione-e-

tecnologie.aspx)
Section Editor-in-Chief
Department of Human Sciences, Society and Health, University of Cassino and Lazio Meridionale, 03043 Cassino, Italy
Interests: sport performance; athlete’s stress management; ageing wellbeing
* Section: Sport and Health
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Kristie L. Ebi (https://sciprofiles.com/profile/390396) *
Website (https://globalhealth.washington.edu/faculty/kristie-ebi)

Section Editor-in-Chief
Department of Global Health, University of Washington, 4225 Roosevelt Way NE, Seattle, WA 98105, USA
Interests: health risks of climate variability and change; health adaptation; health co-benefits of mitigation policy; sustainable development
* Section: Climate Change
Special Issues, Collections and Topics in MDPI journals
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Prof. Dr. Jimmy T. Efird (https://sciprofiles.com/profile/430) *
Website (https://loop.frontiersin.org/people/36394/overview)

Section Editor-in-Chief
1. VA Cooperative Studies Program Coordinating Center, Boston, MA 02130, USA
2. Department of Radiation Oncology, Case Western Reserve University School of Medicine, Cleveland, OH 44106, USA
Interests: statistical methods; epidemiological study design; risk modeling; cardiovascular disease; cancer
* Section: Public Health Statistics and Risk Assessment
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. William Douglas Evans (https://sciprofiles.com/profile/336941) *
Website (https://publichealth.gwu.edu/departments/prevention-and-community-health-global-health/w-douglas-evans)

Section Editor-in-Chief
Milken Institute School of Public Health, The George Washington University, Washington, DC 20052, USA
Interests: design and evaluation of interventions using digital technologies; improving health equity through marketing and communication;
social norms, social and behavior change (SBC); social marketing
* Section: Health Communication and Informatics
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Xinbin Feng (https://sciprofiles.com/profile/1026180) *
Website (http://www.gos4m.org/management-and-governance/bio-xinbin-feng/)

Section Editor-in-Chief
State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550081, China
Interests: biogeochemical cycling of heavy metals in the environment and health impacts; non-traditional stable isotope geochemistry;
remediation of heavy metal contaminated environment
* Section: Environmental Earth Science and Medical Geology
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Olaf Gefeller (https://sciprofiles.com/profile/206065) *
Website (https://www.fau.eu/person/olaf-gefeller/)

Section Editor-in-Chief
Department of Medical Informatics, Biometry and Epidemiology, Friedrich-Alexander-University of Erlangen-Nuremberg, 91054 Erlangen,
Germany
Interests: epidemiology; biostatistics; melanoma; ultraviolet radiation; UV index; prevention of sun exposure
* Section: Skin Health
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Ulf-G. Gerdtham (https://sciprofiles.com/profile/581667) *
Website (http://portal.research.lu.se/portal/en/persons/ulf-gerdtham(883e0d0d-e6d4-426b-8851-28c263a83e30).html)

Section Editor-in-Chief
Department of Clinical Sciences, Department of Economics, Lund University, P.O. Box 7082, S-220 07 Lund, Sweden
Interests: health economics; health econometrics; inequalities in health; economics of health behaviour; international health expenditure;
health system and organization
* Section: Health Economics
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Karl Goodkin (https://sciprofiles.com/profile/2322884) *
Website (https://www.unmc.edu/psychiatry/about/faculty/Goodkin.html)

Section Editor-in-Chief
Department of Psychiatry, University of Nebraska Medical Center in Omaha, Omaha, NE 68198, USA
Interests: HIV-associated neurocognitive disorders (HAND); major depressive disorder in persons living with HIV; aging and HIV infection;
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global epidemiology of HAND; psychoneuroimmunology; psycho-oncology; chronic pain
* Section: Mental Health

Dr. Jun Hou (https://sciprofiles.com/profile/692074) *
Website (http://hjxy.hhu.edu.cn/english/2017/1020/c9934a159184/page.htm)

Section Editor-in-Chief
College of Environment, Hohai University, Nanjing 210098, China
Interests: water quality improvement technology; water environment protection and bioremediation; coupling of biofilms and active
substrata; ecological engineering; nanomaterials for environmental remediation; environmental behaviors of nanomaterials; toxicity of
manufactured nanoparticles
* Section: Water Science and Technology
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Ivo Iavicoli (https://sciprofiles.com/profile/50033) *
Website (https://www.docenti.unina.it/ivo.iavicoli)

Section Editor-in-Chief
Department of Public Health, University of Naples Federico II, Via Pansini 5, 80131 Naples, Italy
Interests: occupational medicine; public health; nanosafety; active aging; occupational toxicology; industrial health; biological monitoring;
occupational risk assessment; occupational diseases; occupational carcinogens
* Section: Occupational Safety and Health
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Dongsheng Ji (https://sciprofiles.com/profile/2238773) *
Website (https://people.ucas.edu.cn/~dongshengji?language=en)

Section Editor-in-Chief
State Key Laboratory of Atmospheric Boundary Layer Physics and Atmospheric Chemistry, Institute of Atmospheric Physics, Chinese
Academy of Sciences, Beijing 100029, China
Interests: atmospheric environment; atmospheric chemistry; atmospheric physics; aerosol chemistry; volatile organic compounds;
photochemical air pollution; regional air pollution; hazardous airborne elements; carbonaceous aerosols; atmospheric pollution control
* Section: Air

Prof. Dr. Fulvio Lauretani (https://sciprofiles.com/profile/331763) *
Website (https://en.unipr.it/ugov/person/97003)

Section Editor-in-Chief
Geriatric-Rehabilitation Department, University Hospital of Parma, University of Parma, 43121 Parma, Italy
Interests: frail older persons; parkinsonism; dementia; amyloid PET; older persons
* Section: Aging
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Nicola Magnavita (https://sciprofiles.com/profile/184772) *
Website (https://www.researchgate.net/profile/Nicola_Magnavita)

Section Editor-in-Chief
Department of Public Health, Università Cattolica del Sacro Cuore, Largo Gemelli 8, 00168 Roma, Italy
Interests: health promotion; public health; epidemiology health; risk assessment; safety; risk analysis; epidemiology and public Health;
Healthcare; Environmental Risk Assessment; Health and Safety sleep disorders and sleep medicine; risk factors; determination health risk
assessment; exposure assessment; environmental exposure occupational health; hospital management; chemical risk assessment
environmental epidemiology; health impact assessment informed consent; occupational epidemiology; chemical safety occupational
medicine; occupational health and disease; inhalation toxicology; environmental medicine; aging and work; hazardous workers
* Section: Nursing
Special Issues, Collections and Topics in MDPI journals
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Dr. Pantelis T. Nikolaidis (https://sciprofiles.com/profile/147346) *
Website (https://www.researchgate.net/profile/Pantelis_Nikolaidis)

Section Editor-in-Chief
School of Health and Caring Sciences, University of West Attica, 12243 Athens, Greece
Interests: exercise testing; exercise physiology; ergometer; calorimetry; anaerobic power; cardiorespiratory fitness
* Section: Exercise and Health
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Jon Øyvind Odland (https://sciprofiles.com/profile/877454) *
Website (https://www.ntnu.no/ansatte/jon.o.odland)

Section Editor-in-Chief
Department of Public Health and Nursing, UiT The Arctic University of Norway, 9037 Tromso, Norway
Interests: public health; epidemiology; environmental health; reproductive health; pregnancy care; climate change
* Section: Global Health
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. David Rodríguez-Lázaro (https://sciprofiles.com/profile/929065) *
Website (https://investigacion.ubu.es/investigadores/35482/detalle?lang=en)

Section Editor-in-Chief
Microbiology Section, Department of Biotechnology and Food Science, Faculty of Science, University of Burgos, 09001 Burgos, Spain
Interests: food-borne pathogens; food safety; food microbiology
* Section: Environmental Microbiology
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Jinyou Shen (https://sciprofiles.com/profile/2120171) *
Website (https://ebe.njust.edu.cn/4b/d0/c5080a216016/page.htm)

Section Editor-in-Chief
School of Environmental and Biological Engineering, Nanjing University of Science and Technology, Nanjing 210094, China
Interests: wastewater treatment process; environmental engineering; anaerobic digestion; bioelectrochemistry; nanobiotechnology;
advanced oxidation processes treatment; environmental remediation; biodegradation; renewable energy
* Section: Chemoenvironment

Prof. Dr. Gianrico Spagnuolo (https://sciprofiles.com/profile/477376) *
Website (https://cutt.ly/VlhRTM1)

Section Editor-in-Chief
Department of Neuroscience, Reproductive and Odontostomatological Sciences, University of Naples "Federico II", 80131 Naples, Italy
Interests: oral medicine; dental materials; operative dentistry; oral health
* Section: Oral Health
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. William A. Toscano (https://sciprofiles.com/profile/10959) *
Website (https://directory.sph.umn.edu/bio/sph-a-z/william-toscano)

Section Editor-in-Chief
Division of Environmental Health Sciences, School of Public Health, University of Minnesota, Minneapolis, MN 55455, USA
Interests: toxicology; environmental hormones; public health genomics; environmental signaling Back to TopTop
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* Section: Environmental Health
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Germán Vicente-Rodríguez (https://sciprofiles.com/profile/692355) *
Website (https://sideral.unizar.es/sideral/CV/german-vicente-rodriguez)

Section Editor-in-Chief
Department of Physiatry and Nursing, Faculty of Health and Sport Sciences (FCSD), University of Zaragoza, Ronda Misericordia 5, 22001
Huesca, Spain
Interests: adolescents; MASS; osteoporosis; children; fractures; physical-activity; publication bias; weight-bearing exercise; vitamin-D
status; impact exercise
* Section: Adolescents
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Linyu Xu (https://sciprofiles.com/profile/44912) *
Website (http://envfaculty.bnu.edu.cn/Public/htm/news/5/37.html)

Section Editor-in-Chief
State Key Joint Laboratory of Environmental Simulation and Pollution Control, School of Environment, Beijing Normal University, Beijing
100875, China
Interests: urban ecological environment; economic environmental management; environmental risk assessment; urban ecological planning
* Section: Environmental Ecology
Special Issues, Collections and Topics in MDPI journals

Dr. Xianlai Zeng (https://sciprofiles.com/profile/152107) *
Website (https://www.tsinghua.edu.cn/enven/info/1052/1964.htm)

Section Editor-in-Chief
School of Environment, Tsinghua University, Beijing 100084, China
Interests: urban mining; resource evaluation; E-waste management; circular economy
* Section: Anthropogenic Circularity
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Luca Paolo Ardigò (https://sciprofiles.com/profile/455338) *
Website (https://www.nla.no/en/ansattliste/ansatte/luca-paolo-ardigo/)

Section Associate Editor
Department of Teacher Education, NLA University College, Linstows Gate 3, 0166 Oslo, Norway
Interests: biomechanics
* Section: Exercise and Health
Special Issues, Collections and Topics in MDPI journals

Dr. Chiara Baldacchini (https://sciprofiles.com/profile/625021) *
Website (https://www.researchgate.net/profile/Chiara_Baldacchini)

Section Associate Editor
1. Dipartimento di Scienze Ecologiche e Biologiche (DEB), Università degli Studi della Tuscia, 01100 Viterbo, Italy
2. Istituto di Ricerca sugli Ecosistemi Terrestri (IRET), Consiglio Nazionale delle Ricerche (CNR), 05010 Porano, Italy
Interests: impact of nature-based solutions on environment and society; development of new techniques to assess the air quality
mitigation by plants; use of urban forest for source apportionment

Back to TopTop

  

 (/)


 (/toggle_desktop_layout_cookie)

https://sideral.unizar.es/sideral/CV/german-vicente-rodriguez
https://sciprofiles.com/profile/692355
http://envfaculty.bnu.edu.cn/Public/htm/news/5/37.html
https://sciprofiles.com/profile/44912
https://www.tsinghua.edu.cn/enven/info/1052/1964.htm
https://sciprofiles.com/profile/152107
https://www.nla.no/en/ansattliste/ansatte/luca-paolo-ardigo/
https://sciprofiles.com/profile/455338
https://www.researchgate.net/profile/Chiara_Baldacchini
https://sciprofiles.com/profile/625021
https://www.mdpi.com/
https://www.mdpi.com/toggle_desktop_layout_cookie






* Section: Environmental Science and Engineering
Special Issues, Collections and Topics in MDPI journals

Dr. Jeanine M. Buchanich (https://sciprofiles.com/profile/262934) *
Website (https://www.publichealth.pitt.edu/home/directory/jeanine-buchanich)

Section Associate Editor
Department of Biostatistics, Graduate School of Public Health, Center for Occupational Biostatistics and Epidemiology, University of
Pittsburgh, Pittsburgh, PA 15260, USA
Interests: epidemiology; biostatistics; vital statistics; environmental health; occupational health; substance-related disorders; drug
overdose; mortality; social determinants of health
* Section: Environmental Health
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Oliver Grundmann (https://sciprofiles.com/profile/477085) *
Website (https://pharmacy.ufl.edu/profile/grundmann-oliver/)

Section Associate Editor
Department of Medicinal Chemistry, College of Pharmacy, University of Florida, Gainesville, FL 32610, USA
Interests: forensic & clinical toxicology; natural products pharmacology & toxicology; dietary supplement quality & safety; pharmacology &
toxicology of psychoactive drugs; epidemiology of drug use & abuse
* Section: Toxicology and Public Health
Special Issues, Collections and Topics in MDPI journals

Dr. Vikas Kumar (https://sciprofiles.com/profile/1045918) *
Website (https://www.researchgate.net/profile/Vikas-Kumar-155)

Section Associate Editor
Environmental Engineering Laboratory, Departament d'Enginyeria Quimica, Universitat Rovira i Virgili, Av. Països Catalans 26, 43007
Tarragona, Catalonia, Spain
Interests: system toxicology; biostatistics; big data and data analytics; exposure science; human biomonitoring; epidemiology;
environmental and human-health risk assessment; internal dosimetry modeling (PBPK); climate change linked risk assessment
* Section: Environmental Health
Special Issues, Collections and Topics in MDPI journals

Dr. Romuald Lepers (https://sciprofiles.com/profile/636850) *
Website (https://u1093.u-bourgogne.fr/membre/lepers.romuald/)

Section Associate Editor
Faculté des Sciences du Sport (UFR Staps), Université de Bourgogne, 21078 Dijon, France
Interests: neurophysiology; neuromuscular plasticity; electromyostimulation; mental fatigue; aging and performance
* Section: Exercise and Health

Dr. Hanns Moshammer (https://sciprofiles.com/profile/52940) *
Website (https://zph.meduniwien.ac.at/umwelthygiene/allgemeine-informationen/mitarbeiterinnen/hanns-moshammer/)

Section Associate Editor
Institute of Environmental Health, Center for Public Health, Medical University of Vienna, Kinderspitalgasse 15, A-1090 Vienna, Austria
Interests: environmental and occupational epidemiology; environmental health impact assessment
* Section: Environmental Health
Special Issues, Collections and Topics in MDPI journals
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Dr. Elena Rada (https://sciprofiles.com/profile/88816) *
Website (https://www.uninsubria.it/hpp/elena-cristina.rada)

Section Associate Editor
Department of Theoretical and Applied Sciences – DiSTA, Insubria University of Varese, Via G.B. Vico, 46, 21100 Varese, Italy
Interests: resources; renewable energy; environmental sustainability; circular economy
* Section: Environmental Science and Engineering
Special Issues, Collections and Topics in MDPI journals

Dr. Daniela Varrica (https://sciprofiles.com/profile/313145) *
Website (https://pure.unipa.it/it/persons/daniela-varrica-4)

Section Associate Editor
Dipartimento di Scienze della Terra e del Mare (DiSTeM), Università degli Studi di Palermo, 90123 Palermo, Italy
Interests: different aspects of environmental geochemistry; ranging from hydrogeochemistry to air; water and soil pollution in volcanic;
mining and anthropic areas
* Section: Environmental Science and Engineering
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Youfa Wang (https://sciprofiles.com/profile/2319677) *
Website (http://ghi.xjtu.edu.cn/en/info/1014/1131.htm)

Section Associate Editor
Global Health Institute and School of Public Health, Xi’an Jiaotong University, Xi'an 710061, China
Interests: obesity and chronic disease prevention and control; health disparities; nutritional epidemiology; health promotion; global health
* Section: Health Behavior, Chronic Disease and Health Promotion
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Peter Clifton (https://sciprofiles.com/profile/336938)
Website (https://people.unisa.edu.au/Peter.Clifton)

Advisory Board Member
1. Division of Health Sciences, School of Pharmacy and Medical Sciences, University of South Australia, Adelaide, SA, Australia
2. Alliance for Research in Exercise, Nutrition and Activity (ARENA), Adelaide, SA, Australia
Interests: obesity; lipids; diabetes; heart disease
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Peter Ebeling (https://sciprofiles.com/profile/374313)
Website (https://research.monash.edu/en/persons/peter-ebeling)

Advisory Board Member
Department of Medicine, School of Clinical Sciences at Monash Health, Monash University, Clayton, VIC 3168, Australia
Interests: osteoporosis; sarcopenia; vitamin D; calcium; fractures; falls
Special Issues, Collections and Topics in MDPI journals

Prof. Fabriziomaria Gobba (https://sciprofiles.com/profile/375687)
Website (http://personale.unimore.it/rubrica/dettaglio/gobba) Back to TopTop
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Advisory Board Member
Department of Biomedical, Metabolic and Neural Sciences, University of Modena & Reggio Emilia, 41125 Modena, Italy
Interests: occupational medicine; occupational diseases; non-ionizing radiations (NIRs): occupational exposure evaluation, adverse health
effects in workers, and prevention; occupational skin cancer: epidemiology and prevention; visual function in workers: occupational risks to
the eye, prevention
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Han C. G. Kemper (https://sciprofiles.com/profile/185792)
Website (https://www.researchgate.net/profile/Han-Kemper-2)

Advisory Board Member
Amsterdam UMC, Amsterdam Public Health Research Institute, 1218 HD Amsterdam, The Netherlands
Interests: exercise and sport science; pediatric exercise physiology; physical activity and bone health
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Jagdish Khubchandani (https://sciprofiles.com/profile/994451)
Website (https://publichealth.nmsu.edu/about-us/facultydirectory/faculty_profiles/faculty1.html)

Advisory Board Member
Department of Public Health Sciences, New Mexico State University, Las Cruces, NM 88003, USA
Interests: epidemiology; violence; injury; trauma; social determinants
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Elena N. Naumova
Website (https://facultyprofiles.tufts.edu/elena-naumova)

Advisory Board Member
Division of Nutrition Epidemiology and Data Sciences, Freidman School of Nutrition Science and Policy, Tufts University, 150 Harrison
Avenue, Boston, MA 02111, USA
Interests: development of statistical, mathematical and computational models for climate-sensitive infectious diseases; the use of big data,
novel information sources and tools, including GIS and remote sensing in public health applications and environmental research
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Tomonori Okamura (https://sciprofiles.com/profile/1146790)
Website (https://k-ris.keio.ac.jp/html/100002086_en.html)

Advisory Board Member
Department of Preventive Medicine and Public Health, Keio University School of Medicine, Tokyo 160-8582, Japan
Interests: cardiovascular epidemiology; coronary artery disease; stroke; hypertension; dyslipidemia; atherosclerosis; alcohol drinking;
population strategy; health education; epidemiology

Dr. Renata Sisto (https://sciprofiles.com/profile/670083)
Website

(https://web.uniroma1.it/trasparenza/sites/default/files/cv/CV%20Renata%20Sisto%20fomato%20europeo%20maggio%202018.pdf)
Advisory Board Member
Head of the Laboratory of Synergistic Interaction among Risk Factors, Department of Occupational and Environmental Medicine,
Epidemiology and Hygiene, INAIL Research Area, via Fontana Candida 1, 00040 Monteporzio Catone, Italy
Interests: physiological acoustics; noise exposure; synergistic interaction of noise and chemicals in inducing hearing loss; otoacoustic
emissions; cohlear modeling

Prof. Dr. Jacqueline Agnew (https://sciprofiles.com/profile/2575977)
Website (https://www.jhsph.edu/faculty/directory/profile/3/jacqueline-agnew)

Editorial Board Member Back to TopTop
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Department of Environmental Health and Engineering, Johns Hopkins University Bloomberg School of Public Health, Baltimore, MD 21205,
USA
Interests: environmental health sciences; aging workers; occupational health; occupational stress; musculoskeletal disorders; ergonomics;
neurotoxins

Dr. Fulvio Amato (https://sciprofiles.com/profile/442024)

Editorial Board Member
IDAEA-CSIC - Spanish Research Council, Barcelona, Spain
Interests: air quality; source apportionment; traffic emissions; atmospheric geochemistry
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Alan Apter (https://sciprofiles.com/profile/617533)
Website (https://www.idc.ac.il/en/pages/faculty.aspx?username=aalan)

Editorial Board Member
Department of Psychological Medicine, Schneider Children’s Medical Center of Israel, Petah Tikva 4920235, Israel
Interests: suicide; children; adolescents; depression; Tourette syndrome
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Soledad Ballesteros (https://sciprofiles.com/profile/495546)
Website (https://portal.uned.es/portal/page?_pageid=93,25162945&_dad=portal&_schema=PORTAL)

Editorial Board Member
Department of Basic Psychology II, National Distance Education University (UNED), C/ Juan del Rosal, 10, 28040 Madrid, Spain
Interests: mplicit and explicit memory in normal and pathological aging; attention; cross-modal priming; haptic and visual perception and
cognitive neuroscience of aging

Prof. Dr. John R. Balmes (https://sciprofiles.com/profile/543428)
Website (https://tobacco.ucsf.edu/people/john-balmes-md)

Editorial Board Member
Division aof Occupational and Environmental Medicine, School of Medicine, University of California, San Francisco, CA 94143, USA
Interests: effects of exposure to air pollution; environmental health; environmental medicine

Prof. Dr. Claudio Barbaranelli (https://sciprofiles.com/profile/2510487)
Website (https://corsidilaurea.uniroma1.it/it/users/claudiobarbaranelliuniroma1it)

Editorial Board Member
Department of Psychology, Sapienza University of Rome, Via dei Marsi, 78, 00185 Rome, Italy
Interests: structural equation modeling; self-efficacy; moral disengagement; work related stress; scale development and validation;
personality structure; job insecurity; safety at work

Dr. Emma Beard (https://sciprofiles.com/profile/808050)
Website (https://www.ucl.ac.uk/pals/people/emma-beard)

Editorial Board Member
1. Department of Behavioural Science and Health, University College London, London WC1E 7HB, UK
2: SPECTRUM Research Consortium, Edinburgh EH8 9YL, UK
Interests: statistical methodology; Bayesian analysis and advanced regression methodologies; qualitative studies and smaller community
based surveys; smoking and alcohol toolkit studies

Prof. Dr. Bettina M. Beech (https://sciprofiles.com/profile/2421427)
Website (https://www.uh.edu/medicine/about/faculty/bettina-beech/)

Editorial Board Member
1. Department of Health Systems and Population Health Sciences, University of Houston Tilman J. Fertitta Family College of Medicine,
Houston, TX 77204, USA Back to TopTop
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2. University of Houston Population Health, University of Houston, Houston, TX 77030, USA
Interests: prevention and treatment of childhood obesity; health disparities research; adolescent health

Prof. Dr. Giovanni Benelli (https://sciprofiles.com/profile/688957)
 ( https://recognition.webofscience.com/awards/highly-cited/2020/ ) Website (https://peerj.com/GBenelli/)

Editorial Board Member
Department of Agriculture, Food and Environment, University of Pisa, via del Borghetto 80, 56124 Pisa, Italy
Interests: arthropod vectors; entomology; insect control; mosquitoes; nano-synthesis; nanoparticles; nano-pesticides; nanotechnology;
non-target effects; ticks
Special Issues, Collections and Topics in MDPI journals



Prof. Dr. Peng Bi (https://sciprofiles.com/profile/208178)
Website (http://www.adelaide.edu.au/directory/peng.bi)

Editorial Board Member
School of Public Health, The University of Adelaide, Adelaide, SA 5005, Australia
Interests: climate change and population health; adaptation; vulnerability; infectious disease; disaster response; public health policy and
health services
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Fabrizio Bianchi (https://sciprofiles.com/profile/244737)
Website (https://areaperta.pi.cnr.it/fabrizio-bianchi/)

Editorial Board Member
Institute of Clinical Physiology, National Research Council, 56124 Pisa, Italy
Interests: environmental epidemiology; statistics; environment and health research; reproductive epidemiology; clinical epidemiology;
medical statistics; diseases registries; public health surveillance
Special Issues, Collections and Topics in MDPI journals

Dr. Guillermo Blanco (https://sciprofiles.com/profile/1024698)
Website (https://canarianegyptianvulture.com/current-members/)

Editorial Board Member
National Museum of Natural Sciences, Spanish National Research Council, Consejo Superior de Investigaciones Científicas, 28006
Madrid, Spain
Interests: conservation biology; ecology; birds; ecotoxicology; pathogens; evolution; raptors; parrots; corvids; behavioural ecology;
population dynamics; population trends; antibiotics; salmonella; parasites; conservation management; wildlife
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Denis Bourgeois (https://sciprofiles.com/profile/1015897)
Website (https://cappmea.com/speaker/prof-denis-bourgeois)

Editorial Board Member
Health, Systemic, Process, UR 4129 Research Unit, University of Lyon, 69008 Lyon, France
Interests: chronic diseases; periodontology; inflammation; health policy
Special Issues, Collections and Topics in MDPI journals

Dr. Jennifer Bragg-Gresham (https://sciprofiles.com/profile/2393650)
Website (https://apha.confex.com/apha/143am/webprogram/Person294765.html)

Editorial Board Member Back to TopTop
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School of Public Health, University of Michigan, 1119 N University Ave, Ann Arbor, MI 48109-1084, USA
Interests: epidemiology; genetic epidemiology; chronic kidney disease; environmental health risks

Prof. Dr. Michael S. Breen (https://sciprofiles.com/profile/84639)
Website (https://www.ccee.ncsu.edu/people/msbreen/)

Editorial Board Member
Center for Public Health & Environmental Assessment, U.S. Environmental Protection Agency, Research Triangle Park, NC 27711, USA
Interests: exposure monitoring and assessment
Special Issues, Collections and Topics in MDPI journals

Dr. Tamara Brown (https://sciprofiles.com/profile/92085)
Website1 (https://www.leedsbeckett.ac.uk/staff/dr-tamara-brown/) Website2 (https://www.stir.ac.uk/people/1244009#aboutme)

Editorial Board Member
1. Obesity Institute, School of Health, Leeds Beckett University, Leeds LS1 3HE, England, UK
2. Faculty of Social Sciences, University of Stirling, Stirling FK9 4LA, Scotland, UK
Interests: obesity; behaviour change; lived experience; public health; health equity
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. David Canning (https://sciprofiles.com/profile/2486550)
Website (https://www.hsph.harvard.edu/david-canning/)

Editorial Board Member
Department of Global Health and Population, Harvard T. H. Chan School of Public Health, Boston, MA 02115, USA
Interests: air pollution and mortality; air pollution and cognition; inequalities in health; fertility

Dr. Emanuele Cannizzaro (https://sciprofiles.com/profile/741485)
Website (https://www.unipa.it/persone/docenti/c/emanuele.cannizzaro/?pagina=curriculum)

Editorial Board Member
Associate Professor, Department of Health Promotion Sciences Maternal and Infantile Care, Internal Medicine and Medical Specialities
“Giuseppe D’Alessandro”, University of Palermo, via del Vespro 133, 90127 Palermo, Italy
Interests: occupational medicine; toxicology; work-related stress; swift work
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Gustavo Carlo (https://sciprofiles.com/profile/2483588)
Website (https://www.faculty.uci.edu/profile.cfm?faculty_id=6783)

Editorial Board Member
School of Education, University of California, Irvine, CA 92697, USA
Interests: prosocial and moral development; cultural mechanisms; personality; parenting; child and adolescent development

Prof. Dr. Marco Carmignani (https://sciprofiles.com/profile/1193279)
Website (https://wwwunivaq.it/rubrica.php?id=84&docente=on)

Editorial Board Member
Department of Basic and Applied Biology, Università degli Studi dell'Aquila, 6710 L'Aquila0, Italy
Interests: cardiovascular pharmacology/toxicology; environmental pollutants; xenobiotics and cancer; neuroendocrine toxicology
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Prof. Dr. Constantinos Cartalis (https://sciprofiles.com/profile/103106)
Website (https://uoa.academia.edu/ConstantinosCartalis)

Editorial Board Member
Department of Physics, National and Kapodistrian University of Athens, 15784 Athens, Greece
Interests: urban environment; air pollution; thermal environment in cities; climate change adaptation
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Albert P. C. Chan (https://sciprofiles.com/profile/241706)
Website (http://www.bre.polyu.edu.hk/staff/bsachan/)

Editorial Board Member
Faculty of Construction and Environment, The Hong Kong Polytechnic University, Hong Kong, China
Interests: construction safety and health; project management and project success; project finance and public private partnerships (PPP);
construction procurement and relational contracting; construction industry development
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Susanne Charlesworth (https://sciprofiles.com/profile/150964)
Website (http://www.coventry.ac.uk/research/research-directories/researchers/sue-charlesworth/)

Editorial Board Member
Centre for Agroecology, Water and Resilience, Coventry University, Coventry CV1 5FB, UK
Interests: sustainable drainage (SuDS); water and sediment quality in SuDS devices; metal pollution of urban environments; drainage of
informal settlements and refugee camps; Natural Flood Resilience Measures
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Judith L. Charlton (https://sciprofiles.com/profile/2026553)
Website (https://research.monash.edu/en/persons/judith-charlton)

Editorial Board Member
Monash University Accident Research Centre, Monash University, Melbourne 3800, Australia
Interests: safe mobility; ageing; child passenger safety; future transport technologies; older drivers

Prof. Dr. Lianguo Chen (https://sciprofiles.com/profile/1568596)
Website1 (http://www.ihb.ac.cn/yjdw/yjy/index_83634.html?

json=http://sourcedb.ihb.cas.cn/cn/gb/yjy1/shjgcyjzx_172772/201810/t20181031_5749597.json) Website2
(http://edu.ihb.cas.cn/ds/bsds/202103/t20210304_627617.html)
Editorial Board Member
Institute of Hydrobiology, Chinese Academy of Science, Wuhan 430072, China
Interests: environmental behavior, toxicology, and molecular mechanisms of emerging pollutants; development of toxicity-ameliorative
measures based on gut microbiota manipulation to protect the health of animals and humans
Special Issues, Collections and Topics in MDPI journals

Dr. Mei-chun Cheung (https://sciprofiles.com/profile/1658819)
Website (https://web.swk.cuhk.edu.hk/en-gb/people/full-time-teaching-staff/136-prof-cheung-mei-chun)

Editorial Board Member
Department of Social Work, The Chinese University of Hong Kong, Hong Kong, China
Interests: clinical neuropsychology; clinical intervention; aging and dementia; autism spectrum disorder
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Prof. Dr. Imti Choonara (https://sciprofiles.com/profile/79245)
Website (https://www.nottingham.ac.uk/medicine/people/imti.choonara)

Editorial Board Member
Division of Medical Sciences and Graduate Entry Medicine, University of Nottingham, Derby DE22 3DT, UK
Interests: drug toxicity; clinical trials; rational use of medicines; epidemiology of the use of medicines; inequalities in child health; access to
medicines in children
Special Issues, Collections and Topics in MDPI journals

Dr. Cain Clark (https://sciprofiles.com/profile/369316)
Website (https://pureportal.coventry.ac.uk/en/persons/cain-clark)

Editorial Board Member
Centre for Intelligent Healthcare, Coventry University, Coventry CV1 5RW, UK
Interests: data analytics; visualization and meta-analyses; physical activity; motor competence; sedentary behaviour
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Derek Clements-Croome (https://sciprofiles.com/profile/11099)
Website (https://derekcroome.com/)

Editorial Board Member
School of the Built Environment, University of Reading, PO Box 219, Whitek Nights, Reading RG6 6AW, UK
Interests: health and wellbeing; design and management of intelligent buildings; sustainable liveable buildings; environmental sensory
design; creating productive and creative workplaces
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Peter Congdon (https://sciprofiles.com/profile/36143)
Website (https://www.qmul.ac.uk/geog/staff/congdonp.html)

Editorial Board Member
School of Geography, Queen Mary University of London, Mile End Road, London E1 4NS, UK
Interests: geographical health inequalities; spatial epidemiology; urban environments and health
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Paola Dalmasso (https://sciprofiles.com/profile/1130341)
Website (https://medchirurgia.campusnet.unito.it/do/docenti.pl/Alias?paola.dalmasso#tab-profilo)

Editorial Board Member
Department of Public Health and Pediatrics, University of Torino, 10126 Torino, Italy
Interests: public health; epidemiology; biostatistics; child and adolescent health; well-being and health complaints; health behaviors
Special Issues, Collections and Topics in MDPI journals
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Abstract Dam-break flooding is a potential hazard for reservoirs that poses a considerable threat to human lives and property in downstream areas.
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Abstract The effect of the freeze-thaw process is an important factor in soil nutrient changes and erosion enhancement. Sediments in the middle reaches
of the Yarlung Zangbo River are likely affected by the daily freeze-thaw cycles in winter. Examining the freeze-thaw effects of phosphorus [...] Read more.

  

 (/)


 (/toggle_desktop_layout_cookie)



https://www.mdpi.com/1660-4601/16/19/3785/pdf?version=1570692928
https://www.mdpi.com/1660-4601/16/19/3784/pdf?version=1570615798
https://www.mdpi.com/1660-4601/16/19/3783/pdf?version=1570619777
https://www.mdpi.com/journal/ijerph/sections/environment_engineering
https://pub.mdpi-res.com/ijerph/ijerph-16-03786/article_deploy/html/images/ijerph-16-03786-g001-550.jpg?1571157454
https://pub.mdpi-res.com/ijerph/ijerph-16-03786/article_deploy/html/images/ijerph-16-03786-g002-550.jpg?1571157453
https://pub.mdpi-res.com/ijerph/ijerph-16-03786/article_deploy/html/images/ijerph-16-03786-g003-550.jpg?1571157454
https://pub.mdpi-res.com/ijerph/ijerph-16-03786/article_deploy/html/images/ijerph-16-03786-g004-550.jpg?1571157453
https://pub.mdpi-res.com/ijerph/ijerph-16-03786/article_deploy/html/images/ijerph-16-03786-g005-550.jpg?1571157453
https://pub.mdpi-res.com/ijerph/ijerph-16-03786/article_deploy/html/images/ijerph-16-03786-g006-550.jpg?1571157454
https://pub.mdpi-res.com/ijerph/ijerph-16-03786/article_deploy/html/images/ijerph-16-03786-g007-550.jpg?1571157454
https://pub.mdpi-res.com/ijerph/ijerph-16-03786/article_deploy/html/images/ijerph-16-03786-g008-550.jpg?1571157454
https://pub.mdpi-res.com/ijerph/ijerph-16-03786/article_deploy/html/images/ijerph-16-03786-g009-550.jpg?1571157453
https://pub.mdpi-res.com/ijerph/ijerph-16-03786/article_deploy/html/images/ijerph-16-03786-g010-550.jpg?1571157453
https://pub.mdpi-res.com/ijerph/ijerph-16-03786/article_deploy/html/images/ijerph-16-03786-g011-550.jpg?1571157453
https://pub.mdpi-res.com/ijerph/ijerph-16-03786/article_deploy/html/images/ijerph-16-03786-g012-550.jpg?1571157453
https://www.mdpi.com/1660-4601/16/19/3785
https://sciprofiles.com/profile/477760
https://sciprofiles.com/profile/577475
https://sciprofiles.com/profile/568902
https://sciprofiles.com/profile/1338561
https://sciprofiles.com/profile/author/TExhelpnNTJhSW9QZkFRa0hzTXFRMC9kdUg0eUduK1haMXp4WVhUZ2h5UT0=
https://doi.org/10.3390/ijerph16193785
https://www.mdpi.com/1660-4601/16/19/3785#metrics
https://www.mdpi.com/journal/ijerph/special_issues/Tourism_Health
https://pub.mdpi-res.com/ijerph/ijerph-16-03785/article_deploy/html/images/ijerph-16-03785-g001-550.jpg?1571157431
https://pub.mdpi-res.com/ijerph/ijerph-16-03785/article_deploy/html/images/ijerph-16-03785-g002-550.jpg?1571157431
https://www.mdpi.com/1660-4601/16/19/3784
https://sciprofiles.com/profile/833839
https://sciprofiles.com/profile/705070
https://sciprofiles.com/profile/1071421
https://sciprofiles.com/profile/846755
https://sciprofiles.com/profile/1007580
https://doi.org/10.3390/ijerph16193784
https://www.mdpi.com/1660-4601/16/19/3784#metrics
https://www.mdpi.com/journal/ijerph/special_issues/sports_performance
https://pub.mdpi-res.com/ijerph/ijerph-16-03784/article_deploy/html/images/ijerph-16-03784-g001-550.jpg?1571157386
https://pub.mdpi-res.com/ijerph/ijerph-16-03784/article_deploy/html/images/ijerph-16-03784-g002-550.jpg?1571157386
https://www.mdpi.com/1660-4601/16/19/3783
https://sciprofiles.com/profile/308553
https://sciprofiles.com/profile/author/NjBIMHNNbU9qdytYalJrdzdDbDZHbkxxNCtNSVVkNHpybTVWdVlod3NZND0=
https://sciprofiles.com/profile/363405
https://sciprofiles.com/profile/308553
https://sciprofiles.com/profile/author/d2ltaW9ZdzJGejhKQUdNL3RQN0dwNFpWNkdMRVUrckhaT3JNdHF2S3cxST0=
https://sciprofiles.com/profile/author/ZHhRbWRDUXpTRFZTMEl3UmJ5MmovUT09
https://doi.org/10.3390/ijerph16193783
https://www.mdpi.com/1660-4601/16/19/3783#metrics
https://www.mdpi.com/
https://www.mdpi.com/toggle_desktop_layout_cookie


 (/1660-4601/16/19/3782/pdf?version=1570707034)

 (/1660-4601/16/19/3781/pdf?version=1570620802)

 (/1660-4601/16/19/3780/pdf?version=1570755531)

(This article belongs to the Special Issue Water Quality Improvement and Ecological Restoration ( /journal/ijerph/special_issues/WQ_ER ))

► Show Figures
(https://pub.mdpi-res.com/ijerph/ijerph-16-03783/article_deploy/html/images/ijerph-16-03783-g001-550.jpg?1571157341) (https://pub.mdpi-

res.com/ijerph/ijerph-16-03783/article_deploy/html/images/ijerph-16-03783-g002-550.jpg?1571157341) (https://pub.mdpi-res.com/ijerph/ijerph-16-

03783/article_deploy/html/images/ijerph-16-03783-g003-550.jpg?1571157342) (https://pub.mdpi-res.com/ijerph/ijerph-16-

03783/article_deploy/html/images/ijerph-16-03783-g004-550.jpg?1571157342) (https://pub.mdpi-res.com/ijerph/ijerph-16-

03783/article_deploy/html/images/ijerph-16-03783-g005-550.jpg?1571157341) (https://pub.mdpi-res.com/ijerph/ijerph-16-

03783/article_deploy/html/images/ijerph-16-03783-g006-550.jpg?1571157342) (https://pub.mdpi-res.com/ijerph/ijerph-16-

03783/article_deploy/html/images/ijerph-16-03783-g007-550.jpg?1571157341)

Open Access Article

Signage Interventions for Stair Climbing at Work: More than 700,000 Reasons for Caution (/1660-4601/16/19/3782)
by Anna Puig-Ribera (https://sciprofiles.com/profile/50955),

Anna M. Señé-Mir (https://sciprofiles.com/profile/author/cUNjMUY3WjVvdmhJbFUwYkc0cENVYmxOYjAwNWgxb1ZTTHc2VXZUc09GZz0=),
Guy A. H. Taylor-Covill (https://sciprofiles.com/profile/author/YldJQW1YUUFrMUdzZVJuVDF5YnNFcjBPYXp6S3EvWHEyaUJ2TXk4b2p4VT0=)

,
Núria De Lara (https://sciprofiles.com/profile/author/emVTUUx2bHJhZ0hqdVJxSHJ3WlRyMnlxTnBrM2RmTzhpRUt6dVZnYnFsZz0=),
Douglas Carroll (https://sciprofiles.com/profile/author/VUJHUkVPMDF5Vi9jL09zNE5MMzdTMFN5aWM4b3E3bGM0N2dqcGZMd2d1VT0=),
Amanda Daley (https://sciprofiles.com/profile/author/UUF6TkJTMTJYelZhcWU0UHdmalAySVM3YXNFTGlWaDNXcXpWYnlFNUVTOD0=),
Roger Holder (https://sciprofiles.com/profile/author/akM0bFI3a3hXQVNhQ0RjMkZ1VFd0a3FnOTdPZUs4cHhZSDNQQlJFeXFiMD0=),
Erica Thomas (https://sciprofiles.com/profile/author/MldhT3lHeUJkMUJJbUJjWU90aHNQTTNIY0JKZWNsUXdvU1BHMFJaR01uMD0=),
Raimon Milà (https://sciprofiles.com/profile/107784) and Frank F. Eves (https://sciprofiles.com/profile/829577)

Int. J. Environ. Res. Public Health 2019, 16(19), 3782; https://doi.org/10.3390/ijerph16193782 (https://doi.org/10.3390/ijerph16193782) - 08 Oct 2019
Cited by 5 (/1660-4601/16/19/3782#metrics) | Viewed by 2602

Abstract Increased stair climbing reduces cardiovascular disease risk. While signage interventions for workplace stair climbing offer a low-cost tool to
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Abstract Background: Urinary incontinence (UI) represents a complex problem which commonly affects women and influences their physical, mental, and
social wellbeing. The objective of this study was to explore the experiences of a group of women with urinary incontinence. Methods: A qualitative
exploratory study. [...] Read more.
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Abstract The objectives of study were to determine heavy metals content (Zn, Cu, Mn, Fe and Hg) and fatty acids in selected organs of roach, Rutilus
rutilus (L.); bream, Abramis brama (L.); pike, Esox lucius (L.); Eurasian perch, Perca fluviatilis (L.) collected from reservoirs [...] Read more.
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Abstract Estrogen deficiency frequently leads to a fall in estrogen receptor-α (ERα) numbers and then reduces the skeletal response to mechanical strain.
It, however, is still unclear whether phytoestrogen administration will enhance the effects of exercise on the estrogen-deficient bone loss. This study aimed
[...] Read more.
(This article belongs to the Special Issue Exercise and Chronic Disease ( /journal/ijerph/special_issues/exercise ))

► Show Figures
(https://pub.mdpi-res.com/ijerph/ijerph-16-03779/article_deploy/html/images/ijerph-16-03779-g001-550.jpg?1571157101) (https://pub.mdpi-

res.com/ijerph/ijerph-16-03779/article_deploy/html/images/ijerph-16-03779-g002-550.jpg?1571157102) (https://pub.mdpi-res.com/ijerph/ijerph-16-

03779/article_deploy/html/images/ijerph-16-03779-g003-550.jpg?1571157101) (https://pub.mdpi-res.com/ijerph/ijerph-16-

03779/article_deploy/html/images/ijerph-16-03779-g004-550.jpg?1571157101)

Open Access Review

Can Asset-Based Community Development with Children and Youth Enhance the Level of Participation in Health Promotion Projects? A
Qualitative Meta-Synthesis (/1660-4601/16/19/3778)
by Rita Agdal (https://sciprofiles.com/profile/799997),

Inger Helen Midtgård (https://sciprofiles.com/profile/author/RlFhUmk2cFpuOEhXTDdUVy9WSEpaMmFtc0swUi9xU2FMVEFZVTJkVWZsMD0=)
and

Vigdis Meidell (https://sciprofiles.com/profile/842800)
Int. J. Environ. Res. Public Health 2019, 16(19), 3778; https://doi.org/10.3390/ijerph16193778 (https://doi.org/10.3390/ijerph16193778) - 08 Oct 2019
Cited by 12 (/1660-4601/16/19/3778#metrics) | Viewed by 5945

Abstract The asset-based community development (ABCD) approach have been widely used to map local assets and to ensure participation of local
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Abstract Quorum quenching-membrane bioreactors (QQ-MBRs) have been studied widely in recent decades. However, limited information is known
about the influence of QQ on the microbial community. In this study, the indigenous QQ bacterium Bacillus cereus HG10 was immobilized and used to
control biofouling in [...] Read more.
(This article belongs to the Section Environmental Science and Engineering (/journal/ijerph/sections/environment_engineering))
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Abstract Senior co-housing communities offer an in-between solution for older people who do not want to live in an institutional setting but prefer the
company of their age peers. Residents of co-housing communities live in their own apartments but undertake activities together and support [...] Read
more.
(This article belongs to the Special Issue Quality of Life: The Interplay between Human Behaviour, Technology and the Environment (
/journal/ijerph/special_issues/Quality_Life ))
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Abstract This study was conducted to explore the potential for 1,2-Dibromoethane (EDB) biodegradation by an acclimated microbial consortium under
simulated dynamic groundwater conditions. The enriched EDB-degrading consortium consisted of anaerobic bacteria Desulfovibrio, facultative anaerobe
Chromobacterium, and other potential EDB degraders. The results [...] Read more.
(This article belongs to the Section Environmental Science and Engineering (/journal/ijerph/sections/environment_engineering))
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Abstract The water quality target management of the control unit is a convenient and direct technology for water environment management and the
development direction of water environment management in China, involving control unit division and water environment capacity calculation. Taking the
Taihu Lake Basin [...] Read more.
(This article belongs to the Special Issue Water Quality Improvement and Ecological Restoration ( /journal/ijerph/special_issues/WQ_ER ))
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Abstract Repurchasing intention of agricultural materials is a key to a sustainable food business system. The novel contribution of this study is that we go
beyond technical aspect and look into human capital dynamics in a general context, by examining how different dimensions of [...] Read more.
(This article belongs to the Special Issue Towards More Sustainable Food Systems ( /journal/ijerph/special_issues/TMSFS ))
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Abstract With rapid economic development in China, cardiorespiratory fitness (CRF) of children and adolescents is on a decline. However, this appears to
have slowed down, reaching stagnation in certain areas. However, it is unclear if the change in CRF is related to economic growth [...] Read more.
(This article belongs to the Section Health Economics (/journal/ijerph/sections/health_eco))
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Abstract Many older adults who live at home depend on a caregiver. When familial support cannot provide the necessary care, paid caregivers are
frequently hired. Health literacy (HL) is the knowledge and competence required of people to meet the complex demands of health in [...] Read more.
(This article belongs to the Special Issue Home Care Services for Older Adults ( /journal/ijerph/special_issues/homecare ))
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Abstract Bisphenol A (BPA) is a major constituent of plastic products, including epoxy resin containers, mobile phones, dental sealants, as well as
electronic and medical equipment. BPA is recognized as an endocrine system-disrupting chemical which has toxic effects on the brain and reproductive
system. [...] Read more.
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Abstract The fast population ageing has generated and will continue to generate large social, economic and health challenges in the 21th century in
Australia, and many other developed and developing countries. Population ageing is projected to lead to workforce shortages, welfare dependency, fiscal
unsustainability, [...] Read more.
(This article belongs to the Special Issue Sustainable Work Ability and Aging ( /journal/ijerph/special_issues/work_ability ))
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Abstract A new variant of the blaOXA-546 gene, namely blaOXA-894, was identified on the chromosome of Shewanella xiamenensis isolated from pig
wastewater in rural China. OXA-894 differs from OXA-546 (A46V, I219del) and OXA-48 (T167I, I219del) with two [...] Read more.
(This article belongs to the Special Issue Water and Health ( /journal/ijerph/special_issues/health_water ))
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Abstract Organized running events have gained substantial popularity. This study aimed to elucidate the prevalence of musculoskeletal pain, knowledge
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Abstract Benign prostatic hyperplasia (BPH) is one of the major public health concerns, which has a high prevalence rate and causes significant decline
in men’s quality of life. BPH is highly related to sexual hormone metabolism and aging. In particular, dihydrotestosterone (DHT), to which [...] Read more.
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Abstract Background: Poor oral health is a common condition in patients suffering from dementia. Several aspects of this systemic pathology contribute to
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Abstract (1) Background: In recent decades, the prevalence of obesity has grown rapidly worldwide, thus causing many diseases, including male
hypogonadism. Sulforaphane (SFN), an isothiocyanate compound, has been reported to protect the reproductive system. This research investigated the
protective effect of SFN against [...] Read more.
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Abstract Objective: Numerous studies have proved the importance of Evidence-Based Medicine (EBM) in daily clinical practice, however, clinicians’
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and attitude towards EBM [...] Read more.
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Abstract As a primary pioneering region in China’s ongoing urbanization process, the Yangtze River Economic Belt’s (YREB’s) urbanization process is
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Abstract Background: The Bishesta campaign is a menstrual hygiene management (MHM) intervention developed to meet the specific needs of people
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Abstract Coastal areas in South Asian countries are particularly vulnerable to elevated water salinity. Drinking water salinity has been found to be
associated with cardiovascular diseases (CVD), diarrhea, and abdominal pain. Our study aimed to find if excess drinking water salinity was associated
with [...] Read more.
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Abstract: (1) Background: The double burden of malnutrition (DBM) is a complex problem involving
the coexistence of under- and over-nutrition within the same individual, household or population.
This review aimed to discuss the correlates of the double burden of malnutrition through the
socio-ecological model (SEM); (2) Methods: The PubMed database was systematically searched for
peer-reviewed articles related to the double burden of malnutrition. Information on correlates of
the double burden of malnutrition was extracted for analysis and discussion in alignment with
the levels of the socio-ecological model.; (3) Results and Discussion: The correlates of the double
burden of malnutrition identified from previous literature were: Race/genetics; maternal short stature;
breastfeeding status; low maternal education; family size; household food security; household dietary
diversity; and rural and urban settings. In the absence of evidence linking factors in a certain level of
the SEM and the double burden of malnutrition, we employed correlates of overweight status and
obesity to complete this narrative. Potential intervention strategies were proposed in alignment with
the targets and settings identified, based on the socio-ecological approach; (4) Conclusions: The double
burden of malnutrition is a public health phenomenon associated with a variety of socio-ecological
determinants. An integrated approach is needed to address the root causes of malnutrition in all its
forms, and at all life stages.

Keywords: double burden of malnutrition; socio-ecological model; nutrition transition; stunting;
underweight

1. Introduction

One of the primary public health problems of the 21st century is the obesity epidemic that
affects more than half a billion people worldwide [1]. The magnitude of the obesity problem is
overwhelming in high-income and developed countries. It is estimated that by 2008, 1.46 billion adults
were overweight (body-mass index ((BMI) > 25 kg/m2), and that 205 million men and 297 million
women among them were obese (BMI > 30 kg/m2) [2]. In 2016, more than 1.9 billion adults (18 years and
older), were overweight and over 65 million were obese, the equivalent of 39% and 13%, respectively [3].
Among developed countries, the USA had the highest prevalence of obesity [4]. The trend in the
prevalence of obesity among youth and adults in the U.S. between 2003 and 2004 and 2011 and 2012
remains high (above 30%) and has not changed significantly (point change = 2.8%; 95% confidence
interval (CI) = −0.8% to 6.4%) [5] despite a substantive response by the Centers for Disease Control and
Prevention (CDC) since 1999 [6]. Moreover, worldwide obesity prevalence for children and adolescents
(aged 5–19 years) has risen dramatically from just 4% in 1975 to over 18% in 2016 [3].
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Obesity does not only affect developed countries; developing countries also suffer from obesity at
an increasing pace [1]. Data from the World Health Organization (WHO) from 1981 to 2008 showed that
the prevalence of overweight status and obesity in Africa and Southeast Asia were relatively lower than
more developed countries, at 6.5% in countries with lower-middle income and 24.5% in upper-middle
income countries [1], but it is expected that these countries will soon face the levels of overweight people
that are prevalent in developed countries such as the USA [7]. On the other hand, the prevalence of
under-nutrition is far from insignificant. Even though the United Nation’s efforts to combat malnutrition
through the Millennium Development Goals (MDGs) are progressing in the right direction [8], almost
half of all deaths among children under the age of 5 years are still attributable to undernutrition [9].
The United Nations Children’s Fund (UNICEF) reported that in 2011 more than one-quarter of world’s
children under 5 years of age were stunted and 16% were underweight [10]. Recent reports have indicated
that stunting has declined from one in three to just one in four between 2000 and 2018 [11]. Although the
proportion is decreasing, it is still considered high, due to the public health burden.

In developing nations, nutrient deficiencies manifesting as under-nutrition (underweight, wasting
and stunting) persist, while the problem of overweight people and obesity has increased rapidly. Reporting
on studies in six developing countries, the Food and Agriculture Organization (FAO) of the United
Nations [12] referred to this phenomenon as the double burden of malnutrition (DBM), where under-
and over-nutrition occur simultaneously among distinct population groups in developing countries.

Existing studies have defined the double burden of malnutrition at the individual, household, and
population or country level [13]. At the individual level, the problems of under- and over-nutrition
may coexist in the same individual. An example would be an individual who is obese and suffering
from iron deficiency anemia simultaneously [14]. One study in Mexico defined the double burden
of malnutrition at the individual level as the concurrence of child stunting and overweight/obesity
occurring with anemia in children and in women [15]. At the household level, the problem occurs
when one member is undernourished while another is overweight. Some studies have highlighted the
phenomena of a stunted child and overweight or obese mother in the same household. Unfortunately,
there is a lack of consistency and agreement on terminology. Several names have been used to represent
this phenomenon including SCOWT (stunted child and overweight mother pairs) [16], SCOM (stunted
child and overweight/obese mother) [17], DBM [18] and MCDB (maternal child double burden) [19].
A recent study in Ecuador reported an investigation of the double burden of malnutrition phenomenon
across a decade; it was found that there was positive association between overweight/obese male and
child stunting within the community level, but not at the household level [20]. Furthermore, this
study suggested that interventions will be more effective if targeted at the community, instead of the
household level alone.

Most studies in the peer-reviewed literature describe the double burden of malnutrition at the
population or country level, where a portion of the population suffers from undernutrition while
another part of the population faces the problem of over-nutrition. At the national level, the double
burden of malnutrition has been identified in developing countries such as in South Africa [21],
Brazil [22], China [23], Vietnam [22], and Bangladesh and Indonesia [19]. At the population level, the
double burden of malnutrition was documented among adolescent girls in seven African countries [24].
One study looked at Egyptian infants dealing with the double burden of malnutrition in the form
of micronutrient deficiencies, stunting and overweight condition [25]. In Southeast Asian countries,
children are experiencing the double burden of malnutrition where prevalence of stunting and
underweight condition is still high, but prevalence of overweight condition and obesity is increasing at
the same time [26–28].

As seen in Figure 1, most developing countries undergoing nutrition transition suffer from the
double burden of malnutrition at varying prevalence. A recent study revealed that the double burden
of malnutrition, as measured by child underweight and adult overweight condition, had already
affected almost all 100 developing countries used in the analysis [29]. A review of 28 studies revealed
that the problem exists all over the world, from the Asia Pacific region to Latin America and Africa [29].
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In a Mexican population study, the prevalence of the double burden of malnutrition was 6.2% when
measured as a coexistence of maternal central adiposity and child stunting (MCA) [30], and 8.4%
when measured as SCOWT [15]. The prevalence of SCOWT was higher in other Latin American
countries such as Argentina [31] with 12%, Ecuador [32] with 13.1%, and Colombia [33] with 13.2%.
The prevalence of double burden of malnutrition was relatively low in several developing countries in
Latin America, such as Brazil [34] and Chile [35]. In Asia, a rural population study documented the
prevalence of maternal child double burden (MCBD) at 11% in Indonesia and 4% in Bangladesh [19].
In Malaysia, the prevalence of the double burden of malnutrition, measured as underweight child
and overweight mother pairs, was 29.6% in the general population [36], and 12.5% among indigenous
people of Peninsular Malaysia [34]. When measured as SCOWT, the prevalence of double burden of
malnutrition in the indigenous Malaysian population was 19.4% [37]. These numbers clearly show
that the double burden of malnutrition is an emerging problem in developing countries.

Figure 1. Prevalence of double burden of malnutrition (DBM) in developing countries.

The increasing prevalence of double burden of malnutrition across studies in the same country
highlights the emergence of this problem (Figure 2). Data from the Indonesia Nutrition Surveillance
System showed the prevalence of the double burden of malnutrition in rural Indonesia was 11% in
2000–2003 [19]. In 2013, a study using 15-year panel data from 1993 to 2007 showed that the prevalence
of double burden of malnutrition in Indonesia was 16% [38]. A study involving 12,048 households
in Indonesia estimated the prevalence of the double burden of malnutrition at 19% [39]. A study in
rural Indonesia documented the prevalence of double burden of malnutrition at a staggering 30.6%.
This figure was understandably higher because the cut-off for maternal overweight used in the study
was relatively low, at BMI > 23.5 [40]. Additionally, a study from an urban area revealed that the
number of double-burden households was 24.7% with 36.4% of children experiencing stunting and
70.2% of mothers being overweight/obese [41].

In 2005, a Guatemalan study revealed that the prevalence among child and mother pairs consisting
of stunted children and overweight mothers was 16% [15]. This number was slightly higher in a 2012
study, where the SCOWT prevalence was 16.8% [17]. A 2014 publication reported 20% of Guatemalan
households as suffering from SCOM [18]. Two previous literature reviews have focused on the double
burden of malnutrition. The first emphasized differences in the levels [13]. The second provided an
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update and additional analysis of the double burden of malnutrition as measured by underweight
child and overweight/obese adult pairs using the WHO countries dataset [29].

Figure 2. Indonesian DBM prevalence through the years.

Due to the apparent complexity of the double burden of malnutrition, we sought to describe
and frame the problem in a logical, comprehensible manner that would enable policy makers to
take necessary action. One approach widely used to describe such a complex phenomenon is the
socio-ecological model (SEM). The socio-ecological approach to public health originated from the
concept of the ecology of human development introduced by Bronfenbrenner in the 1970s [42]. He
argued that along with human growth and environmental changes, multiple systems of interaction
occur that are not limited to a single setting, but further involve environments beyond the immediate
situation [42]. Given that most public health challenges are complex, the SEM has been widely embraced
in the field of public health [41,42]. Numerous studies have applied Bronfenbrenner’s ecological model
to understand complex health problems, such as sexually transmitted disease [43], mental health [44],
and prevention of childhood obesity [45]. The SEM offers a more holistic approach that acknowledges
interrelations among multiple levels of influence that impact health outcomes [46]. Levels described in
the SEM are individual, interpersonal, community, organizational, and at the policy level.

Our literature review will offer a new insight into correlates of the double burden of malnutrition
through the use of the socio-ecological model. This is a good starting point, because it identifies
significant correlates and characteristics of the target population most in need of intervention. With its
multiple levels and interrelationships, we believe the socio-ecological model is best for capturing
the complexity of the double burden of malnutrition that is hampering populations in developing
countries. The SEM’s underlying premises arguably are suitable for examining the phenomenon of
double burden of malnutrition and interrelations among correlates, or determinants, on multiple levels.
Hence, this review aims to summarize present knowledge about correlates of the double burden of
malnutrition based on the socio-ecological model (SEM).

2. Materials and Methods

In this literature review, we did not limit ourselves to specific levels and measures of the double
burden of malnutrition, but placed equal emphasis on correlational evidence of this phenomenon.
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Relevant studies were systematically identified using a structured search within the PubMed database.
Initial keywords searched were “double burden of malnutrition,” “dual burden of malnutrition,”
“stunted child or overweight mother,” and acronyms related to the double burden of malnutrition
such as DBM, SCOWT, or SCOM. We did not impose date restrictions, but limited our search to
articles published in English. Reference lists from identified articles were examined (hand searches) for
additional relevant studies missed by electronic database indexing. In terms of the type of the study,
we did impose restrictions for study inclusion criteria in the analysis: The minimum level of evidence
was a cross-sectional study; for a study to be relevant and, therefore, included, we required reporting
of risk factors or protective factors for the double burden of malnutrition. Articles were excluded
if the study was not conducted in developing countries. We conducted a systematic review of all
articles published between January 2000 and January 2016. As of 19 January 2016, the aforementioned
keywords turned up 1806 articles; however, only 15 of those articles contained correlates of the double
burden of malnutrition identified in this review. The records were screened at the abstract level. Then,
in July 2019, we updated the literature review with additional 7 relevant articles published after January
2016. Figure 3 shows the flow diagram of studies included in the literature review. Two persons
were involved in the search process independently and then compared with each other to determine
whether a study should be involved in the analysis. In the absence of correlates on specific levels of the
SEM that are associated with the double burden of malnutrition, we used correlates of overweight and
obesity to complete the narrative.

Figure 3. Flow chart of the study included in the literature review.
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3. Results and Discussion

3.1. Socio-Ecological Model of Double Burden of Malnutrition

As seen in Table A1, we extracted and analyzed correlates of the double burden of malnutrition in
the context of the socio-ecological model initiated by Bronfenbrenner and later widely adapted for
health promotion interventions [47]. Figure A1 illustrates the socio-ecological model pertaining to the
double burden of malnutrition in developing countries. The individual level is at the model’s core,
and forms a layer of personal attributes related to the double burden of malnutrition. Individual-level
correlates include: Race and genetics; in-utero adaptation; maternal short stature; breastfeeding status;
and low maternal education. The interpersonal level represents direct influences or interactions
between individuals. Related to the double burden of malnutrition, interpersonal correlates are:
Family size; household food security; and dietary diversity. At the organizational level, the workplace
environment is a potential correlate of the double burden of malnutrition. At the community level,
correlates of the double burden of malnutrition are both rural and urban areas. All of these levels
are bound to policies and systems in place. For example, government and political structure, social
structure, public policy, health care and food systems, economy, and media are all a part of larger
policies and systems that influence individual behavior. Policies and systems associated with the
double burden of malnutrition are: Economic development; food policy; and urbanization.

3.2. Individual Level

3.2.1. Race and Genetics

Evidence shows that racial differences are associated with different rates of the double burden of
malnutrition. Studies among Latin Americans revealed that being from the indigenous population
was associated with higher risk. The prevalence of coexistence of maternal central adiposity and child
stunting (MCA) in a Mexican population was higher among indigenous families [30]. A study in
Guatemala showed that being from an indigenous population doubled the risk of SCOWT (odds ratio
(OR) = 2.0, 95% CI = 1.3–3.1) [48]. This study was supported by another study from Guatemala that
highlighted higher prevalence in SCOWT pairs in indigenous households (28.2%) than non-indigenous
households (14.4%) [18]. The observed differences might be attributable to variations in body fat storage
between indigenous or non-indigenous populations, race or ethnicity. Because of important body
composition differences that can lead to shifts in BMI–disease patterns, the WHO has recommended
reducing the BMI cut-off for overweight status and obesity in Asian populations [49]. Evidence shows
that, compared to Western populations, Asians have a higher cardiovascular risk at any given level of
BMI [50].

3.2.2. In Utero Dysadaptation (Barker Hypothesis)

Maternal health status and lifestyle, including both under- and over-nutrition arguably play a key
role in programming metabolic risk in the offspring. In the late 1980s, Barker postulated that maternal
nutritional condition during pregnancy can “program” the fetus for the development of chronic disease
later in life [51]. The fetal origins, or Barker, hypothesis stated that under-nutrition and an unfavorable
intrauterine environment at critical periods in early life can cause permanent changes (in both structure
and function) in the developing systems of the fetus [52]. These systemic changes may manifest as
disease over a period of time due to “dysadaptation” with changed environmental circumstances [52].

The double burden of malnutrition may provide support for the Barker hypothesis. Embryonic
and fetal growth starts with proliferation, organization, and differentiation of the embryonic cells,
followed by continued growth and functional maturation of the different fetal organs and tissues [53].
This process depends on the genetic profile of the embryo, the maternal-placental-fetal unit, adequate
nutrients and oxygen supply to the developing fetus, maternal prenatal weight, and maternal weight
gain during pregnancy [53]. When undernourished, Barker postulated that the fetus will adapt to this
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adverse in utero condition by using limited nutrients more efficiently [51]. Even so, the outcome of the
pregnancy is likely to be a malnourished child. Later in life, with changes in external conditions, such
as an influx of energy-dense food readily available for the formerly stunted infant, catch-up growth
takes the form of body weight, rather than height. Hence, in a Latin American population, adults
were getting shorter, but BMI increased, resulting in overweight status and obesity [54]. This finding
provides evidence for the hypothesis that adult disease originates through fetal growth and results in
permanent changes to endocrine and metabolic processes [55].

3.2.3. Breastfeeding Status

Breastfeeding behavior has been found to protect against the double burden of malnutrition.
In Indonesia, for a child who was breastfed, the odds of having MCDB was lower (OR = 0.84) compared
to a child who was not breastfed (95% CI = 0.81–0.87) [19]. The protective effect of breastfeeding
was even greater in a Bangladeshi population, where the odds ratio (OR) of having MCDB was only
0.55 (95% CI = 0.52–0.58) [19]. During the first four to six months of age, an infant who is breastfed
exclusively grows faster than those who are not breastfed. [56] Compared to formula-feeding infants,
the breastfeeding of infants also protects against childhood obesity by providing a higher level of
leptin, which results in better control of the satiety signal, food intake and adiposity [56]. Breastfeeding
for a minimum period of 30 days had a protective effect against overweight in preschool children of
the semiarid region of Alagoas, Brazil [57]. Infant and young child-feeding (IYCF) practices are also a
preventive strategy to stunting [58]. Breastfeeding practice is influenced by maternal knowledge and
attitude, among other factors. Mothers with good literacy, positive attitudes toward breastfeeding,
and an encouraging social environment will have better breastfeeding practices, which will prevent
stunting in the near future [59].

3.2.4. Maternal Short Stature

Ample evidence shows that short maternal stature is associated with child stunting, but evidence
associating it with double burden of malnutrition was limited. A study in Brazil revealed that children
of mothers who have a height less than 145cm had lower height-for-age Z-score (HAZ) than children
of mothers more than 160 cm tall (p < 0.0001) [60]. A study in Uruguay showed that maternal short
stature of <160 cm was a significant predictor for child stunting [60]. This result aligns with a previous
study in Brazil that highlighted the association between short maternal stature with low birth weight
(<3000 g; p = 0.01) and stunting (p = 0.019) [57]. In another population, Mexican children with a mother
below 150 cm tall were 3.6 times more likely to be stunted than children with a mother who is taller
than 150 cm [61]. Although the author mentioned that the settings being studied had experienced
the double burden of malnutrition, the association of maternal short stature was only analyzed in
relation to child stunting, and not maternal nutritional status; hence, the association with double
burden of malnutrition in the previously mentioned studies [57,60–62] was hypothetical. A study
using a large sample in rural Indonesia and Bangladesh revealed an association between maternal
short stature and maternal child double burden (MCBD) [19]. The Indonesian data showed households
that have a mother of short stature showed an increased odd of MCBD 2.32 times (95% CI = 2.25–2.40)
higher in comparison to those households without short maternal stature. Similarly, data collected
in a Bangladeshi population showed a parallel OR = 2.11 (95% CI = 1.96–2.26) for short maternal
stature [19]. This evidence aligns with the results from a study in Guatemala that revealed maternal
short stature as a risk factor for SCOWT (OR = 3.1, 95% CI = 2.1–4.7) [48].

3.2.5. Low Maternal Education

Similar to other correlates of double burden of malnutrition on the interpersonal level, maternal
education was extensively studied as a predictor of child stunting, but was rarely studied as a predictor
of double burden of malnutrition. Low maternal education has been linked with child stunting [62].
Furthermore, a lack of maternal knowledge and certain attitudinal factors could eventually affect
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children through feeding practices [63]. The mother’s motivation, behavior, and self-efficacy have an
important role in fulfilling school-aged children’s nutrition [63–65]. A maternal education intervention
of 12 months’ duration toward the specific task of improving children’s intake, such as complementary
and responsive feeding education, significantly reduced child stunting (OR = 0.19, 95% CI = 0.0–0.04)
among rural Indian toddlers [66]. A quasi-experimental community-based trial providing mothers
with biweekly group activity accompanied by monthly home visits significantly reduced the risk
of child overweight condition (BMI-for age >85th percentile) but did not significantly reduce child
stunting [67]. A cross-sectional study in 685 children under 5 years of age and their mothers in a poor
urban area of Indonesia found that household with SCOWT pairs had lower nutrition literacy [68].
Related to the double burden of malnutrition, analysis of the Demographic Health Survey (DHS)
dataset from 18 lower- and middle-income countries showed that a low level of maternal education
increased the likelihood of SCOWT [69]. A study among an indigenous population in Malaysia showed
contradictory results to those discussed above, whereby having mothers with high education increased
the likelihood of SCOWT (OR = 1.7, p < 0.05) [37]. Although more research is warranted regarding the
importance of maternal education as a correlate of the double burden of malnutrition, the direction of
its relationship appears to align with how it may impact child stunting.

3.3. Interpersonal Level

3.3.1. Family Size

One correlate of the double burden of malnutrition identified in the interpersonal level was family
size. A study in an Argentinian population revealed that households with SCOWT tended to have more
people living in the house [31]. Large family size also correlated with MCBD, where having more than
four people in the family increased the odds in both Indonesian (OR = 1.34; 95% CI = 1.28–1.40) and
Bangladeshi populations (OR = 1.94; 95% CI = 1.77–2.12) [19]. This large family size was eventually the
result of higher maternal parity and high number of siblings in the household. A study in Guatemala
showed that households where the mothers have a higher parity have higher likelihood of experiencing
SCOM (OR = 1.2, 95% CI = 1.1–1.3) [48]. More siblings in the household were also reported to be a
significant predictor of SCOWT in a study involving lower- and middle-income countries [69].

3.3.2. Household Food Security

While food insecurity was largely associated with child stunting [9,17], evidence showing food
insecurity as a predictor of double burden of malnutrition remains scarce. Indirectly, ecological evidence
showed that food insecurity was not necessarily associated with double burden of malnutrition. A study
in 2012 revealed that the prevalence of double burden of malnutrition was the highest among the
middle quintile of per capita consumption (22.7%) despite the fact that the prevalence of child stunting
was the highest among the first quintile (70.4%), and maternal overweight status was the highest
among the fifth quintile (53.2%) [17]. Arguably, in the third quintile of per capita consumption, there
was not enough of an indication that the households experienced a form of food insecurity. One study
found that household with SCOWT had higher food insecurity compared to normal. Moreover, the
study revealed that although SCOWT household had sufficient ‘food quantity’ it was lacking in
‘food quality’ [68]. Furthermore, we hypothesize that in contrast to child stunting, double burden of
malnutrition is likely to occur in households that possess some form of food security or have access to
an adequate quantity of food, but food may lack nutrient quality.

3.3.3. Household Dietary Diversity

At the interpersonal level, a correlate of the double burden of malnutrition was partly represented
by household dietary diversity. Some studies have shown that dietary diversity score (DDS) is
positively related to weight-for-age Z-score (p < 0.001), height-for-age Z-score (p < 0.005) [70] and
that the higher the dietary diversity, the lower the likelihood of double burden of malnutrition [71].
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A study in rural Malaysia revealed that dietary diversity in households with an underweight child and
overweight mother pair was relatively low [36]. It is also supported with another study in Indonesia
which found that children who lived in a poor dietary diversity household had 5 times greater risk of
being stunted [72]. In contrast, households with higher dietary diversity scores were associated with
lower likelihood of child stunting [73].

Among the diverse food groups, foods containing high growth-promoting nutrients are essential
to prevention of the double burden of malnutrition. A cross-sectional study in an Indonesian population
showed that when consumption of the “high-animal products” was in the highest quartile, the risk
of maternal-child double burden decreased (aOR = 0.46; 95% CI = 0.21–1.04) relative to those in the
lowest quartile [40]. The high-animal products are specifically high in growth-promoting nutrients
such as protein, calcium and zinc.

3.4. Organizational Level

A Shift in the Workplace Environment

There is a dearth of evidence associating double burden of malnutrition with a shift in the
workplace environment, with limited opportunity for physical activity. Changes in the environmental
settings and type of work were reported to be a significant factor in the increasing rate of overweight
condition and obesity [74]. The amount of physical activity in the workplace declined with the
shift from physical labor to sedentary work [74]. Work-related physical activity and BMI among
an Indonesian population showed that those with sedentary work were the highest percentage of
overweight people, even compared to those who were unemployed [38]. Furthermore, Roemling and
Qaim showed that the prevalence of obesity was similar between people with light work, sedentary, and
housekeeping work [38]. This illuminates the notion that a housewife who does mostly housekeeping
work is at risk of overweight and obesity. If the effort to eliminate child malnutrition were failing in
a country, inactivity among housewives might be a driving force of the increasing prevalence of the
double burden of malnutrition [16].

3.5. Community Level

Rural and Urban Area

In the socio-ecological model, both rural [17] and urban settings [17] are associated with the
double burden of malnutrition. Prevalence, measured as SCOM, in rural Guatemala in 2000 was
19%, while in the urban area was 13.4% [17]. The adjusted OR showed no significant difference in
this population [17]. In urban areas, the increased prevalence of overweight condition and obesity
drive the increased rate of double burden of malnutrition. The incidence of overweight condition
and obesity was higher in urban than rural areas in Indonesia [27,38], Mauritius [75], Malaysia [76]
and Cambodia [77]. However, the increase was not exclusive to urban areas. Increased prevalence of
overweight condition was observed in both poor rural and urban women in Bangladesh [78].

Contrary to the popular belief regarding an “obesogenic” environment being largely embedded
within urban settings, evidence from Latin American countries suggests that double burden of
malnutrition was more prevalent in rural settings. A study about the double burden of malnutrition in
Columbia showed that the prevalence of child stunting was highest in rural areas [79]. Similarly, the
prevalence of coexistent maternal central adiposity and child stunting (MCA) in a Mexican population
was higher in rural areas [30]. These studies might be biased by large indigenous populations in rural
areas, which are prone to experiencing the double burden of malnutrition.
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3.6. Policy

3.6.1. Economic Development

The double burden of malnutrition is believed to affect populations undergoing economic
improvement, as opposed to low-income populations. The association between the double burden
of malnutrition measured as SCOWT and per capita GDP supports the hypothesis that economic
development increased the likelihood of SCOWT [80]. Analysis of the DHS data from Latin American
countries showed that the prevalence of stunting was the highest in poorer countries, while the
prevalence of overweight condition was highest in countries with growing economies [13]. There is
growing evidence that the problem of double burden of malnutrition in a household affects mostly
countries with a middle level of gross domestic product (GDP). The prevalence of double burden
households is highest in the middle gross national product (GNP) countries [22]. The double burden of
malnutrition arguably started among rich populations, but has shifted toward the poorest population
group in Indonesia [38]. At the household level, a study in Indonesia showed that the double
burden of malnutrition was more prevalent in households with a high socioeconomic status (SES) [39].
A study of indigenous populations showed opposite results [17,36]. A study in indigenous Peninsular
Malaysia showed that households with income per capita of less than USD 29.01 were associated with
increased risk of SCOWT [37]. A similar finding was observed among indigenous Guatemalans, where
SCOWT pairs were more prevalent among the low and middle SES households [17]. Furthermore,
multivariate logistic regression models showed that households at the middle consumption quintile
have a higher likelihood of having SCOM, compared to households in the first quintile (OR = 1.74; 95%
CI = 1.13–2.67) [17].

3.6.2. Food Policy

To the best of our knowledge, no studies have specifically addressed food policy as correlates
of the double burden of malnutrition. With the open-market policy and globalization, some argue
that the power of transnational industries will affect the pace of nutrition transition in countries with
flourishing economic development. Furthermore, as countries undergo the nutrition transition, the
problem of double burden of malnutrition is likely to increase. The increases in obesity for the last
3 to 4 decades in almost all countries seem to be driven mainly by changes in food composition
and availability [81] through the global food system that produces more processed and affordable
food [4]. Data from the FAO in 2006, collected from six developing countries, showed that there was
an increasing trend in dietary energy availability from 1970 to 2000 [12].

The problem with an influx of relatively affordable energy-dense foods has been negated in several
countries through food taxation policy. Edible oil-pricing policies were changed a number of times in
China between 1991 and 2000 to influence dietary composition toward less fat [82]. Other food taxation
such as the soda taxation policy in Mexico since 2014 showed that a 10% increase in the price of a soda
beverage decreased consumption by 10–13% [15]. Such policies provide promising tools to prevent
obesogenic environments, but challenges from the food industry and implications for international
trade are significant. Since the problem of the double burden of malnutrition is partly made up from
the rise of overweight and obesity, food policies in developing countries should also emphasize as
potential strategies inhibiting obesogenic environments.

3.6.3. Urbanization

Popkin has argued that the double burden of malnutrition in one household is related to
urbanization [83]. As urbanization happened, households increased their level of income and food
became more available in greater quantity, but not in quality. In China, urbanization was solely
responsible for decreased daily energy expenditure by about 300 to 400 kcal per day, while going to
work by car/bus contributed a 200 kcal per day reduction in calorie requirement [84]. The characteristics
of an “urban” diet were calorie-dense foods, dominated by fat and sugar [85]. A study in urban poor
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settings in Kenya indicated that one of the distinct characteristics of urbanization was a high reliance
on street food that was energy-dense [86]. The food was high in energy but low in micronutrients and
protein, affecting child growth, especially height. When children did not receive enough micronutrients
and protein in the first two years of life, they had a tendency to become stunted. Mothers who
consumed high-energy food accompanied by low physical activity tended to be overweight.

3.7. Potential Intervention Strategies

Using the socio-ecological model, we suggest several targets and settings for an intervention
aimed at the double burden of malnutrition (Table A2). First, we emphasize that tackling the problem
of the double burden of malnutrition should be seen as a holistic process. Multiple levels of the SEM
approach should be addressed at the same time, because of the inter-connectedness among levels.
Developing the interventions should include consideration of the socio-cultural context, including
cultural practices, social support, political and physical environment, and also individuals’ motivation
and capabilities to change [87].

At the individual level, we argue that the mother plays a key role in preventing the double
burden of malnutrition for herself and her family. Hence, empowering women to take care of the
household in the direction that supports healthy food choice and availability is seen as critical [38,77].
Evidence shows that maternal education mitigates the rate of the double burden of malnutrition [88].
Therefore, educating women will lay the groundwork for follow-up interventions targeting women
who may become mothers. Improvement in nutrition literacy is among the recommended strategies
for addressing the double burden of malnutrition among the Malaysian population [37]. An educated
mother will be more receptive to programs and interventions such as the 1000 days of early life, safe
motherhood, and balanced diet. When mothers understand the benefit of proper nutrition during the
1000 days of early life, they may be more mindful of providing nutritious food for themselves starting
from pregnancy through the lactation period [89]. Attempts should be made to break the cycle of
malnutrition, seen in conditions such as child stunting.

Providing intensive 12-week nutrition education in obese/overweight mothers with stunted
children was successful for engaging mothers in physical activity and also improving children’s fruit,
vegetable and animal protein consumption in Indonesia [78,79,90]. Evidence has shown that maternal
short stature was associated with increased likelihood of the double burden of malnutrition [19,48].
Hence, improving nutritional awareness, knowledge, self-efficacy and outcome expectation may play
a key role in behaviorally oriented nutrition education [76,77], and along with food fortification and
supplementation [91] strategies will benefit the health of the future generation.

At the interpersonal level, inequalities in food distribution within the household should be
minimized and healthier food for all should be promoted. A study in Indonesia revealed that residing
in an urban location increased intra-household nutritional inequality [38]. Similar results were shown
in an urban population in Mysore, India, where the energy intake was more or less equal among
family members, but parents tend to consume more adequate protein compared to children [92].
In addition to food distribution, emphasis should be placed on improving the type and quality of
foods brought to the family table. Household dietary diversity should be promoted by emphasizing
differences in nutritional needs of each family member. For example, to prevent the double burden of
malnutrition, children should be given foods high in the growth-promoting nutrients such as animal
products to prevent stunting [40], while mothers should be encouraged to eat healthy food such as
fruits and vegetables to prevent overweight and obesity [93]. Family planning programs should be
encouraged and promoted because evidence shows that a large family is associated with double burden
of malnutrition [46,61].

At the organizational level, modernization has led the workplace to be more sedentary than the
previous decades [74]. Some study authors have been proposing strategies for minimizing sedentary
time during working hours such as intermittent physical activity breaks by walking to get a drink
of water or a snack [82,83]. In a recent study, excessive time spent in front of the TV, computers and
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video games (known as screen time) was significantly associated with BMI gain [94]. Therefore, in
developing countries where most mothers are housewives, enormous amounts of screen and sitting
time should be reduced. A study in Malaysia showed that being a housewife was associated with
physical inactivity with adjusted odds ratio (OR) of 1.78 (95% CI = 1.56–2.03) [95]. Having a peer
group committed to doing physical activity in their spare time could encourage mothers to focus on
their health.

At the community level, changes in the built environment are inevitable due to economic
development and mechanization in both rural and urban areas. The double burden of malnutrition
was reported in both of these areas, partly due to the increase of obesogenic environment [17]. In rural
areas, advances in technology and mechanization have reduced the amount of physical labor required
for many jobs and have decreased the activity levels of many workers [84]. To account for the decline
in caloric expenditure derived from physical labor, physical activity should be promoted as part of a
healthy life [96]. In urban areas, an increase in the availability of convenience foods is a contributing
factor in the rise of overweight and obesity [97]. High rates of urbanization and the growth of large
cities may be a double-edged sword, because it allows for the expansion of retail marketing of healthy
and unhealthy foods [88]. Unfortunately, many convenience foods, either from street vendors or fancy
food chains are high in calories [86]. Consumption of high-calorie foods combined with more sedentary
work common in urban areas has increased the prevalence of overweight condition and obesity in
developing countries.

The indigenous community requires special consideration because of the peculiar pattern of
correlates of double burden of malnutrition. Interestingly, indigenous populations in rural Latin
America such as Mexico [30] and Guatemala [17] are at higher risk for the double burden of malnutrition.
Similarly, in an indigenous population in Peninsular Malaysia higher risk of the double burden of
malnutrition was associated with lower per capita income [37]. Whether this anomaly was due to
genetic traits in the indigenous population has yet to be examined. Nonetheless, providing culturally
accepted nutrition education to indigenous populations living in rural areas might be a good starting
point for an intervention.

At the policy level, several countries have implemented a taxation policy for energy-dense foods
such as vegetable oil and soft drinks. This policy should be maintained and expanded to other
unhealthy foods to reinforce community-level interventions to address healthy eating. For example,
the Chinese policy to increase the price of edible oils might trigger a shift in dietary composition from
fat towards proteins and complex carbohydrates [82].

To prevent a further influx of urbanization, rural areas should be developed equally with, if
not more than, urban cities. Countries undergoing urbanization in Africa, such as Kenya [97] and
Egypt [25] should promote dietary diversity and quality while implementing policies to address
excessive consumption of energy-dense junk foods. One strategy proposed to prevent the double
burden of malnutrition was the reduction of inequality and poverty [88]. More well-paid jobs in rural
areas would minimize inequality and slow urbanization.

Economic development experienced in some middle-income countries provides a good opportunity
for food security, but food security assessed as the availability of food in quantity alone might not
be adequate to prevent the double burden of malnutrition. Unlike households facing only the
problem of child stunting, households undergoing the double burden of malnutrition seem to have
the capacity to access food, but have a problem choosing healthy foods that are lacking within the
household. Food security in these households might promote the double burden of malnutrition
when a household is spending money on less nutritious food. Consumption of energy-dense foods
lacking in growth-promoting nutrients does not prevent child stunting but instead may lead to excess
weight gain, overweight status and obesity. Therefore, providing mothers in charge of household
food spending with the knowledge, skills-set, motivation, and self-efficacy of healthful eating can
be influential in preventing the double burden of malnutrition. An intervention study targeting
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low-income, overweight and obese mothers to improve food choices, fat-consumption habits, and
physical activity in their 1- to 3-year-old children, has shown promise [98].

In this literature review we aimed to describe correlates of the double burden of malnutrition using
the socio-ecological model. Correlates are factors associated with the double burden of malnutrition,
but not necessarily determinants that imply causation [99]. The majority of evidence relating to the
double burden of malnutrition is brimming with findings of significant cross-sectional associations
between a range of individual, interpersonal, organizational, community and policy-level variables.
Since these were correlational studies, the observed relationships do not support causal inferences, but
may suggest hypotheses for further study.

Because the double burden of malnutrition is a complex phenomenon, the socio-ecological
model was successful in depicting the relationships among the correlates of the double burden of
malnutrition across multiple levels. Currently, the evidence regarding correlates of the double burden
of malnutrition is dominated by research at the individual and interpersonal levels. Much of the
evidence for organizational, community, and policy levels is based on studies pertaining to overweight
and obesity. Hence, some have argued that statistically, double burden of malnutrition such as SCOWT
pairs are not independent from the components of maternal overweight status and childhood stunting
but depend heavily on the prevalence of overweight mothers [16]. Others have argued that the SCOWT
phenomenon can be best explained as a consequence of rapid secular increases in maternal weight [69].
Further study is warranted to illuminate whether the broader layers in the socio-ecological model
such as rural and urban settings, a shift in the workplace environment, economic development, food
policy and urbanization are indeed significant predictors of the double burden of malnutrition and not
merely overweight status and obesity.

Even though some have suggested that the double burden of malnutrition in the form of stunted
child and overweight mother pairs (SCOWT) is merely a statistical artifact [16], the health and economic
consequences are real and devastating. The consequences of the double burden of malnutrition raise
public health concerns, starting with the increase of the burden of disease due to under-nutrition.
Simultaneously, over-nutrition will lead to an increase of non-communicable diseases (NCD) including
obesity, cardiovascular disease, and hypertension. In fact, NCDs account for 80% of the total burden of
disease mortality in developing countries; it is estimated that economic production of $84 billion in
USD will be lost from heart disease, stroke, and diabetes alone [100]. Hence, it is assumed that the
double burden of malnutrition is burdening the already inadequate and overextended health budgets
of developing countries [101].

This narrative review is intended to describe correlates of the double burden of malnutrition
in the context of the socio-ecological model. Once there is sufficient evidence to describe correlates
on all levels of the SEM through a systematic review or meta-analysis, a more objective picture of
the double burden of malnutrition will emerge. Limitations for this narrative review include the
restriction of article inclusion in the English language and dependence on the coverage of the PubMed
database. Some relevant studies and grey literature might not be captured using this search strategy,
and that could affect the current narrative. Although evidence was limited for the double burden of
malnutrition at the organizational, community, and policy levels of the SEM, this review explained the
impact of those levels adequately using correlates of overweight status and obesity. Considering that
overweight status and obesity are part of the puzzle in the double burden of malnutrition, we do not
expect the effect of the correlates to be very different. We realize that by understanding the double
burden of malnutrition through the socio-ecological model, our efforts to tackle the double burden of
malnutrition cannot be spatial. Furthermore, we offer some potential intervention strategies based on
the SEM that might be useful for future interventions.

4. Conclusions

The double burden of malnutrition is a public health phenomenon associated with an array
of socio-ecological determinants. Implementation of an integrative model such as the SEM offers
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a potential solution for combating the complex problem of the double burden of malnutrition.
Correlates at each level should be addressed holistically and efforts can target individuals, households,
organizations, communities, and governments. Addressing malnutrition in all its forms requires an
integrated approach to address the root causes of malnutrition at all stages of human development.
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Appendix A

Figure A1. Socio-ecological model of correlates of double burden of malnutrition.
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Table A1. Correlates of double burden of malnutrition in developing countries.

Sample Level of
DBM Correlates

Significance, Odds
Ratio (OR) or 95%

Confidence Interval
(CI)

Key Findings

Barquera et al.,
2007 Mexican (n = 6225) Household

level
Race and genetic

(indigenous families)

The prevalence of coexistence of maternal central adiposity and child
stunting (MCA) in Mexican population was higher among indigenous
families

Barquera et al.,
2007 Mexico (n = 6225) Household

level Rural Area The prevalence of coexistence of maternal central adiposity and child
stunting (MCA) was higher in rural areas

Bassete et al.,
2014 Argentina (n = 136) Household

level Family Size Household with SCOWT (stunted child and overweight mother pair)
tended to have more people living in the house

Bouzitou et al.,
2005 Benin (n = 148) Community

level
Household’s dietary

diversity Higher dietary diversity lowered the likelihood of double burden.

Doak et al.,
2005 (n = 39,894) Country

level
Economic

development
Double burden of malnutrition in a household affected mostly in
countries with middle level of gross domestic product (GDP)

Galiano et al.,
2012 Columbia (n = 1168) Country

level Rural Area The prevalence of child stunting was the highest in rural areas

Ihab et al., 2013 Malaysia (n = 223) Household
level

Household’s dietary
diversity

The household’s dietary diversity of underweight child and overweight
mother pairs was relatively low

Jen and Brewis,
2009 (n = 38,583) Country

level
Low Maternal

Education

Analysis of Demographic Health Survey (DHS) dataset from 18 lower-
and middle-income countries showed that low level of maternal
education increased the likelihood of SCOWT

Jehn and
Brewis, 2009 (n = 38,583) Country

level

Having more siblings in the households was also reported to be a
significant predictor of SCOWT in a study involving lower and
middle-income countries

Lee et al., 2010 Guatemala (n = 2261) Community
level

Race and genetic
(indigenous families)

OR = 2.0; 95%CI =
1.3-3.1 Being an indigenous person doubled the risk of SCOWT

Lee et al., 2010 Guatemala (n = 2261) Household
level Maternal short stature OR = 3.1; 95%CI =

2.1–4.7 Maternal short stature is a risk factor for SCOWT

Lee et al., 2010 Guatemala (n = 2261) Country
level Family Size OR = 1.2; 95%CI =

1.1–1.3
Households where the mothers had a higher parity had higher likelihood
of undergoing SCOM (stunted child and overweight/obese mother)

Lee et al., 2010 Guatemala (n = 2261) Household
level Working mother OR = 1.7, 95%CI =

1.1–2.6
Having a working mother in the household increased the risk for
SCOWT in Guatemalan population

Lee et al., 2012 Guatemala (n = 2492) Household
level

Economic
development

OR = 1.74; 95%CI =
1.13–2.67

Households at the middle consumption quintile had a higher likelihood
of having SCOM compared to household in the first quintile

Oddo at al.,
2012 Indonesia (n = 247126) Country

level Breastfeeding status OR = 0.84; 95% CI:
0.81–0.84

When the child was breastfed, the odds of having MCDB (maternal child
double burden) were only 0.84× compared to when the child was not
being breastfed
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Table A1. Cont.

Sample Level of
DBM Correlates

Significance, Odds
Ratio (OR) or 95%

Confidence Interval
(CI)

Key Findings

Oddo at al.,
2012

Bangladesh (n =
168317)

Country
level Breastfeeding status OR = 0.55; 95% CI:

0.52–0.58

The protective effect of breastfeeding was even greater in Bangladeshi
population where the OR of having MCDB was only 0.55 (95% CI:
0.52–0.58)

Oddo at al.,
2012 Indonesia (n = 247126) Country

level Maternal short stature 2.32× (95% CI:
2.25–2.40)

The Indonesian data showed households that had a mother short in
stature increased the OR for MCDB 2.32× (95% CI: 2.25–2.40)

Oddo at al.,
2012

Bangladesh (n =
168317)

Country
level Maternal short stature OR = 2.11; 95% CI:

1.96–2.26
In Bangladeshi population maternal short stature increase the likelihood
of MCDB with OR = 2.11 (95% CI: 1.96–2.26).

Oddo at al.,
2012 Indonesia (n = 247126) Country

level Family Size (OR = 1.34; 95% CI:
1.28–1.40)

Large family size also correlated with MCDB, where having more than 4
persons in the family increased the odds in Indonesia

Oddo at al.,
2012

Bangladesh (n =
168317)

Country
level Family Size OR = 1.94; 95% CI:

1.77–2.12
Large family size also correlated with MCDB, where having more than 4
persons in the family increased the odds in Bangladeshi population

Oddo et al.,
2012

Indonesia and
Bangladesh

Country
level Rural Area Double burden of malnutrition also occurs in rural setting

Ramirez-Zea et
al., 2014 Guatemala (n = 44739) Household

level
Race and genetic

(indigenous families)
Higher prevalence in SCOWT pairs in indigenous households (28.2%)
than non-indigenous households (14.4%)

Roemling and
Qaim 2013 Indonesia (n = 27327) Country

level
Economic

development

The double burden of malnutrition arguably started among the rich
population, but recently shifted toward the poorest population group in
Indonesia

Sekiyama et al.,
2015 Indonesia (n = 242) Household

level
Household’s dietary

diversity
aOR = 0.46; 95%CI =

0.21–1.04

When consumption of the “high-animal products” was in the highest
quartile, the risk of maternal-child double burden was decreased,
compared to those in the lowest quartile

Vaezghasemi
et al., 2014 Indonesia (n = 12048) Household

level
Economic

development
At the household level, the double burden of malnutrition was more
prevalent in households with a high SES

Wong et al.,
2015 Malaysia (n = 160) Household

level Maternal education aOR = 1.7, p < 0.05 Mother with higher education was associated with higher odds of
SCOWT among indigenous people of Peninsular Malaysia

Wong et al.,
2015 Malaysia (n = 160) Household

level Ethnicity aOR = 0.1, p < 0.05 Ethnicity was associated with double burden of malnutrition measured
as underweight child and overweight/obese mother

Wong et al.,
2015 Malaysia (n = 160) Household

level Number of children aOR = 0.3, p < 0.05
Number of children in the household associated with double burden of
malnutrition measured as Underweight Child and Overweight/Obese
Mother

Wong et al.,
2015 Malaysia (n = 160) Household

level Older age mother aOR = 1.2, p < 0.05 Having older aged mother was associated with double burden of
malnutrition, measured as SCOWT
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Table A1. Cont.

Sample Level of
DBM Correlates

Significance, Odds
Ratio (OR) or 95%

Confidence Interval
(CI)

Key Findings

Wong et al.,
2015 Malaysia (n = 160) Household

level
Household income

per capita aOR = 16.8, p < 0.01 Having household income per capita of less than $29.01 USD was
associated with double burden of malnutrition measured as SCOWT

Mahmudiono
et al., 2016 Indonesia (n = 72) Household

level
Maternal education

and behavior

Nutrition Education for Overweight/Obese Mother with Stunted
Children (NEO-MOM) intervention using printed educational materials
was hypothesized beneficial for maternal behavioral change

Mahmudiono
et al., 2017 Indonesia (n = 768) Household

level
Household dietary

diversity
OR = 0.89; 95% CI:

0.80–0.99
Higher dietary diversity score was associated with lower likelihood of
child stunting

Has et al., 2018 Indonesia (n = 100) Household
level Maternal behavior

Maternal motivation, perceived barriers, self-efficacy, and
activity-related effect were influenced maternal behavior in fulfilling
school-aged children nutritional food intake

Mahmudiono
et al., 2018 Indonesia (n = 72) Household

level
Maternal literacy and

behavior

12-week nutrition education was significantly improved maternal
self-efficacy in physical activity, fruits, vegetables and animal protein
consumption, but did not significantly influence child-height gain

Mahmudiono
et al., 2018 Indonesia (n = 768) Community

level
Household food

insecurity
aOR = 2.798; 95% CI:

1.54–5.08

Food insecurity was related to the double burden of malnutrition and
the Household Food Insecurity Access Scale (HFIAS) category was a
predictor of SCOWT

Mahmudiono
et al., 2018 Indonesia (n = 662) Community

level

Maternal literacy,
dietary diversity, and

food security

Household with double burden of malnutrition have relatively lower
nutrition literacy, dietary diversity, and food security. Household with
normal mom and child had the highest score in food security followed
by OWT (overweight mother, normal child), SC (normal mom, stunted
child), and lastly SCOWT

Sudewi et al.,
2018 Indonesia (n = 7) Household

level
Maternal parenting

style

The lack of maternal knowledge about children eating behavior was
associated with children future eating disorders. Children started their
eating disorders at the of 2-6 months and worsen by the aged 12 months

Adi et al., 2019 Indonesia (n = 199) Community
level

Health workers
nutrition literacy

Good understanding, well-organized documents availability, and the
regulation conformity by health workers were significantly correlated
with exclusive breastfeeding regulation. Thus, with great breastfeeding
regulation is a key factor to prevent stunting children.

Diana et al.,
2019 Indonesia (n = 330) Community

level
Maternal knowledge

and behavior

More than half mother had moderate knowledge about exclusive
breastfeeding. There was correlation between knowledge and attitude
with breastfeeding practice

Mahmudiono
et al., 2019 Indonesia (n = 55) Household

level
Household dietary

diversity
OR = 5.49; 95% CI:

1.32–22.93
Children living in a poor dietary diversity household had 5-times higher
risk of being stunting

MCDB: Mother Child Double Burden; NEO-MOM: Nutrition Education for Overweight/Obese Mother with Stunted Children.
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Table A2. Potential intervention targets/settings and strategies that utilize a socio-ecological approach.

SEM Level Targets/Settings Intervention Strategies

Individual Pregnant and lactating women

Empower women especially pregnant and lactating
women though nutrition education on healthy eating,
exclusive breastfeeding and serving size [37,39,88,91].
Promoting the importance of nutrition in 1000 days of
early life to break the cycle of intergenerational
malnutrition [90]

Mother Improve women education achievement and behavioral
change [65]

Interpersonal Household Promote family planning program
Improve dietary diversity in the household [40]
Decrease inequalities in household’s food distribution
[38,94]

Organizational Workplace environment Promote physical activity in the work place [94–96]

Housewife Create peer group of housewives to reduce excess
sedentary time

Community Rural area

Lobby government to emphasize rural development as a
strategy for poverty reduction [88]
Provide culturally accepted nutrition education to the
indigenous population living in rural area

Urban area Advocate the local city government to increase parks and
recreational space [74]

Policy Food policy Advocate to the government towards taxation for
unhealthy food policy [15,82]

Urbanization Lobby government to emphasize rural development as a
strategy for poverty reduction [88]
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