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Author's Response To Reviewer Comments
Close

EDITOR COMMENTS:
1) Please prepare the manuscript based on BMC format and please include sufficient method since BMC Public Health
usually not taking review paper.

Our response:
Thank you for pointing this out.

The manuscript was formatted based on BMC Public Health — Research in practice articles: BMC Public Health | Research
in practice (biomedcentral.com).

In terms of the method, we made adjustments in the abstract and added a new method section in the paper.
Abstract section, line 44, page 3.
Main text section, Methods, line 103, page 6.

2) We operate a transparent peer review process for this journal where reviewer reports are published with the article,
but the reviewers are not named (unless they opt in to include their name).

Our response:

Thank you for your remarks with which we completely agree.

REVIEWER 1:

This paper describes a research network for Zika led and coordinated by WHO. The title is misleading as it refers to a
network in international cooperation in health, while this network was specifically created for Zika research, with a strong
focus on Brazil, the country with most Zika cases.

Our response:
Thank you for pointing this out.

We added a new title accordingly.
An initiative of cooperation in Zika virus research: the experience of ZIKABRA Study in Brazil.
Title section, lines 1-2, page 1.

The paper describes the advantages of a network approach. The authors would need to include examples of other Zika
research consortia, eg those funded by the European Commission:

ZikaPLAN: addressing the knowledge gaps and working towards a research preparedness network in the Americas.
Glob Health Action. 2019;12(1):1666566. doi: 10.1080/16549716.2019.1666566. PMID: 31640505 Free PMC article

Zika Preparedness Latin American Network (ZikaPLAN) is a research consortium funded by the European Commission to
address the research gaps in combating Zika and to establish a sustainable network with research capacity building in
the Americas....

Our response:
Thank you for your pertinent suggestions. However, the ZIKABRA Study is not a research network along the lines of the
networks mentioned below.

The ZIKV infection raised a relevant response from the major research centers in the affected countries, which are
examples of the networks currently producing scientific evidence in a collaborative venture. The ZIKABRA Study is a
cohort involving a technical cooperation among different institutions, that we consider as an example of successful
initiative of the international cooperation.

It would also be important to highlight and quote the research protocols that were developed for Zika research, also
coordinated by WHO:

BMJ Open 2019 Jun 18;9(6):e026092. doi: 10.1136/bmjopen-2018-026092.

Understanding the relation between Zika virus infection during pregnancy and adverse fetal, infant and child outcomes: a

protocol for a systematic review and individual participant data meta-analysis of longitudinal studies of pregnant women
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and their infants and children.

Our response:
We have addressed this point in the answer above. Thank you for your suggestion and please refer to our answer for
similar points made before.

Another network is ZikAlliance that should be quoted:

BMC Infect Dis 2019 Dec 26;19(1):1081. doi: 10.1186/s12879-019-4685-9.
Study protocol for the multicentre cohorts of Zika virus infection in pregnant women, infants, and acute clinical cases in
Latin America and the Caribbean: the ZIKAlliance consortium.

Our response:
We have addressed this point in the answer above. Thank you for your suggestion and please refer to our answer for
similar points made before.

Such networks are incredibly useful, also as a spin-off for newly emerging infectious diseases, as now seen for COVID-
19. For example, the ZIkaPLAN diagnostics evaluation platform for Zika diagnostics was rapidly used for the evaluation of
COVID-19 diagnostics:

Need for sustainable biobanking networks for COVID-19 and other diseases of epidemic potential.
Peeling RW, Boeras D, Wilder-Smith A, Sall A, Nkengasong J. Lancet Infect Dis. 2020 Oct;20(10):e268-e273. doi:
10.1016/S1473-3099(20)30461-8. Epub 2020 Jul 24.

Our response:
We have addressed this point in the answer above. Thank you for your suggestion and please refer to our answer for
similar points made before.

For all rare disease outcomes in Zika, it is important to network so that complications such as Guillain Barre Syndrome
and other neurological complications, early postnatal symptomatic Zika infections, rare events such as thrombocytopenia
etc. Even more frequent events such as attack rates and sexual transmission can be best documented in meta-analyses
of large cohorts. The authors may want to highlight the IGOS network (for Guillain-Barre Syndrome) or GeoSentinel, a
network of travel medicine providers that investigates returning travelers.

Guillain-Barré Syndrome Associated with Zika Virus Infection in Colombia.

Parra B, Lizarazo J, Jiménez-Arango JA, Zea-Vera AF, Gonzalez-Manrique G, Vargas ], Angarita JA, Zuiiga G, Lopez-
Gonzalez R, Beltran CL, Rizcala KH, Morales MT, Pacheco O, Ospina ML, Kumar A, Cornblath DR, Mufioz LS, Osorio L,
Barreras P, Pardo CA. N Engl J Med. 2016 Oct 20;375(16):1513-1523. doi: 10.1056/NEJMoal1605564. Epub 2016 Oct 5.
PMID: 27705091 Free article.

Postnatal symptomatic Zika virus infections in children and adolescents: A systematic review.

Ramond A, Lobkowicz L, Clemente NS, Vaughan A, Turchi MD, Wilder-Smith A, Brickley EB. PLoS Negl Trop Dis. 2020 Oct
2;14(10):e0008612. doi: 10.1371/journal.pntd.0008612. eCollection 2020 Oct. PMID: 33006989

Zika among international travellers presenting to GeoSentinel sites, 2012-2019: implications for clinical practice.

Angelo KM, Stoney RJ, Brun-Cottan G, Leder K, Grobusch MP, Hochberg N, Kuhn S, Bottieau E, Schlagenhauf P, Chen L,
Hynes NA, Perez CP, Mockenhaupt FP, Molina I, Crespillo-Andujar C, Malvy D, Caumes E, Plourde P, Shaw M, McCarthy
AE, Piper-Jenks N, Connor BA, Hamer DH, Wilder-Smith A. J Travel Med. 2020 Jul 14;27(4):taaa061. doi:
10.1093/jtm/taaa061. PMID: 32330261

INTRODUCTION: International travellers contribute to the rapid spread of Zika virus (ZIKV) and its sentinel identification
globally.

Travel Surveillance and Genomics Uncover a Hidden Zika Outbreak during the Waning Epidemic.

Grubaugh ND, Saraf S, Gangavarapu K, Watts A, Tan AL, Oidtman RJ, Ladner JT, Oliveira G, Matteson NL, Kraemer MUG,
Vogels CBF, Hentoff A, Bhatia D, Stanek D, Scott B, Landis V, Stryker I, Cone MR, Kopp EW 4th, Cannons AC, Heberlein-
Larson L, White S, Gillis LD, Ricciardi MJ, Kwal J, Lichtenberger PK, Magnani DM, Watkins DI, Palacios G, Hamer DH;
GeoSentinel Surveillance Network, Gardner LM, Perkins TA, Baele G, Khan K, Morrison A, Isern S, Michael SF, Andersen
KG. Cell. 2019 Aug 22;178(5):1057-1071.el11. doi: 10.1016/j.cell.2019.07.018. PMID: 31442400 Free PMC article.

Our response:
We have addressed this point in the answer above. Thank you for your suggestion and please refer to our answer for
similar points made before.

The authors highlight the advantages of research networks, but also need to highlight some disadvantages, such as the
delays in creating networks, the bottlenecks such as obtaining memorandum of understanding, consensus on authorship
issues, shipment of samples and sharing of samples and data banks. These delays that are well-known should be an
impetus for proactively setting up research networks in inter-epidemic times, including cohorts (eg pregnant women
cohort studies, community based cohorts, children cohorts).
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Our response:
We have addressed this point in the answer above. Thank you for your suggestion and please refer to our answer for
similar points made before.

REVIEWER 2:

1) In the abstract section, perhaps the method on how the ZikaBra initiatives come into place could be described. Also,
the conclusion in the abstract should be clearly stated.

Our response:
Thank you for your appropriate suggestion. The abstract has been changed accordingly.

Abstract section, line 44, page 3.

2) In the introduction section line 88 to 94 perhaps it would be better to put it in the method section along with any ethic
protocol for the study if available.

Our response:
We agree with this pertinent comment.

A new method section was created.
Main Text section, Methods, line 103, page 6, as suggested.
The text has been moved to the Main Text section, Methods, lines 104-110, page 6, as suggested.

3) In the method section line 105 to 112 perhaps it would be better to describe the prevalence of Zika in Brazil and how
many of the partner health facilities made up from the total population.

Our response:

We would like to clarify that the participating health facilities are describe in the protocol. We intend to describe a
successful the partnership between different international collaborating institutions. The health facilities involved was
selected based on: local prevalence of the infection, high population density; strong community health network;
laboratory facilities capable of carrying out the tests requested by the study protocol.

A paragraph has been added to the manuscript containing the information bellow.

Main text section, ZIKABRA Study: role of partners, lines 121-131, pages 7,8.

In 2016, at the time of the ZIKABRA Study development, 216,207 probable ZIKV cases were reported in Brazil [8]. From
2015 to 2016, 10,232 suspected cases and 2,202 confirmed cases of microcephaly were reported in the country [9]. The
ZIKABRA study [7] is an observational cohort of men and non-pregnant women, aged 18 years or older, with infection
confirmed by laboratory tests on blood or urine. Specimens of blood, semen, vaginal secretion, urine, rectal swab, sweat,
saliva and breast milk were collected and tested for ZIKV RNA at the partner health facilities through 17 visits distributed
over 12 months of follow-up [7]. The criteria used to select the recruitment sites were: high population density; high
circulation of ZIKV; strong community health network; laboratory facilities capable of carrying out viral culture, ZIKV
antigen assays, RT-PCR, IgM/IgG, neutralizing antibody test (specific for ZIKV, dengue and chikungunya) and virus
genetic sequencing [7].

4) The description of the collaboration could be better depicted with some sort of figures that showed the interrelation
among members of the initiatives from local government to the international governing bodies.

Our response:
The figure systematizing the ZIKABRA cooperation was added.

Fig.1. ZIKABRA International Scientific Cooperation Framework
Main Text section, ZIKABRA International Scientific Cooperation Framework, lines 269, page 15.

5) Before the lesson learn I think it would be better to discuss the challenges and obstacle that was face during the
inception of the initiatives and how to overcome it so that we can understand better the context.

Our response:

Thank you for your suggestions they were accepted. The information regarding the challenges and obstacles was added
in the Main Text section, ZIKABRA International Scientific Cooperation Framework, lines 270-295, pages 15,16.

6) In the conclusion section, I think it was too long and could be made more condense and succinct.

Our response:
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Thank you for your remarks with which we completely agree.

The text of the Conclusions section has been modified to address the suggestions made by the reviewer Conclusions
section, lines 337-359, pages 19,20, as requested.

Close
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Abstract

Background: The Zika virus outbreak has triggered a set of local and global actions for a rapid, effective, and
timely public health response. A World Health Organization (WHO) initiative, supported by the Department of
Chronic Condition Diseases and Sexually Transmitted Infections (DCCI) of the Health Surveillance Secretariat (SVS),
Brazil Ministry of Health (MoH) and other public health funders, resulted in the start of the “Study on the
persistence of Zika virus in body fluids of patients with ZIKV infection in Brazil — ZIKABRA study”. The ZIKABRA study
was designed to increase understanding of how long ZIKV persists in bodily fluids and informing best measures to
prevent its transmission. Data collection began in July 2017 and the last follow up visit occurred in 06/26/2020.

Methods: A framework for the ZIKABRA Cooperation initiative is provided through a description and analysis of the
mechanisms, strategies and the ethos that have guided the models of international governance and technical
cooperation in health for scientific exchange in the context of a public health emergency. Among the
methodological strategies, we included a review of the legal documents that supported the ZIKABRA Cooperation;
weekly documents produced in the meetings and working sessions; technical reports; memorandum of
understanding and the research protocol.

(Continued on next page)
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(Continued from previous page)

Conclusion: We highlight the importance of working in cooperation between different institutional actors to
achieve more significant results than that obtained by each group working in isolation. In addition, we point out
the advantages of training activities, ongoing supervision, the construction of local installed research capacity,
training academic and non-academic human resources, improvement of laboratory equipment, knowledge transfer
and the availability of the ZIKABRA study protocol for development of similar studies, favoring the collective
construction of knowledge to provide public health emergency responses. Strategy harmonization; human
resources and health services; timing and recruiting particularities and processing institutional clearance in the
different sites can be mentioned as challenges in this type of initiative.

Keywords: Zika virus, Outbreak, Public health emergency, International cooperation in health

Background

The sudden emergence of the Zika virus (ZIKV) in
Brazil, the wide geographical range of the mosquito
vector of the virus and the link to microcephaly and
other important disorders, triggered a call for a global
response. On November 11, 2015, the Brazilian Ministry
of Health (MoH) declared the ZIKV epidemic as a
Public Health Emergency of National Importance [1, 2]
and, in February 2016, the World Health Organization
(WHO) declared the epidemic to be a Public Health
Emergency of International Concern (PHEIC) [3].
Considering the extent of the infection in Brazil and its
complications, urgent and coordinated public health
strategies were developed in the areas of surveillance, by
adopting vector control measures and strong risk
communication strategies, in addition to research and
development actions in the clinical, laboratory and social
areas, summarized in the Brazilian Plan for Fighting
Aedes aegypti and microcephaly [4]. In turn, the WHO
has set out a strategic response plan, the Strategic Response
Framework (SRF) [5], aiming to foster early responses to
the ZIKV emergency, including implementation of clinical
research studies, the design of study protocols for diagnosis,
the development of studies with qualitative methodologies,
the formulation of strategies to reduce the risks of exposure
to the Aedes mosquito, the development of safe and effect-
ive therapies and vaccines and the identification of funding
sources to support this extensive research and development
agenda.

The “Study on the persistence of Zika virus (ZIKV) in
body fluids of patients with ZIKV infection in Brazil —
ZIKABRA Study” was conducted to address one of the
research gaps identified by the WHO Research Agenda
which comprises the characterization of the ZIKV infec-
tion [6]. The aim of the study was to assess the presence
and duration of Zika virus and related markers in infected
individuals and their symptomatic or asymptomatic
household contacts [7]. The study was supported by the
Department of Chronic Condition Diseases and Sexually
Transmitted Infections (DCCI) of the Health Surveillance
Secretariat (SVS), Ministry of Health (MoH).

The ZIKABRA study brought together the expertise of
a multi-disciplinary group of scientists to meet the
requirements of designing a research protocol with
complex clinical, epidemiological, biomedical, viro-
logical, laboratory and public policy features. The
national epidemiological situation and research capacity
dictated the selection of the study sites, notably in three
major capitals in the northern (Manaus), northeastern
(Recife) and southeastern (Rio de Janeiro) regions of the
country, with its reference laboratories at the Tropical
Medicine Foundation Dr. Heitor Vieira Dourado (FMT-
HVD), Oswaldo Cruz Foundation, in Rio de Janeiro
(Fiocruz-R]) and Brazil Oswaldo Cruz Foundation-
Institute Aggeu Magalhies, Recife (CPqAM - Fiocruz
- PE). On the international side, the United States
Department of Defense laboratory, and the Walter
Reed Army Institute of Research (WRAIR) provided
technical, material and immunologic assay support.

This paper provides a framework for the ZIKABRA
initiative through a description and analysis of the
mechanisms, strategies and the ethos that have guided
the models of international cooperation and scientific
exchange between Brazil and international organizations
in the context of a public health emergency.

Methods

The project was jointly funded by the MoH/SVS/DCCI
(grant 837059/2016, Process SEI 25000162039201616);
WHO (UNDP-UNFPA-UNICEF-WHO-World Bank Special
Programme of Research, Development and Research
Training in Human Reproduction); WRAIR - (0130602D16)
- Cooperation Agreement (W81XWH-18-2-0040) between
Henry M. Jackson Foundation for the Advancement of Mili-
tary Medicine and US Department of the Army; Wellcome
Trust (WT) (grant 206522/7/17/7); and National Institutes
of Health (NIH) (Award Number R21AI139777), thus com-
pleting the ZIKABRA international cooperation.

This is a descriptive and documentary analytical study,
based on primary data, produced by the ZIKABRA
Cooperation. The documents produced by the research
study group and technical reports were reviewed. Basically,
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the weekly meetings fed the information about the manage-
ment and governance information, once all the representa-
tives of the participant institutions attend these calls.

Data underlying the study cannot be made publicly
available due to ethical concerns, as data contain several
personally identifiable information. Data are available
from Oswaldo Cruz Foundation for researchers who
meet the criteria for access to confidential data. To con-
tact information, please report the Declarations section
of the Manuscript, Availability data and materials.

ZIKABRA study: role of partners
The study design was developed in partnership by a
team of scientists from WHO, Fiocruz-R], CPqAM -
Fiocruz-PE, FMT-HVD, WRAIR and DCCI and marked
the beginning of the formation of the network of collab-
orators from MoH, PAHO, WHO, WRAIR, Fiocruz,
WT and NIH, which is named ZIKABRA Cooperation.
In 2016, at the time of the ZIKABRA study develop-
ment, 216,207 probable ZIKV cases were reported in
Brazil [8]. From 2015 to 2016, 10,232 suspected cases
and 2,202 confirmed cases of microcephaly were
reported in the country [9]. The ZIKABRA study [7] is
an observational cohort of men and non-pregnant
women, aged 18 years or older, with infection confirmed
by laboratory tests on blood or urine. Specimens of
blood, semen, vaginal secretion, urine, rectal swab,
sweat, saliva and breast milk were collected and tested
for ZIKV RNA at the partner health facilities through 17
visits distributed over 12 months of follow-up [7]. The
criteria used to select the recruitment sites were: high
population density; high circulation of ZIKV; strong
community health network; laboratory facilities capable
of carrying out viral culture, ZIKV antigen assays, RT-PCR,
IgM/IgG, neutralizing antibody test (specific for ZIKV,
dengue and chikungunya) and virus genetic sequencing [7].
The laboratory component of the ZIKABRA study is a
key part of the protocol, whose performance complexity
requires mature operational and logistic support, essen-
tial to meet the requirements of all steps of the study,
which included: recruitment; collection and transport of
biological samples and specimens for laboratory testing
at partner institutions in Brazil and WRAIR; follow-up
of participants; data management and analysis; and
production and progressive dissemination of knowledge
generated within the scope of the project, [7, 10-12].
The main functions assumed by the institutions that
make up the ZIKABRA Cooperation are briefly outlined
below.

Ministry of Health (MoH)

The research agenda integrated into the Brazilian Plan
for Fighting Aedes aegypti and Microcephaly [13] guided
the building of researcher teams, consortia, agreements,
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and technical cooperation around a common theme
[14], covering all fields of scientific knowledge. The
SVS/MoH played a key role in this knowledge-building
process by capturing and allocating the necessary finan-
cial resources to promote research related to ZIKV and
microcephaly. The ZIKABRA study was included in the
SVS list of priority studies, in the form of direct con-
tracting [15]. It was left to the discretion of DCCI/SVS/
MoH to lead the collaboration process with the WHO
and national and international partner institutions. The
General Coordination for the Development of Epidemi-
ology in Services (CGDEP/SVS) monitors these studies
and promotes the integration between scientific research
and health surveillance management, the General Coordin-
ation of Public Health Laboratories (CGLAB/SVS) provides
laboratory support and, together with DCCI/SVS, partici-
pate in the ZIKABRA Cooperation governance.

World Health Organization (WHO)

The WHO provided the initial funding, concept and
planning for the investigation of ZIKV persistence in
body fluids, and was responsible for bringing together
funding partners, (WRAIR and WT), and providing the
research protocol using the “Ebola RNA Persistence in
Semen of Ebola Virus Disease Survivors” [16] as a refer-
ence template for the design of the ZIKABRA study.
The role of the WHO was particularly crucial for scien-
tific development and in responding to knowledge gaps
around new health threats, in defining best practices in
prevention and care and in the international dimension
of initiatives, thus favoring the exchange and sharing of
experiences on strategic health topics. It plays a key role
in leveraging its ability to call on experts and high-level
officials to collaboratively address these challenges. The
WHO has been in charge of coordinating, organizing
and keeping record of the group’s weekly meetings, as
well as systematizing the advances and challenges pre-
sented in the different research sites.

Pan American health organization (PAHO)

PAHO/WHO in Brazil has had a central role in the
technical conduct of the public health emergency by
ZIKV, contributing to the MoH in the national response
to this epidemic in Brazil and in the countries of the
region, with the direct participation of its specialized
teams in the field, mainly in the infection hotspots,
supporting interventions in the areas of surveillance,
epidemiological analysis and purchase of laboratory sup-
plies. PAHO has facilitated the dialogue among several
health managers in Latin America and contributed to
the production of knowledge about ZIKV infection, both
in Brazil and in the region. It has also played an import-
ant role in the management of funds earmarked for the
development of strategic research activities [13].
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Oswaldo Cruz Foundation (Fiocruz)

Fiocruz-R] was responsible for coordinating the study
and managing funds from international sources:
Wellcome Trust, WHO and WRAIR. Additionally, it is
in charge of carrying out laboratory tests together with
EMT-HVD and Institute Aggeu Magalhdes (CPqAM), in
Fiocruz-PE, coordinating the laboratory management
interface of the study with CGLAB/SVS. Fiocruz is a fed-
eral agency whose mission is to produce, disseminate
and share knowledge and technologies aimed at contrib-
uting to the promotion of health and quality of life for
the Brazilian population. Besides generating knowledge,
Fiocruz is also responsible for the production of
medicines, immunobiologicals and diagnostic tests [17],
and works as a Collaborating Center for Global Health
and South-South Cooperation, through its Center for
International Relations in Health (CRIS Fiocruz) [18].
With the declaration of ZIKV as a Public Health Emergency
of National Importance, Fiocruz prepared the “Fiocruz Plan”
for coping with this public health emergency, presenting
action strategies in several areas, including the national and
international technical cooperation that supports the ZIKA-
BRA study cooperation [17], a Zika social research network,
among other initiatives.

Tropical Medicine Foundation Dr. Heitor Vieira Dourado
(FMT-HVD)

FMT-HVD was the center responsible for the manage-
ment of the national funding of the study. Patients from
the city of Manaus, made up almost the entire sample of
the study and the researchers were essential for the
recruitment and follow-up of volunteer participants,
laboratory analyses and transport of samples to the other
sites in the national territory. As a national and world
reference center for the treatment of tropical diseases,
EMT-HVD plays an important role in clinical research
and diagnosis and treatment of tropical diseases in the
Amazon.

Wellcome Trust (WT)

The Wellcome Trust supports major projects in partner-
ship with WHO and other institutions around the world
to respond quickly to the global health threat caused by
the ZIKV, including ZIKABRA. Its funding schemes
offer grants across biomedical sciences, population health,
medical innovation, humanities and social sciences, and
public engagement [19].

The National Institutes of Health (NIH)

The NIH, more specifically the National Institute of
Allergy and Infectious Diseases (NIAID), has partially
funded the study through a grant, obtained via a bid
notice. It promoted the research in areas such as the
natural history of the disease, basic research on ZIKV,
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pathogenesis, rapid diagnostic tests, as well as treatments
and vaccines [20].

Walter reed Army Institute of research (WRAIR)

In this cooperation, WRAIR added its experience by
providing scientific resources as a center of excellence
for immunology and the development of vaccines and
medicines for diseases such as dengue, Zika, Ebola, coro-
naviruses, malaria, HIV/AIDS and others. WRAIR’s con-
tributions to the ZIKABRA study included co-funding,
protocol review, laboratory testing, technology transfer,
laboratory capacity building and production and dissem-
ination of results.

Regulatory and governance context

The systematization and governance of the ZIKABRA
Cooperation was based on the formalization of a memo-
randum of understanding (MoU) between the Ministry
of Health, Fiocruz-RJ, WHO and WRAIR, which estab-
lished the technical criteria for the cooperation, the allo-
cation of responsibilities among the partners, the sharing
of technical and scientific information and the commit-
ment to national and international ethical and regulatory
requirements [21]. In addition to ensuring sustainable
training, the MoU was designed to create a local know-
ledge base and support future development of other
programs with similar components [21]. It should be
noted that the close collaboration among ZIKABRA sci-
entists has led to the qualification of technicians at the
post-doctoral, master’s and other levels. The MoU is
complemented by a Term of Reference containing
guidelines for disseminating the results of the study [21].
A Steering Committee followed up the products derived
from the study and supported the dissemination of data
relevant to public health.

Within the scope of the ZIKABRA Cooperation gov-
ernance, a weekly dialogue routine was established since
the study protocol development phase, as proposed by
WHO, through the use of virtual platforms, in order to
enable the participation of those involved, with transpar-
ency and integration of the study management as the
ethos that characterizes its governance. In these meet-
ings, events that occurred at each site, advances in re-
cruitment, logistical problems faced, and the solutions
found, doubts, decentralized monitoring of the protocol
follow-up and other topics are reviewed. Each of these
meetings is documented by WHO in minutes that
record the topics covered, the decisions and courses of
action and are circulated to those involved on a weekly
basis. This routine helped everyone in the process of
following up the work on different areas and sites.

In short, the programmatic instruments supporting
the study are analyzed in this locus, namely: the MoU
[21]; the research protocol; the Term of Reference for



Giozza et al. BMC Public Health (2021) 21:572

dissemination of the study scientific results; the mecha-
nisms for planning and following up the study’s actions;
the research sites life memory documentation; the
technical reports of follow-up of the participating
institutions; the compliance with the ethical aspects of
research with human beings; the strategies for reaching
consensus in the collective decisions of the research
team and the set of participating actors; and the scien-
tific production.

Regulatory framework for ethics in research with human
being

In Brazil, the National Commission for Research Ethics
(CONEP) regulates research involving human beings
and coordinates the institutions’ Research Ethics Com-
mittee (CEP) network, forming the CEP/CONEP System.
The current regulatory framework is the CNS/MoH
Resolution 466/2012 [22]. After the ZIKV emergency,
the CNS Resolution No. 580 [23] was published, to allow
research protocols, that are strategic for SUS (Brazil’s
Unified Health System), to be processed as a matter of
urgency, representing a considerable advancement for
the agility of ethical evaluation in research, essential dur-
ing health emergencies.

It is noteworthy that, in the ZIKV emergency context
in Brazil, the CEP/CONEP System needed to adapt
quickly to this reality [24] in order to appraise the large
volume of research projects that have emerged, while at-
tending to the relevant ethical and scientific foundations
[22]. The ZIKABRA protocol was timely approved by
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CONEP and submitted for ethical evaluation at the local
CEPs of the participating centers in order to comply
with the double ethical evaluation required in the coun-
try. The process of ethical evaluation at the local and
central level observed in the ZIKABRA’s case indicated
the need for improvement in the CEP/CONEP System’s
harmonization, considering that the CEPs of the partici-
pating institutions and services did not keep pace with
CONEP to meet the requirements of the double ethical
evaluation set out in the country.

The ZIKABRA study strictly followed the current
regulations for the transportation, processing and use of
human biological material, for the purpose of creating
biorepositories and sending biological samples outside
the country in accordance with national rules [25, 26].
For the internal management of the project, the MoU
guarantees the sharing of human biological material
stored in a biorepository and related information among
partner institutions.

ZIKABRA international scientific cooperation framework
The ZIKABRA Cooperation (Fig. 1), is based on the
partnership, support and promotion of public institutions
of excellence, common funding for joint development and
performance of their activities and future prospects for
generating technological innovation such as the develop-
ment of anti-ZIKV vaccines and specific diagnosis [21].
We consider that these features support a model of inter-
national scientific-technological cooperation [27].

-

governance

FMT-
HVD

.

Funding, scientific development and study

Fig. 1 ZIKABRA International Scientific Cooperation Framework. Source: SPG
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This cooperation can be thought of as an example of
global health governance, a process that makes up the
type of collaboration between countries that work with
common goals and interests. It can have a wide and
flexible range of formal and informal joint activities that
may include funding and coordination in health matters
[28]. It can also operate at different levels of dialogue
and foster the exchange of ideas on specific topics of
expertise as one of the main challenges to be delivered.

The ZIKABRA Cooperation had a direct benefit for
Brazil, but it also has potential applicability to other set-
tings. The evidence generated by this cooperation could
be used more broadly to address efforts regarding
vulnerable and most at-risk population, such as those in
countries with active transmission of the ZIKV or other
emergent pathogens. It is, also, expected that the
scientific information produced can support national
and international guidelines for body fluid testing and con-
tribute to the future health technology innovations [21].

However, we point out that one of the main barriers
to researching in health emergency scenarios is the
bureaucratic mechanisms and the slow chain procedures
in conducting the rational use of financial resources in
the implementation of the study. For instance, the delay
in building the MoU, hiring qualified personnel, procure-
ment and importing supplies, standardizing laboratory
tests, transfer of funds to local sites, excessive delay in
adjusting the work plan and to reach international quality
standards.

It should be noted that the team of collaborators and
supporters from the institutional partners played a lead-
ing role in the implementation of the ZIKABRA Study.
The existence of this joint team of collaborators and
supporters was key to overcome the barriers that came
up during the throughout the execution of the study.

Working in cooperation in fact contributes to achiev-
ing more significant results than each group working in
isolation. For this reason, careful structuring, relevant
distribution of functions, well-coordinated collaboration
and cooperation are pivotal. Cooperation also enables to
provide consultation and coordination mechanisms so
that this synergy takes place effectively [29].

Lessons learned from the ZIKABRA international
cooperation

Brazilian practices of international cooperation in health
have shown fruitful results in tackling public health
problems with the consolidation of research and devel-
opment actions. Other studies have been produced
showing the importance of international collaborations
for responding to the ZIKV public health emergency,
including innovation, joint publications, and research
networks [30].
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Another Zika research consortia were installed by the
European Commission, for instance the Zika Prepared-
ness Latin American Network (ZikaPLAN) ([31] to
address the research gaps in combating Zika and to
establish a sustainable network with research capacity
building in the Americas. This network involves the
participation of 25 multinational and interdisciplinary
institutional partners from Europe, Latin America, North
America, Africa, and Asia. Created in October 2016, this
consortium initiative includes 15 work packages in
different areas: virology, diagnostics, entomology and
vector control, modelling to clinical cohort studies in
pregnant women and neonates, as well as studies on the
neurological complications of Zika infections in adoles-
cents and adults. Also, the ZikaPLAN diagnostics evalu-
ation platform was rapidly used for evaluation of COVID
19 diagnostics [32].

It’s important to highlight the research protocols coor-
dinated by WHO like the ZIKV Individual Participant
Data (IPD) Consortium, that aims the development of
systematic review to describe and gather data to IPD
from longitudinal studies of pregnant women with ZIKV
infection during pregnancy and fetal, infant or child
outcomes, in the absence of a ZIKV vaccine or pro-
phylactics [33, 34].

Another network initiative is supported by the European
Commission (EC) Horizon 2020, was structured as a
Consortium that comprises 53 partners organized in eight
scientific and one management work packages (WPs), as
well as three cross-cutting WPs, it's the ZIKAlliance
Consortium. This is a multicentre research that covers
Latin America and the Caribbean region. Among the goals
is to describe the dynamic course of the ZIKV epidemic in
pregnant women (PW), children (CH) and natural history
(NH) cohorts. This Consortium also collaborates with the
EC H2020-funded consortia: ZikaPlan and ZikAction. It
works as a spin-off for newly emerging infectious diseases,
as now seen for COVID-19 [35].

It is relevant to highlight that for all rare disease
outcomes in ZIKV infection, networking has been a
concrete response to share action regarding side events
such as Guillain Barre Syndrome and other neurological
complications, early postnatal symptomatic ZIKV infec-
tions and other rare events such as thrombocytopenia.
Even more frequent events such as attack rates and
sexual transmission [7] can be best documented in
meta-analyses of large cohorts. For instance, the Inter-
national Guillain-Barré syndrome Outcome Study (IGOS)
network or GeoSentinel, a network of travel medicine
providers that investigates returning travelers [36—39].

We understand that organizational (regarding global
public health emergency response), administrative and
regulatory processes must be sufficiently agile to meet
the demands of scientific research in favor of the
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benefits that science can bring to public health [40],
without neglecting the good research practices.

In ZIKABRA study, groundwork was done in the
health units of the selected sites, which involved the
participation of health service coordinators, doctors,
nurses and social workers, through prospecting visits
and meetings with the presence of the researchers in
charge and members of WHO, PAHO, WRAIR and
MoH. During these visits, technical training on the
protocol, good research practices, ethical respect for
volunteer participants, structuring of services to avoid
interruption in the routine care to regular patients,
professionalization of non-academic professionals,
among other activities, were promoted. The results were
particularly enriching due to the experience shared
between the site health teams and the ZIKABRA team,
favoring the engagement of all actors involved for the
good execution of the study.

One of the main bottlenecks in the operationalization
of the ZIKABRA study was the change in ZIKV epidemi-
ology, making it impossible to recruit participants in Rio
de Janeiro, and very few participants in Recife. Addition-
ally, there was a mismatch between the finalization of
the ZIKABRA protocol, including all its regulatory and
financial aspects completed in January 2017, and the end
of the Rapid Action Strategy by SVS/MoH, on October
31, 2016, as well as the PHEIC closure by WHO, on
November 18, 2016 [9]. This demanded an operational
logistics rearrangement in the laboratories of the
CPqAM - Fiocruz-PE, and Fiocruz-R], and in the
support of the laboratory of the FMT-HVD.

On the other hand, the ZIKABRA Cooperation
structure, with clearly defined roles in the operational
instruments, has overcome the difficulties encountered,
reaching the proposed goals, greater efficiency in fund
management and strengthening research autonomy. The
ZIKABRA study leaves as a legacy the interaction among
the actors experienced in an arena of weekly discussions
where decisions were made in full respect for the coopera-
tive ethos among peers, the intertwining of institutional

Table 1 Lessons learned
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visions, in order to support the team of collaborators,
aiming at the common interest and achieving excellence
in results.

Based on this cooperation, it is suggested that there is
greater flexibility and autonomy in the mechanisms of
disbursement of funds and execution of the work plan,
ease in hiring qualified human resources and in the pur-
chase and import of laboratory supplies, standardization
of diagnostic tests, among others. Table 1 summarizes
the lessons learned from the ZIKABRA cooperation.

Conclusions

The legacy of the ZIKABRA Cooperation includes the
construction of installed research capacity in the site,
with improvement of laboratory equipment, laboratory
and clinical data management platforms, training of aca-
demic and non-academic human resources, dissemin-
ation of generated knowledge, advancement of
knowledge about the studied theme, knowledge transfer,
availability of the ZIKABRA study protocol for develop-
ment of similar studies, thus favoring the collective con-
struction of knowledge to provide public health
emergency responses. Additionally, the benefits arising
from the study contribute to the strengthening of new
partnerships with national and international researchers
of recognized excellence in sciences, supported by public
and government institutions in political, economic and
technical terms [24].

We highlight some steps towards the potential con-
tinuity of the ZIKABRA Cooperation initiative, such as
the idea of WHO as a global health hub mobilizing ex-
perts and putting its tradition, prestige and knowledge
to the services of technical responses achieving health
goals and sharing understanding and capabilities about
the actions, norms and procedures adopted by the set of
participating institutions.

Another relevant lesson learned is the horizontal co-
operation among Brazilian researchers and institutions
all over the country. The ZIKABRA project provided
[41] technical responses to clinical and laboratory

Topic Challenges

Proposed solutions

Ethical evaluation in local
and international partner

institutions instances

Multi-institutional funding
by partner institutions

Technology availability
the study execution period

Formalization of operational
instruments

Sharing of institutional and individual

Different times for ethical evaluation of the study
in the different national and international ethical

Raising and making public funds available quickly

Standardization of diagnostic tests throughout

responsibilities among the different actors

Harmonize the CEP/CONEP System for urgent ethical evaluation
in the different instances, respecting the Good Research Practices,
in the national context.

Fine-tune regulatory and decision-making processes at partner
institutions and make funds available on an urgent basis.

Promote the sustainability and continuity of technological
innovation development activities, training of high-level human
resources.

Expedite the drafting and harmonization of the basic text of the
agreement among the parties.
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questions of the research and also generated indirect
benefits in the arena of policy studies and health cooper-
ation frameworks.

It would also be important to bear in mind the role of
interaction among government bodies of the participat-
ing institutions that takes place in the joint follow-up of
the sites and project performance. Field supervision of
all stakeholders during the implementation of the
project occurred periodically. This helped to share the
level of knowledge of the site settings by all participants
and to avoid institutional constraints.
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Responding to peer reviewers’ comments

Dear reviewers,

Thank you for giving us the opportunity to submit a revised draft of our manuscript “Scaled-Up Nutrition Education on
Pulse-Cereal Complementary Food in Ethiopia: A Cluster-Randomized Trial". We are grateful for your insightful
comments. The changes are highlighted within the manuscript. Here is a point-by-point response to the comments and
concerns.

Report from Reviewer 1

Comment 1. In the abstract, I think it would be better if the authors add description of the statistical analysis used to
test the hypothesis

Response. Statistical analysis used in our study is included in the abstract as follows: ANOVA and descriptive statistics
used for data analysis. [Abstract, page # 1, line 15].

Comment 2. In the abstract Page 1 line 17 there was typo for repetitive sub-heading "Results"

Response. The repeated word deleted [Abstract, page # 1, line 16].

Comment 3. In the Background page 3 line 60 to 64, I think it would be better if the authors described further about the
pilot study. How it differs from the current study. Such as whether the length of nutrition education is similar, targeting
different population or the channel of nutrition education was different from the HEWs? Or it is the sample size that are
lacking or else.

Response. Page 3 line 60-64 the difference between the pilot study and our study explained.

In these pilot studies the nutrition education to the mothers was given through the student researcher, as proof of
principle but unsustainable. For example, Mulualem, et al., [15] provided 6 months of nutrition education to 80 mothers
(compared to 80 controls) to evaluate the pulse messages and found improved KAP in mothers and weight gain in
children but no significant change in stunting. [Background, page # 3, line 63-70].

Comment 4. In the method section. Please clarify whether HEWs in the control group was trained for general nutrition
education or not?

Response. Clarification added to the manuscript as follow: All HEWs are trained for 1 year before deploying for their
services in their local community. They trained on Family Health as one of the training packages where a general
nutrition education covered. For this study, a Training of Trainer (TOT) manual was used to provide additional training on
pulses to HEWs in the treatment kebeles but not in control kebeles. [Method, page #4, line 110-114].

Comment 5. Did the author have the chance to measure the capacity between HEWSs in the intervention group or in the
control group? How would the authors designate the significant change in the intervention group was not due to higher
motivation or higher knowledge and skills on performing nutrition education among the HEWs?

Response. Unfortunately, we did not measure the motivation of HEWs. We put that as limitation as follows: Another
limitation of the study was not assessing whether there were differences in the motivation of the HEWs between
treatment and control kebeles, which could affect the outcome of the study. [Discussion, page # 13, line 373-375].

We did assess the HEWs experience and education level which was reported in another publication cited as [40]. Even
though we did not test for motivation, there were no apparent differences in the two groups of HEWs for KAP.

Comment 6. Upon measuring the DDS, did the study used only yes or no intake related to the food groups or also
incorporating minimum intake such as 10 grams was deemed consuming the food while less than that was not?
Response. We did measure a both a yes or no for intake as well as estimated intake and considered both during analysis.
In 2008, WHO document “Indicators for assessing infant and young child feeding practices. Part 1: Definitions” stated
that to calculate DDS in children there is not a minimum quantity, which means consumption of any amount of food from
each food group is sufficient to count. In this manuscript we did not report intake. But we have clarified the method
further as follows: The response of mothers was recorded as “Yes” if they said the child eat the particular food and “"No”
if they said the child did not eat the food. The answer “Yes” recorded as 1 and “"No” recorded as 0 and a sum of the total
number of food groups consumed was calculated. The mothers also asked to estimate the amount of the food the child
eats using locally used equipment for each child and the proportion of children consuming four or more food groups per
day was determined. [Method, page #5, line 143-148].

Comment 7. Did the intervention and the control group participate in the study received pulses from the study or from
the government program? If yes, I think the authors might need to describe those in the methods section.

Response. The study provided the seed and we improve our explanation that was included in the method section under
“Haricot Beans for Women's Empowerment in Household Decision Making” by adding this additional sentence: The
researchers decided, after the midline data collection to provide each of the mothers in the intervention group with a
single gift of a two kg bag of quality haricot bean seed and a two kg bag of fertilizer to plant during the June-July
planting season. Both intervention and control groups received pulse seeds and fertilizer for future planting from the
study, with controls receiving seeds after the endline. [Method, page #7, line 187-189].

Comment 8. In the middle of the study the researchers provided Haricot beans in the intervention to the intervention
only group and not the control group until the end line data collection. How do you think it will affect the observed
results of KAP change in the study? How did the authors control for these intended differences in the study and sorting
out the effect to be solely due to nutrition education on pulses?
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Response. We agree the provision of seeds could have changed KAP but with drought and floods we had to provide this
goodwill gesture. We explain this on page #11 as follow: Changes in knowledge and attitudes observed at the midline of
the study were similar to endline. However, the practice change showed greater significance at the endline than at
midline. We attribute this to the seed provision which may have motivated mothers to practice than nutrition education
alone.

In addition, we put the provision of seed in the midline of the study as limitation. [Discussion, page # 11, line 316-319].

Comment 9. Were there any inclusion and exclusion criteria used in the study? If any please explain why they were
used? If not please explained why not?

Response. Inclusion and exclusion criteria included in the method as follows: Mothers who have apparently healthy
breastfeeding infants aged 6-15 months who were permanent residents in the area included in the study. Children who
were receiving supplemental or those that were severely or moderately malnourished and had started therapeutic food
were excluded from the study. Children who started therapeutic feeding excluded because their weight gain or improved
situation would not show the effect of the intervention. [Method, page #4, line 90-95].

Comment 10. In the results section, I think the study participants should be written in the method section instead.
Response. Moved to method section as suggested (only the text moved) [Method, page #3, line 85-90].

Comment 11. Also please stated the inclusion criteria in the method section.

Response. Inclusion criteria included in the method section as stated on comment 9. [Method, page #4, line 90-95].
Comment 12. I think making a kind of CONSORT diagram of the study will made easier for the reader to better
understand the study.

Response. Figure 1 shows the flow chart of the study design which is was made using CONSORT instructions. [Results,
page #8, line 211].

Comment 13. In the results section, since there was change in the intervention group with the distribution of Haricot
bean, Did the authors saw drastic change from midline to end-line among intervention group or it was similar pattern? I
would love to see the graph of the KAP Score as well as nutritional status at baseline, midline and and-line to visually
analyse the change between intervention group and control group

Response. For knowledge and practice the change was significant between midline and endline as well. However, attitude
did not change much after midline which suggested no effect of giving seeds. [Discussion, page #11, line 316-319],
[Figure 2 showed the pattern. Results, page #8, line 221].

Comment 14. In the discussion section, do you think the difference in the HEWs capacity assigned to the intervention
and control group was not an issue? Why?

Response. We put the capacity issue as limitation as follows: We assessed the HEWs experience and education level as
being similar which was reported in other publication [40]. Even though we did not test for motivation, there were no
apparent differences in the two groups of HEWs for KAP regarding pulses and experience. However, we did not analyze
how the motivational difference impacted the intervention, thus, we put it as limitation.

Report from Reviewer 2

Comment 1. The impact of nutrition education on improving mothers' knowledge, attitude, and practices towards
incorporating pulses into their children's food intake is a valuable research topic.

Response. We appreciate for the suggestion on the title and modify the title as follows: Scaled-up nutrition education on
pulse-cereal complementary food practices in Ethiopia: A cluster randomized trial. [Title page]

Comment 2. Under ABSTRACT: The acronyms DDS and CF need to be defined first before being used.

Response. Accepted and corrected [Abstract, page #1, line 19, 241].

Comment 3. Suggestion: This study aimed to assess the impact of a 9-month pulse-nutrition education program on
improving mothers' knowledge, attitude, and practices (KAP) towards pulses, as well as its effect on children's dietary
diversity and nutritional status

Response. Accepted and corrected [Abstract, page # 1, line 5-7].

Comment 4. Ref. #1 does not seem to reflect it

Response. Replaced with: Bhutta, A. Z., Das, K. D., Rizvi, A., Gaffey, F. M., Walker, N., Horton, S., & Maternal and Child
Undernutrition Study Group. (2013). Evidence-based interventions for improvement of maternal and child nutrition: what
can be done and at what cost? Lancet, 382 (9890), 452-477. D0i:10.1016/S0140-6736(13)60996-4. [Reference, page #
16, line 444-4471].

Comment 5. Can you please expand on the previous pilot studies? How this study assessed sustainability?

Response. An example of previous study given on page # 3 and further explanation included as follows: Sustainability of
a reasercher-led program is uncertain, and 6 months of intervention may not have been sufficient to have a sustainable
impact on improved KAP in rural mothers. [Background, page #3, line 67-70].

Comment 6. Suggested edits for the above statements: line 47-48

Response. Accepted and corrected [Background, page # 2, line 46-48].

Comment 7. Line 141 Food Insecurity Access Scale," was used [25]. As suggested by [26], Please delete ref#26, and say
as suggested by Ballard et al.,

Response. Accepted and corrected [Method, page #6, line 164].

Comment 8. Line 238: Nutritional Status of Children: 238 Anthropometry measurements: Please use add (ic):
anthropometric

Response. Accepted and corrected [Results, page # 10, line 262].

Comment 9. I suggest that authors revise the conclusion and state that nutrition education helped in improving the
maternal KAP and frequency of pulse consumption as well as the nutritional status of their children

Response. Accepted and suggestion included in the conclusion as follows: The pulse nutrition education given to mothers
by HEWSs for 9-month helped in improving the maternal KAP and frequency of pulse consumption as well as the
nutritional status of their children. [Conclusion, page # 13-14, line 380-382].

Comment 10. How authors assessed that all trained local HEWs had the same level of experience as they delivered the
intervention?
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Response. We did assess the HEWs experience and education level which was reported in another publication [40]. Even
though we did not test for motivation, there were no apparent differences in the two groups of HEWs for KAP. However,
we did not analyze how the motivational difference impacted the intervention, thus, we put it as limitation as follow:
Another limitation of the study was not assessing whether there were differences in the motivation of the HEWs between
treatment and control kebeles, which could affect the outcome of the study. [Discussion, page # 13, line 373-375].
Comment 11. Please add a section on recommendations for future studies.

Response. Accepted and recommendation for future study now included as follows: Finally, we recommend a future study
on cost-benefit analysis enhanced nutrition education that integrates pulse use into the HEWs information package and
training. [Conclusion, page # 14, line 390-392].
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Abstract

Background: Improving children’s weight status through nutrition education (NE) for mothers about using pulses in
complementary feeding has been demonstrated in pilot studies, but no effect on stunting was reported. The aim of
the study was to assess the impact of a 9-month pulse-nutrition education program on improving mothers’
knowledge, attitude, and practices (KAP) towards pulses, as well as its effect on children’s diet diversity, and nutritional
status. The NE was delivered by Health Extension Workers (HEWs).

Methods: A cluster randomized study was employed for the community-based interventional study. Twelve randomly
selected villages in Sidama Zone, Southern Ethiopia were included in the study. A total of 772 mother-child pairs
involved in the study; where 386 mother-child pairs in the intervention group received additional messages about
pulse-cereal complementary food, and 386 pairs (the control) received only routine health education for 9 months. A
survey on mothers’ KAP and anthropometric measurements of the children were taken at baseline, midpoint, and end
point. ANOVA and descriptive statistics were used to analyzed data.

Results: At baseline and end point, maternal KAP and the dietary diversity score of the children (mean age at end
point 18.8 + 2.9 mo) were assessed. Intervention mothers’ KAP improved (p < 0.001) at midpoint and end point
compared to that of the control group, as did frequency of pulse consumption and Dietary Diversity Score (DDS)
among children. At 9 months, the prevalence of stunting, wasting, and underweight was significantly reduced in the
intervention group compared to the control group (p = 0.001).

Conclusions: NE delivered by HEWs improved KAP of mothers regarding pulse consumption and dietary diversity of
children led to improved nutritional status of the children. Training HEWSs on the use of pulses for complementary food
may be an effective way to improve the health of children in Ethiopian communities.
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Background

Undernutrition in the first 1000 days is responsible for
the annual death worldwide of over 3 million children
under 5 years of age, and poor complementary feeding is
one reason for undernutrition [1]. In Ethiopia, the preva-
lence of underweight, stunting, and wasting in children
under 5 years of age is 24, 38, and 10% respectively [2].
Similar rates are found in the Southern Nations and
Nationalities People Region (SNNPR) [2], the least
urbanized region of the country (90% rural), where
almost one in four live under the poverty line [3].

Exclusive breastfeeding is recommended for the first 6
months of a child’s life, followed by the introduction of
complementary foods with continued breast-feeding. If
complementary foods are insufficient in quality and/or
quantity, nutritional deficiencies are at high risk of de-
veloping during the second half of infancy [4]. In
Ethiopia, most complementary foods are made from un-
fortified cereal-based gruels [2, 5, 6], which are low in
energy and nutrient density, leading to inadequacies of
many nutrients including protein, iron, and zinc [7]. In-
deed, in a 2016 Ethiopian survey, only 14% of children
aged 6-23 months were found to consumed food from
four or more food groups, and only 45% were fed the
minimum acceptable diet [2]. In SNNPR, these rates
were 12.5 and 41.9%, respectively [2].

In 2004, the Government of Ethiopia introduced the
Health Extension Program to improve primary health
services. Four years later, the National Nutrition Pro-
gram (NNP) was introduced to address the growing con-
cern of malnutrition among children under 5years of
age was introduced. A second NNP launched in 2016
emphasized the involvement of Health Extension
Workers (HEWs) in the implementation of the program.
HEWs are female high school graduates from the local
community who speak the local language. As part of
their job description, HEWs are mandated to provide
nutrition education for mothers about essential child
feeding practices [8, 9].

Pulses are important crops, providing high quality pro-
tein when blended with cereal [10]. They are also good
sources of iron, zinc, and other important micronutri-
ents when processed appropriately, which also improves
protein digestibility [11, 12]. However, in Ethiopia, only
26% of children aged 6—24 months consume pulses. In
SNNPR, although pulse crops are locally grown and
available, only 9% of the population consumes pulses
[13]. One of the major problems encountered in ad-
dressing malnutrition is lack of knowledge among
mothers, family members, and health workers about the
benefits of pulses for young children [4]. Previous pilot
studies have shown that nutrition education on pulses
improved the knowledge, attitude, and practice (KAP) of
mothers in child feeding, and that nutrient intake and
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some parameters of growth improved [14, 15]. In these
pilot studies, mothers received nutrition education via
student researcher for a short interventional period. As
an example, Mulualem et al. [14] provided 6 months of
nutrition education to 80 mothers (compared to 80 con-
trols) to improve mothers’ KAP and children’s nutri-
tional status. Results of this small study indicated that
the pulse messages improved KAP in mothers and
weight gain in children, but no significant change in
stunting [14]. Sustainability of a researcher-led program
is uncertain, and 6 months of intervention may not have
been sufficient to have a sustainable impact on improved
KAP in rural mothers. Thus, little is known about the ef-
fectiveness and sustainability of a nutrition education
program conducted through the regular activities of the
HEWSs. The main objective of the study was to assess
the effectiveness of nutrition education on pulse-
incorporated complementary food to the wider rural
community through the government health system to
improve maternal KAP, dietary diversity, and the nutri-
tional status of children (6 to 24 months). The hypoth-
esis was that nutrition education would improve
mothers’ KAP of pulse-incorporated complementary
food and subsequently would improve nutritional status,
and dietary diversity of their young children.

Methods

Study setting and participants

This study was registered as Clinicaltrials.gov
#NCT02638571, and the protocol, along with baseline
results, have been published [16]. Briefly, this cluster-
randomized intervention trial for community-based nu-
trition education was done in 12 kebeles/villages, se-
lected from two districts of the Sidama Zone, Southern
Ethiopia. Kebeles were randomly assigned to the inter-
vention and control groups after stratification by dis-
tricts using the lottery method, as the prevalence of
child malnutrition and number of children was different
in each district. A total of 772 mothers with children
aged 6—15 months were recruited initially at the baseline.
The total number of participants at baseline was 771 as
one child was excluded due to not fulfilling the inclusion
criteria. At the midpoint of data collection, the total
number was 692 (354 in the intervention group and 338
in the control group), and at end point it was 621 (307
in the intervention group and 314 in the control group
(Fig. 1). Mothers who have apparently healthy breast-
feeding infants aged 6—15 months who were permanent
residents in the area included in the study. Children who
were receiving supplemental or those that were severely
or moderately malnourished and had started therapeutic
food were excluded from the study. Children who
started therapeutic feeding excluded because their
weight gain or improved situation would not show the
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Selected 2 districts: Hawassa Zuria and Boricha

Selected 12 kebeles by simple random sampling
from the two districts using PPS (4 kebeles from
Hawassa Zuira and 8 kebeles from Boricha)

Randomly assigned kebeles into intervention and
control groups

\
Intervention

Group: N= 386
randomly selected
mother-child pairs

- Routine HE + Loss to follow-up
additional NE - MP: 32 (flood
- Baseline, displaced HHs)
Midpoint and - EP: 37 refused
End point to participate;
assessment 10 moved
IG
N=307

|
Control Group:

N=386 randomly

Fig. 1 Flow Chart of the Study Design. (PPS: Proportion to Population Size; MP: Midpoint; EP: End Point; HE: Health education; NE: Nutrition Education)

| selected mother-
\ child pair
|
|
- Routine HE Loss to follow-up
only - 1 excludes at
- Baseline, baseline- not
Midpoint and fulfilled inclusion
End point criteria
assessment - MP: 47 (flood
displaced HHs)
- EP: 18 refused to
CG participate; 6 moved
N=314 |

effect of the intervention. The study was not blinded, be-
cause the districts were far apart (it was not possible to
walk between kebeles and back in 1 day), did not share
markets, health centers, and health posts, and study
personnel did not overlap between areas.

The intervention and education materials

Key messages were developed based on the Theory of
Planned Behaviour (TPB) and Health Belief Model
(HBM) principles [17, 18]. Health Extension Workers,
two of whom were located in each kebele, were pro-
vided with 9 months of additional nutrition education,
along with the usual health education. The HEWs
provided the mothers in the intervention group with

five main lessons. See the main lessons covered in
intervention (Additional file 1: Table S1). An inter-
vention with recipe demonstrations on preparation of
porridge for complementary feeding using germinated
pulse and cereal was given once a month and
repeated again after midpoint (4.5 month) data collec-
tion. In addition, participating mothers in the inter-
vention group were counseled by HEWSs during
house-to-house visits. The additional messages deliv-
ered to the intervention group were not included in
the usual health education delivered to the control
group. The control group received the usual health
education provided in the area, which is mainly based
on the essential nutrition action messages.
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All HEWSs are trained for 1year before deploying for
their services in their local community. They trained on
Family Health as one of the training packages where a
general nutrition education covered. For this study, a
Training of Trainer (TOT) manual was used to provide
additional training on pulses to HEWs in the treatment
kebeles but not in control kebeles. This manual was devel-
oped and used by the Canadian International Food
Security Research Fund (CIFSRF) for the “Scaling-up
Pulse Innovations for Food and Nutrition Security” project
[19]. Key messages included in the TOT manual were the
importance of consuming food from all food groups and
dietary diversification; the benefits of pulses; household
pulse processing and preparation techniques, and the need
to prepare and cook a variety of pulse-based dishes, in-
cluding pulse-cereal mix complementary food. HEWs
were trained for 3 days with demonstrations. At the same
time, HEWs in the intervention group had refresher train-
ing in communication and counseling skills. In addition,
HEWs were trained to use a quick guide when counseling
mothers during house-to-house visits [20]. In the control
sites, HEWs continued to provide routine health educa-
tion. These HEWs had not been specially trained in using
pulses in complementary food.

Before the intervention was introduced, the training
material and counseling poster were pre-tested on pur-
posively selected mothers to assess whether the content
and format were realistic, understandable, culturally ap-
propriate, visually appealing, and motivating. These
mothers from the Hawassa Zuria district, who did not
participate in the actual study, were provided with a
half-day education and their understanding of the mes-
sages was assessed through discussion. Each picture on
the poster was also assessed for its cultural acceptance.

The KAP of mothers regarding pulse consumption
and feeding practices were collected at the baseline, mid-
point, and end point of the intervention period. A stan-
dardized questionnaire was used to assess the mothers’
intentions to use cereal-pulse incorporated complemen-
tary food. Theory of Planned Behavior [18] and the
Health Belief Model (HBM) was used to frame questions
to assess the KAP of mothers based on the guidelines of
Macias and Glasauer [17].

Dietary diversity and growth assessment

Using a structured questionnaire, the mothers were
asked about the type and number of meals consumed by
their young children in the previous 24h [21]. In
addition, the Dietary Diversity Score (DDS) for each
child was calculated based on the World Health Organi-
zations (WHO) guidelines for measuring individual diet-
ary diversity scores, using the following food groups to
calculate the DDS: 1) grains, roots, and tubers; 2) le-
gumes and nuts; 3) dairy products (milk, yogurt, cheese);
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4) flesh foods (meat, fish, poultry, and liver/organ
meats); 5) eggs; 6) vitamin-A rich fruits and vegetables;
and 7) other fruits and vegetables [22]. The response of
mothers was recorded as “Yes” if they said the child ate
the particular food and “No” if they said the child did
not eat the food. The answer “Yes” was recorded as 1
and “No” recorded as 0 and a sum of the total number
of food groups consumed was calculated. The mothers
also asked to estimate the amount of the food the child
eats using locally used equipment for each child and the
proportion of children consuming four or more food
groups per day was determined. In addition to the num-
ber of meals, the frequency of the children’s pulse con-
sumption was assessed using a frequency questionnaire
to evaluate monthly consumption of pulses.

The anthropometry of the children was taken at base-
line, midpoint, and end point using standardized tech-
niques [23]. In brief, weight was measured using an
electronic scale (Seca 770), and the children were draped
in a light cloth of known weight during the measure-
ment. The recumbent length was measured to the near-
est 0.1 cm using the Shorr measuring board. The Middle
Upper Arm Circumference (MUAC) of the left arm of
young children was measured using arm circumference
insertion tape. All anthropometric measurements were
entered and analyzed using WHOAnthro version 3.2.2.

Assessment of socio-demographic characteristics

Data on the socio-demographic characteristics of the
participants, including those of the participants’ house-
hold, such as age, gender, ethnicity, income, and KAP of
mothers, were assessed using a standard questionnaire
adopted from previous studies [14, 24] with modifica-
tions. To assess the food insecurity of the households in
the study area, a standardized questionnaire adapted
from Food and Nutrition Technical Assistance (FANT
A), the “Household Food Insecurity Access Scale,” was
used [25]. As suggested by Ballard et al., 2011 [26], only
the last three questions of the nine included to analyze
food insecurity. These questions have been validated in
low-income countries to measure household hunger.
These three questions comprise the Household Hunger
Scale (HHS). Food insecurity was assessed with a recall
period of the last 4 weeks (30 days) prior to the data
collection.

Household wealth status was measured by an asset-
based (non-monetary) wealth index adopted from CSA
[2]. During data collection, each participating household
reported assets owned and other housing and sanitation-
related characteristics. These included ownership of a
radio, TV, mobile phone, TV, and bicycle, access to elec-
tricity, and quantity of livestock, land size, and level of
income. Housing characteristics used in the wealth index
calculation include the dwelling’s structure, number of



Teshome et al. BMC Public Health (2020) 20:1437

rooms and bedrooms, and ownership (whether it is pri-
vately owned or rented). Each household received a
score of 1 or 0 depending on whether it had the particu-
lar asset (1 =yes and 0=No). Each binary variable was
then weighted by the inverse of the proportion of house-
holds that owned the particular item or had the particu-
lar characteristics [27].

Haricot beans for women’s empowerment in household
decision making

Researchers associated with the larger project funded by
CIFSRF attended an intervention nutrition education and
demonstration session just prior to the midpoint data col-
lection where mothers explained that although they
understood the benefits of feeding their children pulses,
they could not fully provide pulses as complementary food
to their young children due to a shortage. At this time
(late May and early June 2016), much of the population
were affected by flooding that occurred due to an ex-
tended drought in the area. These climatic changes had
prevented planting and/or reaping of pulses during the
first harvest. The researchers decided, after the midpoint
data collection to provide each of the mothers in the inter-
vention group with a single gift of a two kg bag of quality
haricot bean seed and a two kg bag of fertilizer to plant
during the June—July planting season. Both intervention
and control groups received pulse seeds and fertilizer for
future planting from the study, with controls receiving
seeds after the end point.

The women agreed to plant the seeds after a training
session. Agriculture experts from Hawassa University’s
College of Agriculture (partner institution) trained 386
mothers for 1 day on techniques of planting, applying
fertilizer, and weeding. The mothers in the control
group were later provided with one kg of haricot bean
seed at the end of end point data collection. The
provision of a small amount of a new variety haricot
bean seed was meant to enable smallholder female
farmers to improve their wellbeing and that of their
families.

Data analysis

Data were entered into SPSS version 20 software. Chi
square and repeated measures Analysis of Variance
(ANOVA) were used to investigate relationships be-
tween the pre- and post-intervention data on KAP of
mothers, and growth and DDS of their children.
ANOVA was used to compare means between the con-
trol and intervention groups, and when ANOVA was
statistically significant, a post hoc test (Tukey HSD test)
was used to determine the level of significance of values
between and within groups. A value of p < 0.05 was con-
sidered as statistically significant.
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Results

Study participants

The mean + SD age of the mother was 25.5 + 4.7 years:
the majority (71%) were 21-30years. About half the
women were in primary school or had completed pri-
mary school. The mean + SD age of young children was
9 + 2.6 months, with about half of them between 6 and 8
months. A summary of the study participants’ socio-
demographic characteristics is presented in Table 1.

Knowledge, attitude, and practices of mothers

Both the intervention and control group mothers had
low scores on KAP at baseline. At midpoint, KAP im-
proved in the intervention group (Fig. 2). After the 9-
month nutrition education, mothers’ mean knowledge
(p=0.001) and practices (p=0.001) significantly im-
proved, but the attitude score remained the same as the
midpoint score. There was a significant main effect of
nutrition education on knowledge (F=488498; df=2;
p=0.001), attitude (F=375.221; df=2; p=0.001), and
practices (F =201.431; df = 2; p = 0.001) within groups. A
similar significant effect was seen between groups on
knowledge (F=3071.99; df=1; p=0.001), attitude (F=
1297.50; df=1; p=0.001) and, practices (F=158.98;
df=1; p = 0.001).

Household processing of pulses and preparation of
complementary foods by the mothers

At baseline, none of the mothers from either the inter-
vention or control group indicated having ever soaked
and germinated pulse products. At midpoint, 132 (43%)
from the intervention and 29 (9.2%) from the control
group reported that they had soaked and germinated
pulses. Only 13 (4.2%) from the intervention group
could recall from memory all the steps in household
processing techniques (sorting, soaking, draining and
soaking for 48h, sun drying, roasting in a warm pan,
and milling), and no members of the control group
could describe all of these steps. In addition, only five
women (1.6%) from the intervention and three (1%)
from the control group were able to recall the right pro-
portion of cereal-pulse mix, which is 3/4th cereal and 1/
4th pulse. At end point, 214 (69.7%) from the interven-
tion and 37 (11.8%) from the control group reported
that they soak and germinate pulse crops; only 23 (7.5%)
from the intervention group could recall from memory
all six steps of the household processing techniques,
while none of the control group could. One hundred
and forty-six (47.6%) from the intervention and 15
(4.8%) from the control group had learned the right pro-
portion of cereal-pulse mix for preparing complemen-
tary food (Table 2).
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Table 1 Socio-Demographic Characteristics of Study
Participants at Baseline, Comparison of the Intervention Group
(IG) and Control Group (CG), Southern Ethiopia, 2016 (n=771)

Socio-demographic characteristics IG n (%) CGn (%) P
Age of the mother (years)
<24 146 (37.8) 175 (45.5) 0.59
25-34 227 (588) 207 (53.8)
>35 13 (34) 3(08)
Marital status
Married 365 (946)  379(984)  0.004
Divorced 14 (3.6) 4(1.0)
Widowed 7 (1.8) 2 (0.5)
Educational status
llliterate 150 (38.9) 147 (38.2) 0.58
Read and write 236 (61.2) 238 (61.8)
In charge of food purchase
Yes 150 (389) 158 (59.0) 0.54
No 236 (61.1) 158 (41.0)

Source of income generating activities by woman

Yes (petty trade, day labor) 62 (16.1) 49 (12.7) 0.19
No 324 (83.9) 336 (87.3)
Household size
Low (1-4 family members) 97 (25.1) 124 (32.2)
Medium (5-10 family members) 222 (57.5) 190 (494) 045
Large (> 10 family members) 67 (17.4) 71 (184)
Age of the children (months)
6-8 172 (44.6) 197 (51.2) 0.19
9-11 123 (31.9) 110 (28.6)
12-15 91 (23.6) 78 (20.3)
Sex of children
Male 211 (54.7) 201 (52.2) 0.50
Female 175 (45.3) 184 (47.8)
Wealth Index
Poor 255 (66.1) 229 (59.5) 0.55
Better 131 (33.9) 156 (40.5)
Household hunger
No household hunger 77 (19.9) 140 (36.4) 0.10
Mild household hunger 46 (11.9) 27 (7.0)
Moderate household hunger 125 (324) 84 (21.8)
Severe household hunger 138 (35.8) 134 (34.8)

P is significant at < 0.05

Pulse consumption, dietary diversity, meal frequency, and
nutrient intake

Haricot bean was the most commonly used pulse crop
in the study area. Mothers who reported using pulses
once or more than once per day in complementary food
increased from 11.1% at baseline to 80.1% at end point
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in the intervention group and from 15.3% at baseline to
58.6% at end point in the control group. At baseline,
there was no significant difference between the interven-
tion and control groups in children’s consumption of
pulses (p = 0.47). At midpoint and end point, there was a
significant difference in consumption of pulses between
the control and intervention groups (p = 0.001). Figure 3
shows the frequency of pulse consumption by young
children in both the intervention and control groups.

Mean dietary diversity at baseline was similar for the
intervention children (2.1 +1.0) and controls (2.2 + 0.8);
at midpoint, values were 2.5 + 0.8 and 2.2 + 0.9, respect-
ively and, at end point, 3.7+ 1.4 and 3.2 + 1.4, respect-
ively. At baseline, only 23 (7.5%) from the intervention
and 12 (3.8%) from the control group had consumed
food from four or more food groups in the last 24h
prior to data collection. At midpoint, 27 (8.8%) from the
intervention and 26 (8.3%) from the control group had
consumed food from four or more food groups in the
same period. At end point, 158 (51.5%) from the inter-
vention and 136 (43.3%) from the control had consumed
food from four or more food groups. There was a statis-
tically significant difference between baseline and mid-
point diet diversity (p=0.001) and between midpoint
and end point (p =0.001) between and within groups,
which indicated change overtime in both groups. Table 3
summarizes the food groups consumed by young chil-
dren in the 24 h prior to data collection at baseline, mid-
point, and end point.

Nutritional status of children
Anthropometric measurements were measured in the
study children at baseline, midpoint, and end point. At
baseline, there was no significant difference between the
intervention and control groups in all anthropometry
measurements and anthropometry indices. At end point,
the mean age of male children was 18.8 + 2.9 mo and fe-
male children was18.7 + 2.9 mo. After intervention there
was a significant difference (p < 0.05) in all anthropometric
indices in the intervention group compared to the control
group, as well as differences over time (Table 4). At base-
line, low height and weight measurements were reflected
in the high prevalence of stunting, wasting, and under-
weight. At midpoint and end point measurements, there
were increases in the prevalence of stunting in both inter-
vention and control groups; however, wasting and under-
weight improved only in the intervention group.
Differences between the intervention and control
groups were largely seen in all three measures: stunting,
wasting, and underweight during the course of the study.
At end point, the prevalence of stunting increased more
in the control group than in the intervention group, and
the difference was significant (p=0.02). At baseline,
14.4% in the intervention group and 25.8% in the control
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group were wasted, and prevalence did not change much
at midpoint (15.3 and 28.1%, respectively); at end point,
the prevalence of wasting had significantly increased
(p=0.001) in the control group (29.7%) over time, while
the intervention group (11.8%) had declined from base-
line, showing a significant positive effect of the interven-
tion. At baseline, 32.9% of children in the intervention
group and 34% of children in the control group were
underweight; at midpoint only the control group showed
a worsening (47.4% of children). Both groups had a de-
creased prevalence of underweight (11.7 and 29.3%, re-
spectively) at end point, but more children were
underweight in the control group (p=0.001). These
changes in the children in the two groups were reflected
in MUAC measurements. At baseline, 35% of children
from the intervention group and 37% of children from

the control group had lower MUACZ-scores. Although
the number of children who had lower MUACZ scores
increased in both the intervention (40%) and control
group (54%), at midpoint, more children in the control
group had lower MUACZ-scores compared to the inter-
vention group. At end point, the number of children
with low MUACZ scores had decreased in both the
intervention (28%) and control (38.6%) groups compared
to midpoint. However, at end point the number of chil-
dren who had low MUACZ-scores was greater in the
control group than in the intervention group (p = 0.001)
(Table 4).

Women’s empowerment in household decision making
All participating mothers (n=386) in the intervention
group reported that they had planted the haricot bean
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Table 2 Percentage of Selected Practice Variables of
Intervention Group (IG) and Control Group (CG), Southern
Ethiopia, 2016

Variables Midpoint X2 End point X2
N % N %

Prepare pulse incorporating CF
IG 289 94 0.001 302 984 0.001
CG 211 67.2 213 67.7

Soak and germinate pulse crops
IG 132 43.0 0.001 414 69.7 0.001
CG 29 9.2 37 11.8

Show 3 or more steps of household processing techniques
IG 88 286 0.001 117 38 0.001
CG 1 03 3 09

Mix cereal and pulse crops in the right proportions
IG 5 1.6 0.001 146 476 0.001
CG 3 1.0 15 48

Midpoint: 4.5 months; End point: 9.0 months. IG n=307; CG n=314

seed provided to them after the midpoint data collection.
The seeds were later harvested following the end point
data collection. Several visits to the field were carried
out by the agriculture agents and the project team to a
selected group of women; however, we did not collect
information on how much they harvested, how much
they kept for consumption, or how much they sold
during end point data collection.

Discussion
The first 2 years of life are critical to reducing problems
related to malnutrition [28]. The current study scaled-up
this strategy by implementing a community-based nutri-
tion education intervention entirely delivered through
HEWs. The results of the study showed that mothers’
KAP regarding pulse-incorporated complementary food
was low at baseline in both the intervention and control
groups. After 4 months of education (i.e., at midpoint),
mothers in the intervention group improved KAP, which
continued through the 9-month period. Almost all
mothers in the intervention group had good knowledge
about the benefits of pulses, household food processing
techniques, and methods of preparation; they also
started preparing complementary food using pulse crops.
This current study findings are similar to other large
intervention studies in other counties such as China [29,
30] and Kenya [31], which showed improved mothers’
knowledge about feeding practices when health service
providers were used to provide nutrition education.
Improvements in the intervention group were seen in
many measures. Frequency of pulse consumption signifi-
cantly increased in the intervention group as most
mothers started using pulses as a complementary food
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more than once per day. Frequency of pulse consump-
tion improved in the intervention group after midpoint.
Changes in knowledge and attitudes observed at the
midpoint of the study were similar to the endpoint.
However, the practice change was more significant at
the end of the study than at midpoint. This finding may
be attributed to the seed provision, which has motivated
mothers to practice rather than nutrition education
alone. Furthermore, there was a significant difference in
mean dietary diversity between the intervention and
control groups. At the end of the intervention, con-
sumption of pulses and nuts group improved signifi-
cantly in the intervention group. Although the mean diet
diversity in both groups improved at the midpoint and
end point, the intervention group had a slightly higher
mean diet diversity score than the control group. How-
ever, at end point, both groups were preparing foods
from fewer food groups per day than recommended (i.e.,
less than four) [22]. Meal frequency in young children
was significantly higher in the intervention group at both
midpoint and end point. This study results were similar
to those of a Chinese study, which was designed to im-
prove the feeding practices of young children and found
improved diet diversity as well as meal frequency in the
intervention group [30].

Stunting increased with age in both groups, but by end
point, less children were stunted in the intervention
group than in the control group, which could reflect the
positive impact of the intervention. The study findings
were consistent with those of similar studies in Peru and
China. A Peruvian study found a significant difference in
stunting between the intervention and control groups
and a reduced rate of stunting in the intervention group
at the end of the study [32]. A Chinese study found a
marginal significant difference in stunting between treat-
ment and comparison groups [29]. Other similar studies
have also observed a decreased rate of stunting and im-
provement in linear growth at the end of intervention,
although these studies found no statistically significant
difference between the treatment and comparison
groups [33-36]. However, other studies have found nei-
ther improvement nor significant differences in stunting
between the treatment and comparison group [14, 31].
The range of the nutrition education period in most
studies ranged from six to 18 months, a short time to
find a significant change in stunting. In the current
study, the prevalence of stunting increased with age,
consistent with previous studies [33-36]. This increase
in stunting with age could occur because of factors such
as infectious disease, poor maternal malnutrition during
pregnancy, poor hygiene, and poverty [31], all of which
limit the impact of an intervention over a relatively short
period. In the same way, in the current study, under-
weight also increased with age in both intervention and
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Table 3 Food Groups of Young Children in the last 24 Hours Prior to Data Collection Date at Baseline, Midpoint and End point,

Southern Ethiopia, 2016

Food group Baseline Midpoint End point

N (%) N (%) N (%)

IG CcG IG CG IG CG

Yes Yes Yes Yes Yes Yes
Cereal & root crops 236 (76.9) 273 (86.9) 281 (91.5) 281 (89.5) 304 (99) 312 (99.4)
Pulse & nuts 96 (31.3) 121 (385) 189 (61.1) 135 (43) 264 (86) 81 (25.8)
Milk & milk group 27 (8.8) 12 (3.8) 31 (10.1) 10 (3.2) 134 (43.6) 128 (40.8)
Meat & organ meat 0 0 0 0 4(13) 6 (1.9)
Egg 27 (8.8) 12 (3.8) 42 (13.7) 64 (204) 147 (47.9) 168 (53.5)
Vitamin A rich fruits and vegetables 0 0 105 (34.2) 74 (23.6) 192 (62.5) 198 (63.1)
Other fruits and vegetables 265 (86.3) 283 (90.1) 116 (37.8) 133 (424) 106 (34.5) 99 (31.5)
Mean Diet Diversity Score 2.1+1.0 22+0.8 25+0.8 2.2+0.9 3714 32+14

IG Intervention Group (n =307), CG Control Group (n=314)
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Table 4 Anthropometric Status of Children at Baseline,
Midpoint and End point at Sidama Zone, Southern Ethiopia,
2016

Anthropometry Mean (SD) (N =771) Mean (SD) (N =621)
measurements Baseline Midpoint End point
Weight (kg)
Intervention 83 (£1.3)° 9.3 10.2<%
Control 73 (£1.27° 87% 94
Length (cm)
Intervention 693 (+ 47)° 74.3% 78.1%
Control 689 (+1.1) 736> 77
MUAC (cm)
Intervention 13.6 (£1.1)7° 1385 144
Control 136 (+1.0)° 1345 13.9%
Anthropometric indices
Wasting (weight-for-length z score)
Intervention —044 (£1.2° 0.06> 0.28°
Control ~073 (1.1 -05% —043%
Stunting (length-for-age z score)
Intervention —105 (£14)° 126 —1.5
Control ~1.10 (+1.2)° 1.35% -1.7%
Underweight (weight-for-age z score)
Intervention 023 (£1.28° 05> - 05~
Control ~0.13 (+1.1)° —13% —1.2%
MUAC z score
Intervention —068 (£1.0)° 07> — 04~
Control ~061 (+1.08° —-10% —07%

SD Standard Deviation; Values in rows are significantly different (p < 0.05) from
the baseline if they have the letter “b” or “c”; values with the letter “c” are
significantly different from values having “b.” Values for intervention and
control in the midpoint and end point columns are significantly different if
they have the letter “x” or “y"; values with the letter “x” are significantly
different from values of “y” (p < 0.05). MUAC: mid-upper arm circumference.

IG = Intervention Group (n =307); CG Control group (n =314)

control groups. However, the prevalence of wasting de-
creased over time in the intervention group, whereas the
number of children in the control group who were
wasted increased at the end point.

In our study, we found household processing practices
such as germination to be difficult tasks for mothers to
adopt. The number of mothers who were using soaked
and germinated pulse crops for complementary food was
low. Only 43 and 69.7% of mothers in the intervention
group reported soaking and germination pulses at mid-
point and end point, respectively. However, the results
showed that more mothers performed household pro-
cessing techniques in the intervention group than in the
control group. The number of mothers who adopted
practices for soaking and germination of pulses in this
study was higher than that in a similar study in Malawi,
where only 25% of participants adopted the practices
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from the message [37]. This difference could be due to
the length of intervention, which was shorter than this
current intervention. In general, the effect of nutrition
education on mothers’ knowledge and practice was high
at both the midpoint and end point of this study, but, at-
titude did not change after the midpoint, possibly indi-
cating that an intervention of approximately 5 months
could be sufficient to change mothers’ attitude.

The strength of this study was the involvement of
trained local HEWs who can speak the local language in
delivering the nutrition messages. The intervention con-
tributed to women’s empowerment by using HEWs and
training mothers in their own communities. A peer
mentoring approach can have positive impacts on the
knowledge, confidence, and attitudes of participants
[38]. We have described training the HEWSs elsewhere
[39]. In addition, multiple educational theories, namely
Theory of Planned Behavior (TPB) and Health Belief
Model (HBM) were used in designing the messages.
TPB helped to identify factors that may influence pulse
consumption in feeding practices through a combination
of attitudes towards consumption of pulses, household
processing techniques, cultural influences, and behav-
ioral control that results in the formation of an intention
[18]. HBM helped in addressing the problem behaviour,
in this case the risk of inappropriate feeding practice and
low consumption of pulses leading to undernutrition
[17]. The limitations of the study included the potential
for information contamination between intervention and
control sites. Another limitation of the study was not
assessing whether there were differences in the motiv-
ation of the HEWSs between treatment and control
kebeles, which could affect the outcome of the study.
The distribution of seed after midpoint was an unex-
pected addition to the study; however, harvesting of
these planted seeds had not occurred before end point,
and thus this additional variable did not impact the
results at 9 months.

Conclusions

This study found that nutrition education delivered
through HEWs was successful in improving young chil-
dren’s consumption of pulses and their nutritional sta-
tus. The pulse nutrition education given to mothers by
HEWs for 9-month helped in improving the maternal
KAP and frequency of pulse consumption as well as the
nutritional status of their children. The study showed
that training local HEWs is an effective way of promot-
ing locally available nutritious foods and improving the
health of local communities, particularly in low-income
countries. Specifically, we showed soaking and germin-
ation and to incorporating germinated pulse product
into complementary food were skills that needed to be
effectively taught. The HEW’s network was important to
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bring changes in maternal KAP. It is necessary to
strength the training of HEWs on germination particu-
larly as the skills were not easily adopted in the commu-
nities. It is also showed that scaled-up the messages
using established health education networks is possible
at the national level. Finally, we recommend a future
study on cost-benefit analysis of enhanced nutrition edu-
cation that integrates pulse use into the HEWs informa-
tion package and training.
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Abstract

Background: The optimal dietary pattern for reducing the extent of metabolic syndrome (MetS) has not been well
established yet. The aim of this study was to evaluate dietary patterns and adherence to WHO healthy diet in
children and adolescents and their associations with MetS.

Methods: Subjects of this cohort study were selected from among children and adolescents of the Tehran Lipid
and Glucose Study participants, aged 6-18 years (n =424). Dietary measurements were collected using a valid and
reliable food frequency questionnaire. MetS was defined as the existence of at least 3 risk factors according to the
Cook criteria. Diet was assessed based on dietary components of the WHO healthy diet. Dietary patterns were
defined by principal component analysis.

Results: The mean + SD age of participants (42% boys and 57% girls) was 13.5 &+ 3.7 years. The most consistency
with the WHO healthy diet was observed for cholesterol, free sugar and protein consumption in both genders, and
the least was for n-3 poly-unsaturated fatty acid, trans-fatty acid and salt. Intake of SFA up to 12% of energy intake
(third quartile) reduced the risk of MetS, compared to the first quartile. Subjects in the third quartile of n-6 poly-
unsaturated fatty acid intake (6.2% of energy) showed the lowest odds ratio of MetS compared to the first quartile
(OR: 0.18, CI: 0.04-0.66). In the adjusted model, the risk of MetS reduced across quartiles of MUFA intake by 60%
(OR: 1, 040, 040, 042; P trend = 0.05). No significant trends were observed in the risk of MetS components across
quartiles of the WHO healthy diet components. Three major dietary patterns were identified, the healthy, unhealthy
and cereal/meat. An increased risk of MetS was observed in the highest quartile of unhealthy dietary pattern score
compared to the lowest quartile (OR: 1, 0.81, 0.93, 2.49; P trend = 0.03).

Conclusions: Our results demonstrated that the majority of our population did not meet some components of

WHO healthy diet recommendations. The quality and quantity of fatty acid intakes were associated with risk of
MetS. Adherence to unhealthy dietary pattern was associated with two-fold increase in MetS risk.
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Background

A collection of multifactorial metabolic disorders, in-
cluding abdominal obesity, dyslipidemia, hypertension
and hyperglycemia is called Metabolic Syndrome
(MetS) [1]. The prevalence of MetS is increasing in
children and adolescents of many countries, including
Iran [2, 3]. MetS has been associated with a higher risk
of cardiovascular disease and type 2 diabetes in adult-
hood, thus, becoming a major public health concern
worldwide [4]. Diet plays a very important role in the
growth and development of adolescents, during which
the formation of healthy eating habits is important [5].
Unhealthy dietary patterns and lifestyle habits estab-
lished during childhood and adolescence are signifi-
cantly tracked into adulthood [6]. Dietary pattern is
one of the risk factors reported to have a significant as-
sociation with MetS and its related metabolic disorders
[7]; however, the optimal local dietary guidelines for re-
ducing MetS has not been well established yet [3]. Also
dietary habits are largely influenced by nutrition transi-
tion which taking place in Iran in the context of demo-
graphic and socioeconomic changes. People are now
consuming more foods high in energy, fats, free sugars
or salt/sodium, and many do not eat enough dietary fi-
bers including fruit, vegetable and whole grains [8].
Dietary saturated fatty acids (SFA) were positively asso-
ciated with the prevalence of MetS in Iranian adults, in-
dependent of total dietary fat, mono-unsaturated fatty
acid (MUFA) and poly-unsaturated fatty acid (PUFA)
intakes [9]. Energy-dense nutrient-poor snacks, both
salty and sweet, had undesirable effects on the inci-
dence of MetS in Iranian children and adolescents [7,
10]. The World Health Organization (WHO) has issued
dietary recommendations and guidelines on nutrition
to help reduce the risk of chronic diseases and promote
good health [11, 12], one of which is the Healthy Diet
fact sheet [8] that includes practical advices on main-
taining a healthy diet; recommending a shift in fat con-
sumption away from SFAs to un-saturated fats and
limiting total fat to less than 30% of total energy intake.
Also this factsheet indicates elimination of free sugars
to less than 10% of total energy intake and industrial
trans-fats. A further reduction of free sugars to less
than 5% of total energy intake is suggested for add-
itional health benefits; moreover, reducing salt intake to
less than 5g per day is recommended for preventing
hypertension and reducing the risk of heart disease and
stroke in the adult population [8]. To our knowledge,
limited data are available on the association of WHO
healthy diet with metabolic abnormalities [7, 10]. In
this study, we aimed to investigate the association of
dietary patterns and adherence to WHO healthy diet
and their association with MetS in Iranian children and
adolescents of 6—18 years during 3.6 years of follow up.
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Methods

Subjects

This population-based cohort study was done in the con-
text of the Tehran Lipid and Glucose Study (TLGS), on
residents of district no.13 of Tehran, the capital of Iran.
These subjects, aged >3 years, were chosen by multistage
cluster sampling, whose age and socio-economic status
are illustrative of Tehran’s overall population [13]. This
study aimed to determine the prevalence of non-
communicable disease risk factors. The first survey was
initiated in 1999-2001, and the second (2002-2005), the
third (2006-2008), and the fourth (2009-2011) were
follow-up surveys.

Of total subjects who entered in the third survey (n =
12,523), 3462 subjects were chosen randomly for dietary
assessment; including 621 children and adolescents aged
6—18 years. Participants were followed for a mean of 3.6
years at the fourth examination survey to evaluate the
development of MetS and its components. Subjects who
were lost to follow up (n =123) (response rate: 80%) and
those with energy intake < 800 or > 4200 kcal/day (1 = 6)
were excluded. Those who had MetS (n = 68), hyperten-
sion (n =52), high triglycerides (TGs) (n = 145), low high
density lipoprotein cholesterol (HDL-C) (n =202), high
fasting blood sugar (FBS) (n =20), or abdominal obesity
(m=141) at baseline were also excluded for individual
analysis of MetS and its components’ incidence. The
final sample sizes varied by outcomes as follows: MetS
(n=424), abdominal obesity (n=351), high TGs (n=
347), hypertension (n =440), low HDL-C (n = 290), and
high FBS (1 = 472) (Fig. 1).

Measurements
Weight was measured, using digital scales, and recorded to
the nearest 100g (Seca 707; Seca Corporation, Hanover,
Maryland; range, 0.1-150) kg while participants were min-
imally clothed without shoes. Height was measured to the
nearest 0.1 cm using a tape meter (model 208 Portable Body
Meter Measuring Device; Seca) with subjects in standing
position and without shoes. Body mass index (BMI) was cal-
culated as weight (kg) divided by square of height (m?).

Waist circumference (WC) was recorded to the near-
est 0.1 cm, using a measuring tape at the umbilicus and
without any pressure on body surface. The anthropo-
metric measurement were carried out by one examiner
for women and one for men to avoid subjective errors.

Before measuring blood pressure (BP), the participants
remained seated for 15 min, and then using a standard
mercury sphygmomanometer with the cuff placed on
the right arm, blood pressure was measured twice by a
clinician and mean values were documented [13].

To measure blood glucose and lipid levels including
TGs and HDL-C, blood samples, were obtained by a
trained staff, from all subjects at baseline and follow-up,
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Fig. 1 Outline of study participants’ selection

between 7 and 9am after 12-14h of fasting. All tests
were done at the TLGS research laboratory on the day
of blood collection. The enzymatic colorimetric method
was used for FBS measurement. Serum concentration of
TGs was estimated using commercially available enzym-
atic reagent (Pars Azmoon, Tehran, Iran) adapted to the
Selectra auto analyzer. HDL-C was estimated after pre-
cipitation of the apolipoprotein B with a solution of
phosphotungstic acid. Inter- and intra assay coefficients
of variations were both 2.2% for FBS, 2.0 and 0.5% for
HDL-C and 1.6 and 0.6% for TGs, respectively [2].

Dietary assessment

Dietary intakes were collected by trained research nutri-
tionist, using a valid and reliable 168-items semi-
quantitative food frequency questionnaire (FFQ) [14, 15].
Participants were asked (face to face), to report their con-
sumption frequency during the previous year; when chil-
dren were unable to recall, their mothers were asked
about the type and quantity of meals and snacks. Portion
sizes of food intakes, reported in household measures,
were converted to daily intakes (gr/day). As the Iranian
food composition table (FCT) is incomplete, the US De-
partment of Agriculture FCT was used for analyzing en-
ergy and nutrient contents; for traditional foods not listed
in the US Department of Agriculture FCT, the Iranian
FCT was used [16, 17].

Physical activity assessment

Information on physical activity was collected using the
modifiable activity questionnaire (MAQ); high reliability
(97%) and moderate validity (49%) have been ascertained
previously for the Persian translated MAQ in adoles-
cents. Metabolic equivalent (MET) task (minutes per
week) was calculated [18, 19].

Definitions

Metabolic syndrome (MetS)

In children and adolescents, Cook’s criteria was used for
definition of MetS, proposed as having >3 of the follow-
ing [20]: fasting TGs =110 mg/dl; HDL-C <40 mg/dl;
WC = 90th percentile for age and sex, based on the na-
tional reference curves [21]; systolic BP and diastolic
BP > 90th percentile for sex, age and height, according to
cut points of the National Heart, Lung and Blood Insti-
tute [22], and FPG > 100 mg/dl, based on the recommen-
dations of American Diabetes Association.

Nutrient intake goals of the WHO healthy diet

The components of the WHO healthy diet include tak-
ing cholesterol <300 mg per day, total fat less than 30%,
SFAs less than 10%, and trans-fatty acids (TFAs) less
than 1% of total energy intake, and replacing them with
unsaturated fats including PUFAs (6—10% of total energy
intake), n-6 PUFA (5-8% of total energy intake) and n-3
PUFA (1-2% of total energy intake); also, eating at least
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400 g or 5 portions of fruits and vegetables per day to
prevent non-communicable diseases and help ensure an
adequate intake of dietary fiber (> 25 g). Consuming pro-
tein 10—15%, carbohydrates 55-75% and free sugars less
than 10% of total energy and salt less than 5g are other
parts of WHO healthy diet [8]. Participants who met the
component of the WHO healthy diet recommendations
are complier of that component.

Statistical analyses

For analyzing data, the SPSS V.20 (SPSS Inc., Chicago,
Illinois) was used. Continues variables were reported as
mean *+ SD and the categorical as percentages. A com-
parison of qualitative and quantitative variables among
MetS and non-MetS subjects was done using the student
T and Chi-square tests, respectively. Dietary patterns
were determined using factor analysis with varimax rota-
tion, based on 21 food groups. The patterns were ex-
tracted based on the eigenvalues (>1), scree plot and
factor interpretability (Fig. 2). Logistic regression analysis
was used to estimate the odds ratio (OR) of MetS ac-
cording to quartiles of WHO healthy diet components
and dietary pattern scores after applying an adjustment
for baseline age, sex, energy intake, family history of dia-
betes (yes or no) and BMI. Physical activity level (con-
tinuous) did not change the results, so this variable was
excluded from the model. P value for trend was deter-
mined by logistic regression models using the median of
each quartile of dietary factors as a continuous variable.
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Results

The mean + SD age of participants (42% boys and 57%
girls) was 13.5 + 3.71 years. There was no significant differ-
ence in physical activity level between MetS and non-
MetS subjects. Also WC and TG level of MetS individuals
were higher than non-MetS subjects. HDL-C level was
lower in MetS than non-MetS subjects (Table 1).

The cumulative incidence of MetS was 11.1% after 3.6
years of follow up.

Table 2 shows the percentage of children and adoles-
cents complying with WHO Healthy Diet by sex. The
highest compliance was for cholesterol (100%), free
sugar (>80%) and protein intake (>75%) in both gen-
ders, and the least was observed for n-3 PUFAs (< 2%),
TFAs (<7%) and salt (< 16%), without a significant dif-
ference between boys and girls. In this population, the
mean intake of total fat, SFAs and TFAs were higher
than WHO recommendations; the most inconsistency
was for TFAs which was received 2 fold higher than rec-
ommended. The mean intakes of fruits and vegetables
were higher than WHO Healthy Diet recommendations,
and the compliance of fruit and vegetable with WHO
was > 60% in both genders.

The risk of MetS incidence according to quartiles of
WHO healthy diet components is shown in Table 3. In
the adjusted model, intake of SFA up to 12% of energy in-
take (third quartile) reduced the risk of MetS, compared
to the first quartile. In the crude model, the risk of MetS
reduced across quartiles (Q) of MUFA intake (ORs from
Q1 to Q4: 1, 0.62, 039, 045; P trend =0.03); in the

-
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Fig. 2 The scree-plot of principal component analysis for extracting major dietary patterns
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Table 1 Baseline characteristics of children and adolescents (6-19 years) participating in the Tehran Lipid and Glucose Study, 2005-8

Total (n=424) Non-MetS subjects MetS subjects (n=47) Pvalue *
(n=376)
Age (year) 135+371" 137437 127436 0.10
Family history of diabetes (%) 52 56 22 0.51
Waist circumference (cm) 688+ 104 68.0+ 10.1 755+11.2 <001
Systolic blood pressure (mmHg) 979+ 11.9 976+ 11.8 101+£10.2 0.07
Diastolic blood pressure (mmHg) 643+ 100 64.5+9.7 653+95 0.64
Fasting plasma glucose (mg/dl) 849+6.15 84.7+£6.12 872+59 0.008
High density lipoprotein cholesterol (mg/dl) 458+105 46.5+10.8 40.7 +6.8 <001
Triglycerides (mg/dl) 89.1+422 790+14 106+ 1.5 <001
Physical activity (Met/hour/week) 149+147 15.1+154 133+78 041

“ Values are reported as mean + SD or percentages, using independent t-test for quantitative variables and chi square for qualitative variables

T P value: shown as difference between MetS and non-MetS subjects at baseline

adjusted model, the risk of MetS decreased by 60% (ORs
from Q1 to Q4: 1, 0.40, 0.40, 0.42; P trend = 0.05). In both
crude and adjusted models, subjects in the third quartile
of n-6 PUFA intake (6.2% of energy) showed the lowest
odds ratio of MetS compared to the first quartile (OR for
Q3: 0.18, CIL: 0.04-0.66). No significant trends were ob-
served in the risk of MetS components across quartiles of
the WHO healthy diet components.

Three major dietary patterns were identified; the
healthy dietary pattern was highly loaded on vegetables,
fruit and fruit juices, nuts, seeds, dairy and liquid oils;
the unhealthy dietary pattern.

composed of fast foods, soft drinks, mayonnaise, salty
snacks, tea, coffee, solid oils, sweets and sugar; the third

dietary pattern, cereal/meat, was loaded densely on red
and organ meat, fish and poultry, legumes, egg and re-
fined grains (Table 4).

The odds ratios of developing MetS across quartiles of
dietary pattern scores are presented in Table 5. There was
no significant decreasing trend in the risk of MetS across
quartiles of healthy and cereal/meat dietary patterns. A
significant increased risk of MetS was observed in the
highest quartile of unhealthy dietary pattern score com-
pared to the lowest quartile after adjustment for
confounding factors [OR: Q4:249 (CL:1.00-6.19); P
trend = 0.03]; this association was not observed in the
crude model. There was not any significant correlation be-
tween MetS components and three dietary pattern scores.

Table 2 Dietary intake and percentage of children and adolescents complying with WHO healthy diet in the Tehran Lipid and

Glucose Study

Dietary intakes Recommendation Compliers” Intake (mean = s0) P
boys girls boys girls

Total fat (, of Energy) 15-30 42 366 321 + 638 324+ 739 071
SFA (96 of Energy) <10 343 412 112 £ 3.06 11.0 £ 3.07 038
PUFAS (9 of Energy) 6-10 519 506 652 +1.99 6.68 + 240 047
N-6 PUFAS (o of Energy) 5-8 486 49 573+ 188 583 +223 061
N-3 PUFAS (9 of Energy) 1-2 1.1 1.2 049 +0.17 052 +032 034
Trans fatty acid (¢ of Energy) <1 6.1 58 226 £1.03 220£1.18 0.54
Cholesterol mg/day) <300 100 100 151 + 264 154 + 274 0.25
Total carbohydrate 55-75 65.7 60.5 572+ 658 568 +7.76 0.60
(% of Energy)

Fruits & vegetables (g/day) 2400 64.6 67.1 606 + 429 595 £ 361 0.75
Total dietary fiber (g/day) >25 464 424 2754152 253+ 131 0.10
Free SUGars @ of eneray) <10 812 84.4 7.05 + 393 6.84 + 4.74 062
Protein (o of energy) 10-15 785 76.1 129 + 207 132+ 237 0.16
Salt (g/day) <5 122 152 119 + 769 122 £99 032

SFA: Saturated fatty acid, PUFA: Poly unsaturated fatty acids

“Participants who met each component of the WHO healthy diet recommendations are complier of that component

P value: shown as difference of dietary intakes between genders using t-test
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Table 4 Dietary patterns identified in children and adolescents
participating in the Tehran Lipid and Glucose Study

Food groups Dietary patterns

Healthy Unhealthy Cereal/meat

Fast foods 043

Soft drinks 0.55

Mayonnaise 027 0.53

Salty snacks 0.29 043

Tea/coffee 049

Solid oils 0.26

Sweets and Sugar 0.20

Red/organ meats 0.25 0.23 047
Fish and Poultry 0.26
Legumes 045
Egg 032
Potato 044
Whole grains 043
Refined grains 0.20
Liquid oils 0.35 0.21
Vegetables 0.51 0.22
Fruits 0.68

Fruit juice 0.55

Nuts and seeds 0.34

High fat dairy 0.31

Low fat dairy 0.23

Variance (%) 9.96 822 745

Values are factor loadings of dietary patterns measured by factor analysis.
Factor loadings below +0.2 are not shown in the table for simplicity,
eigenvalues> 1, Kaiser-Meyer-Olkin (KMO): 0.53
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Discussion

In our study, dietary patterns of Tehranian children and
adolescents aged 6-19 years were identified and their
dietary intakes were compared with WHO healthy diet
recommendations. Also, the association of dietary adher-
ence to WHO healthy diet components and dietary pat-
terns with the risk of MetS and its components were
assessed through 3.6 years of follow-up.

Compared with WHO recommendations, Iranian chil-
dren and adolescents showed the highest adherence with
cholesterol, free sugars, protein, total carbohydrate, fruit
and vegetable, respectively; whereas, the lowest was ob-
served for n-3 PUFAs, TFAs, SFAs and salt.

The mean dietary intake of total fat was higher than
the upper limit of WHO healthy diet recommendation
in both genders (32% vs 30% of energy); however, no
correlation was seen between the risks of MetS across
quartiles of total fat intake.

In our study population, n-3 PUFAs was consumed
much lower than WHO recommendations. Previous
studies showed that, dietary n-3 PUFA had a protective
effect against MetS and low-grade inflammation among
children and adolescents [23]; this was in contrast to our
results, which seems to be due to the lower consumption
of foods containing n-3 PUFA in the Iranian society.

Dietary SFAs up to 12% of energy showed a protective
effect on MetS up to 80%; which disappeared in higher
consumption of SFA. Although we could not find a
study on children and adolescent regarding the correl-
ation of SFA and Mets, but the present study was in line
with Dehghan et al’s study which reported an inverse as-
sociation between SFA intake and the risk of stroke in
adults [24]. Replacing carbohydrate by SFA is also asso-
ciated with a decreased risk of stroke by 20% among the
Asian population. Higher carbohydrate, especially from
refined sources and lower fat consumption is more

Table 5 Multivariable-adjusted odds ratio (95% Cls) for incident MetS according to quartiles of dietary pattern scores among 424

children and adolescents

Quartile of Dietary pattern score

Q1 Q2 Q3 Q4 P trend”

Healthy (n) 106 106 106 106

Model 1 1.00 0.37(0.14-0.93) 0.54(0.23-1.25) 0.73(0.33-1.59) 061
Model 2 1.00 0.36(0.13-0.99) 041(0.15-1.06) 0.70(0.28-1.72) 043
Unhealthy (n) 107 105 106 106

Model 1 1.00 0.92(0.39-2.20) 0.64(0.25-1.65) 1.40(0.63-3.13) 042
Model 2 1.00 0.81(0.30-2.20) 0.93(0.33-2.57) [249(1.00-6.19)] 0.03
Cereal/meat (n) 106 106 106 106

Model 1 1.00 2.17(0.88-5.33) 1.71(0.67-4.32) 1.27(0.48-3.37) 0.88
Model 2 1.00 232(0.86-6.22) 1.54(0.56-4.28) 1.28(0.44-3.66) 091

Model 1: Crude

Model 2: Adjusted for baseline age, sex, total energy intake, family history of diabetes, and BMI
“Based on logistic regression model using median scores of dietary patterns in each quartile as a continuous variable
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common in low and middle income countries which
have been shown to increase the metabolic risk factors.
Individuals with high carbohydrate intake might benefit
from a reduction in carbohydrate intake and increase in
the consumption of fats [24, 25]. Thus the effect of SFA
on MetS may also be affected by the remaining compo-
nents of dietary macronutrients [26, 27].

In the present study, there was no correlation between
higher intake of TFA (2 fold higher than WHO recom-
mendation) and the risk of MetS or its components
among children and adolescents. There were no studies
showing the correlation between TFA and Mets among
children and adolescent. Our results are inconsistent with
the recent study claiming that there was a positive correl-
ation between TFA and MetS among US adults [28].

In the present study, total dietary fiber, fruits and vege-
tables were received more than WHO recommendations,
and may be considered as a factor in suppressing the ad-
verse effects of SFA and TFA rich foods. There are limited
data about the association of fruit and vegetable consump-
tion with Mets among children and adolescents. Based on
a previous study on 131 Latino children, an inverse associ-
ation with total dietary fiber, particularly soluble fiber and
MetS was found [29]. One study showed that the fre-
quency of vegetable consumption in childhood is inversely
associated with MetS in adulthood [30].

Salt intake among Iranian children and adolescents was 2
fold higher than WHO recommendation; however, there
was no correlation between salt intake and the risk of MetS
or hypertension in our study population. There are limited
studies that have directly assessed the relationship between
salt intake and the risk of MetS among children; but, a re-
cent Korean study of 1738 boys aged 10-18 years revealed
that high sodium intake may be independently associated
with MetS [31]. In addition, previous studies showed that
sodium intake more than WHO recommendations is posi-
tively associated with systolic BP and risk of pre-high BP
and high BP, and this association may be stronger among
those who are overweight or obese [32, 33]. There is strong
evidence on the association between salt intake and high
BP in children, adolescents and adults; however, some stud-
ies among children did not find an association between salt
intake and hypertension, which was in line with our find-
ings. These studies hypothesized that salt intake in child-
hood might lead to high BP in adulthood and older ages
[33, 34]. Nonetheless, such a high rate of children and ado-
lescents consuming salt more than recommended is worri-
some, and individuals should minimize their salt intake by
reducing processed foods and salty snacks, thus, contribut-
ing to healthier dietary patterns.

The results of our study can be interpreted in several as-
pects, MUFA intake showed a negative correlation with the
risk of MetS up to 10-12% of energy intake. This associ-
ation was weaker after adjustment of confounding factors.
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Further analysis in age and sex subgroups is needed to find
out its moderators; however, total dietary fat may modulate
this association, which emphasize that both the quality and
quantity of dietary fats are relevant with Mets [9].

High intake of MUFA may suppress the adverse effect of
expression of inflammatory genes that induce insulin resist-
ance and secretion of inflammatory cytokines due to the
rich SFA and TFA rich foods [35, 36]. To confirm this hy-
pothesis, previous studies reported that there was negative
association between the Mediterranean diet, rich in MUFA,
and MetS among children and adolescents [37, 38].

Furthermore, in our study cholesterol and free sugar in-
take had the highest consistency with WHO recommenda-
tions. A study on 151 white girls showed that, sweetened
beverages were the only dietary component related to MetS
[39]. Another study of 424 subjects aged 6—18 years showed
that high intakes of carbonated beverages increased the risk
of MetS [7]. A recent CASPIAN-V study on 3843 Iranian
children and adolescents showed that sweet dietary pattern
increased the risk of MetS and some components [40].
Also, in the Framingham Heart Study of 6842 metabolically
healthy adults, individuals consuming sugar sweetened bev-
erages were more likely to display metabolic abnormalities
compared to those who did not [41]. Therefore, high
consistency of free sugar intake (> 80%) with WHO recom-
mendations may be considered as a reason for preventing
the incidence of MetS, despite high intake of SFA and TFA.

Due to in vivo interaction of macronutrients on body
health, dietary components alone cannot be a good indi-
cator for evaluating the incidence of MetS. Focusing on
dietary patterns and considering all aspects of an indi-
vidual’s dietary intake provides more precision to deter-
mine the risk of MetS among children and adolescents.
The present study supports the positive correlation be-
tween unhealthy diet and MetS. Based on previous stud-
ies, the “Western’ dietary pattern was associated with a
greater risk for MetS among children and adolescent
[35, 42, 43]. Also there was no significant association be-
tween unhealthy dietary pattern and MetS in the crude
model due to different relationships in age and sex
groups or BMI and energy intake levels with MetS; after
controlling these confounding variables, this association
became significant.

Our study has its limitations; using an FFQ can esti-
mate the usual intake of participants not actual intake,
however, this FFQ can rank individuals accurately based
on their intakes. The FFQ relies on recalling of food
consumption, which is difficult in children; although,
using experienced interviewers helps subjects or their
parents to remind what they eat regarding the quality
and quantity of food items, which decrease memory
limitation. Lack of information on puberty stage and Ca-
rotid intima-media thickness (IMT) are other limitations
of our study. It is evident that puberty stage can affect
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MetS components. IMT helps in predicting childhood
and adolescent MetS more precisely [44]. Also socio-
economic status of the child/adolescent’s family may
play a role in the risk of MetS, which was not assessed
in our study. Loss to follow up occurred in 20% of our
study participants which may raise the selection bias.
Moreover, lack of a significant relationship between
WHO healthy diet components and MetS may be due to
the limited number of MetS subjects in each quartile of
these food or nutrient items.

Our study has major strengths too, to our knowledge,
this is the first study assessing the adherence to nutri-
tional intake based on WHO healthy diet, in a large na-
tionally representative sample of Iranian children and
adolescents aged 6-19years; also, it has a prospective
design with an appropriate follow-up duration for asses-
sing the incidence of MetS. In addition, national cut-off
points were used for assessing abdominal obesity in chil-
dren and adolescents. Measurement of confounding fac-
tors is the other strength of our study.

Conclusion

Our results demonstrated that the majority of our study
population did not meet WHO healthy diet recommenda-
tions on n-3 PUFAs, TFAs and salt intake; also, WHO
healthy diet alone cannot predict the risk of MetS and its
components in Tehranian children and adolescents. Adher-
ence to unhealthy dietary pattern was associated with two-
fold increase in MetS risk; thus, reducing the consumption
of unhealthy food items including fast foods, sweetened bev-
erages, salty snacks, sweets and high fat red meats may re-
duce the risk of MetS in children and adolescents.

Abbreviations

BMI: Body mass index; BP: Blood Pressure; FBS: Fasting blood sugar;

FCT: Food composition table; FFQ: Food frequency questionnaire; HDL-

C: High density lipoprotein cholesterol; IMT: Carotid intima-media thickness;
MAQ: Modifiable activity questionnaire; MET: Metabolic equivalent;

MetS: Metabolic syndrome; MUFA: Mono-unsaturated fatty acid; PUFA: Poly-
unsaturated fatty acid; SFA: Saturated fatty acids; TFA: Trans-fatty acids;

TG: Triglycerides; TLGS: Tehran Lipid and Glucose Study; WC: Waist
circumference; WHO: World Health Organization

Acknowledgements
We would like to acknowledge Dr. Forough Ghanbari for her critical editing
of the English grammar and syntax of this manuscript.

Authors’ contributions

Authors’ contributions are as follows: P.M,, FH.E, SK, and M.Z. designed the
study, analyzed and interpreted the data, and drafted the manuscript. P.M.
supervised the study, and F.A. critically revised the manuscript for important
intellectual content and final approval of the version to be published. All
authors have read and approved the manuscript.

Funding

This study was supported by the Research Institute for Endocrine Sciences,
Tehran, Iran. The role of funding body included designing the study, analysis,
and interpretation of data and writing the manuscript.

Page 10 of 11

Availability of data and materials

The datasets generated and/or analyzed during the current study are not
publicly available, but are available from the corresponding author on
reasonable request.

Ethics approval and consent to participate

The study proposal was approved by the Research Council of the Research
Institute for Endocrine Sciences, Shahid Beheshti University of Medical
Sciences, and an informed written consent was obtained from the parents of
each participant.

Consent for publication
“Not applicable”.

Competing interests
The authors declare that they have no competing interests.

Author details

"Nutrition and Endocrine Research Center, Research Institute for Endocrine
Sciences, Shahid Beheshti University of Medical Sciences, Tehran, Iran.
’Endocrine Research Center, Research Institute for Endocrine Sciences,
Shahid Beheshti University of Medical Sciences, Tehran, Iran.

Received: 2 June 2019 Accepted: 14 October 2019
Published online: 06 November 2019

References

1. Grundy SM. Metabolic syndrome update. Trends Cardiovasc Med. 2016;26:
364-73.

2. Asghari G, Yuzbashian E, Mirmiran P, Mahmoodi B, Azizi F. Fast food intake
increases the incidence of metabolic syndrome in children and adolescents:
Tehran lipid and glucose study. PLoS One. 2015;10:e0139641.

3. Asghari G, Yuzbashian E, Mirmiran P, Hooshmand F, Najafi R, Azizi F. Dietary
approaches to stop hypertension (DASH) dietary pattern is associated with
reduced incidence of metabolic syndrome in children and adolescents. J
Pediatr. 2016;174:178-84 e1.

4. Olson M, Chambers M, Shaibi G. Pediatric markers of adult cardiovascular
disease. Curr Pediatr Rev. 2017;13:255-9.

5. Kotecha PV, Patel SV, Baxi RK, Mazumdar VS, Shobha M, Mehta KG, et al.
Dietary pattern of schoolgoing adolescents in urban Baroda, India. J Health
Popul Nutr. 2013;31:490-6.

6. Mikkila V, Rasanen L, Raitakari OT, Pietinen P, Viikari J. Consistent dietary
patterns identified from childhood to adulthood: the cardiovascular risk in
young Finns study. Br J Nutr. 2005;93:923-31.

7. Mirmiran P, Yuzbashian E, Asghari G, Hosseinpour-Niazi S, Azizi F.
Consumption of sugar sweetened beverage is associated with incidence of
metabolic syndrome in Tehranian children and adolescents. Nutr Metab
(Lond). 2015;12:25.

8. WHO. FACT SHEET N°394, Healthy diet. 2015.

9. Hosseinpour-Niazi S, Mirmiran P, Fallah-ghohroudi A, Azizi F. Combined
effect of unsaturated fatty acids and saturated fatty acids on the metabolic
syndrome: Tehran lipid and glucose study. J Health Popul Nutr. 2015;33:5.

10.  Asghari G, Yuzbashian E, Mirmiran P, Bahadoran Z, Azizi F. Prediction of
metabolic syndrome by a high intake of energy-dense nutrient-poor snacks
in Iranian children and adolescents. Pediatr Res. 2016;79:697-704.

11.  Diet, nutrition and the prevention of chronic diseases. World Health
Organization technical report series. 2003;916:i-viii, 1-149, backcover.

12. Mohseni-Takalloo S, Hosseini-Esfahani F, Mirmiran P, Azizi F. Associations of
pre-defined dietary patterns with obesity associated phenotypes in
Tehranian adolescents. Nutrients. 2016;8.

13.  Azizi F, Ghanbarian A, Momenan AA, Hadaegh F, Mirmiran P, Hedayati M,
et al. Prevention of non-communicable disease in a population in nutrition
transition: Tehran lipid and glucose study phase II. Trials. 2009;10:5.

14.  Esfahani FH, Asghari G, Mirmiran P, Azizi F. Reproducibility and relative
validity of food group intake in a food frequency questionnaire developed
for the Tehran lipid and glucose study. J Epidemiol. 2010;20:150-8.

15. Mirmiran P, Esfahani FH, Mehrabi Y, Hedayati M, Azizi F. Reliability and
relative validity of an FFQ for nutrients in the Tehran lipid and glucose
study. Public Health Nutr. 2010;13:654-62.

16.  USDA. Food composition table (FCT). 2010.



Mirmiran et al. BMC Public Health

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

(2019) 19:1457

Rad AH, Esmaeili M, Abdollahi M, Azar M. Compiling and validation of
Iranian food composition tables. Ann Nutr Metab. 2007;51:125.

Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, Strath SJ, et al.
Compendium of physical activities: an update of activity codes and MET
intensities. Med Sci Sports Exerc. 2000;32:5498-504.

Delshad M, Ghanbarian A, Ghaleh NR, Amirshekari G, Askari S, Azizi F.
Reliability and validity of the modifiable activity questionnaire for an Iranian
urban adolescent population. Int J Prev Med. 2015,6:3.

Cook S, Weitzman M, Auinger P, Nguyen M, Dietz WH. Prevalence of a
metabolic syndrome phenotype in adolescents: findings from the third
National Health and nutrition examination survey, 1988-1994. Arch Pediatr
Adolesc Med. 2003;157:821-7.

Kelishadi R, Gouya MM, Ardalan G, Hosseini M, Motaghian M, Delavari A,

et al. First reference curves of waist and hip circumferences in an Asian
population of youths: CASPIAN study. J Trop Pediatr. 2007;53:158-64.

The fourth report on the diagnosis, evaluation, and treatment of high blood
pressure in children and adolescents. Pediatrics. 2004;114:555-576.

Pacifico L, Giansanti S, Gallozzi A, Chiesa C. Long chain omega-3
polyunsaturated fatty acids in pediatric metabolic syndrome. Mini Rev Med
Chem. 2014;14:791-804.

Dehghan M, Mente A, Zhang X, Swaminathan S, Li W, Mohan V, et al.
Associations of fats and carbohydrate intake with cardiovascular disease and
mortality in 18 countries from five continents (PURE): a prospective cohort
study. Lancet (London, England). 2017,390:2050-62.

Yu D, Shu XO, Li H, Xiang YB, Yang G, Gao YT, et al. Dietary carbohydrates,
refined grains, glycemic load, and risk of coronary heart disease in Chinese
adults. Am J Epidemiol. 2013;178:1542-9.

Wan'Y, Wang F, Yuan J, Li J, Jiang D, Zhang J, et al. Effects of macronutrient
distribution on weight and related Cardiometabolic profile in healthy non-
obese Chinese: a 6-month Randomized Controlled-Feeding Trial.
EBioMedicine. 2017,22:200-7.

Gow ML, Ho M, Burrows TL, Baur LA, Stewart L, Hutchesson MJ, et al.
Impact of dietary macronutrient distribution on BMI and cardiometabolic
outcomes in overweight and obese children and adolescents: a systematic
review. Nutr Rev. 2014;72:453-70.

Zhang Z, Gillespie C, Yang Q. Plasma trans-fatty acid concentrations continue
to be associated with metabolic syndrome among US adults after reductions
in trans-fatty acid intake. Nutrition research (New York, NY). 2017,43:51-9.
Ventura EE, Davis JN, Alexander KE, Shaibi GQ, Lee W, Byrd-Williams CE,

et al. Dietary intake and the metabolic syndrome in overweight Latino
children. J Am Diet Assoc. 2008;108:1355-9.

Jaaskelainen P, Magnussen CG, Pahkala K, Mikkila V, Kahonen M, Sabin MA,
et al. Childhood nutrition in predicting metabolic syndrome in adults: the
cardiovascular risk in young Finns study. Diabetes Care. 2012,35:1937-43.
So CH, Jeong HR, Shim YS. Association of the urinary sodium to urinary
specific gravity ratio with metabolic syndrome in Korean children and
adolescents : The Korea National Health and Nutrition Examination Survey
2010-2013. PLoS One. 2017:12:0189934.

Yang Q, Zhang Z, Kuklina EV, Fang J, Ayala C, Hong Y, et al. Sodium intake and
blood pressure among US children and adolescents. Pediatrics. 2012,130:611-9.
Correia-Costa L, Cosme D, Nogueira-Silva L, Morato M, Sousa T, Moura C,
et al. Gender and obesity modify the impact of salt intake on blood
pressure in children. Pediatric Nephrol (Berlin, Germany). 2016;31:279-88.
Shi L, Krupp D, Remer T. Salt, fruit and vegetable consumption and blood
pressure development: a longitudinal investigation in healthy children. Br J
Nutr. 2014;111:662-71.

Taghizadeh S, Alizadeh M. The Role of Lipids in the Pathogenesis of
Metabolic Syndrome in Adolescents. Experimental and clinical
endocrinology & diabetes : official journal, German Society of Endocrinology
[and] German Diabetes Association. 2018;126:14-22.

van Dijk SJ, Feskens EJ, Bos MB, Hoelen DW, Heijligenberg R, Bromhaar MG,
et al. A saturated fatty acid-rich diet induces an obesity-linked
proinflammatory gene expression profile in adipose tissue of subjects at risk
of metabolic syndrome. Am J Clin Nutr. 2009,90:1656-64.

Martin-Calvo N, Chavarro JE, Falbe J, Hu FB, Field AE. Adherence to the
Mediterranean dietary pattern and BMI change among US adolescents. Int J
Obesity (2005). 2016;40:1103-8.

Velazquez-Lopez L, Santiago-Diaz G, Nava-Hernandez J, Munoz-Torres AV,
Medina-Bravo P, Torres-Tamayo M. Mediterranean-style diet reduces
metabolic syndrome components in obese children and adolescents with
obesity. BMC Pediatr. 2014;14:175.

39.

40.

41.

42.

43.

44,

Page 11 of 11

Ventura AK, Loken E, Birch LL. Risk profiles for metabolic syndrome in a
nonclinical sample of adolescent girls. Pediatrics. 2006;118:2434-42.
Kelishadi R, Heshmat R, Mansourian M, Motlagh ME, Ziaodini H, Taheri M,

et al. Association of dietary patterns with continuous metabolic syndrome
in children and adolescents; a nationwide propensity score-matched
analysis: the CASPIAN-V study. Diabetol Metab Syndr. 2018;10:52.

Green AK, Jacques PF, Rogers G, Fox CS, Meigs JB, McKeown NM. Sugar-
sweetened beverages and prevalence of the metabolically abnormal
phenotype in the Framingham Heart Study. Obesity (Silver Spring, Md).
2014;22:E157-63.

Ambrosini GL, Huang RC, Mori TA, Hands BP, O'Sullivan TA, de Klerk NH,

et al. Dietary patterns and markers for the metabolic syndrome in Australian
adolescents. Nutr Metab Cardiovasc Dis. 2010;20:274-83.

Hosseini-Esfahani F, Hosseinpour-Niazi S, Asghari G, Bahadoran Z, Moslehi N,
Golzarand M, et al. Nutrition and cardio-metabolic risk factors: findings from
20 years of the Tehran lipid and glucose study. Int J Endocrinol Metab.
2018;16:e84772.

Juonala M, Singh GR, Davison B, van Schilfgaarde K, Skilton MR, Sabin MA, et al.
Childhood metabolic syndrome, inflammation and carotid intima-media
thickness. The aboriginal birth cohort study. Int J Cardiol. 2016;203:32-6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




s ™ Web of Science CV
Web Of SCIence Prepared on June 6th 2023

e £33N

ASSOC PROF
R, TRIAS MAHMUDIORO

Trias Mahmudiono

https://www.webofscience.com/wos/author/rid/I-4020-2019
Web of Science ResearcherlID: [-4020-2019
ORCiD: 0000-0002-3128-2173

Current affiliation:

- Universitas Airlangga from 2003 until present

@) Academy graduate & mentor

Verified reviews

Review Summary

5

Reviews

9 9 9 9 0 0O 0 0 N DN AN AN A A AL AN DD
SIS SR SRS TR R A RN R TR AP LR 2R LR AR L 2R LR 2 2
1S A A A A A S A S S S S S

Vv Vv
> N N
\’00 WY & \bQ SN & \?}\ v"?‘ & \?>Q WY & \0(\ W

Month

Reviews

Reviewer Summary

For manuscripts reviewed from date range December 2018 - June 2023

(6) Open Access Macedonian Journal of Med... (5) BMC Public Health
(4) Nutrition Journal (3) Asia Pacific Journal of Public Health
(3) Public Health Nutrition (2) Journal of Health, Population and Nutriti...

(2) The American Journal of Clinical Nutrition (1) Revista de Saude Publica


https://www.webofscience.com/wos/author/rid/I-4020-2019

(1) Malawi Medical Journal (1) Frontiers in Public Health
(1) Malaysian Journal of Nutrition (1) Journal of Nutrition and Metabolism
(1) Nutrition and Metabolic Insights (1) Journal of Nutritional Science

(1) Media Gizi Indonesia

33 REVIEWS OF 28 MANUSCRIPTS
For manuscripts published from date range December 2018 - June 2023

Naturally Acquired Lactic Acid Bacteria from Fermented Cassava Improves Nutrient and Anti-dysbiosis Activity of Soy
Tempeh
Reviewed: Nov 2021 for Open Access Macedonian Journal of Medical Sciences

STUNTING IS THE DOMINANT FACTOR ASSOCIATED WITH IRON DEFICIENCY IN ELEMENTARY SCHOOL CHILDREN
Reviewed: Nov 2021 for Open Access Macedonian Journal of Medical Sciences

Double Burden of Malnutrition as a Risk Factor for Overweight and Obesity
Reviewed: Nov 2021 for Revista de Saude Publica

Household food security during the COVID-19 pandemic in urban and semi-urban areas in Indonesia
2 rounds from Oct 2021 to Oct 2021 for Journal of Health, Population and Nutrition

Socio-demographic characteristics of children and young adults with varied asthma control- does it make a
difference?
Reviewed: Oct 2021 for Malawi Medical Journal

The Primary Prevention Intervention Of Stunting In Pasaman Barat Regency West Sumatera Indonesia 2019
Reviewed: Oct 2021 for Open Access Macedonian Journal of Medical Sciences

Body Fat Composition Related to Fatty Snack Habit Consumption of Office Workers in Urban Area
Reviewed: Sep 2021 for Open Access Macedonian Journal of Medical Sciences

An Analysis Of Baby Stunting Prevalence Causing Factors In The Pandemy Era Covid-19
Reviewed: Sep 2021 for Open Access Macedonian Journal of Medical Sciences

The Improving the performance of children meal using meal report at Kindergarten School in Indonesia
Reviewed: Sep 2021 for Open Access Macedonian Journal of Medical Sciences

Association Between Food Choices Motivators, Physical Activity in Body Image (Dis)satisfaction in Portuguese
Adolescents
Reviewed: Feb 2021 for Frontiers in Public Health

Zikabra: A Networking Initiative for International Cooperation in Health
Reviewed: Dec 2020 for BMC Public Health

An initiative of cooperation in Zika virus research: the experience of the ZIKABRA study in Brazil
Reviewed: Dec 2020 for BMC Public Health

Energy, Protein, and Vitamin C Intakes Are Associated to Stunting Among Preschool Children in Central Jakarta,
Indonesia: a Case-control Study
Reviewed: Aug 2020 for Malaysian Journal of Nutrition

Prevalence Stunting Among Preschool Children (1-5Years) in Bushenyi District Southwestern Uganda- a Health Center
Based Study
Reviewed: Aug 2020 for Journal of Nutrition and Metabolism



Geographical, Socioeconomical and Behavioral Factors Related to Obesity Among Adults in the Republic of Palau
Based on the WHO STEPwise Approach to Surveillance 2011-2013
Jul 2020 for Asia Pacific Journal of Public Health

Social circumstances and cultural beliefs influence maternal nutrition, breastfeeding and child feeding practices in
South Africa
2 Mar 2020 to May 2020 for Nutrition Journal

Intra-individual Double Burden of Overweight Or Obesity and Micronutrient Deficiencies Or Anemia Among Women of
Reproductive Age in 17 Population-based Surveys
2 Jan 2020 to Apr 2020 for The American Journal of Clinical Nutrition

Scaled-Up Nutrition Education on Pulse-Cereal Complementary Food in Ethiopia: A Cluster-Randomized Trial
Mar 2020 for BMC Public Health

Overfed-Undernourished: The Nutritional Dual Burden of Malnutrition
Feb 2020 for Nutrition and Metabolic Insights

The Effectiveness of Nutritional Educational Comics on Increasing Haemoglobin Levels in Anaemic Adolescent Girls
Feb 2020 for Public Health Nutrition

Nutrient Adequacy of Japanese Schoolchildren By Household Income: Comparison Between Days with and Without
School Lunch
Oct 2019 for Asia Pacific Journal of Public Health

Video Animasi Dan Pengetahuan Gizi Remaja
Sep 2019 for Media Gizi Indonesia

The association of dietary patterns and adherence to WHO healthy diet with metabolic syndrome in children and
adolescents: Tehran lipid and glucose study
2 Jul 2019 to Sep 2019 for BMC Public Health

Nutrient adequacy of Japanese schoolchildren on days with and without a school lunch by household income
Aug 2019 for Asia Pacific Journal of Public Health

Coping through a drought: the association between child nutritional status and household food insecurity in the
district of iLembe, South Africa
Jul 2019 for Public Health Nutrition

Parent-child cooking meal together may alleviate parental concerns about the diets of their toddlers and
preschoolers: a cross-sectional analysis in Japan
2 May 2019 to Jul 2019 for Nutrition Journal

The double burden of overnutrition and undernutrition in mother-child dyads in Kenya: demographic and health
survey data, 2014
Jul 2019 for Journal of Nutritional Science

Coping Through a Drought: The Association Between Child Nutrition and Household Food Insecurity in the District of
iLembe, South Africa
Apr 2019 for Public Health Nutrition



	Abstract
	Background
	Methods
	Conclusion

	Background
	Methods
	ZIKABRA study: role of partners
	Ministry of Health (MoH)
	World Health Organization (WHO)
	Pan American health organization (PAHO)
	Oswaldo Cruz Foundation (Fiocruz)
	Tropical Medicine Foundation Dr. Heitor Vieira Dourado (FMT-HVD)
	Wellcome Trust (WT)
	The National Institutes of Health (NIH)
	Walter reed Army Institute of research (WRAIR)

	Regulatory and governance context
	Regulatory framework for ethics in research with human being
	ZIKABRA international scientific cooperation framework
	Lessons learned from the ZIKABRA international cooperation

	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note
	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Study setting and participants
	The intervention and education materials
	Dietary diversity and growth assessment
	Assessment of socio-demographic characteristics
	Haricot beans for women’s empowerment in household decision making
	Data analysis

	Results
	Study participants
	Knowledge, attitude, and practices of mothers
	Household processing of pulses and preparation of complementary foods by the mothers
	Pulse consumption, dietary diversity, meal frequency, and nutrient intake
	Nutritional status of children
	Women’s empowerment in household decision making

	Discussion
	Conclusions
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note
	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Subjects
	Measurements
	Dietary assessment
	Physical activity assessment
	Definitions
	Metabolic syndrome (MetS)
	Nutrient intake goals of the WHO healthy diet

	Statistical analyses

	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note
	Trias Mahmudiono
	Verified reviews


