-+ PLOS ONE is the right chouce
- for authors who want to

make their research avallabl
and discoverable for all. - =

Join the thousands of researchers who choose PLOS ONE!

200,000

ARTICLES PUBLISHED SINCE 2004

v . 4

QUALITY-BASED SELECTION TIMELY PUBLICATION
We evaluate research on scientific Efficient editorial assessment and
validity, strong methodology, and fast publication are important to
high ethical standards—not scientific advancement—that's why
perceived significance. we work hard to continue to

improve our times.

SUBMIT YOUR MANUSCRIPT



https://journals.plos.org/plosone/s/journal-information#loc-criteria-for-publication
https://journals.plos.org/plosone/s/journal-information#loc-criteria-for-publication
https://journals.plos.org/plosone/s/journal-information#loc-criteria-for-publication
https://journals.plos.org/plosone/s/journal-information#loc-timely-publication
https://journals.plos.org/plosone/s/journal-information#loc-timely-publication
https://journals.plos.org/plosone/s/journal-information#loc-timely-publication
https://www.editorialmanager.com/pone/default.asp

@

INCLUSIVE SCOPE

We publish in over 200 subject
areas across science, engineering,
medicine and the related social
sciences and humanities.
Multidisciplinary and
interdisciplinary research, negative
and null results are all in scope.

N

(]
TO
(0]

q¢

BROAD REACH

PLOS ONE articles are available to
everyone, immediately and
without restriction. With more
than two million site visitors each
month and over one million
citations in the past five years, you
can be sure your study will reach
its intended audience.

Press

=

COMMITMENT TO PROGRESS

With PLOS ONE, you can Open
opportunities for your community
to see, cite, share, and build upon
your science: publish your data,
get early feedback on preprints,
and contextualize research by
publishing the peer review history.
We'll provide the tools for tracking
and sharing your progress.

Innovation

SUBMIT YOUR MANUSCRIPT



https://plos.org/press-kit/
https://plos.org/press-kit/
https://plos.org/press-kit/
https://journals.plos.org/plosone/s/journal-information#loc-scope
https://journals.plos.org/plosone/s/journal-information#loc-scope
https://journals.plos.org/plosone/s/journal-information#loc-scope
https://plos.org/innovation/
https://plos.org/innovation/
https://plos.org/innovation/
https://www.editorialmanager.com/pone/default.asp
https://pub.s7.exacttarget.com/3qhl5maparc
https://www.editorialmanager.com/pone/default.asp

|
Q

5,651 results for Stunting among

children+under

Filters: PLOS ONE %_

Journal
PLOS ONE

PLOS Neglected Tropical
Diseases (838)

PLOS Medicine (419)
PLOS Pathogens (238)
PLOS Genetics (98)

PLOS Global Public Health
(64)

show more

Subject Area

Biology and life sciences
(5,043)

Medicine and health sciences
(4,979)

People and places (3,344)
Medical conditions (2,398)
Population groupings (2,308)

show more

Article Type

Research Article (5,621)
Study Protocol (14)
Registered Report Protocol (7)
Correction (4)

Collection Review (2)

show more

Author

Tahmeed Ahmed (33)
Daniel Chandramohan (24)

Mohammod Jobayer Chisti
(19)

Brian Greenwood (18)
Robert E Black (18)

show more

Where my keywords appear

Body (4,541)

Results and Discussion (2,171)
Introduction (1,405)
References (1,365)

Materials and Methods (752)

show more

Publication Date

Sort By: Relevance v

Clear all filters

Double burden of malnutrition among children under 5 in poor areas of China
Yan Zhang, Xiaona Huang, Yuning Yang, Xiaoli Liu, Chenlu Yang, Angi Wang, Yan Wang, Hong Zhou
Research Article | published 17 Sep 2018 PLOS ONE

Views: 4012 « Citations: 25 * Saves: 141 * Shares: 2

Stunting among children under two years in Indonesia: Does maternal education matter?
Agung Dwi Laksono, Ratna Dwi Wulandari, Nurillah Amaliah, Ratih Wirapuspita Wisnuwardani

Research Article | published 25 Jul 2022 PLOS ONE

https://doi.org/10.1371/journal.pone.0271509

Views: 630 - Citations: 0 « Saves: 6 * Shares: 4

Factors associated with wasting among_children under five years old in South Asia: Implications
for action

Kassandra L. Harding, Victor M. Aguayo, Patrick Webb

Research Article | published 03 Jul 2018 PLOS ONE

Views: 9105 - Citations: 69 * Saves: 339 * Shares: 39

Severity of Anemia among Children under 36 Months Old in Rural Western China
Wenlong Gao, Hong Yan, DuolaoWang, Shaonong Dang, Leilei Pei
Research Article | published 23 Apr 2013 PLOS ONE

Views: 4655 « Citations: 24 * Saves: 0 * Shares: 0

Risk factors for diarrhoea and malnutrition among_children under the age of 5 years in the Tigray
Region of Northern Ethiopia

Araya Gebreyesus Wasihun, Tsehaye Asmelash Dejene, Mekonen Teferi, Javier Marugan, Letemichal Negash, Dejen Yemane,
Kevin G. McGuigan

Research Article | published 26 Nov 2018 PLOS ONE
https://doi.org/10.1371/journal.pone.0207743
Views: 7742 - Citations: 32 « Saves: 290 « Shares: 7

Prevention of malnutrition among_children under 5 years old in Iran: A policy analysis
Mohammad Mohseni, Aidin Aryankhesal, Naser Kalantari

Research Article | published 07 Mar 2019 PLOS ONE

https://doi.org/10.1371/journal.pone.0213136

Views: 22410 - Citations: 15 + Saves: 0 * Shares: 0

Spatial heterogeneity and risk factors for stunting. among_children under age five in Ethiopia: A
Bayesian geo-statistical model

Seifu Hagos, Damen Hailemariam, Tasew WoldeHanna, Bernt Lindtjgrn

Research Article | published 07 Feb 2017 PLOS ONE

https://doi.org/10.1371/journal.pone.0170785

Views: 4527 - Citations: 32 « Saves: 325  Shares: 0

Developmental delay and its associated factors among _children under five years in urban slums of
Nepal
Anupama Bishwokarma, Diwash Shrestha, Kshitiz Bhujel, Natasha Chand, Laxmi Adhikari, Maheshor Kaphle, Ayurma Wagle, Isha
Karmacharya

Research Article | published 10 Feb 2022 PLOS ONE
https://doi.org/10.1371/journal.pone.0263105

Views: 1905 - Citations: 0 « Saves: 27 « Shares: 1



https://journals.plos.org/plosone/search/feed/atom
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0204142
https://doi.org/10.1371/journal.pone.0204142
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0204142#viewedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0204142#citedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0204142#savedHeader
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0271509
https://doi.org/10.1371/journal.pone.0271509
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0271509#viewedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0271509#citedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0271509#savedHeader
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0198749
https://doi.org/10.1371/journal.pone.0198749
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0198749#viewedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0198749#citedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0198749#savedHeader
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0062883
https://doi.org/10.1371/journal.pone.0062883
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0062883#viewedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0062883#citedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0062883#savedHeader
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0207743
https://doi.org/10.1371/journal.pone.0207743
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0207743#viewedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0207743#citedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0207743#savedHeader
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0213136
https://doi.org/10.1371/journal.pone.0213136
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0213136#viewedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0213136#citedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0213136#savedHeader
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0170785
https://doi.org/10.1371/journal.pone.0170785
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0170785#viewedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0170785#citedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0170785#savedHeader
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0263105
https://doi.org/10.1371/journal.pone.0263105
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0263105#viewedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0263105#citedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0263105#savedHeader

to

The epidemiology of undernutrition and its determinants in children under five years in Ghana
Michael Boah, Fusta Azupogo, Daniel Adjei Amporfro, Linda Anutua Abada
Research Article | published 31 Jul 2019 PLOS ONE

Views: 10635 « Citations: 40 * Saves: 470 * Shares: 1

Trends in child growth failure among_children under five years of age in Ethiopia: Evidence from
the 2000 to 2016 Demographic and Health Surveys

Tolesa Bekele, Patrick Rawstorne, Bayzidur Rahman

Research Article | published 05 Aug 2021 PLOS ONE

https://doi.org/10.1371/journal.pone.0254768

Views: 932 « Citations: 1 * Saves: 0 * Shares: 0

Birth weight and nutritional status of children under five in sub-Saharan Africa

Richard Gyan Aboagye, Bright Opoku Ahinkorah, Abdul-Aziz Seidu, James Boadu Frimpong, Anita Gracious Archer, Collins Adu,
John Elvis Hagan Jr, Hubert Amu, Sanni Yaya

Research Article | published 09 Jun 2022 PLOS ONE
https://doi.org/10.1371/journal.pone.0269279

Views: 413 « Citations: 0 * Saves: 0 * Shares: 0

Factors associated with comorbidity of diarrhoea and acute respiratory infections among_children
under five years in Ghana

Grace Frempong Afrifa-Anane, Frank Kyei-Arthur, Martin Wiredu Agyekum, Ernest Kwabena Afrifa-Anane

Research Article | published 21 Jul 2022 PLOS ONE

Views: 595 - Citations: 0 » Saves: 1 * Shares: 2

Stunting, wasting, overweight and their coexistence among_children under 7 years in the context of
the social rapidly developing: Findings from a population-based survey in nine cities of China in
2016

Ya-Qin Zhang, Hui Li, Hua-Hong Wu, Xin-Nan Zong

Research Article | published 14 Jan 2021 PLOS ONE

https://doi.org/10.1371/journal.pone.0245455

Views: 2093 - Citations: 6 * Saves: 62 * Shares: 0

Association between health insurance membership and anaemia among_children under-five years.
Evidence from Ghana

Emmanuel Anongeba Anaba, Aaron Asibi Abuosi, Joshua Cobby Azilaku, Jacqueline Nkrumah

Research Article | published 14 Sep 2020 PLOS ONE

https://doi.org/10.1371/journal.pone.0238792

Views: 1048 - Citations: 2 « Saves: 0 * Shares: 0

Nutritional Transition in Children under Five Years and Women of Reproductive Age: A 15-Years
Trend Analysis in Peru

Christian Loret de Mola, Renato Quispe, Giancarlo A. Valle, Julio A. Poterico

Research Article | published 18 Mar 2014 PLOS ONE

Views: 7886 - Citations: 43 * Saves: 171 « Shares: 6

1 2 3 4 5 .. 377 u Results perpage 15 ¥


https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0219665
https://doi.org/10.1371/journal.pone.0219665
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0219665#viewedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0219665#citedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0219665#savedHeader
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0254768
https://doi.org/10.1371/journal.pone.0254768
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0254768#viewedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0254768#citedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0254768#savedHeader
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0269279
https://doi.org/10.1371/journal.pone.0269279
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0269279#viewedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0269279#citedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0269279#savedHeader
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0271685
https://doi.org/10.1371/journal.pone.0271685
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0271685#viewedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0271685#citedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0271685#savedHeader
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0245455
https://doi.org/10.1371/journal.pone.0245455
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0245455#viewedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0245455#citedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0245455#savedHeader
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0238792
https://doi.org/10.1371/journal.pone.0238792
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0238792#viewedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0238792#citedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0238792#savedHeader
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0092550
https://doi.org/10.1371/journal.pone.0092550
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0092550#viewedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0092550#citedHeader
https://journals.plos.org/plosone/article/metrics?id=10.1371/journal.pone.0092550#savedHeader

Editorial Board

The PLOS ONE Editorial Board is powered by thousands of academic experts from all over the world. Our board comprises working
scientists who are established principal investigators/group leaders with extensive publication records.

Academic Editors oversee the peer review process for the journal, including evaluating submissions, selecting reviewers and assessing
their comments, and making editorial decisions. Together with fellow Editorial Board Members and internal staff, Academic Editors uphold
journal policies and ethics standards and work to promote the PLOS ONE mission to provide free public access to scientific research.

Editorial board members affiliated with the Centers for Disease Control and Prevention are serving in a personal capacity. The views
expressed are their own and do not necessarily represent the views of the Centers for Disease Control and Prevention or the United
States Government.

Editorial board members affiliated with the World Health Organization are serving in a personal capacity. The views expressed are their
own and do not necessarily represent the decisions, policy or views of the World Health Organization.

Interested in serving on the Editorial Board?

PLOS welcomes volunteers to the Editorial Board who support our mission, values, and commitment to providing a high-quality
experience for our authors. Explore the Academic Editor role and apply_online.

Academic Editors

To find a member, browse the list, search by name, or search by Section or Keyword. To search for multiple sections or keywords, enter a
comma-separated list of terms.

The list of Academic Editors is updated weekly. If you are an Editorial Board member and would like to update any of the information
below, please contact plosone@plos.org

Search for:

Displaying 1-50 of 9633 Editors.

-
N
(2]
>
5.}
=
(%
[ - |

Katriina Aalto-Setala

University of Tampere

FINLAND

Sections: Developmental biology - Cell differentiation; Cell fate determination; Stem cells; Embryology; Fertilization

Keywords: Biology and life sciences, Cellular types, Stem cells, Induced pluripotent stem cells, Embryonic stem cells, Developmental biology, Cell differentiation,
Genetics, Genetics of disease, Genetic testing, Human genetics, Genetic association studies, Molecular genetics, Cardiovascular anatomy, Electrophysiology, Medicine
and health sciences, Cardiology, Arrhythmia, Clinical genetics, Personalized medicine, Animal models, Mouse models, Model organisms

Mohd Nadhir Ab Wahab
orcid.org/0000-0002-3549-6443
Universiti Sains Malaysia
MALAYSIA
Sections: Computer and information sciences - Artificial intelligence, machine learning and data science, Engineering and technology - Aerospace and automotive
engineering, Robotics
Keywords: Computer and information sciences, Artificial intelligence, Real time computing, Engineering and technology, Mechanical engineering, Robotics, Robotics
systems, Nanorobotics, Navigation, Optimization

Nurul Hidayah Ab Rahman

Universiti Tun Hussein Onn Malaysia

MALAYSIA

Sections: Computer and information sciences - Cryptography and computer security

Keywords: Computer and information sciences, Computing systems, Digital computing, Information technology, Computer security, Computing methods, Cloud
computing

Nidaa Ababneh
orcid.org/0000-0002-2155-3013
University of Jordan
JORDAN
Sections: Genetics - Mutation; Genetics of disease; Heredity, Stem cells and regenerative medicine, Neuroscience - Neurodegenerative diseases and dementia
Keywords: Medicine and health sciences, Neurology

Ukachukwu Okoroafor Abaraogu
orcid.org/0000-0002-1967-1459
Glasgow Caledonian University
UNITED KINGDOM
Sections: Physiotherapy, Health care - Health services research, Cardiovascular science and medicine - Vascular diseases
Keywords: Medicine and health sciences, Health care, Cardiology, Cardiovascular medicine, Rehabilitation medicine, Vascular medicine, Complementary and alternative
medicine

Francisco Martinez-Abarca
Estacion Experimental del Zaidin - CSIC
SPAIN


https://journals.plos.org/plosone/s/academic-editor-role
https://journals.plos.org/plosone/s/join-editorial-board
https://github.com/PLOS/plos-thesaurus/blob/master/README.md
mailto:plosone@plos.org
https://orcid.org/0000-0002-3549-6443
https://orcid.org/0000-0002-2155-3013
https://orcid.org/0000-0002-1967-1459

Sections: Agriculture - General
Keywords: Biology and life sciences, Genome evolution, Comparative genomics, Microbial ecology, Evolutionary biology, Transposable elements, Genomics,
Metagenomics, Microbiology, Plant microbiology, Genome sequencing, Biochemistry, Nucleic acids, Biotechnology, Applied microbiology

Behnam Abasht
orcid.org/0000-0003-2374-8145
University of Delaware
UNITED STATES
Sections: Agriculture - Animals, Genetics - Gene function, Genomics
Keywords: Biology and life sciences, Agriculture, Livestock, Genetics

Abdul Qader Abbady

orcid.org/0000-0002-3898-5269
Atomic Energy Commission of Syria
SYRIAN ARAB REPUBLIC
Sections: Biotechnology - Genetic engineering, Immunology - General, Infectious diseases - General
Keywords: Biology and life sciences, Immunology, Microbiology, Virology, Molecular biology, Molecular biology techniques, Molecular biology assays and analysis
techniques, Molecular biology display techniques, Phage display, DNA construction, DNA manipulations, Recombinant DNA technology, Organisms, Eukaryota,
Protozoans, Parasitic protozoans, Leishmania, Biochemistry, Hormones, Peptide hormones, Growth hormone, Proteins, Conjugated proteins, Immune system proteins,
Antibodies, Antigens, Protein interactions, Protein-lipid interactions, Protein-protein interactions, Protein structure, Protein folding, Recombinant proteins,
Biomacromolecule-ligand interactions, Medicine and health sciences, Medical conditions, Infectious diseases, Zoonoses, Infectious disease control, Vaccines,
Recombinant vaccines, Parasitic diseases, Protozoan infections, Leishmaniasis, Research and analysis methods, Molecular biology techniques, Precipitation techniques,
Purification techniques, Protein purification

Cristiana Abbafati
orcid.org/0000-0003-2811-6251
Sapienza University of Rome
ITALY
Sections: Economics - Health economics, Health care - General, Public health and epidemiology - Health policies, systems and management
Keywords: Social sciences, Economics, Health education and awareness

Faisal Abbas
orcid.org/0000-0002-9312-5659
National University of Sciences and Technology
PAKISTAN
Sections: Economics - Health economics, Public health and epidemiology - Global health, Public health and epidemiology - Health policies, systems and management
Keywords: Nutrition, Malnutrition, Social sciences, Economics, Economic history, Development economics, Economic development, Economic analysis

Qaiser Abbas

Ghazi University

PAKISTAN

Sections: Agriculture - General, Economics - General, Economics - Health economics

Keywords: Agricultural economics, Ecology, Ecological economics, Neuroeconomics, Behavioral economics, Social sciences, Economics, Economic history, Economic
models, Experimental economics, Labor economics, Resource management, Development economics, Economic analysis, Soil science, Ecology and environmental
sciences, Environmental impacts, Environmental management, Natural resources, Environmental protection, Environmental economics, Health economics

Mahdieh Abbasalizad Farhangi
orcid.org/0000-0002-7036-6900
Tabriz University of Medical Sciences
IRAN, ISLAMIC REPUBLIC OF
Sections: Nutrition, Cardiovascular science and medicine - Arrhythmias and cardiac electrophysiology, Health care - Health education
Keywords: Biology and life sciences, Genetics, Immunology, Neuroscience, Nutrition, Diet, Malnutrition, Nutrients, Nutritional deficiencies, Nutritional diseases, Nutritione
disorders, Physiology, Medicine and health sciences, Endocrinology, Epidemiology, Cardiovascular medicine, Pharmacology, Drug research and development, Women's
health, Clinical trials, Complementary and alternative medicine

Alireza Abbasi
orcid.org/0000-0001-9136-1837
UNSW
AUSTRALIA
Sections: Computer and information sciences - Artificial intelligence, machine learning and data science, Complexity and networks
Keywords: Computer and information sciences, Library science, Network analysis, Social networks, Social media

Mahdi Abbasi

orcid.org/0000-0002-5373-5778
Bu-Ali Sina University: Bu Ali Sina University
IRAN, ISLAMIC REPUBLIC OF
Sections: Computer and information sciences - Artificial intelligence, machine learning and data science, Computer and information sciences - Computer Hardware,
Computer and information sciences - General
Keywords: Computer and information sciences, Atrtificial intelligence, Atrtificial neural networks, Expert systems, Genetic programming, Machine learning, Computing
systems, Digital computing, Digital imaging, Network analysis, Network theory, Signaling networks, Network control, Neural networks, Feedforward neural networks,
Recurrent neural networks, Random number generators, Real time computing, Computer applications, Computer architecture, Computer hardware, Microprocessors,
Computer networks, Internet, Internet of Things, Computer vision, Computers, Computing methods

A. M. Abd EI-Aty
orcid.org/0000-0001-6596-7907
Cairo University
EGYPT
Sections: Veterinary science, Pharmacology, Food science and technology
Keywords: Antimicrobials, Phytochemicals, Environmental chemistry, Medicine and health sciences, Pharmacology, Drugs, Pharmacodynamics, Pharmacogenetics,
Pharmacokinetics, Pharmacologic analysis, Pharmacokinetic analysis, Drug interactions, Drug-food interactions, Physical sciences, Chemistry, Analytical chemistry,



https://orcid.org/0000-0003-2374-8145
https://orcid.org/0000-0002-3898-5269
https://orcid.org/0000-0003-2811-6251
https://orcid.org/0000-0002-9312-5659
https://orcid.org/0000-0002-7036-6900
https://orcid.org/0000-0001-9136-1837
https://orcid.org/0000-0002-5373-5778
https://orcid.org/0000-0001-6596-7907

Chemical analysis, Water analysis, Liquid chromatography-tandem mass spectrometry, Phytochemistry, Phytopharmacology, Research and analysis methods, Extraction
techniques, Supercritical fluid extraction, Liquid-liquid extraction, Solid-phase extraction, Chromatographic techniques, Liquid chromatography

Yasmina Abd-Elhakim
orcid.org/0000-0002-3646-6385
Zagazig University
EGYPT
Sections: Pharmacology, Pollution research and control, Toxicology
Keywords: Biology and life sciences, Agriculture, Toxicology, Veterinary science, Aquatic environments, Ecology and environmental sciences, Medicine and health
sciences, Immunology, Pharmaceutics, Pharmacology, Research and analysis methods, Animal studies, Chromatographic techniques

Ashraf B. Abdel-Naim

King Abdulaziz University

SAUDI ARABIA

Sections: Pharmacology, Toxicology, Biochemistry - General

Keywords: Biology and life sciences, Rheumatoid arthritis, Toxicology, Oxidative damage, Medicine and health sciences, Basic cancer research, Cancer treatment,
Cardiovascular pharmacology, Clinical pharmacology, Drug research and development, Clinical medicine, Complementary and alternative medicine, Animal models,
Mouse models

Ahmed S. Abdel-Moneim
orcid.org/0000-0002-3148-6782
Taif University
SAUDI ARABIA
Sections: Virology, Infectious di - Viral di Microbiology - Virology
Keywords: Biology and life sciences, Viral evolution, Viral genetics, Microbiology, Virology, Emerging viral diseases, Viral disease diagnosis, Medical microbiology,
Microbial pathogens, Viral pathogens, Orthomyxoviruses, Influenza viruses, Coronaviruses, SARS coronavirus, Avian influenza, Medicine and health sciences, Infectious
diseases, Respiratory infections, Viral diseases, Influenza, SARS, Zoonoses, Pathology and laboratory medicine, Pathogens, Pulmonology

Muhammad Tarek Abdel Ghafar

orcid.org/0000-0002-0621-4291
Tanta University Faculty of Medicine
EGYPT
Sections: Cancer - Biomarkers, molecular diagnostics and screening, Cancer - Immunotherapy and tumor immunology, Genetics - Gene expression; Epigenetics;
Alternative splicing; RNA splicing; Molecular genetics
Keywords: Medicine and health sciences, Endocrinology, Epidemiology, Biomarker epidemiology, Genetic epidemiology, Molecular epidemiology, Cancer epidemiology,
Hematology, Immunology, Autoimmunity, Clinical immunology, Genetics of the immune system, Oncology, Cancer risk factors, Genetic causes of cancer, Pathology and
laboratory medicine, Clinical genetics, Clinical medicine, Diagnostic medicine

Muhammad Abdel-Gawad

orcid.org/0000-0002-0204-4715
Al-Azhar University
EGYPT
Sections: Gastroenterology and hepatology, Infectious diseases - Hepatitis
Keywords: Medicine and health sciences, Gastroenterology and hepatology, Enteropathies, Gastroesophageal reflux disease, Gastrointestinal cancers, Gastrointestinal
infections, Dysentery, Hepatomegaly, Hepatosplenomegaly, Inflammatory bowel disease, Colitis, Crohn's disease, Liver diseases, Acute liver failure, Liver disease and
pregnancy, Liver fibrosis, Nonalcoholic steatohepatitis, Portal hypertension, Wilson's disease, Alcoholic liver disease, Autoimmune hepatitis, Chronic liver disease,
Cirrhosis, Fatty liver, Hemochromatosis, Hepatocellular carcinoma, Infectious hepatitis, Liver function tests, Megacolon, Pancreatitis, Peptic ulcer disease, Splenomegaly,
Zollinger-Ellison syndrome, Ascites, Barrett's esophagus, Biliary disorders, Cholecystitis and biliary colic, Cholelithiasis, Primary biliary cirrhosis, Primary sclerosing
cholangitis, Celiac disease, Constipation, Diarrhea

Walid Kamal Abdelbasset
orcid.org/0000-0003-4703-661X
Prince Sattam Bin Abdulaziz University, College of Applied Medical Sciences
SAUDI ARABIA
Sections: Physiotherapy
Keywords: Sports and exercise medicine, Medicine and health sciences, Geriatrics, Health care, Metabolic disorders, Cardiology, Pain management, Pediatrics,
Pulmonology, Rehabilitation medicine

Fadia Ahmed Abdelkader Reshia
orcid.org/0000-0003-1838-595X
College of Applied Medical Sciences, Jouf University
SAUDI ARABIA
Sections: Cancer - Basic cancer research, Nursing, Psychology - General
Keywords: Birth weight, Educational attainment, Human families, Psychological stress, Fear, Nursing science, Patients, COVID 19, Depression, Critical care and
emergency medicine, Triage, Nurses

Elsayed Abdelkreem

orcid.org/0000-0002-8976-2989
Sohag University Faculty of Medicine
EGYPT
Sections: Pediatrics, Genetics - Mutation; Genetics of disease; Heredity, Clinical trials
Keywords: Cystic fibrosis, Medicine and health sciences, Child abuse, Neonatal care, Pediatric critical care, Metabolic disorders, Inborn errors of metabolism, Congenital
disorders, Developmental and pediatric neurology, Pediatrics, Neonatology, Clinical genetics, Chromosomal disorders, Genetic diseases, Autosomal recessive diseases,
Phenylketonuria, Sickle cell disease, Tay-Sachs disease, Wilson's disease, Congenital adrenal hyperplasia, Galactosemia, Gaucher's disease, Glycogen storage
diseases, Mucopolysaccharidoses, Niemann-Pick disease

Zaid Abdo
orcid.org/0000-0002-8272-7734
Colorado State University
UNITED STATES
Sections: Computational biology - Proteomics; Systems biology



https://orcid.org/0000-0002-3646-6385
https://orcid.org/0000-0002-3148-6782
https://orcid.org/0000-0002-0621-4291
https://orcid.org/0000-0002-0204-4715
https://orcid.org/0000-0003-4703-661X
https://orcid.org/0000-0003-1838-595X
https://orcid.org/0000-0002-8976-2989
https://orcid.org/0000-0002-8272-7734

Keywords: Biology and life sciences, Computational biology, Ecosystem modeling, Evolutionary modeling, Ecosystems, Ecosystem functioning, Microbial ecology, Spatic
and landscape ecology, Systems ecology, Biota, Coastal ecology, Community ecology, Community assembly, Community structure, Evolutionary biology, Evolutionary
genetics, Evolutionary processes, Parallel evolution, Evolutionary adaptation, Evolutionary systematics, Phylogenetics, Mutation, Marine biology, Microbiology,
Bacteriology, Bacterial taxonomy, Biotechnology, Applied microbiology, Environmental biotechnology, Computer and information sciences, Software engineering, Software
design, Computer modeling, Marine environments, Ecology and environmental sciences, Mathematics, Probability theory, Bayes theorem, Statistics, Biostatistics,
Statistical methods

Mohammed S. Abdo

Hodeidah University

YEMEN

Sections: Mathematics - Applied mathematics

Keywords: COVID 19, Tuberculosis, Nonlinear systems, System stability, Fractional calculus, Integrals, Differential equations, Fractals, Mathematical and statistical
techniques, Forecasting, Mathematical models, Mathematical modeling

Tahirou Abdoulaye
orcid.org/0000-0002-8072-1363
International Institute of Tropical Agriculture
NIGERIA
Sections: Agriculture - Plants, Economics - Econometrics, Economics - General
Keywords: Biology and life sciences, Agriculture, Agricultural economics, Social sciences, Economics

Roswanira Abdul Wahab
orcid.org/0000-0002-9982-6587
Universiti Teknologi Malaysia
MALAYSIA
Sections: Biotechnology - General, Chemistry - Multidisciplinary, Materials science - Nanomaterials and nanotechnology
Keywords: Biology and life sciences, Biochemistry, Biotechnology, Engineering and technology, Nanotechnology, Chemical engineering, Physical sciences, Chemistry,
Materials science

Albiruni Abdul Razak

Princess Margaret Cancer Centre

CANADA

Sections: Cancer - Immunotherapy and tumor immunology, Clinical trials, Drug discovery

Keywords: Cancer immunotherapy, Antibody therapy, Medicine and health sciences, Oncology, Cancer treatment, Antiangiogenesis therapy, Oncolytic viruses, Cancers
and neoplasms, Sarcoma, Clinical oncology, Cancer chemotherapy, Clinical trials (cancer treatment)

Syed Sharizman Syed Abdul Rahim

orcid.org/0000-0002-9090-2563
Universiti Malaysia Sabah
MALAYSIA
Sections: Public health and epidemiology - General, Public health and epidemiology - Chronic diseases, Infectious diseases - Epidemiology and prevention
Keywords: Vaccination and immunization, Disease vectors, Medicine and health sciences, Epidemiology, Infectious disease epidemiology, Molecular epidemiology,
Cancer epidemiology, Natural history of disease, Spatial epidemiology, Disease dynamics, Disease surveillance, Socioeconomic aspects of health, Infectious diseases,
Bacterial diseases, Tuberculosis, Vector-borne diseases, Viral diseases, Zoonoses, Emerging infectious diseases, Foodborne di Infectious di control,
Parasitic diseases, Malaria, Elephantiasis, Helminth infections, Tropical diseases, Neglected tropical diseases, Public and occupational health, Preventive medicine

Anwar P.P. Abdul Majeed
orcid.org/0000-0002-3094-5596
Universiti Malaysia Pahang
MALAYSIA
Sections: Computer and information sciences - Artificial intelligence, machine learning and data science, Engineering and technology - Systems science and
computational engineering, Robotics
Keywords: Computer and information sciences, Artificial intelligence, Neural networks, Engineering and technology, Mechanical engineering, Robotics

Afnizanfaizal Abdullah

orcid.org/0000-0002-0280-565X
University of Technology Malaysia: Universiti Teknologi Malaysia
MALAYSIA
Sections: Computational biology - Proteomics; Systems biology, Computer and information sciences - Artificial intelligence, machine learning and data science, Synthetic
biology
Keywords: Biology and life sciences, Computational biology, Genome analysis, Genome expression analysis, Synthetic biology, Systems biology, Biochemical
simulations, Computer and information sciences, Artificial intelligence, Machine learning, Machine learning algorithms, Signaling networks, Metabolic networks, Nonlinear
dynamics, Computer modeling, Computerized simulations, Computing methods, Mathematical computing, Mathematics, Algorithms, Research and analysis methods,
Microarrays, Simulation and modeling

Khatijah Lim Abdullah
orcid.org/0000-0002-7185-6004
Sunway University
MALAYSIA
Sections: Health care - Health education, Health care - Health services research, Health care - General
Keywords: Medicine and health sciences, Health care, Health care policy, Palliative care

Bawadi Abdullah
orcid.org/0000-0002-5908-5876
Universiti Teknologi Petronas
MALAYSIA
Sections: Engineering and technology - General
Keywords: Engineering and technology, Nanotechnology, Quantum dots, Nanomaterials, Chemical engineering, Energy and power, Bioenergy, Biofuels, Fuels, Hydroger
storage, Environmental engineering, Carbon sequestration


https://orcid.org/0000-0002-8072-1363
https://orcid.org/0000-0002-9982-6587
https://orcid.org/0000-0002-9090-2563
https://orcid.org/0000-0002-3094-5596
https://orcid.org/0000-0002-0280-565X
https://orcid.org/0000-0002-7185-6004
https://orcid.org/0000-0002-5908-5876

PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Laksono AD, Wulandari RD, Amaliah N,
Wisnuwardani RW (2022) Stunting among children
under two years in Indonesia: Does maternal
education matter? PLoS ONE 17(7): e0271509.
https://doi.org/10.1371/journal.pone.0271509

Editor: Marcello Otake Sato, Dokkyo Medical
University, JAPAN

Received: July 2, 2021
Accepted: July 4, 2022
Published: July 25, 2022

Peer Review History: PLOS recognizes the
benefits of transparency in the peer review
process; therefore, we enable the publication of
all of the content of peer review and author
responses alongside final, published articles. The
editorial history of this article is available here:
https://doi.org/10.1371/journal.pone.0271509

Copyright: © 2022 Laksono et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: The 2017 Nutrition
Status Monitoring Survey data used to support
these findings of this study were supplied by the
Directorate of Community Nutrition of the
Indonesian Ministry of Health under license and so

RESEARCH ARTICLE
Stunting among children under two years in
Indonesia: Does maternal education matter?

Agung Dwi Laksono® 2, Ratna Dwi Wulandari®?3*, Nurillah Amaliah®, Ratih
Wirapuspita Wisnuwardani®®

1 National Research and Innovation Agency, Republic of Indonesia, Jakarta, Indonesia, 2 The Airlangga
Centre for Health Policy, Surabaya, Indonesia, 3 Faculty of Public Health, Universitas Airlangga, Surabaya,
Indonesia, 4 Center for Research and Development of Public Health Efforts, Ministry of Health of The
Republic of Indonesia, Jakarta, Indonesia, 5 Faculty of Public Health, Mulawarman University, Samarinda,
Indonesia

* ratna-d-w @fkm.unair.ac.id

Abstract

Background

Measuring height for age is one of the essential indicators for evaluating children’s growth.
The study analyzes the association between maternal education and stunting among chil-
dren under two years in Indonesia.

Methods

The study employed secondary data from the 2017 Indonesia Nutritional Status Monitoring
Survey. The unit of analysis was children under two years, and the study obtained weighted
samples of 70,293 children. Besides maternal education, other independent variables ana-
lyzed in this study were residence, maternal age, maternal marital status, maternal employ-
ment, children’s age, and gender. In the final stage, the study occupied a multivariate test by
binary logistic regression test.

Results

The results show the proportion of stunted children under two years in Indonesia nationally
is 20.1%. Mothers in primary school and under education categories are 1.587 times more
likely than mothers with a college education to have stunted children under two years (95%
Cl 1.576-1.598). Meanwhile, mothers with a junior high school education have a chance of
1.430 times more than mothers with a college education to have stunted children under two
years (95% Cl 1.420—1.440). Moreover, mothers with education in the senior high school
category have 1.230 times more chances than mothers with a college education to have
stunted children under two years (95% Cl 1.222—1.238).

Conclusion

The study concluded that the maternal education level was associated with stunting children
under two years in Indonesia. The lower the mother’s level of education, the higher the
chances of a mother having stunted children under two years.
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Introduction

Stunting is when children under five years old (toddlers) have a length or height less than their
age—the condition by a length or height of more than minus two standard deviations of
WHO’s median child growth standard [1-3].

Stunting is irreversible due to inadequate nutrition and repeated infections during the first
1000 days of a child’s life. Childhood stunting is one of the most significant barriers to human
development and globally affects an estimated 162 million children under five. Stunting has
long-term associations on individuals and society, including decreased cognitive and physical
development, reduced productive capacity and poor health, and an increased risk of degenera-
tive diseases such as diabetes [2, 4]. Stunting is a well-established risk marker of poor child
development, and Stunting before age two predicts poorer cognitive and educational outcomes
in later childhood and adolescence. Child stunting has immediate and long-term conse-
quences, including increased morbidity, mortality, and adverse impact on child development
and adult health contributes to the cycle of malnutrition, and hampers economic development
[3,5].

The prevalence of short toddlers in Indonesia tends to be static. The 2007 Indonesian Basic
Health Survey results showed the prevalence of stunting in Indonesia was 36.8%. In 2010,
there was a slight decrease to 35.6%. However, most stunted toddlers increased again in 2013
to 37.2%. In 2018, the survey found that the prevalence of stunting in children under two years
is 29.9%. In toddlers, it is 30.8% [6]. Moreover, the stunting prevalence in 2019 was 27.67%

[7].

The incidence of stunting is still one of the nutritional problems experienced by toddlers in
the world today. In 2017, 22.2% or around 150.8 million under-five experienced stunting.
However, this figure has decreased compared to the stunting rate in 2000, which was 32.6%. In
2017, more than half of stunted children under five came from Asia (55%), while more than a
third (39%) lived in Africa. Of the 83.6 million small children under five in Asia, the highest
proportion came from South Asia (58.7%). Data on the prevalence of stunting under five col-
lected by WHO, Indonesia is included in the third country with the highest majority in the
Southeast Asia/South-East Asia Regional (SEAR) region. The average prevalence of stunting
under five in Indonesia from 2005 to 2017 was 36.4% [8, 9].

The WHO Conceptual Framework on Childhood Stunting describes how stunting is caused
by a complex combination of family, environmental, social, and cultural variables [10]. Stunt-
ing is a chronic nutritional problem (a condition that lasts a long time) caused by many factors
such as socioeconomic conditions, maternal nutrition during pregnancy, and infant pain [11].
Other causes are unhealthy living behavior, and lack of food intake for a long time from
infancy can cause children to become short [6].

One of the demographic characteristics that became the focus is maternal education. Edu-
cation is a critical factor that does not directly affect nutritional status because this education
will affect the pattern of parenting for children [12]. The study analyzed data on 85,932 chil-
dren aged 6-59 months in Vietnam and found that there was no maternal education among
children 6-23 months, compared with a graduate education (OR 1.77; 95% CI, 1.44-2.16).
Meanwhile, for children 24-59 months, the strongest associations with child stunting were no
maternal education compared with a graduate education (OR 2.07; 95% CI 1.79-2.40) [13].

Meanwhile, another study conducted in Indonesia with a cohort-prospective study yielded
similar conclusions. The study performs between August 2012 and May 2014 at three health
centers in Jakarta, Indonesia. Subjects were healthy children under two years old, in which the
study measured their weight and height serially (at 6-11 weeks old and 18-24 months old). Of
160 subjects, 14 (8.7%) showed declined growth pattern from regular to stunted and 10 (6.2%)

PLOS ONE | https://doi.org/10.1371/journal.pone.0271509  July 25, 2022 2/11


https://doi.org/10.1371/journal.pone.0271509
https://gizi.kemkes.go.id/
https://gizi.kemkes.go.id/
mailto:subditkewaspadaangizi@gmail.com

PLOS ONE

Stunting among children under two years in Indonesia

to severely stunted. As many as 134 (83.8%) subjects showed consistent standard growth pat-
terns. Only two (1.2%) showed improvement in linear growth. Maternal education duration of
fewer than nine years (OR 2.60, 95% CI 1.23-5.46) showed a statistically significant association
with declined linear growth in children. Mother with an education duration of fewer than nine
years was the determining socio-demographic risk factor contributing to the decreased linear
growth in children under two years of age [14]. Based on the description of the background
narrative, we intend this study to analyze the association between maternal education level
and the stunting among children under two years in Indonesia.

Materials and methods
Data source

The data used in this analysis is secondary data from the 2017 Indonesia Nutritional Status
Monitoring Survey. The 2017 Indonesian Nutritional Status Monitoring is a cross-sectional
survey on a national scale conducted by the Directorate of Nutrition of the Indonesian Minis-
try of Health. The design of this study is cross-sectional, which analyzes data of variables col-
lected at one given time across a sample population. The aim is to collect and present
systematic data to provide a factual description of a particular situation.

Sample determination of under five-year samples: Sample selected 300 households. Samples
of children under five years are all children under five years in homes chosen in each cluster.
Respondents are mothers of children under five years or household representatives who can
represent the sample [15].

The 2017 Indonesian Nutritional Status Monitoring uses a minimum of a nutrition
diploma graduate as interviewers and anthropometric measurements. Measure height using a
microtoise, while body length using a length board—measurement of body weight with a digi-
tal scale with an accuracy of 0.01 kg.

The population in this study were all children under two years in Indonesia. In this study,
the unit of analysis was children under two years (<23 months), with mothers as respondents.
The weighted sample was 70,293 children under two years with the multi-stage cluster random
sampling method.

Variables

The study employed stunted children under two years as an outcome variable. Stunting was a
nutritional status indicator based on height for age or the height of a child who is reached at a
certain age. Based on WHO growth standards, the height indicator for a period is determined
based on the z-score or height deviation from average height. Stunted children under two
years consist of two categories: not stunted and stunting. The limit for the nutritional status
category according to the height index/age is [15]:

« Stunted: < -3.0 SD to -2.0 SD
e Normal: > -2.0 SD

The research used maternal education as an exposure variable. The survey determines
maternal education based on the last certificate held by mothers of children under two years.
Maternal education consists of four levels: primary school and under, junior high school,
senior high school, and college.

Apart from maternal education level, other independent variables, as control variables,
were the type of residence, maternal age, maternal marital status, maternal employment status,
age of children under two years, and gender of children under two years. The type of residence
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consists of two types: urban and rural. Maternal age is determined based on the last birthday
(in years). Maternal marital status includes never married, married, and widowed/divorced.
Moreover, maternal employment status consists of two categories: unemployed and employed.

Children under two years are determined based on the last month’s birthday (in months).
Meanwhile, the gender of children under two years consists of two types: boy and girl.

The inclusion criteria in this study were children under two years. On the other hand, the
exclusion criteria in this study were children under two years who did not have a mother, and
their anthropometry was not measured.

Data analysis

The study carried out a co-linearity test in the early stages of analysis. Then, the study used the
Chi-Square test to test the dichotomous variables, and the T-test for continuous variables. The
study used the statistical test to assess whether there is a statistically significant relationship
between the variable nutritional status of children under two years as the dependent variable
and the independent variable. The study uses a multivariable test in the final stage by utilizing
a binary logistic regression test. The analysis performed all statistical analyzes with IBM SPSS
Statistics 21 software.

Moreover, the research used ArcGIS 10.3 (ESRI Inc., Redlands, CA, USA) to create a distri-
bution map of stunted children under two years in Indonesia. The study issued a shapefile of
administrative boundary polygons by the Indonesian Bureau of Statistics for the task.

Ethical approval

The 2017 Indonesian Nutritional Status Monitoring Survey has an ethical license approved by
the national ethics committee (Number: LB.02.01/2/KE.244/2017). The survey used informed
consent during data collection, which accounted for aspects of the procedure for data collec-
tion, voluntary and confidentiality. Respondents gave written consent.

Results

The analysis results indicate that the proportion of nationally stunted children under two years
in Indonesia is 20.1%. The lowest proportion of stunted children under two years was in Bali
Province at 13.6%; meanwhile, the province with the highest proportion of stunted children
under two years was Central Kalimantan Province at 30.1%.

Table 1 shows that co-linearity tests indicate no collinearity between independent variables.
Based on Table 1, the analysis results show that the tolerance value for all variables is more sig-
nificant than 0.10. At the same time, the variance inflation factor (VIF) value for all variables is
less than 10.00. Then referring to the basis of decision-making in the multicollinearity test, the
study concluded that there are no symptoms of a strong relationship between two or more
independent variables in the regression model.

Descriptive analysis

Table 2 shows a statistical description of the characteristics of children under two years who
are the object of analysis in this study. The value of the proportion of children under two years
living in rural areas in Indonesia is 22.6% (95% CI 22.4%-22.8%). Children under two years
living in rural areas dominate all nutritional status categories based on the type of residence.

According to maternal education, mothers with senior high school education led in nutri-
tional status categories. Based on maternal age, stunted children under two years have mothers
with an average age slightly older than normal children.
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Table 1. The results for the co-linearity test of nutritional status of children under two years in Indonesia

(n=70,293).
Variables Collinearity Statistics
Tolerance VIF

Area context

Residence 0.961 1.040
Maternal Characteristics

Education level 0.936 1.069

Age (in years) 0.980 1.021

Marital status 0.997 1.003

Employment Status 0.962 1.040
Children under two years’ Characteristic

Age 0.996 1.004

Gender 1.000 1.000

Note: *Dependent Variable: Nutritional status of a toddler; VIF: variance inflation factor.

https://doi.org/10.1371/journal.pone.0271509.t001

Based on maternal marital status, married mothers led both nutritional status categories.
On the other hand, according to maternal employment status, unemployed mothers dominate
in both types of nutritional status.

Table 2 shows that average children under two years who are stunting are older than chil-
dren under two years who have normal nutritional status. Moreover, based on children under

Table 2. Descriptive statistic of nutritional status of children under two years in Indonesia (n = 70,293).

Variables Nutritional Status p-value
Not stunted (n = 55,142) Stunting (n = 15,152)
Residence < 0.001
« Urban 26.7% 22.6%
« Rural 73.3% 77.4%
Maternal Characteristics
Education level < 0.001
« Primary school and Under 26.4% 30.6%
« Junior high school 26.8% 28.6%
« Senior high school 37.8% 34.1%
o College 9.0% 6.6%
Age (in years; mean) 29.63 29.72 < 0.001
Marital status < 0.001
« Never married 0.3% 0.4%
o Married 98.9% 98.4%
« Divorce/Widowed 0.8% 1.1%
Employment Status < 0.001
« Unemployed 76.5% 76.4%
» Employed 23.5% 23.6%
Children under two years’ Characteristic
Age (in months; mean) 10.67 15.0 < 0.001
Gender < 0.001
« Boy 49.8% 56.7%
o Girl 50.2% 43.3%

https://doi.org/10.1371/journal.pone.0271509.t002
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two years of gender, the boy led in the stunted category; On the contrary, the girl dominated
the not stunted type.

Multivariate analysis

Table 3 shows the results of the binary regression logistics to analyze the association between
maternal education level and the stunted among children under two years in Indonesia. The
study used the nutritional status "not stunted" category as a reference in this analysis.

Table 3 shows that mothers with education in the primary school and under category have
1.587 times more likely than mothers with a college education to have stunted children under
two years (AOR 1.587; 95% CI 1.576-1.598). Meanwhile, mothers with education in the junior
high school category have 1.430 times the probability of mothers with a college education to
have stunted children under two years (AOR 1.430; 95% CI 1.420-1.440). Moreover, mothers
in the senior high school education category are 1.230 times more likely than mothers with a
college education to have stunted children under two years (AOR 1.230; 95% CI 1.222-1.238).
This analysis indicates that the lower the level of education, the higher the probability of a
mother having stunted children under two years.

In addition to maternal education level, six other independent variables analyzed signifi-
cantly associated with stunted children under two years. Table 3 informs that mothers who
live in urban areas are 0.828 times less likely than mothers who live in rural areas to have
stunted children under two years (AOR 0.828; 95% CI 0.825-0.831). The result means that
those who live in rural areas have a higher probability of having stunted children under two
years.

Based on maternal marital status, mothers who were never married have 1.348 times more
likely than divorced/widowed mothers to have stunted children under two years (AOR 1.348;
95% CI 1.308-1.389). Married mothers are 0.804 times less likely than divorced/widowed
mothers to have stunted children under two years (AOR 0.804; 95% CI 0.792-0.817). This

Table 3. Binary logistic regression of nutritional status of children under two years in Indonesia (n = 70,293).

Predictors Stunting
p-value AOR 95% CI
Lower Bound Upper Bound
Residence: Urban < 0.001 0.828 0.825 0.831
Residence: Rural - - - -
Maternal Education: Primary school and under < 0.001 1.587 1.576 1.598
Maternal Education: Junior high school < 0.001 1.430 1.420 1.440
Maternal Education: Senior high school < 0.001 1.230 1.222 1.238
Maternal Education: College - - - -
Maternal age < 0.001 0.994 0.994 0.995
Maternal Marital Status: Never married < 0.001 1.348 1.308 1.389
Maternal Marital Status: Married < 0.001 0.804 0.792 0.817
Maternal Marital Status: Divorced/widowed - - - -
Maternal employment: Unemployed < 0.001 0.972 0.968 0.975
Maternal employment: Employed - - - -
Children under two years’ age < 0.001 1.111 1.111 1.112
Children under two years’ Gender: Boy < 0.001 1.352 1.347 1.356

Children under two years’ Gender: Girl - - - R
Note: AOR: Adjusted Odds Ratio; CI: Confidence Interval.

https://doi.org/10.1371/journal.pone.0271509.t003
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analysis informs that maternal marital status is one predictor of the possibility of children
under two years being stunting.

Table 3 indicates that an unemployed mother is 0.972 times less likely than an employed
mother to have stunted children under two years (AOR 0.972; 95% CI 0.962-0.975). This
information shows that the unemployed mother is a protective factor for having stunted chil-
dren under two years. Meanwhile, based on age, maternal age, and children’s age, the analysis
results were significantly associated with the possibility of stunted children under two years.

According to gender, the boy is 1.352 times more likely than the girl to be stunting (AOR
1.352;95% CI 1.347-1.356). This analysis indicates that children with gender boys have risk
factors for experiencing stunting.

Discussion

We confirmed that the odds of stunting increased significantly among children aged <2 years
who had lower maternal education, older (both maternal age and children age), from the rural
area, and boys. On the other hand, the study also identified other factors; marital status and
occupation. Because of the cross-sectional study design, we cannot exclude the possibility of
reverse causation.

This study found lower maternal education is associated with a higher risk of stunting,
which agrees with systematic review studies [16-18]. Mothers, as caregivers, have all decisions
about healthy feeding practices, including breastfeeding [19, 20]. In addition, higher paternal
education was associated with protective caregiving behaviors, including vitamin A capsule
receipt, complete childhood immunizations, better sanitation, and the use of iodized salt [21].
We should consider that education is an essential issue for Indonesia, like many other develop-
ing countries. Many studies reported a better education level as a strong determinant of better
health outcomes [22-25]. Meanwhile, several studies also report poor education as a barrier to
achieving better health output [26, 27]. A better level of education can understand the risks
and benefits of behavior that will be chosen for adoption [12, 25].

A contradictory finding is older maternal age was associated with a higher risk of stunting.
The hypothesis was that younger maternal age could increase more increased risk of stunting.
For example, several studies showed the odds of women < 24 years having a stunted child
were between 1.09 and 1.23 more significant than women > 33 years [28-30]. Still, some stud-
ies have also found contradictory results for maternal age. A previous study found older mater-
nal age has a higher risk of stunting in Indonesia [31]. Older children were significantly
associated with a higher risk of stunting in this study, which agrees with a systematic review in
Sub-Sahara Africa [18] and a survey among 1366 children aged 0-23 months in Indonesia
[32]. We should consider that older children have higher nutrients that are needed. Children
who were not given age-appropriate feeding were significantly more likely to be stunted than
those fed appropriately [32].

Children who live in rural areas were associated with a higher risk of stunted children
under two years. A systematic review concluded that rural residents were associated with
stunting [16]. Indonesia’s rural health care system was associated with food poverty, low health
literacy among parents, mothers’ typical household decision-making power, and the conse-
quences of high persistent use of traditional birth attendants among ethnic minorities [33]. In
addition, rural subgroups were disadvantaged as the socioeconomic inequalities in maternal,
newborn, and child health in Indonesia, i.e., rural people may be insufficient without sufficient
skilled local health workers [34]. It suggests that rural area needs more attention for technical
and financial support to improve leadership and capacity building in the health sector.
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Maternal marital status was associated with stunting in this study. Children with married
parents had a lower risk of stunting, and parents who were never married or divorced/wid-
owed had a higher chance of stunting children. In contrast with our study, maternal marital
status was not associated with infant growth outcomes in sub-Saharan Africa [35]. Neverthe-
less, a recent survey in Sub-Sahara Africa indicates that maternal marital status is combined
with household cooking fuel on child nutritional status [36].

Meanwhile, employed mothers were one of the risk factors for stunting in children under
two years, and employed mothers had a higher risk of stunting children. On the contrary, two
studies found no significant association between maternal employment and stunting in Indo-
nesia and Ethiopia [37, 38]. Still, recent studies have also found similar results for maternal
marital status in Iran and Ethiopia because housewife mothers have more time to spend with
their family and take care of their children [39, 40]. However, maternal marital status is not
the leading cause of stunting. Improvements in nutrition-specific and-sensitive sectors, focus-
ing on health care access, sanitation, and education, are critical points to decline in Nepal and
Ethiopia [41, 42].

Moreover, boys were more likely to be stunted than girls, and several studies found similar
findings in Indonesia, Mozambique, and meta-analysis [37, 43, 44]. We should note that sex
and follicle-stimulating hormones might play a role in further growth [45].

Strength and limitation

The study examines big data to provide results at the national level. Meanwhile, this study ana-
lyzed secondary data from the 2017 Indonesia Nutritional Status Monitoring Survey. The vari-
ables analyzed were limited to those offered by the survey. The analysis results cannot explain
several other variables that have been known from previous studies to affect stunting in chil-
dren under two years: antenatal care, maternal stature, maternal body mass index, wealth
index, diarrhea, anemia, and agri-food [40, 46-48].

On the other side, the study conducted with a quantitative approach cannot explain the
associated cultural factors that are still very strong in Indonesia, especially in rural areas. Sev-
eral previous studies informed the related results, including the value of children, food taboo,
parenting, and intake patterns [49-53].

Conclusions

The study results concluded that maternal education level was associated with stunting among
children under two years in Indonesia. The lower the maternal education level, the more likely
it is to have stunted children under two years.

Based on the results, the author recommended that the government conduct interventions
were focusing on mothers of children under two with poor education to reduce the proportion
of stunting under two. A more specific target is mothers of children under five who live in
rural areas, are never married, and are employed.
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