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Introduction

Introduction

Saskia Osendarp

Executive Director, Micronutrient Forum

Klaus Kraemer

Managing Director, Sight and Life; Chair,

Micronutrient Forum Leadership Conference Committee

The Micronutrient Forum CONNECTED conference took place from

9 to 13 November 2020 at the end of an unprecedented year dom-
inated by the COVID-19 pandemic. Since the conference had orig-

inally been scheduled to take place in Bangkok as an in-person
event in March 2020, the Micronutrient Forum team was obliged
to reconfigure its delivery for a virtual space. We worked diligently

to keep the full program promised for the Bangkok event intact,
appropriately naming it Micronutrient Forum (MNF) CONNECTED.

Equitable and inclusive
While the decision to deliver a virtual conference was driven by

COVID-19, there were some real benefits as a result of that de-
cision. The presence of a record number of 3,600 participants,
mostly from low- and middle-income countries, made the con-

ference more equitable, allowing for more inclusive participation

and discussions. The online platform also facilitated the participa-

tion of a greater number of high-level speakers than might have
been possible at a traditional conference, and also more extensive
knowledge-sharing online and through social media. There are
lessons to be learned here and replicated for the future.

“The program included
23 live plenary sessions,
38 on-demand sessions, over
350 posters in the gallery, and
35 sponsored sessions”

In addition, realizing the importance of an event that would
allow participants to connect, engage, learn and network in a year

during which the pandemic saw all in-person conferences can-

celed, the organizers were keen to select a technology that would
allow for plenty of engagement opportunities and networking.

Engagement and knowledge sharing
During the sessions, participants were able to ask questions and

generate ideas through chat sessions, reach out to presenters,
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and engage in conversations and discussions happening on so-
cial media across all time zones. The ‘CONNECT with the Experts’
sessions, and the ‘Learning Centers’ for smaller groups in the
weeks around the live week, were opportunities for participants
to discuss, engage and expand their knowledge of specific nutri-
tion topics. In addition to all of this, cooking demonstrations by
chefs from the Chefs’ Manifesto and an online dance competition,
#DanceForNutrition, were offered as fun activities for participants
during the breaks, and were greatly appreciated.

The Micronutrient Forum and Sight and Life have worked to-
gether to capture the rich content of the CONNECTED conference
in this Special Report. In addition, all the recorded sessions of the
conference will remain available for participants for one year after
the live conference week itself, at: rebrand.ly/MNF2020.

“The MNF CONNECTED conference
turned out to be a week of hope at
the end of a challenging year”

Encouraging increased collaboration

In summary, the Micronutrient Forum CONNECTED conference
turned out to be a week of hope at the end of a challenging year.
Hope that the world may move in the direction of more inter-
national collaboration, which is a prerequisite for tackling the
global challenges identified during the conference. Hope that
we can nourish the world with nutrient-rich foods so that every-
one can thrive and reach their full potential. And hope that this
conference, which has brought together experts from around
the world, working in different disciplines (agriculture, food
systems, nutrition, climate, health and economics) and differ-
ent sectors (academia, private sector, civil society, the UN and
governments), will mark a new future for nutrition. A future of
nutrition post-COVID-19, in which we will continue to embrace
new and necessary forms of collaboration connecting the food
systems, health, agriculture, economic and nutrition communi-
ties. And a future in which we will make sure that the current
disabling environment is turned into an enabling environment
for nutrition and will lead to more and bigger investments in
nutrition by all stakeholders.

Our thanks to so many

A heartfelt thank-you is due to everyone who contributed to mak-
ing MNF CONNECTED a milestone event in a year that confronted
us all with such challenges.


http://rebrand.ly/MNF2020

Introduction

We would like to express our gratitude to our sponsors for their
continued trust and support: the Bill & Melinda Gates Foundation,
HarvestPlus, USAID, Kirk Humanitarian, Sight and Life, DSM, the
International Rice Research Institute and so many others whose
support made this conference possible.

Delivering the impressive content of MNF CONNECTED would
not have been possible, however, without the dedication and pas-
sion of our speakers and the trust of the Forum’s leadership: the
Micronutrient Forum Board and the Micronutrient Forum Scientific
Advisory Committee. Particular thanks go to Maria Elena Jefferds,
Chair of the Program Committee; Emorn Udomkesmalee, Chair of
the Local Organizing Committee; and Howarth Bouis, Chair of the
Micronutrient Forum Board. We would also like to thank the Micro-
nutrient Forum team - Aynsley Morris, Jennifer Buter, Marti van
Liere, Nola Martin, and Reed Atkin - for their tireless endeavors be-
hind the scenes, as well as the rapporteurs whose work you will read
in this Special Report: Jaime Marquis, Martin N Mwangi, Rebecca
Olson, Tsitsi Chimhashu, Chiara Ferraboschi and Kris Woltering.

Last but by no means least, a big thank-you goes to each and
every one of our 3,600+ conference delegates: your presence, en-
gagement and feedback made this conference a success whose
energy will take us forward as we confront the challenges and op-
portunities of 2021.

A full thank-you with detailed acknowledgements is available
at: www.youtube.com/watch?v=3Kre60pZrno

WX//C/ Mﬂm &faw(/

Correspondence: Dr Saskia Osendarp,

Executive Director, Micronutrient Forum,

1201 Eye St. NW, 10" Floor, Washington, DC 20005-3915, USA
Email: saskia.osendarp@micronutrientforum.org

Correspondence: Dr Klaus Kraemer,
Managing Director, Sight and Life,

PO Box 2116, 4002 Basel, Switzerland
Email: klaus.kraemer@sightandlife.org

Key takeaways

MNF CONNECTED provided us with five key takeaways:

1. We have to understand the problem and collect

more data on micronutrient intake and status, on
the monitoring and evaluation of programs, and on the
costs and cost-effectiveness of interventions.

. We have to listen and learn from programs

and voices on the ground in order to replicate what
solutions worked and avoid those that did not work.
We also have to identify opportunities to overcome
challenges.

. Context and consumers matter! Whether it relates

to harmonizing Nutrient Reference Values, calculating
the cost-effectiveness of programs, delivering iron
interventions to young children, or providing practical
recommendations to scale up effective programs such as
large-scale food fortification or maternal multiple
micronutrient supplementation (MMS), it is essential
always to consider the context and the consumer.

. There are no magic bullets in nutrition or micronutrient

nutrition. We need to prepare nutrition champions
and to convince policymakers that integrated,
multiple-intervention and multisectoral programs
are needed. When it comes to micronutrient malnutri-
tion, there is a space and time for a palette of solutions
discussed during the week: supplementation, promotion
of healthy diets, fortification, biofortification, and
agricultural solutions.

. We need to continue to strengthen our

collaboration with other sectors: the COVID-19

crisis and its consequences for all diet and nutritional
outcomes are clear. We need to work with climate
change experts, agronomists and behavioral scientists
to address the impacts of how we grow and consume our
food on the environment and on malnutrition, and vice
versa. We need to work with the private sector to make
nutritious foods more available and accessible to
everyone. And we need to work with economists and

the designers of social protection programs to make sure
that these include nutrition, consumer and women’s
rights groups. All these working relationships are
essential if we are to successfully tackle the complex
challenges ahead of us.

07
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From the Lab to the Plate

How micronutrient science and policymaking can combine
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Johns Hopkins Bloomberg School of Public Health,
Baltimore, MD, USA

The main objective of this track was to provide an overview and
update on micronutrient nutrition and status assessment.

Benchmarks, methods and metrics for improving food
systems and micronutrient delivery;

Innovations and updates in the assessment of
micronutrient status;

Epidemiology and global prevalence of micronutrient
deficiencies;

Absorption, metabolism and interaction of micronutrients;
Innovative technologies for micronutrient delivery;
Effects of genetics, infection/inflammation and other
environmental exposures on micronutrient deficiencies;
and

Micronutrients and the double burden of
noncommunicable diseases.

This track prioritized topics related to new evidence, as well
as existing questions that still remain to be answered. One of the
common themes continues to be how to best address data gaps

within micronutrient status assessment and prevalence estimates.
Bridging this data gap, by means of standardized deficiency defi-
nitions, harmonized measurement methodologies and strength-

ened lab capacity, will lead to greater success in reducing micro-

nutrient deficiencies through targeted and safe interventions. To
do this, a multicomponent approach is recommended through the

Micronutrient Data Generation Initiative.

Micronutrient Biology and Status Assessment

Folate and vitamin B;, emerged as priorities to build global
capacity in measuring status, through a dedicated session. This
session provided an overview of the biochemical basics of folate
and vitamin Bs,, and their interactions. It emphasized the need
to measure folate and vitamin By, in conjunction when using the
information for the planning of cohort and population-based in-
terventions. This will allow folic acid supplementation to be safe
and targeted to those most in need.

Further, another session highlighted innovative micronutri-
ent assessment methods that are field-friendly, safe and accurate.
The session provided meaningful updates on several practical
assay methods and calculation approaches to deal with missing
values, along with an update from the BRINDA (Biomarkers Re-
flecting Inflammation and Nutritional Determinants of Anemia)
project on inflammation adjustment approaches. The use of pop-
ulation-based kinetic modeling to assess micronutrient status was
discussed, as was the use of electronic data collection during sur-
veys. Lastly, the use of dried plasma spots to measure nutritional
and inflammatory markers, the use of dried serum spots to deter-
mine total body vitamin A stores and a noninvasive approach for
iron deficiency diagnosis were presented.

A key session in this track focused on the global burden of
iron deficiency anemia and the role of nutrition interventions.
This session presented novel research on the efficacy and safety
of iron supplementation in sub-Saharan Africa and southeastern
Asia. Treatment in the context of thalassemia and hemoglobinop-
athies was discussed, as was the lack of evidence for the impact
of iron interventions on developmental or functional outcomes in
children. A key takeaway from the session was that controlling
the incidence of malaria allows for iron to be absorbed and iron
deficiency to be reduced - hence, a multidisciplinary intervention
approach is required.

Inflammation was another key topic that received attention
throughout the track. The impact of iron deficiency on inflam-
mation, immune response and vaccine efficacy was explored in
depth. The role of iron regulation (both iron deficiency and over-
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Micronutrient Biology and Status Assessment

load) in innate and adaptive immunity was discussed, as was the
predictive power of iron deficiency anemia to poor diphtheria and
pneumococcus vaccine responses in children. Novel research was
presented on the promise of delivering iron supplements at the
time of routine pediatric vaccination.

Finally, maternal nutrition and micronutrient status during

pregnancy were discussed as key desired health outcomes through-
out the lifespan. Recent guidance from WHO recommends multi-

ple micronutrient supplementation (MMS) during pregnancy in
the context of rigorous research. Recommendations for specific

age subgroups are lacking. Findings from a meta-analysis indi-

cate that pregnant adolescent women benefit most from MMS, in
terms of small for gestational age (SGA). Furthermore, this session
presented data on the effect of maternal obesity during pregnancy

on maternal iron status, stating the importance of reducing pre-

pregnancy body mass index (BMI).

Overall,
nutrient Forum 5™ Global Conference: CONNECTED by inspiring
nutrition professionals to think deeply about the solutions to data
and intervention gaps, in addition to the roles that micronutrient
biology and status assessment play in designing evidence-based,
life-changing nutritional programming.

Accurate estimates of micronutrient status and prevalence of mi-

cronutrient deficiencies are essential to the success of nutritional
programming, policy and continued monitoring and evaluation.
Understanding the prevalence of micronutrient deficiencies, as
well as subgroups of highest vulnerability, enables interventions
to address deficiencies in a safe and cost-effective way.

This session provided an overview of the current state of mi-
cronutrient status estimates and their burden. Different meth-
odologies used to estimate prevalence for the Global Burden of
Disease reports, and their challenges, were presented. Areas
of continued need in terms of enhancing status estimates and
burdens of deficiency included standardization of deficiency
definitions, harmonization of measurement methodologies and
filling the gap of population-based deficiency data. Building lab-
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made significant contributions to the Micro-

12

oratory capacity at the regional level in low- and middle-income
countries (LMICs) will contribute to harmonized data collection
and analysis methods. The session concluded with the intro-
duction of the Micronutrient Data Generation Initiative, a mul-
ticomponent approach designed to bridge the current data gap
and provide more accurate estimates. The objective of the ini-
tiative is to ensure the availability of adequate data, informing
evidence-based policies and programming and better targeting
populations with micronutrient deficiencies with appropriate
and effective interventions.

Accurate and timely data is essential to the achievement of the
Sustainable Development Goals and universal healthcare cover-
age, monitoring the global health situation and assessing health
trends. WHO maintains the Vitamin and Mineral Nutrition In-
formation System (VMNIS), a tool to collect and summarize
population-based data. VMNIS also plays a vital role in tracking
progress and evaluating the impact of intervention strategies
Lisa Rogers, from the Department of Nutrition and Food Safe-
ty at WHO, presented on estimates and trends of micronutrient
status. She also provided insight into how such values are calcu-
lated and the key factors to consider moving forward to improve
data quality.

Anemia prevalence estimates have evolved over time as more
insights have emerged regarding the determinants of anemia. The
Bayesian hierarchical mixture model is used to estimate country
prevalence of anemia each year. The model is informed by data
from each country by year. The database is currently restricted
to data on women of reproductive age (WRA) and children aged
6-59 months. However, WHO is exploring the possibility of in-
cluding data on adolescent girls and additional covariates, such
as malaria incidence and dietary factors.

Similarly, WHO uses the Bayesian hierarchical probit model
to estimate trends in vitamin A deficiency for children aged 6-59
months. Serum retinol is the biomarker used, and covariates, such
as mean weight-for-age and national income, are included in the
model. Estimates suggest that deficiency prevalence has trended
downwards since 1991. Nevertheless, deficiency remains highest
in southeastern Asia and sub-Saharan Africa, though there is lim-
ited data in these regions.



Global folate status of WRA is only available for 39 countries.
Large differences exist between folate assays used worldwide.
WHO has attempted to account for such differences and to adjust
cutoffs for better comparison across data sources; however, results
remain difficult to interpret. To overcome these differences, WHO
encourages the use of microbiological assay (MBA) in assessing
folate status. Building laboratory capacity at the regional level will
ensure that folate insufficiency and deficiency are accounted for
when assessing global trends and programming needs.

Moving forward, it is important that harmonization across
assays used should be achieved, which requires development of
global guidance and continued collection of data in populations.
Researchers should also keep in mind that differences may exist

between population subgroups, which may be overlooked in na-

tional surveys. Enhanced in-depth assessments of the methods

used within national surveys will improve the quality of preva-

lence estimates.

Several challenges persist in estimating the disease burden of
nutritional risks. Challenges include limited data availability, lim-
ited data accessibility and limited data consistency. Consensus
in terms of how to best define and measure nutritional risks is
also lacking. Ashkan Afshin from the University of Washington
presented how the Global Burden of Disease (GBD) study aims to
overcome challenges in quantification of the effects of micronu-
trient deficiencies.

GBD currently has estimates for iodine, iron, vitamin A and
zinc deficiencies. Quantification of the effects of micronutrient
deficiencies begins with defining the deficiency. Definitions
used for GBD are based on where the most data exist for each
micronutrient deficiency; however, errors and inconsistencies
persist because of the lack of standardization of measurement
methodology among available data. Existing data, including a
multitude of covariates, are then inputed to estimate the prev-
alence of a micronutrient deficiency. From there, the deficiency
prevalence is paired with effect size to then establish the popu-
lation-attributable fraction. The population-attributable fraction
is an estimate of the mortality related to a specific micronutrient
deficiency. This fraction is then multiplied by the disease-spe-
cific burden, such as disability-adjusted life years (DALYs) asso-
ciated with the deficiency, to calculate the attributable disease
burden.

Estimating the burden of micronutrient deficiencies remains
an iterative process. To best achieve accurate estimates, the pro-
cess requires continuous updating from new data sources and
new data-processing methods. New insights will enable the GBD
to continue as a key provider of information necessary for per-
forming meaningful micronutrient interventions.

Micronutrient Biology and Status Assessment

Sonja Y Hess, Institute for Global Nutrition at UC Davis, built on
Afshin’s presentation to further discuss the challenges of estimat-
ing micronutrient deficiencies prevalences and the global burden
of disease. Afshin discussed the risk factor approach, but a second
approach - the causal attribution approach - is also used by the
GBD study. The risk factor approach, which estimates attributable
deaths and DALYs, is primarily used for iron, zinc and vitamin A
deficiencies, whereas the causal attribution approach, which es-
timates years lived with disability (YLD), is primarily used for di-
etary iron, iodine and vitamin A deficiencies.

This information plays a vital role in enabling evidence-based,
safe, effective and sustainable intervention programming. It also
ensures that the impacts of such interventions are monitored and
held accountable. GBD relies on reliable biomarkers, nationally
representative surveys, access to such data, adequate evidence
linking the micronutrient to health outcomes and transparent
documentation. One persistent challenge is defining micronutri-
ent deficiencies. Definitions of micronutrient deficiencies used by
nutritionists tend to differ from those used by the GBD. Bridging
the gaps between the various definitions will help to generate
missing data and improve estimations.

Kenneth Brown from UC Davis and member of the Global Con-
ference Committee, introduced the Micronutrient Data Genera-
tion Initiative, which is hosted by the Micronutrient Forum, as
a solution to increase the availability and utilization of reliable
data globally.

Several different sources of information related to micronutri-
ents currently exist, yet only nutritional biomarkers can be used to
define the prevalence of micronutrient deficiencies. Brown cited
the example of how data from a vitamin A intervention program
in Guatemala was used to drive national policy and programming
decisions, mainly for sugar fortification. Using population data
enabled Guatemala to focus on those areas most at risk, which
served as a cost-effective move. As a result, the prevalence of vi-
tamin A deficiency has decreased from 25 percent in 1965 to less
than 2 percent in 2017.
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Micronutrient Biology and Status Assessment

Unfortunately, data on micronutrient biomarkers in national

surveys worldwide remain limited and outdated. In key infor-
mant interviews, the financial burden of including micronutri-

ent biomarkers was the most cited barrier to including data on
biomarkers. Other barriers cited included knowledge, laboratory

and contextual restraints. Enablers included political support, ad-

vocacy from locals, availability of technical experts and existing
micronutrient programming.

The collection of data based on micronutrient biomarkers will
allow for more evidence-based policies and programming to

be implemented. To achieve this, the Micronutrient Data Gen-
eration Initiative recommends a multicomponent approach.

Nutrient selection will be based on estimated high prevalence
of deficiency, as well as the severity of implications associated
with deficiency. Components of the strategy include advocacy

and information dissemination, technical and financial sup-
port, regional resource laboratories, open-access data reposi-

tories and periodic analyses. Though the costs of this initiative

remain a barrier, optimized micronutrient programs will ulti-
mately result in higher effective coverage at lower total costs.
As Brown stated, “The time has come to focus on the remain-

ing sets of activities that are needed to close the data gap and
to leverage the necessary financial resources and professional
support to do so.”

Folic acid fortification is associated with a decrease in neural tube

defects. Mandatory folic acid fortification policies were first intro-

duced in the USA, and are now established in over 80 countries

of the world. However, folic acid fortification remains to be insti-

tuted in many countries where the risk for neural tube defects
is high. Additionally, low vitamin B,, status is highly prevalent
across both developed and developing countries, among all age

groups. This is particularly a concern in areas where animal-
source food consumption is low. Concerns also remain surround-

ing the role that a high intake of folic acid plays on the diagnosis
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of vitamin By, deficiency. These concerns include elevated levels
of homocysteine, increased risks of anemia, and cognitive dys-
function in older adults. For these reasons, folate and vitamin B,
are included in the series of Biomarkers of Nutrition and Devel-
opment (BOND) reports.

This session provided an overview of the biochemical basics
of folate and vitamin B;,, as well as their interactions, and the
consequences of their deficiencies. The session also reviewed fo-
late and vitamin B;, as they are related to planning cohort and
population-based interventions and evaluations. Finally, the pre-
senters reviewed the need to increase global capacity to measure
biomarkers of folate and vitamin By, in a cost-efficient way.

Folate and vitamin B;, are essential for de novo DNA synthesis,
specifically for the production of red blood cells. The clinical man-
ifestations of folate and vitamin By, deficiency are similar because
of the mechanistic interaction between the two vitamins. For this
reason, deficiency of either vitamin leads to impairments of DNA
synthesis and anemia. Folic acid therapy in vitamin By, deficien-
cy will treat the anemia component of vitamin B;, deficiency, but
it will not treat the methylation component, which is associated
with neuropathy and cognitive dysfunction.

Currently, the only biochemical parameter of folate deficiency
is serum total folate. However, in nutritional and population stud-
ies, plasma total homocysteine (tHcy) is widely used to identify
folate deficiency. Serum total vitamin Bj,, serum holotranscobal-
amin (holoTC), serum methylmalonic acid and tHcy are used as
biomarkers of vitamin By, status; however, each biomarker has its
own benefits and drawbacks.

In practice, the combined deficiency of folate and vitamin By,
can present a confusing clinical case. To determine the overall
status, it is important to measure biomarkers for both folate and
vitamin By, to ensure proper diagnosis of deficiencies.



Questions of how to assess folate and vitamin B;, status, when
to intervene and how best to deliver interventions remain. Re-
liable and accurate evaluation of status is needed to accurately
estimate the prevalence of deficiency and to develop suitable
strategies. To evaluate interventions, it is important to monitor
the impact and safety of the intervention using the same indi-
cators employed to establish baseline data. No single blood bio-
marker provides sufficient information to diagnose deficiencies;
therefore, both folate and vitamin By, status should be measured
during evaluation.

Folate and vitamin B;, biomarkers are useful, and predictive
values improve when employed in conjunction. Assessment
methods exist, but several disadvantages remain. New directions
for measuring vitamin B;, status include measuring vitamin By,
concentration in breast milk to assess maternal status and the risk
of infant inadequacy. Additionally, the use of omics may improve
the understanding of the dual deficiency and imbalance of folate
and vitamin B;>. The combined vitamin B;, indicator (cBiy) is
used to detect increased risk of cognitive impairment in elderly
populations and to detect adverse interactions between folate and
vitamin By,.

Experimental evidence to establish the causal effect between
elevated folic acid intake and the modification of vitamin B;, de-
ficiency remains lacking. Moreover, the development of practical
and efficient evaluation methods remains a need to best assess
status in populations.

A great need to improve folate laboratory capacity remains. Microbi-
ologic assay (MBA) provides a practical provides a practical choice
for low-resource laboratories, as it is simple and inexpensive. To
improve lab-to-lab variability, a common critical reagent, such as

Micronutrient Biology and Status Assessment

a microorganism and calibrator, is needed. A regional approach is
the most relevant and efficient way to achieve lab capacity. Per-
sonnel, facilities and supplies are needed to maintain efficiency. A
network of labs in-country also helps with strategic support.

An important component of capacity building includes learn-
ing tools and training aids on how to conduct high-quality MBA
measurements, as well as performance verification programs. The
Centers for Disease Control and Prevention (CDC) has released a
freely available step-by-step folate MBA training video. Ready-to-
use assay kits have also been developed for epidemiological use
to facilitate in-country setup and to harmonize lab results.

Potential barriers to the success of laboratory capacity build-
ing are mainly logistical in nature. These include staff retention,
lack of access to supplies, insufficient funds, lack of fee collec-
tion mechanisms, processing and shipping issues, and the limit-
ed availability of assay kits. Strategic support from international
partners is required to address each of these barriers.

Timely and accurate data is needed to ensure effective program-
ming. However, assessment of micronutrient status remains diffi-
cult to carry out in low-resource settings where laboratory infra-
structure is typically lacking. The need for nutritional biomarkers
adjusted to factors such as infection and inflammation also per-
sists. Field-friendly, safe and accurate assessment methods must
be developed to enhance programs that address micronutrient
deficiencies.

This session reviewed recent advances in specimen collection
and laboratory assessment that make determining micronutrient
status more reliable, easier, practical and affordable. The session
began with a call to action from Omar Dary, Health and Nutrition
Science Specialist at USAID, in which he stated, “If we are serious
in our efforts to improve nutritional status, we must make micro-
nutrient assessment a priority.” Presenters then discussed their
approaches for improving micronutrient assessment, each of
which has great promise for enhancing assessment, specifically
in low-resource settings. Vitamin A and iron were the main mi-
cronutrients discussed; however, each presenter discussed how
improvements could be expanded to other micronutrients, such
as calcium and vitamin D.
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The enhancement of data collection and quality requires prac-
tical approaches for measuring and interpreting micronutrient
biomarkers. Christine Pfeiffer, from the Division of Laboratory
Sciences at CDC, presented on practical methods for micronutri-
ent status measurements. In terms of lab measurement, several
practical assay approaches are already in use. The benefits of the
Quansys Q-Plex™ micronutrient array are well known. A mini-
mal sample volume is needed: one sample preparation generates
multiple results, and the process is overall relatively simple. Ad-
ditionally, the assay has recently been redeveloped for improve-
ments specifically in soluble transferrin receptor (sTfR), a-1-acid
glycoprotein (AGP) and retinol-binding protein (RBP). Rapid vi-
tamin A assay performance is also practical because of its strong
precision and low imprecision. MBA, used for folate and vitamin
B> measurements, is available in low-income countries as it is
low in cost.

Data interpretation components also need to be considered.
Currently, the measurement of red blood cell folate status is both
time- and resource-intensive, as the calculation requires three
measurements. Mechanisms to address what to do when there
are missing measurements have been researched. Pfeiffer pre-
sented novel calculation approaches for use in the case of miss-
ing value(s). If the serum folate measurement is missing, the
calculation can either factor in the assumption that the value is O
or impute the median serum folate (S-FOL) value from the popu-
lation. If the hematocrit value is missing, the two approaches are
to impute the population median value or to estimate the value
from hemoglobin and mean corpuscular hemoglobin (MCH). If
both values are missing, the best approach is to predict S-FOL
from a random sample and to estimate the hematocrit value.

Access to external method verification programs continues to
pose a challenge to data quality in LMICs. To combat this, the CDC
offers a micronutrient performance verification program. This
provides participants with documentation of proficiency, and the
data can be used to adjust the cutoff and/or survey data. The CDC
has also developed laboratory quality assurance materials to mon-
itor long-term assay performance.
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Appropriate analysis following the obtainment of biomarker data
is required to ensure an understanding of micronutrient measure-
ments. The presentation by Parminder S Suchdev, a member of the
BRINDA project team at Emory University, opened with a timely
quote from Lord Kelvin: “If you cannot measure it, you cannot im-
prove it.”

A cycle of association between nutrition and inflammation
exists. Inflammation can act as a confounding factor on nutrition
biomarkers. As a result, incorrect diagnoses may occur and/or an
underestimation or overestimation of micronutrient deficiency
prevalence in a population may occur. In turn, this can interfere
with assessment of the impact of nutritional interventions.

Suchdev presented on the BRINDA project, a multipartner proj-
ect that sought to improve nutrition programs by refining micro-
nutrient status estimation approaches. The research focused on
WRA and preschool children. Results indicate that one out of two
children from the collected surveys had some inflammation - a
key finding with large implications for deficiency prevalence es-
timations. For example, as inflammation increases, levels of the
acute phase protein ferritin increase; thus, iron deficiency prev-
alence would be underestimated. This linear association appears
to be true in children for C-reactive protein (CRP) and AGP values.

The BRINDA regression correction approach estimates what
ferritin levels would be if inflammation is resolved. For specific
uses, the macros of the BRINDA regression correction model are
also available for download for application to other data. Overall, if
inflammation is ignored, the prevalence of iron deficiency would
be underestimated, while the prevalence of vitamin A deficiency
would be overestimated. The magnitude of the effect varies by re-
gion. This holds significant relevance for interventions, especially
in terms of monitoring and evaluating impact over time.

The question then is: should all nutrition biomarkers be adjusted
for inflammation? Suchdev stated that the answer is no. The BRIN-
DA approach is limited to cases in which a clear biological rationale
for a relationship between nutrient biomarker and inflammation
appears to be present, paired with a linear relationship between the
nutrient biomarker and AGP and CRP. For cases of pregnant women,
more data is needed to make conclusive recommendations.

Kinetic modeling is useful for assessing micronutrient status
across a continuum. For example, it can be used alongside the two
current methods employed to measure vitamin A status, retinol



isotope dilution (RID) and model-based compartmental analysis,
in both individuals and populations.

Jennifer Ford of the University of North Carolina explained
how kinetic modeling can be used to provide a more accurate
calculation of total body stores (TBS). Currently, two methods are
used to estimate vitamin A TBS-retinol isotope dilution (RID) and
model-based compartmental analysis, or a combination of the two.

RID is a method that requires an oral tracer dose of vitamin A
to be administered to the individual in order to measure retinol
plasma specific activity (SAp). The measured variable (SAp) is then
used as a coefficient in the calculation of TBS via the RID equation.
One drawback of the RID equation is that the other two coefficients
in the equation, FDstores, the fraction of the dose absorbed and
found in the body at the time of sampling, and SAratio, the specific
activity in plasma over specific activity in stores at the same time,
rely on assumed values derived from animal and human studies.
Such assumed values may not hold true for all populations.

Kinetic modeling, specifically model-based compartmental
analysis, addresses this drawback by estimating more accurate,
population-specific values for FDstores and SAratio to quantify
TBS. Model-based compartmental analysis for studying vitamin A
includes the administration of a stable isotope of vitamin A orally,
followed by continued monitoring of vitamin A intake and collec-
tion of blood samples. Then analysis of plasma samples is com-
pleted, and the data is modeled via software and a compartmental
model. Differential equations and weighted nonlinear regression
analysis are used to estimate kinetic parameters and TBS.

Relevant to improving the RID equation, the model can be sim-
ulated to determine more population-specific FDstores and SAra-
tio coefficients. Modeling of vitamin A status in three countries

- Bangladesh, the Philippines and Guatemala - found significant
differences in RID coefficients between the three countries.

Population-based modeling approaches have significant rele-
vance, as they enable micronutrient status to be more confidently
assessed in children. The use of kinetic modeling seems to al-
low for more accurate and efficient micronutrient assessments in
populations and individuals. This is highly relevant when deter-
mining the prevalence of vitamin A deficiency and high vitamin
A stores, as well as when measuring the success of vitamin A in-
tervention studies. Additionally, the kinetic modeling method is
not limited to vitamin A and can be used for any micronutrient in
which an exchange between plasma and body pools occurs.
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The Myanmar Micronutrient and Food Consumption Survey
(MMFCS) is the first comprehensive nationwide micronutri-
ent survey in Myanmar. Electronic data collection was utilized
through the use of the CommCare application.

Min Kyaw Htet, Researcher at the University of Indonesia, re-
ported that the application allowed for logic-controlled and us-
er-friendly collection of data. For example, the app automatically
generates a list of relevant tests to be measured based on the tar-
get group into which the individual falls. The data can be entered
offline and automatically uploads once connection is restored. An-
other benefit is that the data are instantly available, which allows
for easy data cleaning and rapid feedback. This further enables
reports to be released quicker, which allows for immediate use of
the data collected. The successful use of electronic data collection
by the MMFCS offers great promise for future surveys and dietary
collection, both national and multicountry.

Neal Craft, Chief Scientific Officer of Craft Nutrition Consulting,
presented on research that used dry plasma spots (DPS) to exam-
ine the transferability of the analysis of nutrient biomarkers to
Quansys Q-Plex methodology in three independent labs.

There appears to be greater stability of the nutritional biomark-
ers at lower temperatures. Spearman correlation between liquid
plasma and DPS with the Quansys Q-Plex assay indicated highly
correlated data across nutritional biomarkers - ferritin, AGP, thy-
roglobulin (Tg), sTfR, CRP, histidine-rich protein 2 (HRP2) and
retinol binding protein 4 (RBP4). However, the apparent recovery
of biomarkers from DPS appeared low, indicating that the estimate
of volume in DPS may be less than previously assumed. There is
a potential need to revise estimates of blood volume in DPS pads.
Within the three independent labs, there was high comparability
for CRP, RBP4, Tg and ferritin. Therefore, it is suggested that DPS
is a plausible option for the analysis of nutrient biomarkers.
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The RID method remains the best quantitative estimate of vita-
min A TBS. However, the maintenance of cold chain until sample
analysis is a persistent challenge for population-based vitamin
A status assessments. The use of dried blood spots (DBS) would
minimize the logistical demands and associated costs of frozen
serum maintenance. Georg Lietz from Newcastle University, pre-
sented on research that evaluated the feasibility of using DBS in
Filipino children.

Lietz reported several benefits of using DBS over serum. Ship-
ment of DBS did not require dry ice, as DBS can be shipped at room
temperature. Additionally, the extraction is fast and simple. When
three spots were used, all samples met the limit of quantitation.
This translates to the ability to quantify TBS of vitamin A from 120
microliters of serum from the three DBS.

Retinol-specific activity from DBS was also highly correlated
to retinol-specific activity from liquid plasma. Additionally, the
intra-individual difference to compare methods using Bland-
Altman analysis was under 5 percent. Therefore, the DBS is a suit-
able substitute for liquid plasma when assessing vitamin A status
in infants and young children. This brings great promise to the
field of population-based vitamin A status assessments.

Proper screening for iron deficiency used to be difficult to con-
duct in resource-limited settings, as it required both laboratory
capacity and trained personnel. The TibayMeter is a method that
overcomes several historical obstacles. Christian Homann, found-
er and CEO of FerroSens GmbH, presented on the potential of the
TibayMeter in screening for iron deficiency. The measurement is
noninvasive, portable and cost-efficient.

This method does not require blood samples to be taken; rather,
it is an optical measurement of zinc protoporphyrin (ZnPP) on the
lower lip. Six clinical studies have evaluated the accuracy of the
TibayMeter and found very good correlation with reference blood
samples. The TibayMeter is also more stable against infection and
inflammation compared with ferritin. This method has other great
benefits, as it is portable and fast, producing results in less than
one minute. Because it is an optical measurement, there is no need
for a laboratory, transportation or specialized personnel. This is
ideal for remote areas, where point-of-need application is utilized
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and laboratory infrastructure is lacking. Overall, the TibayMeter
could greatly reduce the burden of iron deficiency screening and
enable large screening programs, such as targeted interventions
like iron supplementation.

Making evidence-based policy decisions related to anemia
requires a clear understanding of the effects of iron supplemen-
tation, both on iron stores and on health outcomes. Questions
remain surrounding the impact of iron intervention programs,
as well as the best mode of delivery. Two known approaches,
home fortification and iron supplementation, are currently used
to address iron deficiency anemia. Multiple micronutrient pow-
ders are also increasingly used as a way to deliver iron to young
children. However, concerns linger regarding iron interventions,
including the fact that they increase infection rates in low-in-
come settings. The lack of clear evidence indicating cognitive
development and growth benefits from iron interventions is an-
other concern.

This session provided an overview of the burden of anemia
and review of interventions to further alleviate the global bur-
den. Key takeaways included:

Data suggest no harm from universal iron interventions.
Universal iron interventions effectively reduce the prevalence
of iron deficiency anemia. However, there is no evidence that
universal iron interventions result in a clinical, functional
outcome. Benefits may occur at the individual level, but there
is no benefit at the population level.

Treatment of malaria must be considered when addressing iron
deficiency and anemia. By controlling malaria infection and
spread, it is possible that the burden of such deficiencies may
be reduced.

In areas with significant prevalence of thalassemia, program-
ming for iron supplementation must consider the impact this
syndrome has on anemia.

In the case of anemia, one size does not fit all. All potential
mechanisms of iron deficiency and anemia must be considered
before defining the appropriate intervention.



Data suggest that several different pathologies play a role in caus-
ing anemia. A common cause of inherited anemia in endemic
regions, such as Thailand, is thalassemia and other hemoglob-
inopathies.

Vip Viprakasit, a doctor and professor of thalassemia, report-
ed on new, unpublished cohort data from Thailand that shows a
high prevalence of thalassemia disease among pediatric hemolyt-
ic anemia patients. The majority of thalassemia and hemoglob-
inopathies in Thailand are largely due to mutations or deletions
involving the coding sequences of globin genes. Thalassemia can
result in a reduction in the synthesis of alpha or beta chains of
hemoglobin. Globally, this inherited disorder is widely spread, but
concentrated in sub-Saharan Africa and southeastern Asia. Nearly
half of the people living in Thailand have the thalassemia gene.

Clinical severity varies from asymptomatic to life-threatening.
Clinical presentation of thalassemia syndrome can include ane-
mia, jaundice, growth retardation, bone fractures and overt infec-
tion. Iron overload may also occur as a result of blood transfusions
in response to anemia. The high prevalence of thalassemia and
hemoglobinopathies in endemic regions, paired with the clinical
significance of the syndrome, calls for the consistent evaluation
of such cases. Furthermore, concerns remain that universal iron
supplementation may cause iron overload in thalassemia patients
and carriers; however, Viprakasit reported no harm in providing
universal iron supplementation, as iron deficiency anemia per-
sists in the majority of individuals.

The question remains as to the developmental or functional ben-
efits that children experience following iron supplement inter-
ventions and the subsequent reduction of iron deficiency anemia.
Sant-Rayn Pasricha, Division Head at the Walter and Eliza Hall In-

Micronutrient Biology and Status Assessment

stitute of Medical Research, presented on Benefits and Risks of Iron
InterventionsS in Children (BRISC), a phase-three efficacy trial con-
ducted in Bangladesh. This trial recruited infants aged 8 months
+ 2 weeks and assigned them to one of three arms - micronutrient
powder (MNP) + dummy, iron + dummy, or double dummy.

At baseline, the prevalence of anemia was severe. Within the
placebo group, the prevalence of anemia was higher at follow-up
versus baseline, which indicates that the prevalence of anemia
increases over time within this population. Changes were similar
among the MNP and iron intervention arms. Within both inter-
vention groups, children had increased iron stores, and there was
a decrease in the prevalence of anemia.

However, the MNP and iron interventions had no effects on
child development, language, motor development, weight-for-age
or length-for-age. There was also no effect on child behavior or tem-
perament. This was true even if the child had a previous deficiency.
There were also no differences in adverse outcomes or number of
clinic visits between the intervention and placebo groups.

The results indicate that iron interventions did not have an ef-
fect on developmental or functional outcomes. As Pasricha stated,
“The time is coming when we will need to redefine what we under-
stand by the syndrome of anemia.” Anemia may be the endpoint of
a broad range of symptoms; data indicate the possibility of other
factors influencing a child’s developmental or functional devel-
opment. These factors include, but are not limited to, maternal
nutrition before and during pregnancy, the burden of malaria and
inflammation.

Malaria may be an essential part of the strategy needed to address
the global burden of anemia, specifically in sub-Saharan Africa.
Malaria transmission is persistent and widespread, and it is esti-
mated that at any time, one in four children in sub-Saharan Africa
has malaria parasitemia.* Sarah Atkinson from the University of
Oxford and the KEMRI-Wellcome Trust Research Programme, re-
ported on evidence that strategies to prevent malaria, as well as
other infections, should be an integral part of programs to reduce
iron deficiency.

Atkinson’s presented research used a genetic proxy - sickle
cell trait HbAS that works through the malaria exposure - to eval-
uate impact on iron deficiency. The main advantages of using a
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genetic proxy include the fact that it is less susceptible to con-
founders and reverses causality. Results indicate that inflamma-
tion and malaria significantly increase hepcidin levels, resulting
in impaired iron absorption. This translates to the theory that
malaria is causing iron deficiency through a hepcidin-mediated
block in iron absorption. Therefore, controlling the incidence of
malaria allows for iron to be absorbed and iron deficiency to be
better controlled.

Atkinson predicts that if the incidence of malaria were halved,
iron deficiency would decrease by 49 percent. These findings have
staggering implications for anemia and iron deficiency interven-
tions in Africa. She recommends that anemia reduction interven-
tions should take a multidisciplinary approach, reducing malaria,
to enable iron to be absorbed.

It is well known that the adolescent years serve as a critical pe-
riod of growth and development. During the adolescent period,
about 50 percent of adult weight and 50 percent of adult height
occurs. In Bangladesh, while the rates of stunting are declining,
the lack of dietary diversity, along with obesity, among adoles-
cent girls remains a concern. Efforts to improve nutritional status
among adolescents are needed to ensure proper growth during
this life stage.

Kerry Schulze, Center for Human Nutrition, Johns Hopkins
Bloomberg School of Public Health, presented research conducted
at the JiVitA field site in northwest Bangladesh. The work sought
to characterize anemia and micronutrient status in young adoles-
cents (9-13 years of age), by exploring status determinants such
as sex, age, inflammation, diet, season and activity patterns.

Vitamin D deficiency was the most prevalent deficiency, and
the only one with significant differences between boys and gitls.
The deficiency was significantly higher in girls compared with
boys, as boys in the area are more likely to play outdoors. Season-
al variation also occurred within vitamin D deficiency, with higher
rates of deficiency during the rainy season.

Iodine may be in more demand because of pubertal growth

patterns, as evidenced by age-specific patterns of elevated Tg lev-

els. Sex and age differences were found among iodine deficiency.
In girls, Tg levels decreased with each increase in age year, which
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suggests that the demand for iodine decreases with the decline
in linear growth velocity. Moreover, higher Tg levels in boys were
associated with lower anthropometric measures. These findings
suggest that poorer iodine status was associated with poorer
growth.

Despite a lack of iron deficiency, anemia occurred in approx-
imately 10 percent of the population. The prevalence of anemia
within the sample was likely due to unexplained factors outside
of the diet. Persistent inflammation was also common, yet inflam-
mation was not a strong determinant of anemia or iron status
within the population. Findings confirm the need for a multifacet-
ed response to micronutrient deficiencies.

New links have emerged between nutrition, dietary intake and
the immune system. The connection between iron and vaccine
response is highly relevant, especially given the COVID-19 pan-
demic. Evidence indicates that children in LMICs have subopti-
mal adaptive immune responses.” Persistent iron deficiency is
hypothesized to play a role. Hepcidin regulates iron homeostasis
by blocking dietary uptake and iron recycling out of macrophages.
Chronically raised hepcidin and inflammation contributes to re-
duced levels of iron in circulation and reduced iron absorption.
In The Gambia, researchers found high levels of hepcidin in over
50 percent of children, which was predictive of blocking iron ab-
sorption.? However, the consequences of low iron availability on
adaptive immunity have yet to be clearly established.

This session highlighted recent research on iron deficiency
and its impact on innate and adaptive immunity. Further, the
session reviewed the potential impact of iron supplementation
during vaccination on immune response and infection severity.
To maximize the potential of vaccination campaigns, nutrition,
specifically iron, must be considered.



Serum iron deficiency persists among children living in LMICs.
The impact of iron deficiency on adaptive immunity remains rela-
tively unknown. In mice, serum iron deficiency results in a practi-
cally nonexistent antigen-specific immune response and inhibits
the primary response to immunization. There is a reduced quality
of immune response within the mice. It is theorized that this result
does not depend on immunization route.

Further, it has been observed that serum iron deficiency has
a lasting impact. The deficiency results in a reduced number of
memory T cells and a reduced magnitude of recall response. This
is true for both pre- and post-secondary immunization. Improve-
ment in vaccine-specific antibodies occurs after iron supplemen-
tation in iron-deficient piglets. This indicates that high hepcidin
levels suppress adaptive immunity in animals.

Serum iron deficiency also compromises viral control and re-
sultsin significantly higher levels of viral RNA. In the lungs, higher
inflammation levels are associated with serum iron deficiency
during influenza infection. Serum iron deficiency is also associ-

Sex 1.5
Birthweight 1.0
Anti-diphtheria IgG in cord blood 1.0
Anti-diphtheria IgG at age 10 weeks 0.002
Weight-for-age z-score (mean at 10 to 24 weeks) 1.4
Serum transferrin receptor at 24 weeks 1.2
a-1-glycoprotein at 24 weeks 2.2
Retinol binding protein at age 24 weeks 4.2
Analyzed using logistic regression analysis

Sex 1.9
Birthweight 1.0
Anti-pneumococcus 19 in cord blood 1.1
Anti-pneumococcus 19 at age 10 weeks 0.6
Height-for-age z-score (mean at 10 to 24 weeks) 0.9
Serum transferrin receptor at 24 weeks 1.2
a-1-glycoprotein at 24 weeks 0.8
Retinol binding protein at age 24 weeks 0.2

Analyzed using linear and logistic regression analysis
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ated with greater weight loss during infection, whereas patients
with normal serum iron experienced weight regain.

In humans, individuals with high hepcidin levels and low iron
stores displayed weak antibody responses to Rubella, Haemophilus in-
fluenzae and Streptococcus pneumoniae when compared with healthy
controls. This confirms that serum iron deficiency, and increased con-
centrations of hepcidin, can inhibit immunization and influenza virus
response. Moreover, targeting hepcidin to manipulate serum iron lev-
els may provide potential to control adaptive immunity.

These findings hold significant relevance in LMICs, as individ-
uals in LMICs have high rates of chronic inflammatory disorders

0.534,3.969

0.996, 1.000

0.283, 3.419

0.000, 0.097 (P=0.0027)
0.798,2.369

1.011, 1.315 (P = 0.0439)
0.983,5.127
0.432,39.888

0.754,4.878
0.999, 1.001
0.974,1.296
0.279,1.153
0.633, 1.346
1.013, 1.342 (P = 0.0327)
0.362,1.737
0.024,1.781
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and/or iron deficiency anemia. These findings also hold relevance
for potential responses to the COVID-19 vaccination, as research

indicates that severely affected COVID-19 patients have lower se-

rum iron levels.

Infections persist as major causes of child morbidity and mortali-

ty worldwide, as vaccines do not reach their maximum potential.
Disparities exist between LMICs and high-income countries in

terms of infection mortality and vaccine efficacy. For example, se-

roprotection after vaccination varies across regions and is lowest
in low-income countries. Such disparities must be addressed to

ensure vaccines can obtain their full potential and lower the bur-

den of deaths of children under the age of five.

Potential explanations for why vaccines do not work as well
in LMICs include many factors, from concurrent inflammation
to malnutrition. This is a major concern in sub-Saharan Africa,

where 46 percent of pregnant women have iron deficiency ane-
mia. Maternal iron deficiency anemia is predicted to be associat-

ed with low iron stores in infants at birth - which, when paired
with frequent infections, can result in iron store depletion within
an infant’s first 2 months of life. Vaccinations typically occur at
6 and 14 weeks of age - by which time infant iron stores may
already be depleted.

A 2-year prospective birth cohort study in Kenyan infants re-
viewed the timeline of iron deficiency anemia, as well as its im-
pact on vaccine titers and seroprotection. At 10 weeks of age, ap-

proximately 50 percent of infants had anemia. By 6 months of age,
93 percent of infants had anemia, which was mostly moderate to

severe. Inflammation, probably due to infection, was also preva-

lent throughout the infant growth period.

Results indicate that primary vaccine responses against diph-
theria and pneumococcus are high, yet secondary vaccine re-
sponses vary. At 18 months, the strongest risk factor for sero-

negativity against diphtheria was iron-deficient erythropoiesis,

as displayed in and 1.2. Further, results reveal that
anemic infants in the study population had over two times the
risk of being unprotected against diphtheria and pneumococcus

at 18 months.
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Responses to the diphtheria and pneumococcus vaccines
may be impaired by anemia and iron deficiency at the time of
vaccination. Better understanding of the relationship between
iron deficiency and vaccine responses, paired with future find-
ings, can inform policies and programs to increase the efficacy
of vaccines.

Both iron deficiency and iron overload appear to affect suscepti-
bility to, and outcomes of, infection. This has great impact on the
needs of interventions, policies and programming.

Regulation of the iron concentration in plasma occurs via
the hormone hepcidin. In the presence of hepcidin, ferroportin
cannot export iron to blood plasma. Iron gets trapped and iron
concentration in blood plasma decreases. This process protects
against excess iron in plasma.

This mechanism of increased hepcidin production fails
during iron overload. Iron exportation becomes dysregulated.
Transferrin can no longer bind iron, resulting in toxic iron levels.
In the presence of iron overload disorders, virulence is increased
by the presence of non-transferrin-bound iron in the plasma. The
increased virulence is specific to Gram-negative extracellular
infections. The severity of virulence due to bacterial growth de-
pends on the amount of transferrin in the plasma. This can result
in increased mortality.

Iron is required for T- and B-cell clonal expansion; therefore,
iron deficiency may also play a role in adaptive immunity impair-
ment. In normal individuals, transferrin is taken up by cells to
meet these iron requirements. However, in iron-deficient patients
the uptake of transferrin is poor. While iron appears to be suffi-
cient at baseline in iron-deficient patients, it does not appear to be
sufficient during rapid proliferation. Further, iron deficiency can
result in lower IgG, lower memory B cells, and defects in T- and
B-cell proliferation. This can also impact vaccination.

In rural Kenya, anemia prevalence at infancy is approximately 70
percent at the time of routine vaccination. Limited data exists that
links anemia, iron deficiency and vaccine response. More specifi-
cally, limited data explores the impact of iron supplementation on
vaccine response during pediatric vaccinations.



A randomized controlled trial conducted in Kenya sought to
determine the effects of iron supplementation at the time of first
measles vaccination. Iron supplementation at the time of first
vaccination improved infants’ iron status and resulted in higher
levels of anti-measles serum IgG, stronger IgG avidity and greater
seroconversion. Compared with the infants that received iron sup-
plementation, infants that received no iron at the time of measles
vaccination had approximately a three times higher risk of sero-
negativity at 11.5 months.

These results indicate that iron supplementation at the time
of measles vaccination can contribute to a stronger immune re-
sponse. These findings should be considered when developing
vaccination programs, as iron supplementation in early infancy
may help to increase the efficacy of vaccinations.

Pregnant adolescents in LMICs account for 7.3 million births per
year. Alarmingly, complications of pregnancy are the leading cause
of death among adolescent girls in LMICs. The burden of malnutri-

Low birth weight Allwomen 13 0.87 (0.80—0.95)
(<2,500¢g) < 20 years 0.87 (0.77—0.97)

> 20 years 0.87 (0.80—0.95)
Preterm birth Allwomen 13 0.89 (0.83—0.95)
(< 37 weeks) < 20 years 0.88 (0.80—0.98)

> 20 years 0.89 (0.83—0.96)
Small for Allwomen 13 0.95 (0.87—1.03)
gestational age < 20 years 0.90 (0.81—1.00)
(< 10™ centile) > 20 years 0.96 (0.88—1.04)
Stillbirth Allwomen 13 0.96 (0.88—1.05)
(2 28 weeks gestation) < 20 years 1.07 (0.90—1.25)

> 20 years 0.92 (0.83—1.03)
Neonatal mortality Allwomen 10 1.02 (0.93-1.13)
(< 28 days) < 20 years 0.98 (0.84—1.16)

> 20 years 1.05(0.93—1.19)
Perinatal mortality Allwomen 11 0.99 (0.92—-1.06)
(> 28 weeks gestation < 20 years 1.04(0.92—1.18)
up to < 7 days) > 20 years 0.96 (0.88—1.05)
Maternal anemia Allwomen 8 1.05 (0.95-1.18)
(3 trimester < 20 years 1.07 (0.86—1.33)
Hb < 110 g/1) > 20 years 1.06 (0.94—1.18)
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p
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p

P=0.54
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tion in LMICs is high and disproportionately affects women and
children. Pregnant adolescents tend to have a poorer nutrition
profile and have heightened vulnerability because of their growth
needs and the needs of the fetus. Pregnant adolescents have a
higher risk of adverse pregnancy outcomes and maternal death
because of these vulnerabilities.

Iron and folic acid (IFA) supplementation continues to be rec-
ommended by WHO for pregnant women.* Recent guidance from
WHO recommends MMS that include IFA in the context of rigor-
ous research.” However, no guidance or specific research exists
for pregnant adolescent women.

The individual participant data (IPD) meta-analysis sought to
address this gap. As displayed in , the review found a sig-
nificant reduction in the odds of low birth weight (LBW) and preterm

births among pregnant adolescent women who received MMS ver-
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sus IFA. Within the adolescent age group, there is a greater reduc-
tion in the risk of delivering a baby that is SGA. This indicates that
women of younger age appear to benefit most from MMS in terms of
SGA. There are no other substantial differences between age groups
related to the impact of MMS. Additionally, the meta-analysis found
no improvement or harm due to MMS on stillbirth, neonatal mortal-
ity, perinatal mortality or maternal anemia. For each of these, there
were no differing effects between age subgroups of women.

Findings indicate that pregnant women of all ages would ben-
efit more from MMS as compared with IFA supplementation. It is
recommended that policies and programs to scale up MMS supple-
mentation for pregnant women are supported.

Epidemiological data indicates that obesity is associated with
reduced iron status. Explanations for the association include in-
creased blood volume in obese individuals, greater adiposity re-
sulting in lower fractional iron absorption, and higher levels of
hepcidin, resulting in lower systemic iron availability. Hepcidin,
the main iron regulatory protein, is higher in obesity and associ-
ated with inflammation. Higher hepcidin levels impact transpor-
tation, which results in lower iron availability.

The higher concentrations of hepcidin associated with obe-
sity are a concern for pregnant women, as iron requirements in-
crease tenfold during pregnancy. Maternal hepcidin regulates the
amount of iron transferred to the placenta. In healthy pregnancies,
there is a decrease in hepcidin levels. This decrease allows for an
increased supply of iron to be transferred to the fetus.

The Pregnancy Iron Absorption Normal Weight Overweight/
Obese (PIANO) study was conducted in Switzerland, Mexico and
Thailand. The prospective case-control study explored if pre-preg-
nancy obesity affects the transfer of iron to the fetus, and if so, how
the placenta compensates for low maternal iron status.

Compared with the normal weight group, body iron stores were
decreased at greater levels in overweight and obese women. This
decrease was about 30 percent compared with the normal weight
group. Results also indicate that overweight and obese pregnant
women have higher rates of inflammation; however, this does not
result in higher hepcidin levels among the overweight and obese
group. It is predicted that the lower iron status offsets the effects
of inflammation. Within the normal weight group, iron absorption
was upregulated at a much higher rate during the third trimester.
Iron absorption was twice as high in the normal weight group as
compared with the overweight and obese group.

Results indicate that decreased maternal iron absorption and
iron stores have an impact on infant iron stores. Women’s pre-
pregnancy BMI predicts lower body iron stores in the first 6 months
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of infancy. Infants born to overweight or obese mothers had body
iron stores that were 15 percent lower than those of infants born to
normal weight mothers. Infants born to overweight or obese moth-
ers also had higher TfR levels. Higher TfR levels indicate greater
levels of iron-deficient erythropoiesis. These findings allow for the
assumption that pregnancy BMI and inflammation are predictors
of the level of circulating iron transferred from the mother to the
fetus during pregnancy. Higher maternal BMI and levels of inflam-
mation, measured through CRP, are associated with reduced ma-
ternal-fetal iron transfer.

Findings indicate a need to address maternal overweight and
obesity status. Lower iron stores are a risk factor for reduced phys-
ical and mental development; therefore, reducing pre-pregnancy
obesity is an important consideration.
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About Us

The Micronutrient Forum serves as a global catalyst and convener for
sharing expertise, insights and experience relevant to micronutrients in all
aspects of health promotion and disease prevention, with special emphasis
on the integration with relevant sectors.

Vision

A world where all people have access to all essential micronutrients at levels
needed to promote health and prevent disease.

Mission

To be a global leader bridging scientific knowledge with policy and programs
across multiple sectors, by providing support for capacity development and
continuous dialogue for action, to ensure the full integration of nutrition, and in
particular the importance of micronutrient adequacy, in health promotion and
disease prevention throughout the life cycle.

The Micronutrient Forum works through:

Advocacy

Facilitating coordinated action among diverse stakeholders.

Consultations

Bringing together global experts on key topics to synthesize existing knowledge
into actionable insight.

Convenings

Creating a multi-sectoral exchange of information and necessary conversations.






The University of Malawi, College of Medicine, Training and
Research Unit of Excellence (TRUE), Blantyre, Malawi

To obtain a ‘high’ level of evidence as rated by WHO,

the nutrition and health community should aim to conduct
high-quality, context-specific randomized controlled trials,
systematic reviews and meta-analyses, including individual
participant data meta-analyses.

Proven interventions that work at scale, such as intravenous
iron, should be prioritized by all stakeholders.

Oral iron should be given when dealing with mild,
uncomplicated iron deficiency in the absence of active
bleeding. It can also be provided during the first trimester
of pregnancy or during the second trimester of pregnancy
when hemoglobin (Hb) > 10.0 g/dL.

Contextual factors, including political will, should always
be considered when designing nutritional interventions to
avoid unintended consequences.

Climate effects should be considered when designing
nutritional interventions.

The positive or negative micronutrient effects on the brain
are based on timing, dose and exposure duration; the best
time to intervene is during the first 1,000 days of life.
There are new, more practicable, methods of assessing
childhood development in low-resource settings. These
include brain imaging.

Vitamin A is an essential nutrient, a mediator of infectious
mortality and prophylactic against blindness. However,
chronic ingestion of excessive vitamin A may reduce bone
mineralization and predispose the individual to fractures.
There is consequently a need to balance the benefits and
risks of overlapping vitamin A interventions such as
supplementation and food fortification.

Neglected B vitamins (thiamine, riboflavin, niacin and
pyridoxine) must be studied to determine/develop: (1)
standardized biomarker assays, cutoffs and methodological
harmonization; (2) nationally representative assessments
of dietary intake and status; and (2) identification of

Efficacy and Safety of Micronutrient Interventions

localities in need of intervention, fortification and
supplementation.

Fortified rice appears to be beneficial in reducing the
prevalence of anemia and zinc deficiency.

Rice fortification programs can be combined with
nutrition-specific and nutrition-sensitive public health
interventions - such as water, sanitation and hygiene
(WASH), deworming, iron and folic acid (IFA)
supplementation - to amplify child health outcomes.
Multiple-micronutrient-fortified salts could be an effective
way to eradicate micronutrient deficiencies at the
population level.

There is no evidence to recommend a change in the
policy of immediate iron supplementation post-malaria
treatment in children with moderate anemia living in
malaria-endemic areas.

Lower doses of zinc given daily for 14 days were
non-inferior to the standard dose of zinc in terms of
diarrhea and the mean number of stools in children with
acute diarrhea.

Stable isotope techniques are increasingly being used in
nutrition and health research to study the bioavailability
of nutrients.

An estimated 250 million children globally are not fulfilling their
developmental potential. SDG 4.2 targets that, by the year 2030,
all boys and girls will have access to quality early childhood de-
velopment, care and pre-primary education to be ready for pri-
mary education.

Micronutrient deficiencies affect all age groups, but young chil-
dren and women of reproductive age are most at risk. Worldwide,
iron, vitamin A and iodine deficiencies are the three most com-
mon micronutrient deficiencies. Zinc and vitamin D deficiencies
are also of emerging concern. The important role of the neglected
B vitamins in human health necessitates a re-focus on these nu-
trients. This report summarizes most of the proceedings of Track
2: Efficacy and safety of micronutrient interventions.

Though systematic reviews and meta-analysis of high-quality
randomized controlled trials (RCTs) of appropriate quality and de-
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sign remain the gold standard of information for policy guidance,
many systematic reviews and meta-analyses do not sufficiently
adjust for context, trial size and quality. Greater weight must be
given to scale and effectiveness trials in assessing benefits and
real-life evidence using mixed methods. To facilitate data verifica-
tion and quality checks, open access to meta-analyses should be-
come the norm, even outside of individual participant data (IPD)
meta-analyses.

The WHO guideline development is based on the best evidence
available, preferably systematic reviews and meta-analyses. The
hierarchy of evidence is used, with expert opinions at the bottom
and RCTs and systematic reviews at the top. WHO then grades the
levels of evidence into high, moderate, low or very low. For some
nutrition topics/questions, there are more systematic reviews

than there are trials on the topic. There is a saturation of system-

atic reviews compared with RCTs.
Systematic reviews are not the only way to bring knowledge.
When drugs or vaccines are past drug trial phase 3, if successful,

they go into approval, e.g., by the US Food and Drug Administra-

tion. There is no need to wait for systematic reviews. This means
that there are different paradigms for assessing evidence. The
question then is: how should we go about generating nutrition
and health knowledge - should we rely on systematic reviews and
meta-analyses? Yet again, if we have an important question, e.g.,
the safety and efficacy of parenteral iron in pregnancy, should we
move directly to RCTs, which might cost millions of dollars, but
which might also lead us to the answer?

The hierarchy of evidence starting from top to bottom has not
changed:

Meta-analyses including IPD meta-analyses
Multicenter RCTs and cluster RCTs

RCTs

Prospective cohort studies
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Case-control studies
Cross-sectional cohort studies
Descriptive or case series
Case reports

Different types of meta-analyses, including IPD, can be used de-
pending on the context of the research question.

The use of RCTs and systematic reviews has grown exponen-
tially. From 2013 to 2020/21, the nutrition field has added over
3,500 systematic reviews, making the synthesis of data very diffi-
cult for researchers and policymakers. Systematic reviews are just
too easy to do compared with designing and implementing expen-
sive and complicated RCTs such as multicenter/multicountry RCTs.
For micronutrients, there are approximately 10 more systematic
reviews than there are studies every year. Thus, people are adding
all manner of studies to the systematic reviews, raising concerns
about the quality of the papers added. Issues identified include:

Massive duplication versus replication;

Pooling of contextually different studies;

Issues with studies, e.g., poorly conducted trials, poorly sized/
powered and designed trials;

Data veracity given replicability - use of summary data versus
quality data checks; and

Mixing efficacy and effectiveness studies.

A Cochrane review demonstrated that deworming had no effect
on growth. This led to considerable debate. Bhutta and col-
leagues, Centre for Global Child Health, The Hospital for Sick
Children, undertook to evaluate the studies on this topic more
critically. They found that, on average, the effects of mass de-
worming on child nutritional status and cognition are small at
the population level (moderate certainty). Deworming may have
small effects on weight but not on height or Hb levels (very low
certainty evidence) for children with moderate-intensity infec-
tions. The effects of deworming are uncertain in children with
heavy-intensity infections. Larger studies with better confidence
intervals (CI) are warranted.

There is no doubt that intravenous (IV) iron is superior to oral
iron in treating iron deficiency in every population. However, IV
iron is a complicated and more expensive therapy to deliver. It
usually takes the form of iron encapsulated in a carbohydrate
shell. The stability of the shell has improved and changed over
time. The key advantage of IV iron is that 1,000-1,500 mg can
be administered in a 15-minute infusion. This dose lasts for a
long time and is safe. The team delivering IV iron to patients
need to be aware of the possible adverse events, even if these
are extremely rare. Hypophosphatemia needs to be investigated



if ferric carboxymaltose (FCM) is going to become a frontline drug.
Infection and safety, especially in malaria-endemic countries,
need to be established.

The use of parenteral iron is not new; rather, the method of use
has evolved. Sydenham first used oral iron in 1687 to treat ‘green
sickness’ by adding iron filings to cold wine. Blaud renamed green
sickness ‘chlorosis’ in 1832, and was the first to use ferrous sulfate.
During the American Civil War, iron was used to treat war wounds.
Today, iron deficiency is the most common micronutrient defi-
ciency globally, affecting > 35 percent of the world’s population and
> 50 percent of gravidas. It is 100 times more prevalent than cancer,
yet more than 300 years later oral iron - which is often ineffective
and usually poorly tolerated - is the frontline intervention.

Maternal iron deficiency potentially affects fetal, neonatal
and childhood brain growth and development, with adverse
effects on myelination, neurotransmitters and brain program-
ming.* Children born to iron-deficient mothers demonstrate
lower cognitive function, memory and motor development up
to 19 years of age.” Iron deficiency anemia (IDA) in pregnancy is
associated with an increased risk of adverse perinatal outcomes,
including preterm birth, low birth weight and small-for-gesta-
tional-age infants.® Fetal iron status is reduced when maternal
ferritin is < 15 pg/L.

Iron deficiency is common in neonates, even after iron sup-
plementation in pregnancy.® Unfortunately, babies are rarely
screened for iron deficiency at birth. The critical period for iron
in neonatal brain development is 2 months before delivery up to 1
month after birth. If interventions are not appropriate, detrimen-
tal effects are seen up to the age of 19 years.® Infants at risk of
neonatal iron deficiency include those from:

Iron-deficient mothers or those previously treated for IDA;
Mothers who are underweight or obese, or who have diabetes;
Vegetarian mothers;

Multiparas;

Mothers who have inflammatory bowel disease;

Mothers who have HIV or are smokers;

Mothers who have an inter-partum interval of < 6 months; and
Mothers who have a history of abnormal uterine bleeding.

Oral iron should be given when dealing with mild, uncompli-
cated iron deficiency without active bleeding. It can also be pro-
vided during the first trimester of pregnancy when IV iron is not
recommended, or during the second trimester of pregnancy when
Hb concentration > 10.0 g/dL. The absorption of oral iron is hin-
dered by diet and disease. Adverse events (constipation, metallic
taste, nausea, gastric cramping, tenacious stool) occur in more
than 70 percent of oral iron patients. In Nigeria, compliance with
oral iron supplementation guidelines is low; up to 20 percent of
pregnant women do not comply, probably because of the afore-
mentioned adverse effects.

Efficacy and Safety of Micronutrient Interventions

Alternate-day dosing seems to result in better total oral iron
absorption compared with daily iron dosing. One iron tablet taken
every other day is less toxic and more effective. Large doses of
iron trigger an acute hepcidin surge, which might make a case for
alternate-day dosing. There are WHO guidelines on intermittent
oral iron supplementation in pregnancy.

IV iron formulations can be administered in a single total-dose
infusion, obviating multiple visits, decreasing infusion reactions
and increasing adherence. Examples of IV iron include FCM, iron
isomaltoside (Europe only) and ferumoxytol. IV iron should be
given in the case of:

Patients who are intolerant of, or unresponsive to, oral iron;
Abnormal uterine bleeding;

Inflammatory bowel disease;

Angiodysplasia;

Iron-restricted erythropoiesis; and

Comorbid ‘inflammatory’ condition.

It should also not be given:

During the second trimester of pregnancy,

if Hb concentration < 10.0 g/dL;

During the third trimester of pregnancy; and
After bariatric surgery.

[V iron is probably safer than most physicians believe and
should be moved forward in the treatment paradigm. However,
in low- and middle-income countries (LMICs), there may be chal-
lenges. For example, in Nigeria, identified challenges include: the
availability of personnel to administer IV iron, especially in rural
areas; lack of appropriate diagnostic tools; the possibility of wors-
ening of malaria and infections; acceptability levels among phy-
sicians and pregnant mothers; cost-effectiveness; and lack of ev-
idence that IV iron affects clinical outcomes. Proposed solutions
include: training, especially of nurses in the primary healthcare
setting to give IV iron; preventive treatment of malaria; screening
for infections beforehand; community advocacy; research on the
cost-effectiveness of IV iron; and publication of evidence of IV iron
on clinical outcomes. The IVON trial in Nigeria, which is current-
ly being implemented, will use an effectiveness-implementation
design to study the use of iron isomaltoside to overcome the chal-
lenges listed above. The REVAMP trials in Malawi are also being
implemented, and will document the cost-effectiveness of IV iron
as an intervention.

The best timing for [V iron as a nutrition intervention is early
on in the second trimester. However, [V iron can also be used as
a rescue intervention in the third trimester, just before delivery
of the baby. In IV iron, infusion reactions (1-3 percent) such as
pressure in the chest, arthralgia or myalgia, headache and/or
flushing may occur. Severe hypersensitivity (< 1:250,000) may
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also occur. Intramuscular iron should not be given to patients, as
better IV iron formulations have been developed that are safer
and less painful.

Policymakers need data on the cost and cost-effectiveness of
IV iron formulations in order to be able to make policies for the
adoption and use of parenteral iron. The local supply of drugs,
including quality assurance procedures to be able to assure safe,
effective, quality and cost-effective medicines to the population, is
essential. Information and research will be necessary to make IV
iron a routine drug during pregnancy. The health workforce and
their ability to deliver IV iron will also be a significant consider-
ation for policymakers. Besides, diagnosis of anemia, which is cur-
rently carried out using point-of-care devices such as HemoCue, is
problematic because of frequent stock-outs of Hb cuvettes and the
breakdown of devices. Thus, if IV iron is to be based on Hb diag-
nostics, the programmatic implication of such a policy will need
to be reviewed. For a country to adopt the national use of IV iron,
operational guidelines will need to be drafted, a rollout plan made
across all health facilities and a decision taken about which level
of the health system the IV iron will be introduced. Further, trained

human resources, especially frontline nurses, will be needed.

It is essential to precede any nutrition/micronutrient intervention
program with an assessment of the needs and a thoughtful anal-
ysis of the feasibility and local sustainability of the interventions.
Efficacy trials do not guarantee that programs will be effective; to
improve effectiveness, a program must take into account the fol-
lowing factors: environment, the biological need of the population,
compliance, adherence to the intervention and programmatic
sustainability. The nutrition community has forgotten the 1990
UNICEF Triple-A approach for program design and implementa-
tion, which emphasized characterizing the problems (prevalence,
magnitude, severity), identifying the causes, and analyzing the ac-
ceptance, feasibility and programmatic viability of the potential
interventions.

Contextual factors, including political will, should always be
considered when designing nutritional interventions so as to
avoid unintended consequences. We have to think: ‘In my context,
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what is driving the problem, and what do I need to do to overcome
this problem?’ For example, what is driving neonatal mortality in
various places within different contexts? The nutrition commu-
nity needs to think about the internal and external factors that
influence the contexts in which they act, and they must adapt nu-
trition interventions accordingly. We must first try to understand
the context before providing solutions; let’s forget the activism
and move to the actions. Whether we are talking about infant and
young child feeding (IYCF) or another such program, we must col-
lect data and share it throughout the continuum of research to
understand the context. The context is important, and if we ignore
it and pursue the nutrition plan, we are bound to fail.

The SHINE (Sanitation, Hygiene, Infant Nutrition Efficacy
Trial) project, which was conducted in rural Zimbabwe, was a
2 x 2 cluster-randomized trial that assessed the impact of WASH
and IYCF interventions on enteric infections. The study assessed
interventions to promote exclusive breastfeeding from birth to 6
months and improve complementary feeding. The research team
encountered a perceived problem: mothers cited the open fon-
tanel as the reason for feeding their babies from the first month
of life, and thus abandoning exclusive breastfeeding. To mitigate
against the perception that the open fontanel is a problem for
babies, messages needed to be targeted to the context in rural
Zimbabwe.

The SHINE project tested the independent and combined ef-
fects of improved WASH and improved complementary feeding
on child stunting. Exclusive breastfeeding from birth to 6 months
was promoted as a blanket intervention across all arms, primarily
because of the high prevalence of HIV. The study explored why
exclusive breastfeeding rates are low, yet any breastfeeding is
the norm in Zimbabwe (89 percent are still breastfeeding at 12
months, but only 23 percent of babies < 6 months were exclusively
breastfed). Formative research conducted among 295 mothers
with babies < 6 months showed that all of the mothers introduced
non-breast milk food before 6 months of age, and 68 percent be-
gan giving non-breast milk foods in the first month of life. During
the first 2 months of life, non-breast milk foods were given to
treat three perceived problems: nhova (fontanel), ruzoka (colic)
and crying. Common foods given included cooking oil, water and
traditional medicines. After the second month of life, mothers
believed that breast milk was no longer sufficient to meet their
babies’” dietary demands. They therefore introduced other foods,
especially porridge.
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FIGURE 2.1: Impacts of climate on health
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FIGURE 2.2: How excess heat affects health outcomes
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The importance of understanding the dual-burden context that
exists in populations was explained via a thiamine and obesity
trial in Thai children. This was a cross-sectional study of 124
obese children aged 7-15 years, with exogenous obesity based on
the WHO criteria (weight-for-height > median +3 SD). The children

were physically examined, and dietary intake data were analyzed.
Biochemical assays to determine thiamine deficiency were car-

ried out. Researchers found that obese children are still at risk of

thiamine deficiency due to a high intake of energy-dense foods.
Screening for thiamine deficiency and early recognition of symp-
toms should be recommended, especially because thiamine defi-

ciency is initially asymptomatic. Thiamine supplementation was
recommended as an adjunct to therapeutic lifestyle modification
in the treatment of obesity.

The year 2020 was estimated to be among the hottest years since
climate recording started. The world’s five warmest years have
all occurred since 2015, and nine of the 10 warmest years during

the 140 years of climate recording have occurred since 2005.

Heat-related mortality, estimated at ~12,000 premature deaths
in the USA,” is the leading cause of weather-related mortality

( ).

Warmer global temperatures, high CO, emissions and anthro-

pogenic activities lead to droughts and crop failures, the altered
nutritional quality of foods, altered water quality, extreme heat and

vector-borne diseases such as malaria and cholera. The overall re-

sult is food insecurity. A systematic review of 28 studies globally
found that heat exposure was correlated with a greater incidence
of preterm birth (15 out of 17 studies). Six out of seven studies
found significant negative associations of ambient temperature

increase and birth weight at delivery. Ambient heat stress has sig-
nificant negative effects on intrauterine growth. In resource-lim-

ited settings, exposure to high ambient temperature during the
first trimester decreases linear growth in utero. Improved maternal
nutritional status provides resilience against heat-induced growth

restriction. Nutrition indicators are impacted by the high tempera-

tures, possibly due to food insecurity pathways ( ).

The brain grows rapidly during the first 1,000 days of life. It is
highly metabolically active and accounts for 60 percent of total

body oxygen consumption. At this stage, it is vulnerable to dam-

age but more amenable to repair. According to Kretchmer and
colleagues (1996), the positive or negative micronutrient effects
on the brain are based on timing, dose and exposure duration.
This is because the brain is not a homologous organ but consists

of different regions, e.g., cortex, hippocampus, striatum and cer-

ebellum.
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Nutrition is a major environmental factor in DOHaD (Devel-
opmental Origins of Adult [mental] Health and Disease). Altered
nutrient status during fetal and neonatal life can affect organ
structure and function, but the cost to society is mainly from the
long-term effects. For example, intrauterine growth restriction in-
creases adult cardiovascular risk by 25 percent and reduces IQ.
Eradicating iron, zinc and iodine deficiencies would increase the
world’s IQ by 10 points!

Zinc deficiency leads to decreased embryonic/fetal brain DNA,
RNA and protein content, and decreased brain growth factor insu-
lin-like growth factor 1, gene expression. Fetuses of zinc-deficient
mothers demonstrate decreased movement, heart rate variability
and altered autonomic nervous system stability. Postnatally, fetal
zinc deficiency causes decreased preferential-looking behavior. Io-
dine deficiency causes the greatest effects during the first 12 weeks
of pregnancy. The head is reduced in size, and irreversible global
mental deficits occur. In childhood, lack of iodine in the diet leads
to reduced verbal IQ and decreased reaction time (motor effect),
probably due to delayed myelination or reduced synaptogenesis.
Early-life iron deficiency results in neurodevelopmental alterations
that persist despite iron repletion. In the first trimester, maternal
In the

second trimester, maternal iron deficiency may lead to schizophre-

iron deficiency may lead to an increased risk of autism.

nia,”* while in the third trimester and early postnatal period, iron
deficiency may lead to increased risk of depression/anxiety and
cognitive dysfunction.'* Two mechanisms account for the long-
term loss of synaptic plasticity: residual structural deficits (critical

period hypothesis) and epigenetic modification of chromatin.

It is said that one in every three preschool-age children living in
LMICs is failing to meet basic milestones in either their cognitive
or their socio-emotional development. Currently, there are few
objective methods to assess cognitive development, especially
in low-resource settings. Brain imaging provides an objective as-
sessment used from birth to identify atypical brain function be-
fore behavioral signs are evident. It informs on the mechanisms
of disrupted function and enables cross-cultural comparison.
Functional near-infrared spectroscopy (fNIRS) uses low levels of
near-infrared light to map oxygen distribution in the brain as a
brain function marker. It is noninvasive, safe, ideal for use in in-
fants from birth, portable and low-cost.

The BRIGHT Project is a collaborative, longitudinal, multi-
method study that follows infants in the UK and The Gambia from
birth through to 24 months of age. BRIGHT aims to establish in-
fants’ brain function growth curves, and to study the effects that
malnutrition and other environmental insults, including living in
a low-resource setting, have on infant neurocognitive develop-
ment. The BRIGHT Project is developing brain function-for-age



curves using novel biomarkers of neurocognitive development
from birth in Gambian and UK infants but also using other meth-
ods such as behavioral assessments, anthropometrical measures
or questionnaires, and neuroimaging techniques such as fNIRS
and electroencephalography (EEG).

Vitamin A is an essential nutrient, a mediator of infectious
mortality and prophylactic against blindness. Vitamin A reduces
mortality in complicated measles, prevents bronchopulmonary
dysplasia in very low birth weight babies and even acts as a der-
matological agent; high doses are effective against common facial
acne. However, chronic ingestion of excessive vitamin A may
reduce bone mineralization and predispose people to fractures.
Vitamin A may also lead to manifestations of chronic hypervita-
minosis A. Acute ingestion of toxic amounts of vitamin A induces
potentially fatal cerebral and hepatic consequences.

Low-quality, plant-based diets with minimal diversity have
predisposed people to endemic hypovitaminosis A. The availabili-
ty of synthetic vitamin A sources allowed for interventions to com-
plement the dietary content of the vitamin. Hypovitaminosis A is
worse than hypervitaminosis A in terms of mortality and morbid-
ity; thus, we must always look to balance the pendulum between
benefits and risks. The main strategies adopted by countries to
increase the vitamin A status of populations include:

Fortification of wheat flour and maize flour;
Use of micronutrient powders (MNPs);
Supplementation with vitamin A capsules; and
Fortification of products such as vegetable oil,
margarine and sugar.

Inadequate intake of vitamin A can lead to xerophthalmia and a
decreased resistance to infections, while excessive intake of vi-
tamin A, e.g., from a combination of supplementation and food
fortification, can lead to increased risk of liver cirrhosis and an
increase in the risk of osteoporosis.

The retinol isotope dilution technique is used to assess total
body vitamin A pool size. It provides an estimate of mean vi-
tamin A pool size for groups of subjects in a target community,
detects changes in vitamin A pool size in response to supple-
mentation and can be used to estimate the impact of vitamin A
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interventions. There is concern that the retinol isotope dilution
test underestimates the total body stores during hypervitamin-
osis A. A degree of concern for baseline vitamin A status exists:
it is assumed that 80 percent of retinol is stored in the liver.
Hypervitaminosis A is defined as > 1 pumol/g liver stores. In a
study of children in Zambia, 2.3 percent of the children had liver
vitamin A reserves of > 3 pmol/g, and may have been at risk of
hypervitaminosis.

Currently, there are overlapping programs all aimed at deliv-
ering vitamin A, especially to children under 5 years. High-dose
supplements are administered at least every 6 months, yet maize
meal and wheat flour fortification with vitamin A is on the rise.
This would seem to suggest the scaling back of interventions, but
evaluation is key before any interventions can be scaled back.
The Global Alliance for Vitamin A (GAVA) has formulated crite-
ria to consider before scaling back any interventions. Data are
needed based on quantitative biomarkers, such as the modified
relative dose response. Vitamin A deficiency is not acceptable,
but we need to mitigate toxicity. Countrywide survey data will be
required before scaling back high-dose vitamin A supplements.
Most concerning is the preformed vitamin A’s impact on growth
and bone health.

According to the GloVitAS Project, many countries have over-
lapping vitamin A interventions: 43 countries have at least two
interventions, and 27 countries have at least three interventions.
Burundi, Kenya, Malawi, Nigeria, Rwanda and Uganda have six
overlapping vitamin A interventions. GloVitAS aims to assess
whether vitamin A intakes above the tolerable upper intake level
(UL) are related to exposure to multiple vitamin A intervention
programs, and whether this is associated with high total liver
vitamin A concentrations and with biochemical indicators that
could be used as biomarkers of excess vitamin A. The team found
that exposure to multiple vitamin A supplementation and forti-
fication programs can expose children to intakes above the UL,
which is associated with liver vitamin A concentrations above the
current biomarkers of nutrition for development (BOND) cutoff of
1 pmol/g liver stores. However, no adverse clinical effects were
detected in children with liver concentrations as high as 8 pmol/g
liver. This led the GloVitAS team to conclude that the BOND cutoff
point of > 1 umol/g liver stores is too low. GloVitAS supports the
‘high’ status category of 3-10 pmol/g liver stores, although the
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toxicity cutoff of 10 pmol/g liver stores needs further investiga-

tion. Programs designed to eradicate vitamin A deficiency should
include assessment of vitamin A excess if exposure to multiple
sources of vitamin A is apparent.

Poor maternal micronutrient intake and status reduces micro-

nutrients in milk. Maternal supplementation could increase
the concentration of micronutrients in milk. However, there are
numerous challenges, such as large numbers of micronutrients,
how to analyze micronutrients in the milk matrix, the decision on
when to supplement, uncertainties about the method or timing

of milk collection, and changes throughout lactation. Various fac-
tors could affect how milk nutrients respond to maternal supple-

ments. These include the characteristics of the nutrient, the dose,
antiretrovirals, frequency of intake of the micronutrient during
the day, maternal status at baseline, and when supplementation
starts and ends, i.e., early or late pregnancy, duration of lactation,
or the stage of pregnancy or lactation. Concentrations of at least 12
micronutrients are affected by maternal micronutrient status and/
or diet. Breast milk micronutrient status is directly proportional to
the quality of the diet.

The Women First (WF) trial was conducted in four countries/
sites, namely Guatemala, India, Pakistan and The Democratic
Republic of the Congo. The WF trial studied the impact of sup-
plementation before conception or during pregnancy on micro-
nutrients in breast milk. Specifically, the WF trial was designed to
study the effects of maternal supplementation, site and maternal
body mass index (BMI) on B-vitamin milk composition at 14 days
postpartum. The intervention was a lipid-based nutrient supple-
ment (LNS) in which one group of women received LNS from the
preconception period onwards, the second group received LNS
from 12 weeks’ gestation onwards and the control group did not
receive any LNS. All interventions ended at birth, and the milk
concentrations of B vitamins were assessed at 14 days postpar-
tum. Milk B-vitamin concentrations at 14 days postpartum were
generally not different between groups, but varied substantially
among sites and were positively associated with maternal BMI. It
was found that in these low-resource settings with high rates of
maternal undernutrition, a substantial risk of inadequate intakes
of B vitamins exists, and the functional impact of this deficiency
is unclear.

A substudy of the JiVitA-3 Trial was set up to study the micro-
nutrient content of human milk and estimated the micronutrient
intakes of 3-month-old infants in rural Bangladesh. The parent
project (JiVitA-3) was conducted in northwestern Bangladesh,
where infants are born and remain small and illness-prone de-
spite prevalent breastfeeding. The JiVitA-3 was conducted be-
tween 2008 and 2012. In this project, multiple micronutrients
reduced stillbirth (11 percent), preterm (15 percent) and low
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birth weight (12 percent), and increased birth weight by 54 g.
Work was also done to characterize the micronutrient content
of human milk from samples collected from JiVitA-3 mothers at
3 months postpartum. The researchers wanted to estimate the
ability of human milk to meet intake recommendations and ex-
plore determinants of milk nutrient content. For vitamin A, milk
values increased ~18 percent with multiple micronutrient sup-
plementation (MMS), thus doubling the estimate of the percent-
age of the infants meeting the Adequate Intake (AI) (from ~10
percent to 20 percent). Vitamin E was one of the most prevalent
deficiencies in mothers. After MMS, a-tocopherol increased ~17
percent, while y-tocopherol decreased ~15 percent. There was a
strong positive association with maternal vitamin E status. Vita-
min By, values increased ~23 percent with MMS, yet < 1 percent
of children would have met Al values. The low levels of vita-
min By, were consistent with vitamin By, deficiency being prev-
alent among mothers.

The role of vitamin D in musculoskeletal health is well estab-
lished.”® Severe vitamin D deficiency (25(0H)D < 12.5 nmol/L)
in early childhood leads to vitamin D deficiency rickets. It may
also lead to impaired bone mineralization and long-bone growth,
general muscle weakness, and pain.’® Vitamin D deficiency in
pregnancy is prevalent worldwide,*” and neonatal vitamin D sta-
tus is dependent on maternal vitamin D status.*® At a minimum,
vitamin D deficiency during pregnancy should be prevented to
ensure adequate development of the fetal skeleton.’® There is
inconsistent evidence for prenatal vitamin D supplementation
having an effect on childhood bone mineral content/density. Also,
evidence for an association between maternal vitamin D status
and childhood muscle strength is lacking. Prevention of maternal
vitamin D deficiency avoids neonatal deficiency, but the effects on
health outcomes are less clear.

High calcium intake may mask the effects of vitamin D. The
effect of calcium in humans goes beyond bone health. For ex-
ample, calcium reduces: blood pressure by 1.43 mmHg (95% CI,
-2.15t0 -0.72), body weight by 0.43 kg (95% CI, -0.68 to -0.17),
and LDL cholesterol by 0.12 mmol/L (95% CI, -0.22 to -0.02).
Calcium also reduces the risk of colon adenomas (RR 0.89, 95%
Cl, 0.82 to 0.96). WHO’s recommendations for the prevention
and treatment of pre-eclampsia and eclampsia state that in ar-
eas where dietary calcium intake is low, calcium supplementa-
tion during pregnancy (at doses of 1.5-2.0 g elemental calcium/
day) is recommended for the prevention of pre-eclampsia in all
women, but especially those at risk of developing pre-eclamp-
sia. WHO also states that fortification of staple foods with cal-
cium may be an important public health intervention strategy.
Further, dietary counseling of women considering pregnancy
should include the promotion of intake of calcium-rich foods

such as dairy products.
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Three and a half hillion people are at risk of calcium deficien-

cy. The highest population at risk of deficiency is in Africa (80

percent), followed by Asia (57 percent). Strategies to improve cal-

cium intake include promoting the consumption of calcium-rich
foods, the use of supplements and food fortification. Food vehicles
that could be fortified with calcium include flour and water. Many
countries already have regulations for flour fortification, and for
some, e.g., the UK, mandatory calcium-fortified flour has existed

since 1943. Water might also be a strategic fortification vehicle,

especially because it is universally consumed, recommended as
part of a healthy diet, calorie-free (thus will not fuel the global
obesity epidemic) and consumed daily. Moreover, water intake is
spread out during the day, which improves calcium absorption.
Nutritional rickets is a disorder of children that is characterized
by a failure or delay in endochondral calcification of the growth
plates of long bones. The greatest burden of disease worldwide

is probably in Africa, the Middle East and Asia (reported preva-

lence: 10-70 percent). However, prevalence estimates are lower
in population surveys combined with confirmation by physician
examination or X-rays (e.g., Gambian children aged 0.5-18 years:
3.3 percent). There are three types of nutritional rickets:

low plasma calcium leads to elevated plasma
parathyroid hormone (PTH) concentration, which leads to
internalization of phosphate transporters in the kidneys,
thereby resulting in decreased renal phosphate reabsorption.
elevated fibroblast growth factor-23 (FGF23) or

renal disorders lead to decreased renal phosphate reabsorption.

caused by aluminum toxicity and
excessive fluoride ingestion.

FGF23 is a phosphate-regulating hormone, and its deficiency

leads to decreased plasma phosphate concentrations. From ob-

servational studies, pregnancy is associated with iron deficiency
and decreased bone mineral density, leading to the question of
whether iron deficiency predisposes to rickets. In a secondary
analysis of data and samples from a Kenyan study, Braithwaite

and colleagues, from Cambridge University’s MRC Human Nutri-

tion and Bone Research Group, studied the effect of antenatal
iron supplementation on FGF23 and bone metabolism in Kenyan
women and their offspring. The researchers hypothesized that

maternal iron deficiency leads to perturbations in FGF23 regula-
tion that may be implicated in the pathogenesis of hypophospha-

temia-driven rickets in the offspring. They therefore sought to

measure the effect of antenatal iron supplementation on circulat-
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ing concentrations of FGF23 at birth in pregnant Kenyan women
and their offspring. Similarly, they measured intervention effects
on other markers of phosphate and bone metabolism (including
vitamin D) and kidney function, and explored to what extent the
response of these markers to intervention depended on initial
iron status. The researchers concluded that antenatal iron sup-
plementation might provide health benefits to pregnant women
and their offspring beyond increasing iron status, but whether
iron supplementation reduces present and future infant risk of
rickets remains unclear.

B vitamins include thiamine (By), riboflavin (B,), niacin (Bs), pan-
tothenic acid (Bs), pyridoxine (Bg), biotin (B7), folate (Bg) and
cobalamin (Bj,). Of these, thiamine, riboflavin, niacin and pyri-
doxine are neglected.

has various functions, including energy production
(ATP), DNA/RNA synthesis, NADPH synthesis and nerve function.
Biomarkers of thiamine status include:

Thiamine diphosphate (ThDP): a direct biomarker of thiamine
status found in whole blood or erythrocytes. No universally
agreed upon cutoff thresholds exist, but 70-180 nmol/L for
whole blood and > 150 nmol/L for erythrocytes are used.
Erythrocyte transketolase activity (ETKA): the ETKA assay is
used for the functional assessment of thiamine status. ETKA
is measured before and after the addition of exogenous ThDP
and is expressed as an ETKA coefficient (ETKAC). The ETKAC
cutoffs for thiamine deficiency are: < 1.15 (low risk), 1.15-1.25
(moderate risk) and > 1.25 (high risk).

Thiamine deficiency may lead to infant mortality, or any of the
four forms of beriberi:

Dry beriberi: severe muscle wasting, leg cramps, tenderness,
and decreased feeling in feet and toes (peripheral neuropathy).
Wet beriberi: swelling (edema) of arms and legs, enlargement
of heart, breathing problems and possible heart failure.
Infantile beriberi: seen in babies that are breastfed by
thiamine-deficient mothers. Can lead to heart failure.
Cerebral beriberi (Wernicke-Korsakoff syndrome): often
caused by alcoholism (low vitamin B; intake plus impaired
absorption). Causes involuntary movement and paralysis

of the eye, poor muscle coordination, confusion and
short-term memory loss.

However, thiamine deficiency may also lead to impaired child
neurocognitive development. For example, in Israel, delayed
language development and motor and cognitive deficits were ob-
served during long-term follow-ups of children who demonstrated
overt signs of thiamine deficiency.
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FIGURE 2.3: Global occurence of thiamine deficiency
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Globally, conditions associated with thiamine deficiency in-
clude: monotonous diets low in animal-source foods (meats, fish,
milk), polished rice or cassava as primary energy sources, foods
containing thiamine antagonists (betel nuts, tea leaves), foods
containing thiaminases (raw fish, African silkworm larvae),
drought, conflict and displacement. Endemic deficiency can be
seen in Cambodia, Laos, Myanmar and Kashmir.

WHO has published guidelines for the treatment and preven-
tion of thiamine deficiency. There is insufficient data on the opti-
mal mode of administration, dose and duration of treatment for
thiamine deficiency. Thus, thiamine deficiency cases are often
suspected rather than confirmed, and a final diagnosis is often
based on a positive response to thiamine administration. This
varies depending on clinical presentation, population and the un-
derlying risk factors.

A study in Cambodian mothers concluded that longer-term
maternal supplementation might be needed to correct thiamine
deficiency in breastfed infants. Thiamine supplementation of
thiamine-deficient mothers rapidly increased maternal thiamine
and breast milk thiamine concentrations but not the thiamine
concentrations of the breastfed infants.”*

The optimal dose, duration and timing of thiamine supple-
mentation in the perinatal period are unclear. Larger doses of
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thiamine go largely unabsorbed. The challenges of understand-
ing thiamine deficiency include: poor understanding of the global
burden of thiamine deficiency, highly variable clinical presen-
tations, symptoms that overlap with other conditions (e.g., viral
infection, pneumonia, sepsis and meningitis), misdiagnosis, and
missed treatment opportunities leading to fatal and sometimes
irreversible consequences, and uncertain interpretation of bio-
markers®” (Figure 2.3).

Riboflavinis a water-soluble vitamin first identified from milk
whey in 1879. It is a precursor for coenzymes such as flavin ad-
enine dinucleotide (FAD) and flavin mononucleotide (FMN). Ri-
boflavin is a much-neglected vitamin that has important health
impacts, and its deficiency is not restricted to LMICs. Deficiencies
have been seen in Canada, Ireland and other countries. Riboflavin
plays a role in energy (ATP) production and in the synthesis or
activation of vitamin A, folate, niacin, vitamin B¢ and vitamin K. It
also functions in neurotransmitter metabolism. Deficiency in ribo-
flavin leads to ariboflavinosis. Riboflavin reduces blood pressure
inindividuals with a genetic predisposition to high blood pressure.
Genome-wide association studies (GWAS) have identified genet-
ic variants that appear to contribute modestly to blood pressure
variability. The MTHFR gene is among eight genetic loci linked
to the variation in blood pressure in GWAS.?*:?* The common
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C677T polymorphism in MTHFR (affecting 10 percent of people
worldwide) predisposes to increased blood pressure throughout
adulthood and in pregnancy, and also a higher risk of developing
hypertension, including hypertension in pregnancy. Riboflavin
has a novel role in people who have the variant TT genotype in
MTHEFR in maintaining healthier blood pressure in pregnancy and
adulthood, and in treating hypertension independently of current
antihypertensive therapy. Ongoing and future research priorities
include studies of blood pressure in pregnancy.

The biomarker status of riboflavin is rarely measured, but de-
ficient/low status may be a more widespread problem than gener-
ally perceived. Globally, riboflavin deficiency conditions include
monotonous diets low in animal-source foods (meats, eggs, milk)
and gastrointestinal infections. Countries with reported deficiency
include Céte d’Ivoire, Cambodia (urban and rural), Canada (Van-
couver area), Kenya and Zambia.

has many functions, including energy (ATP) production
and metabolism of many compounds such as fatty acids, choles-
terol, steroid hormones, DNA, vitamin C and folate. Niacin lowers
LDL and raises HDL cholesterol. Deficiency in niacin causes pella-
gra and the famous ‘four Ds’, i.e., dermatitis, diarrhea, dementia
and death. Globally, conditions associated with niacin deficiency
include monotonous, maize-based diets, drought, conflict and dis-
placement. Malawi and Angola have reported niacin deficiency.
deficiency is of higher prevalence among people
over the age of 60 living in high- and middle-income countries.
The main functions of pyridoxine include: synthesis of non-essen-
tial amino acids (transaminases); synthesis of neurotransmitters
such as serotonin and dopamine (decarboxylase); heme synthesis
(first step); one-carbon metabolism (e.g., serine-glycine intercon-
version and homocysteine catabolism); and lipid and carbohy-
drate metabolism. Deficiency in pyridoxine leads to microcytic
anemia due to inhibited heme synthesis, convulsions/EEG abnor-
malities, and the accumulation of toxic products of tryptophan
metabolism, hyperhomocysteinemia, and inflammatory disease.
Conditions associated with pyridoxine deficiency include low di-
etary intake and inflammatory diseases. Countries/regions with
reported pyridoxine deficiency include the USA, South Korea,
Zambia, Egypt, Indonesia and Uganda.

In general, there are still some research needs concerning ne-

glected B vitamins:

Standardization of biomarker assays, cutoffs and
methodological harmonization.

Efficacy and Safety of Micronutrient Interventions

Nationally representative assessments of dietary intake
and status.

Identification of localities in need of intervention,
fortification and supplementation.

Nutrient-specific research needs include:

Assessment of the role of thiamine in preventing/treating
heart failure.

Assessment of the efficacy of riboflavin supplementation in
lowering blood pressure and reducing the risk of hypertension
in individuals with the MTHFR 677 TT polymorphic variant.
Assessment of the benefits, if any, of vitamin Bg
supplementation in inflammatory conditions.

Fortification of staple foods such as rice is a proven and effective
way to ensure consumers at risk of vitamin and mineral deficien-
cies have access to vital nutrients. Globally, the use of fortified
rice has improved the intake of micronutrients and reduced mi-
cronutrient deficiencies in several countries. Iron-enriched rice
fed to anemic schoolchildren in the Philippines reduced anemia
by 38 percent.

An endline survey in Bangladesh found a statistically sig-
nificant reduction of 4.8 percent in anemia in the iron and zinc
fortified rice (FFR) group area, whereas anemia increased by 6.4
percent in the non-FFR group. Zinc deficiency decreased in the
FFR group in the endline survey by 6 percent. Women in the forti-
fied rice group experienced significantly fewer diarrhea episodes
and less fever during the 2 weeks compared with the non-fortified
rice group. Fortified rice appears to be beneficial in reducing the
prevalence of anemia and zinc deficiency.

To combat multiple micronutrient deficiencies, a community-
based randomized controlled trial was conducted in Kariapatti,
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Virudhunagar District, Tamil Nadu, South India. In one arm of
the trial, participants received fortified salt enriched with multi-
ple micronutrients. The second arm received nutrition education,
while the third arm, the control group, received no intervention.
Periodic deworming was done in all three arms.

Hb increased only in the micronutrient group; it decreased in
the other two groups. A reduction in the prevalence of anemia, IDA
and iron deficiency was only seen in the micronutrient group, and
not in the nutrition education group or in the control group. There
was a significant reduction in transferrin receptor after interven-
tion only in the micronutrient group, showing a reduction in iron
deficiency, whereas in the education group and in the control group,
there was a significant increase in transferrin receptor, showing
an increase in iron deficiency post-intervention. Body iron stores
increased only in the micronutrient group. A significant improve-
ment in the serum retinol status was also seen in the micronutrient
group, compared with no significant changes in status in the other
two groups. Multiple-micronutrient-fortified salt improved iron
and vitamin A status, whereas no improvement was seen in the
nutrition education group. Multiple-micronutrient-fortified salts
could be an effective way to eradicate micronutrient deficiencies at
the population level. One of the main deterrents to adopting mul-
tiple-micronutrient-fortified salts is lack of knowledge about them,
especially among government policymakers.

Rice is an ideal fortification vehicle in India because, in terms
of consumption, it is the staple food for 70 percent of the Indian
population, and it meets 31 percent of the population’s energy
intake. Rice is also well accepted, and fortified rice can be stored
in the same way as normal rice with minimal loss of nutrients
(18-24 months shelf life). The extrusion technology required to
fortify rice is simple, cost-effective and well established in India.
Twenty research and field studies conducted in various places
globally demonstrate the efficacy, effectiveness, acceptability
and safety of fortified rice. Peer-review research has shown that
fortified rice can lead to an increase in levels of blood Hb, serum
ferritin, zinc, plasma vitamin A and vitamin B;,, and thiamine,
and that it can also decrease the prevalence of anemia and iron
deficiency.

Six hundred and sixty-six local schools in Ahmedabad
(Ahmedabad District, Gujarat: 200 schools) and Gandhinagar
(Gandhinagar District, Gujarat: 466 schools) received fortified
rice. One kilogram of fortified rice contained 20 mg iron (ferric
pyrophosphate), 1,300 pg folic acid, 10 pg vitamin By, 1,500 pg
retinol equivalents, 3.5 mg thiamine, 42 mg niacin and 5 mg vi-
tamin Be. The intervention group exhibited a 0.4 g/dL improve-
ment in Hb concentration over the control sample. The Hb con-
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centration improved by 0.24 g/dL in the intervention group and
decreased by 0.15 g/dL in the control group. The prevalence of
anemia declined by 10.1 percent within the intervention group
and increased by 4.3 percent within the control group. India’s
midday meal program has a wide reach, serving 95.2 million
children in 1.1 million schools across the country between 2017
and 2018. The Government of India has approved fortified rice in
school meals and in the Integrated Child Development Services
(ICDS) program. Rice fortification programs can be combined
with nutrition-specific and nutrition-sensitive public health in-
terventions (e.g., WASH, deworming, IFA supplementation) to
amplify child health outcomes.

Stable isotopes have been used in nutrition research to gener-
ate new evidence on the (bio-)efficacy of food fortification and
biofortification. For example, in Malawi, iron bioavailability from
iron-biofortified, orange-fleshed sweet potato (OFSP) was studied
using stable isotopes of iron (54Fe, 56Fe, 57Fe and 58Fe). The In-
ternational Atomic Energy Agency (IAEA) has outlined the use of
nuclear applications in nutrition as shown in .

The main cause of iron deficiency and IDA in LMICs is the
insufficient intake of bioavailable iron from monotonous plant-
based diets. The prevalence of iron deficiency and IDA in Malawi-
an women is 15.1 percent and 21.0 percent, respectively.”® Sweet
potato is a primary staple crop in Malawi (> 80 kg/capita/year
consumed). The OFSP food matrix is favorable for iron absorp-
tion. It is high in ascorbic acid and B-carotene, yet low in phytic
acid. The researchers designed a study aimed at estimating iron
absorption by Malawian women of reproductive age after con-
suming two test meals: the control OFSP (Irene variety; Fe: 6.3
ng/g FW), and the iron-biofortified OFSP (MUSG2505-2 variety;
Fe:10.7 ng/g FW).

Fractional iron absorption (FIA) of ~6 percent for both OFSP
test meals was within the 5-10 percent range expected for plant-
based diets (WHO, 2004) despite low phytic acid content and low
infection levels in the population throughout the study period.
The high polyphenol content in both OFSP varieties was the main
inhibiting factor to iron absorption.

OFSP has the potential to become a food vehicle for iron bio-
fortification, and could be used to deliver iron to communities
that need it. First, however, it must become part of the food bas-
ket of the target communities. Other OFSP-based food products
that are low in the antinutrient factors, including polyphenols,
could also provide avenues for delivering the iron in OFSP to pop-
ulations. This study’s findings will go very well with the current
African strategy to scale up vitamin A and iron in sweet potatoes.
Soil conditions will need to be factored in, especially because cal-
cium can hinder the absorption of iron in the human body.



Malaria is a common morbidity in children under 5 years, with
one attack per child per year in Malawi. Clinical practice is to
provide iron at the end of the malaria treatment, but this peri-
od is characterized by low iron absorption due to inflammation,
which lasts about 2 weeks. Iron may be sequestered and made
available again after infection. Is it better to delay giving iron so
that it is given when inflammation has ended?

In a three-arm, double-blind, placebo-controlled trial, chil-
dren were given iron syrup (3 mg/kg BW/day) for 2 months. Chil-
dren were randomized into three groups: immediate iron group
(given syrup immediately after malaria treatment), delayed iron
group and no iron group. There was no statistical difference in
the Hb levels of the immediate and delayed iron groups, even
after adjusting for sex, malaria or previous admission. There
were also no statistically significant differences in morbidity in
terms of sick visits, malaria or hospital admission. No difference
was seen in the rate of iron absorption between the immediate
and delayed iron groups; thus, there is no evidence to recom-
mend a change in the policy of immediate iron supplementation
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post-malaria treatment in children with moderate anemia living
in malaria-endemic areas.

The study was designed to determine the optimal method for
delivering zinc to young children, both for preventing zinc defi-
ciency and for the treatment of diarrhea. A randomized, masked,
community-based trial was conducted in Khammouane Province,
Central Laos PDR. Children (n = 3,433) aged 6-23 months were
included, and were randomized to one of four groups: therapeutic
zinc supplementation (20 mg zinc for 10 days during diarrhea),
daily preventive zinc supplementation (7 mg zinc daily), daily
preventive MNP (10 mg zinc, 6 mg iron and 13 other micronutri-
ents) and placebo-control (powder sachet). The study duration
was 9 months, and the reported adherence to daily preventive
supplementation was very high (~91 percent), and attrition was
~13 percent.

There was no difference in Hb concentrations between groups,
but there was a significant increase in plasma zinc in the pre-
ventive zinc and the MNP groups. Plasma ferritin was increased
significantly in the MNP group. MNPs increased plasma folate
concentrations, zinc and ferritin. Preventive zinc supplementa-
tion had no impact on growth or overall diarrhea incidence and
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duration. Therapeutic zinc supplementation for the treatment of
diarrhea reduced the risk of diarrhea among older children (>18
months); thus, therapeutic zinc supplementation should be pro-
vided as part of diarrhea management. The benefits of MNPs seem
to outweigh the potential risks, thus MNPs should be provided to
young children at risk of micronutrient deficiencies, along with
appropriate diarrhea management.

The egg is a highly nutrient-dense complementary food. For
breastfed infants aged 7-12 months, eggs provide > 50 percent of
nutrients. The egg white is rich in protein and selenium, while
the egg yolk is rich in protein, choline, riboflavin and selenium,
among other nutrients. The Mazira project was an individually
randomized controlled trial with two groups (n = 331 children
per group): the egg group (one egg per day for 6 months for the
child, plus seven extra eggs per week for the family); and the con-
trol group (usual diet with delayed intervention food basket after
6 months). The study enrolled children aged 6-9 months. Overall,
the provision of one egg per day for 6 months during the early
complementary feeding period did not affect child development
in the study area in rural Malawi, and this was consistent with
the lack of effects on linear growth and stunting. However, these
findings were in contrast with those of the Lulun trial in Ecuador,
which found that eggs had a positive effect on child growth. It is
possible that the potential impact of the Malawian study may have
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The major objective of this track was: Bridging the gap between

evidence and implementation to optimize the scale-up of micro-

nutrient interventions. This track brought together experts from

the global nutrition community to share their views and experi-
ences of designing, delivering and monitoring nutrition programs.
The track’s 15 sessions, several of which are described below, re-

flected the complexity of micronutrient deficiencies and made an
important contribution to the conference.

It is essential to monitor the nutrient status of populations
to develop and implement appropriate interventions and
improve existing program performance. Building a bridge
between and , an important point made by
presenters was the necessity of collecting and analyzing data
on micronutrient status and program coverage, as well as
understanding the context-specific drivers of micronutrient
deficiencies. Several sessions were focused on sharing
country efforts in collecting and analyzing dietary data and
using it to inform policy and programming decisions,
highlighting the need to collect more data on micronutrient
status, nutrient and dietary intakes and on program impact

in addressing nutrient deficiencies.

Program Effectiveness

Implementation bottlenecks and barriers often reduce the
effectiveness and impact of nutritional interventions, and
learning from experiences in program implementation is
critical to improving performance and impact. During the
session entitled ‘Why didn’t this work? Program effectiveness
post-mortem,” speakers described their experiences of issues
or problems encountered during program implementation and
scale-up, how these were resolved and what they would do
differently next time. Investments in implementation research
are also essential to understand what drives improvements

in the coverage, quality and equity of nutrition interventions.

The crucial topics of the cost and cost-effectiveness of
nutrition interventions were addressed in several sessions
that highlighted the importance of assessing costs both
before and during program implementation so that appro-
priate investment decisions can be made. During the plenary
session ‘Cost analysis is essential before considering scaling
up micronutrient interventions,” panelists examined different
platforms and models for estimating the costs of nutrition
interventions and considering how to ensure that funds

deliver measurable benefits for their target populations.

Iodine deficiency is considered one of the world’s most prevalent,
yet easily preventable, nutrient deficiencies. Despite the progress
of iodized salt programs in many areas of the world, over a third
of the global population remains iodine-deficient. Good iodine
status during pregnancy is particularly important, as require-
ments for iodine sharply increase at this time, but it is commonly
inadequate in pregnant women. This session presented new
evidence on the measures of iodine intake during pregnancy,
discussing a new tool to assess the inclusion of iodized salt in
processed foods and its potential use for salt reduction efforts,
the changing landscape for salt iodization programs, and emerg-
ing innovations that can help ensure sustainable achievement of
optimal iodine nutrition.
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Nutrition
Iron
(ferritin)
Vitamin A (retinol-binding protein)
Flesh-, organ- or blood-based foods
Micronutrient powders =
Infection
Recent fever
Recent cough
C-reactive protein
Water, sanitation and hygiene
Open defecation
Dirt/earth floor

Hormonal contraceptive use - -

(soluble transferrin receptor)

(ferritin) (ferritin)

and 1 indicate that the characteristic was associated with anemia in multivariable models

- indicates that the characteristic was not measured

Today, most (88 percent) of the world uses iodized salt, which has

resulted in immense progress over the past three decades in re-

ducing iodine deficiency as measured by goiter rates and median
urinary iodine concentrations (MUIC). In 1993, 113 countries were
iodine-deficient (with high goiter rates and low MUIC); by 2017,
only 19 countries were iodine-deficient (with low goiter rates and

sufficient MUIC). These developments have occurred in the con-
text of an increasing number of countries mandating the fortifica-

tion of salt by law. However, progress is threatened by emerging
issues, including dietary changes, salt reduction policies, the use

of salt as a vehicle for other micronutrients and difficulties achiev-

ing universal salt iodization in countries experiencing conflicts.

Despite the recognition that iodine deficiencies are common dur-
ing pregnancy, the WHO criteria defining adequate iodine intake
in pregnant women based on MUIC are poorly defined. Maria
Andersson from the University Children’s Hospital Zurich pro-
posed a new measure of median iodine status during pregnancy
based on dried blood spot thyroglobulin (DBS-Tg) - a biomarker
of population iodine status. In a study” to test this new measure,
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her research team found that DBS-Tg is a sensitive biomarker of
iodine status in pregnant women and is therefore useful for de-
tecting iodine deficiency and should be considered when revising
UIC thresholds for pregnant women.

Meena Jadhav, an independent consultant in global health and nu-
trition, presented results from a pilot project for scaling up double-
fortified salt (DFS) through integration with the public distribution
system (PDS), a federal food security program in Uttar Pradesh,
finding that the PDS provided a readily available and expansive
platform for DFS distribution and that it supported accelerated
scale-up. Nevertheless, while bundling DFS with other subsidized
commodities increased the purchase of DFS, it did not guarantee
consistent use. On the demand side, the main challenges to opti-
mal scale-up were lack of consumer awareness, consumer prefer-
ence concerning the physical appearance of salt and discoloration
of some food items, while supply-side challenges were inadequate
state government resources for subsidizing DFS and lack of finan-
cial incentives to PDS shopkeepers for additional work.

Anemia is a widespread global public health problem that is
responsible for approximately 8.8 percent of the world’s years
lived with disability, with the burden concentrated in low- and
middle-income countries (LMICs).? In children, anemia is associ-



ated with poor growth and impaired cognitive and motor devel-
opment, while among adolescents and women, it is associated
with poor linear growth, delayed menstruation and sexual devel-
opment, impaired cognitive performance and poor reproductive
outcomes. During this session, presenters shared findings from
national and population-based micronutrient surveys in Nepal,
India and Malawi.

Nicole Ford from the Centers for Disease Control and Prevention
(CDC) shared findings from three studies
associated with anemia among children aged 6-59 months, ado-

to evaluate factors

lescents and nonpregnant women of reproductive age in Nepal,
using nationally representative samples. The study found that ap-
proximately 18.6 percent of children, 20.6 percent of adolescent
girls, 20.2 percent of women and 10.9 percent of adolescent boys
were anemic. Among children, common non-modifiable factors
include age, ethnicity and glucose-6-phosphate dehydrogenase
(G6PD) deficiency, and modifiable factors include a recent fever,
consumption of micronutrient powders (MNPs) and inflammation.
For adolescent girls, non-modifiable factors include age, ethnicity
and ecological zone, while the modifiable factors include iron lev-
els and inflammation. For nonpregnant women, non-modifiable
factors include G6PD deficiency, hemoglobinopathies and ecologi-
cal zone, while modifiable factors include recent cough, residing
in a house with a dirt floor, inflammation and contraceptive use.
Given these findings, it is clear that understanding context-specific
drivers is crucial to developing effective, evidence-based public
).

Leila M Larson from the University of South Carolina shared

health programming for anemia control (

estimates of anemia in nonpregnant women aged 18-49 years and
children aged 6-59 months, the correlates of anemia and how the
correlates are interconnected in Uttar Pradesh, India. The study
found that in children, iron, folate and hemoglobin levels were all
important predictors of anemia, while iron, folate and vitamin B,
on hemoglobin were important predictors of anemia in women.
There was significant association with C-reactive protein through
hepcidin in both populations.

Anne Michal Williams from the Division of Nutrition at the CDC
shared findings from a study conducted in Malawi to understand
what is associated with anemia. The study considered severity
(moderate or severe anemia, compared with mild and no anemia),
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and found that anemia prevalence indicated a moderate public
health problem for women and children in Malawi based on WHO
classification (> 20 percent prevalence). Moderate or severe ane-
mia prevalence was 13.1 percent in children 6-59 months old and
7-8 percent in women and children 5-14 years old. In addition,
iron deficiency and malaria were consistently correlated with ane-
mia, and improving the zinc status of women may also improve
anemia status.

Diet is consistently ranked at the top of risk factors in the global
burden of disease. However, food intake or dietary data remains
fragmented and incomplete, particularly in LMICs, and no robust
monitoring system exists for tracking diet quality metrics. During
this session, presenters discussed how to maximize the value of
dietary data for policy and strategic decisions while considering
limitations and lessons learned.

Rebecca Heidkamp from Johns Hopkins University’s Bloomberg
School of Public Health provided a summary of the direct and indi-
rect approaches across sectors that can be used to improve dietary
intakes in LMICs, and the range of diet-related indicators - both
simple and complex - that can measure nutrient intakes and quan-
tify consumption. Simple indicators are generally qualitative, such
as dietary diversity scores, while complex indicators are quantita-
tive and are related to the intake of specific nutrients. They often
require intensive and expensive data collection methods.

Building upon the discussion of simple versus complex dietary
indicators, Cecilia Acuin from the International Rice Research
Institute provided an overview of why dietary surveys are im-
portant, and why measurements matter when conducting them.
Population-level dietary surveys in LMICs are critical to: assess
and monitor the dietary situation of the population; determine
the adequacy and safety of the food supply; determine the effects
of dietary patterns on nutrient intake and health status; identify
needs for changes in national food policies or regulations; and
assess changes in dietary patterns and their effects on nutrient
intake. However, while in an ideal world the methods of a dietary
survey would determine resource needs, the reality in LMICs is
that resources generally drive decisions regarding methods.
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The Philippines is remarkable in that it has conducted Na-
tional Nutrition Surveys (NNS) every 5 years since 1978. These
surveys have become the official source of nutrition data; and the
Philippines has additionally conducted Demographic and Health
Surveys (DHS) every 5 years since 1993. In 2013, both the DHS
and NNS were conducted, which allowed for comparison of infant
). Substan-
tial differences were found, however. These were primarily due

and young child feeding (IYCF) indicators (

to the way questions were framed - while the DHS starts with
the assumption of breastfeeding, the NNS does not. This exam-
ple highlights that measurements do matter: simple indicators
(used in DHS) are often used to assess program performance and
identify problems at the population or program level because of
efficiency and low cost, while more complex indicators (used in
NNS) provide more detail and opportunities for rearranging and
re-evaluating the data for other purposes. The most important
trade-offs between the two types of indicator are resources and
the time and manpower needed to collect and process the requi-
site data.

In Ethiopia, efforts to develop food-based dietary guidelines
(FBDGs) reached a milestone in June 2018, when a national work-
shop was held. Tesfaye Hailu Bekele from Wageningen University
shared the methodology for developing the Ethiopian FBDGs and
also for creating and evaluating a Healthy Eating Index and scor-
ing tool used to monitor the adherence of the population to FB-
DGs. The study found that in Ethiopia vitamin A, zinc, calcium and
folate intakes are inadequate, the prevalence of iron deficiency
is 9-18 percent and only 8-12 percent of women of reproductive
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age have adequate iron intake. In addition, the study identified
dietary gaps including low dietary diversity among different pop-
ulations, low fruit and vegetable consumption, low animal-source
food consumption, and inadequate intake of vitamin A, zinc and
macronutrients, as well as significant regional variations. In re-
sponse, the Ethiopian FBDGs were designed not only to improve
diet quality and support the transition to healthier diets, but also
to enable the government and food system actors to make healthy
diets affordable, accessible and acceptable.

In Sri Lanka, the prevalence of noncommunicable diseases
(NCDs) is high: they are estimated to account for 75 percent of
total deaths.® In 2019, the Ministry of Health adopted a salt reduc-
tion strategy. Renuka Jayatissa shared the results of a study aimed
at estimating the contribution of industrially processed foods to
dietary salt and iodine intakes. The study found that iodine status
in all populations and the levels of iodine in salt were adequate,
but that average salt intake was high at about 10.5 grams nation-
ally (compared with the WHO recommended level of 5 grams). In
the context of salt reduction initiatives, a reduction of iodine in-
take from salt is likely, but iodine content can be revised to ensure
that adequate intakes are sustained. Further studies and monitor-
ing are needed, however.

To solve some of the challenges and gaps surrounding the meas-
urement of diet and nutrient intake, the Global Diet Quality Pro-
ject was initiated to monitor global diet quality and generate the



data and tools for routine, valid and comparable diet data collec-
tion across countries. In addition, the Diet Quality Questionnaire
(DQ-Q) was developed to capture consumption information for
29 food groups, along with a suite of indicators that reflect global
dietary recommendations (validated in the USA and Brazil). Di-
etary diversity scores are readily available from the data, includ-
ing the minimum dietary diversity for women of reproductive
age (MDD-W).”-% By 2022, the first Diet Quality dataset across
40 countries will be available, and the DQ-Q is being adapted for
more than 90 countries, with support from the US Agency for
International Development (USAID) and The Rockefeller Foun-
dation, as well as the European Union and BMZ through GIZ’s
Capacity for Nutrition.

A nutrition information system is a system that allows for con-
tinuous collection and interpretation of nutrition-related data to
enable timely decision-making by governments and their devel-
opment partners on policy and program development. This ses-
sion provided a global overview of the decisions and data needs
of program-level decision makers, and showcased examples of
country-level efforts to collect and use data across platforms for
planning and management.

Good nutrition and gender equality are mutually reinforcing, as
improving nutrition supports the achievement of gender equal-
ity, and vice versa. As a key nutrition-sensitive intervention, the
empowerment of women and girls can help reduce and prevent
malnutrition in LMICs, but to date no measurement frameworks
exist to assess nutrition and empowerment. Nutrition Interna-
tional (NI) has developed simple and practical tools to gener-
ate timely and quality data using gender equality indicators for
nutrition program delivery and performance. It has also built a
data system in collaboration with the University of Toronto and
Campbell Collaboration - the Nutrition Intervention Monitoring
System (NIMS). The aims of this toolkit are to standardize survey
data collection, assure quality and timely data reporting, and in-
tegrate gender- and nutrition-related data into the NIMS. To re-
fine the tool, a formative review of the first round of NIMS survey
protocols was conducted to assess needs and gaps in sampling,
sample size and survey design, which resulted in a streamlined
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and standardized NIMS toolkit. The next steps in this project in-
clude analyzing the gender-related data, conducting an internal
evaluation of the survey procedures and updating the toolkit
based on the findings.

The Suaahara II program in Nepal, funded by USAID, is a 5-year
(2016-2021) multisectoral nutrition program that aims to im-
prove the nutritional status of more than 1.5 million women and
children under 2 years of age. A cluster-randomized control trial
conducted in Kanchanpur evaluated the effectiveness of using
SMS messaging, layered into a large-scale behavior change pro-
gram, to improve egg consumption and dietary diversity among
children 12-23 months of age. It found that SMS message sharing
among family and community members was common practice - a
promising result to bring about nutrition behavior change - and
that this practice should be encouraged, as family decisions are
taken collectively, particularly in rural settings.

In 2019, with support from UNICEF, real-time monitoring and
reporting (RTMR) was initiated in Bangladesh to enhance the
efficiency and effectiveness of vitamin A distribution and enable
health workers using smartphones to report data. While vitamin
A was distributed during child health days, because of COVID-19
in October 2020 the government organized the national vita-
min A plus campaign over a 12-day period and used RTMR to
track the operation and monitor performance on a daily basis.
Overall, the approach provided positive results: 99 percent of
the distribution centers were open during the campaign; quality
indicators were above 90 percent; 96 percent of the sites pro-
vided nutrition counseling; nearly all of the sites followed health
and safety protocols; and only 7 percent of the centers had any
shortages of capsules. The results of the campaign using RTMR
allowed 21.5 million to be reached with vitamin A (94 percent of
the 23 million target).

Hidden hunger, or a chronic lack of essential vitamins and miner-
als, is widespread in LMICs; and deficiencies in one or more mi-
cronutrients compromise the physical and cognitive capacity of
millions of people. The objective of this session was to understand
where we are with respect to tools and approaches to make in-
formed decisions about overlapping strategies, and to use illustra-
tive country examples that highlight successes and challenges in
improving micronutrient malnutrition.
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Today, over 100 countries have mandatory food fortification pro-

grams, but information on whether and how well these programs

are working to reduce micronutrient malnutrition remains lim-
ited. In 2013, the Global Alliance for Improved Nutrition devel-

oped the Fortification Assessment Coverage Toolkit (FACT) and
conducted assessments of the application of FACT surveys or

modules in Nigeria, Pakistan and Tanzania. Across all three coun-

tries, household coverage results were found to be actionable and
drive programmatic and policy decisions. For example, in Nigeria
in 2017, FACT results revealed universal coverage of fortifiable
bouillon cubes in Ebonyi and Sokoto States (> 99 percent), and

these findings were used to advocate for bouillon as a fortifica-

tion vehicle, which led to efforts now being scaled up across West
Africa. In Pakistan in 2017, FACT revealed that a large proportion
of the population (40-68 percent) consumed flour that is milled
at small-scale chakki mills that are not currently included in the
fortification program. This resulted in a feasibility assessment of
chakki mill fortification to determine if the scope of the program
should be expanded.
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oo Under-5 mortality rate
(per 1,000 live births)

Percentage of children with subclinical vitamin A
deficiency (serum retinol < 0.70 pmol/L)

Percentage of children aged 6-59 months
having an adequate intake of vitamin A

Percentage of children aged 6-59 months

Biofortification is the process by which food crops are grown to
improve their nutritional value. In 2013, HarvestPlus developed
the Biofortification Priority Index (BPI) to ensure efforts to develop
and deliver biofortified crops were as targeted, cost-effective and
impactful as possible. Using recent national-level data on eating
and growing patterns, as well as micronutrient deficiency rates,
the BPI ranks 128 countries in Africa, Asia and Latin America and
the Caribbean (LAC) according to their potential for biofortification
for eight different crop-micronutrient combinations. The result is
a clear prioritization of where biofortified crop interventions are
most suitable. BPI subnational maps have also been developed for
seven large countries (available at: bpi.harvestplus.org).

In Nepal, the vitamin A deficiency prevention and control pro-
gram started in 1993, and since then female community health


http://bpi.harvestplus.org

volunteers (FCHVs) have been distributing vitamin A capsules to
children aged 6-59 months biannually. Recently, the Government
of Nepal considered scaling back the program and conducted a
study using public health data, biomarkers and dietary intake
data to arrive at a decision. The study found that vitamin A de-
ficiency remains a moderate public health problem in Nepal, as
more than 50 percent of children aged 6-59 months do not have
access to a diet rich in vitamin A. While under-5 mortality and the
percentage of children with vitamin A deficiency have decreased
in the past two decades, the low proportion of children aged 6-59
months with an adequate intake of vitamin A is stagnant. Based
on this evidence, Nepal has taken the decision to continue the
preschool vitamin A program, as the three criteria for scaling it
).

In Rwanda, micronutrient deficiencies are high in women and

back have not been met (

children, but the extent of the burden and the suitability of cur-
rent strategies to address the deficiencies are unclear. Dr Joanne E
Arsenault from Intake - Center for Dietary Assessment at FHI So-
lutions presented findings of work aimed at estimating the preva-
lence of micronutrient deficiencies and strategies to address them.
It found that there are few studies for each nutrient and no large

national survey data studies in Rwanda, and that there is a lack of

[ron Children < 5 years 3
Adult women 1
Vitamin A Children < 6 years 2
Adult women 1
Folate Adult men and women 1
Vitamin B;, Adult men and women 1
lodine Children 5-19 years 1
Households 1
Children < 0-23 months 53% (Severe)
Children 24-59 months 29% (Moderate)
Children < 5 years 34% (Moderate)
Adolescent girls 19% (Mild)
Adolescent boys 29% (Moderate)
Adult men 20% (Mild)
Adult women 19% (Mild)

49

Program Effectiveness

quality data for schoolchildren, adolescent boys, men and older
adults, and for certain micronutrients (zinc, B vitamins, vitamin
D, etc.). Using data from the most recent DHS (2014-2015), the
analysis found a high prevalence of anemia among: older infants
and young children aged 0-23 months (53 percent), children aged
24-59 months (29 percent) and children under 5 (34 percent);
adolescent girls (19 percent) and boys (29 percent); and adult
men (20 percent) and women (19 percent). More complete and
up-to-date data and appropriate strategies to address micronutri-
ent deficiencies for all populations are needed. The presentation
concluded with recommendations for improving data availability
and programming, which included: encouraging interest in nu-
trition by government and partners; conducting assessments of
the coverage, utilization and effectiveness of interventions being
implemented; and collecting national quantitative dietary infor-
).

mation ( and

This session highlighted innovations to strengthen the design and
effectiveness of behavior change communication (BCC) strategies.
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The Suaahara II project in Nepal aims to improve the health and
nutritional status of pregnant and lactating women and children.
Pooja Pandey Rana from Helen Keller International (HKI) pre-
sented findings from an evaluation of the relationship between
degree of exposure to social behavior change communications
(SBCCs) and maternal and child dietary diversity. It found that
the SBCC platforms that mothers were most exposed to were
community events, followed by radio programs and then inter-
personal communication (IPC) from community health workers.
There was also an increasing trend in the degree of exposure,
measured as the number of contacts over time: around 75 percent
of mothers in the sample were exposed to at least one platform,
while less than a quarter were exposed to all three. The degree of
exposure for men in the household was low. A positive significant
association was found between the number of SBCC platforms
to which a mother was exposed and their child’s dietary diver-
sity, with exposure to all three platforms having the strongest
association. There was also a positive association between the
number of SBCC platforms to which a mother was exposed and
her own dietary diversity; again, exposure to all three platforms
had the strongest association. The findings provide evidence that

prioritizing a few behaviors is important, as is exposure to mul-

tiple platforms, which helps to reinforce messages and increase

behavior change. Targeted efforts are needed to improve nutri-

tion knowledge among male household heads, and multipronged

SBCC nutrition intervention practices are critical to change nutri-

tion practices.
SBCC interventions delivered through IPC and/or mobile
phone-based health (mHealth) interventions show considerable

promise to address child malnutrition. However, while IPC is of-

ten costly and difficult to implement, mHealth is low-cost, can
reach inaccessible areas and allows for high-frequency contact.

Rolf Klemm from HKI presented findings from a study that as-

sessed the effectiveness of two existing Government of Tanzania
interventions - IPC (Mkoba wa Siku 1,000) and mNutrition SMS
text messaging module (Wazazi Nipendeni) - separately and in

combination, on maternal, infant and young child nutrition be-

haviors in two districts in Tanzania (Newala and Tandahibma).

The study found significant improvement in maternal knowl-

edge for all topics (breastfeeding, child feeding, micronutrient,
hygiene) across the SMS, IPC and SMS+IPC groups compared
with the control group, and improvement was higher in the IPC
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and SMS+IPC groups. With respect to impact on dietary behav-
iors, the study found that the percentage of women reaching
minimum dietary threshold increased significantly in the IPC
and SMS+IPC groups, and not in the SMS group alone; however,
only 40-50 percent of women met the threshold. With respect to
children’s diets, the study found significant improvement in the
percentage reaching dietary diversity (+10 percent) and mini-
mum adequate diet (doubled) in the IPC and SMS+IPC groups.
These findings demonstrate that while costly and time-consum-
ing, IPC strategies significantly improved maternal and young
child diets, and combining IPC and SMS appeared to improve
diets slightly more.

Mexico suffers from the triple burden of malnutrition with si-
multaneously high rates of stunting (14.2 percent), obesity (6.8
percent) and micronutrient deficiencies in children under 5. The
Integrated Strategy for Attention to Nutrition (ESIAN in Spanish)
is a national strategy within Mexico’s conditional cash transfer
program (PROSPERA) that is designed to improve the health and
nutritional status of its beneficiaries. Dr Anabelle Bonvecchio
from the National Institute of Public Health in Mexico shared
findings from a review and formative research that used an SMS
strategy for the prevention of undernutrition, micronutrient defi-
ciencies and childhood obesity in two states in Mexico.*” Results
revealed that several barriers and issues limit program cover-
age, utilization and acceptance, including misconceptions about
pregnancy and infant feeding, nonalignment of practices with
international recommendations, and lack of knowledge about
nutrition and related topics. These results were used to iden-
tify priority behaviors and elaborate key messages for mothers/
caregivers and providers so as to develop a BCC strategy.

In Mexico, nurses and doctors are a credible and reliable source
of IYCF counseling, but often have little nutrition training or are
ill-equipped to assess nutritional status and provide effective
nutrition counseling. A 2016-2017 evaluation was conducted in
three states in Mexico (Chihuahua, Oaxaca and Veracruz) to as-
sess the influence of a semi-virtual training on providers’ knowl-
edge and abilities, and on outcomes in terms of general nutrition
knowledge and abilities and also those specific to breastfeed-
ing. It found significant improvements in healthcare knowledge
between baseline and post-training. The effects were greatest
for physicians, followed by registered nurses and then nurse
technicians. The effects were greater for the breastfeeding ques-
tionnaire than for the general questionnaire, and breastfeeding
scores were significant for all types of providers. Lessons from
this experience include: (1) improving health workers’ capacities
is fundamental to improve nutrition, and findings confirm that
at baseline the providers lacked the general knowledge to pro-
vide services to mothers living in poverty; (2) improving workers’



capacities is expensive and difficult to implement, so carefully
designed, evidence-based, online and semi-virtual trainings are
good because of quality control and follow-up; and (3) while
health workers’ general knowledge significantly improved, other
areas might require hands-on training.

During this session, presenters described program effectiveness
studies of MNPs, lipid-based nutrient supplements (LNS) and
corn soy blend (CSB) interventions with high program fidelity
and performance, yet no effect on micronutrient status indicators.
Presenters and panelists discussed potential reasons for these
findings, focusing on evaluation design, biology and program im-
plementation considerations.

Guatemala has the highest prevalence of stunting in the LAC
region and the sixth highest prevalence in the world, with 47
percent of children under 5 years of age affected.’” Results from
an evaluation of the PROCOMIDA program examined the abso-
lute impact on reducing anemia compared with a control group,
as well as the differential impacts of the size of the family food
ration and the type of micronutrient-fortified individual ration.
It found that while anemia prevalence decreased among moth-
ers and children in all groups, this may have been due to gov-
ernment initiatives to address anemia and not the PROCOMIDA
program itself. In addition, among mothers in the full group, the
prevalence of anemia decreased initially, but had increased by
24 months, which could be due to the high phytate levels of the
beans provided in the family ration plus the CSB. The impact of
LNS was positive among children at 12 months, but it was no
longer significant at 24 months. Overall, these results highlight
the fact that micronutrient-fortified products delivered with or
without a family ration did not have consistent impacts on reduc-
ing anemia. When designing similar programs, context-specific
factors and more comprehensive data on other initiatives should
be considered.

Another study*® that evaluated the impact of an integrated
IYCF-MNP intervention on anemia and micronutrient status
among children aged 12-23 months in Eastern Uganda found
that despite high program fidelity the intervention was associ-
ated with reduced hemoglobin concentrations but no change in
anemia, iron status (ferritin) or vitamin A status. Contextual fac-
tors, such as cooking with soda ash, might explain the lack of
effectiveness, as it can affect the physical properties of micronu-
trients and absorption.
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Adolescence is a critical period for nutrition, with rapid physical
and emotional changes. During this session, presenters described
the forthcoming Lancet Series on adolescent nutrition, results of
arecent systematic review, and process and impact evaluations of
adolescent nutrition interventions, including their effectiveness
and lessons learned.

Food environments are the collective physical, economic, policy
and sociocultural surroundings, opportunities and conditions
that influence people’s food and beverage choices and nutri-
tional status. Findings from a systematic review*“ that assessed
published evidence on the effects of food environment interven-
tions on anthropometric (body mass index and weight status) out-
comes in school-age children (5-9 years) and adolescents (10-19
years) in LMICs yielded limited evidence to support a beneficial
effect of food environment interventions on BMI and weight sta-
tus outcomes. Given that gaps and challenges in food environ-
ments persist, especially in the context of COVID-19, the authors
recommend that future work should identify key components of
the food environment that may be amenable to modification by
well-designed and feasible interventions, which must then be rig-
orously tested.

Anemia is a moderate public health problem among adoles-
cent girls in Ghana, with 26 percent of the population affected.
While proven interventions such as school-based iron and folic
acid (IFA) supplementation exist to reduce anemia, they have
a limited scope and reach. The Girls’ Iron-Folic acid Tablet Sup-
plementation (GIFTS) Program is an integrated health and nutri-
tion education program providing intermittent weekly IFA sup-
plementation that is designed to reach adolescent girls (10-19
years) simultaneously via school and local health center delivery
platforms. Results from a study'® to assess the barriers to, and
facilitators of, the fidelity of a school-based IFA supplementation
program in the Northern and Volta regions of Ghana found that
90 percent of adolescent girls had ever consumed IFA tablets,
whereas 56 percent had consumed at least 1 IFA per week, indi-
cating that average intake adherence was equivalent to about half
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of the available tablets. Among the ever-consumers, 88 percent
of the girls liked the tablet, and 27 percent reported undesirable
changes (primarily heavy menstrual flow). These results dem-
onstrated that school-level factors were barriers to adherence
(attendance at school, educators’ training, etc.) - representing
75 percent of the variance in IFA consumption over the school
year. Modifications such as expanded training, formalizing IFA
distributions, awareness-raising and additional support to high
schools may improve adherence, as may spreading the responsi-
bility for IFA distribution to other teachers, streamlining monitor-
ing to reduce the burden at the school level and strengthening
health education.

Maternal malnutrition is a key determinant of poor pregnancy
outcomes. It increases not only the risk of maternal morbidity
and mortality, but also the risk of giving birth to infants who are
low birth weight (LBW) due to small-for-gestational-age (SGA) or
premature birth. This session examined the status of maternal
nutrition policies and programs, and highlighted innovative case
studies to deliver maternal nutrition programs.

NI has significant experience of scaling up the coverage of IFA
supplementation globally. Between 2010 and 2015, NI success-
fully scaled up the coverage of IFA supplementation in South
Asian and African countries, reaching more than 2 million women

across eight countries. This was achieved by using a comprehen-

sive approach focused on building the enabling environment, and
intense technical, financial and operational support. NI drew on

these experiences to construct a program logic model - the NI Pro-
gram Pathway - for IFA supplementation that shows the compre-

hensive and integrated pathways to increase coverage. In addition,
NI has developed a suite of tools that support planning, budgeting
and financing, and delivery, including the NI MMS Cost-Benefit
Tool; guidance on quality nutrition counseling in antenatal care
(poster); the NIMS to monitor coverage and adherence of maternal
supplementation; and the Outcome Modeling for Nutrition Impact
(OMNI) tool.

Sight and Life Special Report /| MNF CONNECTED 2020

52

The Projet intégré de nutrition dans les régions de Kolda et de Ké-
dougou (PINKK) in Senegal is a 5-year project funded by the Govern-
ment of Canada that links healthcare, agriculture and business with
the aim of improving nutrition and food security for women and chil-
dren. Between 2015 and 2019, three evaluations were conducted
to assess the impact of the project on desired outcomes. The results
indicate that: anemia in women of reproductive age decreased by
16 percentage points (pp); anemia in pregnant women decreased
by 7 pp; [FA coverage among pregnant women increased by 10 pp;
access to growth monitoring and promotion services increased by
22 pp for children aged 0-23 months; access to screening services
for acute malnutrition improved by 19 pp among children aged
6-59 months; and vitamin A supplementation (VAS) increased by
15 pp among children aged 6-59 months. In addition, knowledge
of good nutrition practices and knowledge of good hygiene prac-
tices among women of reproductive age both improved in most de-
partments. Household food insecurity also decreased significantly,
while access to credit/financial loans among women, multisectoral
integration and local nutrition integration into development plans,
and gender equality and empowerment increased. Challenges re-
main in the delivery of services, especially in the context of COV-
ID-19, but Balla Moussa Diedhiou underscored the importance of
high-level political commitment, integration of several strategies,
program target-setting and the use of nutrition as a means of en-
try to discussions at the household level, as well as scaling up the
PINKK model and transitioning it to the Government of Senegal.

The importance of understanding the cost and cost-effectiveness
of nutrition interventions cannot be understated. Cost-effective-
ness analysis supports priority setting by defining areas of action
where the greatest health and nutrition gains can be achieved with
the available resources; however, evidence on the cost-effective-
ness of nutrition interventions is still limited. During this session,
presenters described new tools for assessing cost-effectiveness
along with results from nutrition-specific and nutrition-sensitive
cost-effectiveness studies, and discussed whether and how to
compare apples to oranges in the context of the cost-effectiveness
of interventions for anemia control.



A cost-effectiveness analysis of an intervention focused on front-
line health workers using IPC to improve IFA adherence in Bang-
ladesh found that the intervention was able to increase the pro-
portion of women who take IFA supplements for at least 90 days
during pregnancy from 36 percent to 84 percent. In addition, the
impact extended to other health outcomes, such as increased cov-
erage of antenatal care during pregnancy, and increased capacity
of health workers to raise awareness and change behaviors at the
community level. The cost-effectiveness results were also robust,
finding not only that capacity among frontline healthcare workers
increased as a result of trainings, but also that the reported IFA
supplement consumption and adherence rates were also highly
cost-effective.

A cluster-randomized design of the Tubaramure program in
Burundi that assessed the impact of food-assisted maternal and
child health and nutrition programs on linear growth found that
hemoglobin decreased and anemia increased for mothers mark-
edly from baseline to follow-up, but Tubaramure had a significant
beneficial effect on both children (6.1 pp) and mothers who had
given birth in the previous 3 months (34.9 pp). The program also
had significant impacts on dietary diversity, the consumption of
iron-rich foods and morbidity, among other factors, as well as
providing a cost-effective programmatic model for certain treat-
ment groups.

In the past decades, rapid progress has been made in elimi-
nating vitamin A deficiencies, but new delivery mechanisms are
needed to sustain progress. For example, many VAS programs are
combined with polio immunization campaigns. As these cam-
paigns are being phased out, new models are needed to sustain
progress and reach the remaining children. A 2019 HKI study
aimed to evaluate the costs (overall and per child reached) of
three different approaches to VAS: a mixed approach in Kenya, a
door-to-door approach in Burkina Faso, and a routine approach
in Mozambique. It found that the coverage of VAS varied signifi-
cantly, from 40 percent to 81 percent, between countries, and that
coverage was significantly higher in countries where HKI pro-
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vided support, although still with significant variation among the
three countries. VAS coverage was highest among children aged
36-59 months, who were reached by all three platforms. The high-
est coverage was achieved in Burkina Faso with the door-to-door
approach, but other countries with limited funding are unable
to fund such a platform. In terms of cost-effectiveness, the costs
varied significantly between US$1.77 and US$11.12 (it should be
US$2-3), even excluding opportunity costs. As VAS distribution
platforms change, it is essential to understand the cost and effec-
tiveness of platforms, and also to develop a more standardized ap-
proach and tools for cost-effectiveness studies.

The plenary session on cost analysis highlighted the need for, and
value of, cost analyses undertaken both before investing in micro-
nutrient intervention programs and after program choices have
been made.

Stephen Vosti, from the Department of Agricultural and Re-
source Economics - UC Davis, provided an overview of the im-
portance of cost analyses, sharing findings from Cameroon and
Uganda, where the Micronutrient Intervention Modeling (MINI-
MOD) tool was applied to estimate the costs of different interven-
tions and platforms. In Cameroon, the model was used to predict
the impacts and costs of alternative vitamin A intervention pro-
grams on vitamin A dietary adequacy and deaths averted among
young children.’® In Uganda, the model was used to test the cost-
effectiveness of different platforms for distributing MNPs - com-
munity and facility based - and found that when scaling up MNP
programs, a community platform delivery is more cost-effective.
Omar Dary from USAID then reviewed evidence on the cost-ef-
fectiveness of food fortification, noting that while food fortifica-
tion is beneficial because it takes advantage of existing products
and delivery platforms, when compared with MNPs the inputs
are very costly, whereas manufacturing, social marketing and de-
livery costs are low. Thus, food fortification is cost-effective, but
only if: (1) fortified foods are produced by formal and centralized
factories, (2) increments in the cost due to fortification are incor-
porated into the price of the product, and () reliable, efficient
and low-cost enforcement systems ensure a level ‘playing field’
for manufacturers.

Keith Lividini from HarvestPlus/International Food Policy Re-
search Institute shared preliminary results from a study on the
importance of zinc supplementation in reducing NCDs and NCD
disability-adjusted life years (DALYs). He reported that zinc has
the potential to address the double burden of malnutrition in
many countries and achieve cost-effectiveness, but that more data
on impact and cost are needed.

Finally, JV Meenakshi from the Delhi School of Economics
highlighted common conclusions from the presentations, includ-
ing: (1) micronutrient deficiencies are widespread and a multi-

Sight and Life Special Report /| MNF CONNECTED 2020



Program Effectiveness

plicity of interventions are needed to address them; (2) the most
efficacious interventions are not necessarily the most cost-effec-
tive; and (2) modeling exercises are a good way to examine the
trade-offs and context-specific priorities for investments.

VAS for children under 5 years of age has been a cornerstone
of global child survival programs for decades. Periodic, high-
dose VAS is a proven, low-cost intervention that significantly
reduces mortality in children.*” This session focused on explor-
ing lessons learned in reaching children with VAS where they
are, optimizing existing platforms within the health system and
discussing ways to prioritize reach for maximum morbidity and
mortality impact.

Banda Ndiaye from NI highlighted the fact that VAS coverage
rates have dropped in recent years. In sub-Saharan Africa (SSA),
the number of countries with VAS programs changed from a low of
five countries in 2000 to a high of 27 in 2009, and dropped to 10
in 2016. Many SSA countries have started planning the transition
of VAS delivery from campaigns to the routine primary health-
care contacts. In Kenya, Ethiopia and Senegal, VAS coverage rates
dropped once countries reached scale, and in all three settings,
VAS coverage dropped in children aged 12-59 months as a result
of the increased availability and use of routine healthcare plat-
forms, and the availability of providers, among other factors.

Andreas Hasman from UNICEF HQ highlighted how COVID-
19 halted the delivery of VAS campaigns with effect from March
2020. Data shows significant disruptions to routine services, par-
ticularly of immunization in Asia and Latin America, but less so in
SSA. UNICEF estimates that during the first half of 2020, 200 mil-
In the latter half of 2020, VAS
programs were reinitiated, and countries such as India were able

lion children missed out on VAS.

to bring coverage rates up (V-shaped recovery), although they
still fall short of pre-COVID-19 levels. Furthermore, donors were
already showing the desire to move away from supporting the de-
livery of VAS as a single program to a more integrated model of
delivery, so additional work is needed in this area.
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To explore the transition from campaigns to integrated system
delivery, HKI undertook four case studies to distill best practices.
They found that platforms matter: while there has been success
in delivering VAS with the polio platform, a lot of platforms ex-
ist and need to be identified and adequately resourced, whereas
combined integration with campaigns is a disincentive to full inte-
gration. Furthermore, while in-country partner support can help
achieve high coverage rates, it can also reduce real commitment
and integration by the countries. Service delivery needs to be flex-
ible and simple, accountability clear and centralized, and perfor-
mance targets and indicators specific and achievable.

During this session, presenters provided an update on the global
status of MNP programs and the challenges, lessons learned and
opportunities of integrated IYCF-MNP programs. They also pre-
sented recent programmatic effectiveness and evaluation findings.

To frame this session, Aashima Garg from UNICEF provided an
overview of the status of MNP programs globally. In 2019, 58 coun-
tries had programs on home fortification using MNPs, down from
61 in 2018. Data on the reach of home fortification with MNPs
were reported for 46 countries: a total of about 16 million children
were reached (up from 15.1 million in 2018, and almost double the
8.1 million in 2015). With regard to the prioritization of MNP pro-
grams within government policies, strategies and plans, in 2019,
60 countries had a government policy, strategy or plan of action
on MNPs (up from 55 countries in 2018), but only 30 countries
allocated government funding for MNP programs. The COVID-19
pandemic significantly disrupted MNP service delivery, with an
estimated 12.7 million children reached with MNPs (meaning that
3 million children missed out on MNPs in 2020).

Theogene Dusingizimana from Massey University, New Zealand
and University of Rwanda, Musanze, provided an example of sub-
national MNP delivery. In Rwanda, 37 percent of children under 5
years of age are affected by anemia, with those aged 6-8 months
and 9-11 months being most affected (DHS). Rwanda is one of
the first countries to successfully scale up home fortification with
MNPs subnationally. A study to determine the factors influencing
access to, and use of, MNPs in rural Rwanda found that despite
good program coverage, barriers persist to achieving scale and
impact. These include distribution issues, misinformation and un-
derstanding among mothers/caregivers on the benefits and use of
MNPs, and the incompatibility of current IYCF practices and MNP
usage. Additional support and focus in the form of improved MNP
supply chains, nutrition education and complementary programs
are needed to improve program reach, as is additional research.
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Introduction

Presenters and panelists in Track 4 were in agreement that, in
order to create an enabling environment for micronutrients and
inform policy, a less fragmented nutrition community that speaks
with a unified voice, together with a multisectoral approach that
includes the private sector, is essential. In addition, there is power
in scientific research informing policy, but a strong evidence base
from countries must be built to justify interventions. Furthermore,
lessons from the COVID-19 pandemic should be an example to the
nutrition community that they have to keep nutrition on the agen-
da and not let it fall as a global priority.

“The COVID-19 pandemic should
be an example to the nutrition
community that they have to keep
nutrition on the agenda”

How to keep micronutrients as a priority with shifting
global, national and donor priorities?

With changing priorities due to development challenges, such as
climate change, refugees, wars, terrorism and epidemics, interest
in micronutrient nutrition may be reduced. In this plenary session
chaired by Eileen Kennedy, Tufts University, panelists discussed
ways in which micronutrients can be kept on the agendas of poli-
cymakers, donors and implementers.

Kelly Brownell, Duke University, suggested scientists need
to convince not only themselves but also the outside world. He
proposed the use of new models in combination with traditional
programmatic science models. One example is the Strategic Sci-
ence Research Model.* This model begins by identifying change
agents and developing a scientific agenda based on informa-
tion gaps that are helpful for change agents to fill; finally, the
information gaps that have been gathered are communicated to
the change agents. Implementing a model such as the Strate-
gic Science Research Model is possible together with producing
best quality science, and publishing in reputable peer-reviewed

journals. Brownell used three case studies (calories on restau-
rant menu labeling, soda taxes and children’s food marketing)
to illustrate how strategic, simple, quality and straightforward
research can influence, inform and sometimes change policy
and legislation.

Joel Spicer, Nutrition International, highlighted how the COVID-
19 pandemic is a health crisis that has set up an economic envi-
ronment and perfect conditions for an accelerated malnutrition
crisis. He highlighted the possibility of losing a decade of prog-
ress in less than a year, and that of not meeting Sustainable De-
velopment Goal (SDG) 2: Zero Hunger. Spicer recommended that
a significant emergency action is required now and over the me-
dium term to prevent massive damage, particularly to children,
adolescents and women. He added that, at a time when doubling
down on nutrition has never been more important, nutrition has
never been more at risk of waning as a global priority. This he
attributed to the contraction of the fiscal space from donor and
governments because of the damage caused by COVID-19.

Ali Winoto Subandoro, World Bank, highlighted the impor-
tance of micronutrients in the Investment Case, and emphasized
that this is a country-led process. To ensure micronutrient inter-
ventions are being prioritized, financed and monitored, there is a
need for updated country-specific information on costing, avail-
ableresources and cost-effectiveness. Subandoro highlighted that
it is important to source finances from local resources through
fiscal policies and other innovative financing instruments. For
micronutrient interventions to be monitored, accountability for
results must be present. In conclusion, he remarked: “What gets
measured will get done.”

Katharina Lichtner, Family Larsson-Rosenquist Foundation,
discussed how knowledge that is being generated is not creating
an impact. Spicer agreed and pointed out that the evidence base
that has been built for critical interventions is still not getting to
the vulnerable. Lichtner emphasized that the ‘how’ should not
be left out when speaking about the ‘what’ and ‘why’ in policy
discussions. She added that understanding how to operationalize
policies is important. Lichtner emphasized that understanding
micronutrient interventions’ capital requirements will enable the
nutrition community to build business cases for interventions. To
ensure healthy babies and mothers, she recommended the nu-
trition community includes breastfeeding and complementary
feeding, and thinks from an operational perspective about how
to deliver programs without wasting human capital.
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“We need to align as donors
in strategy and implementation
because there is no single bullet
for nutrition”

Andreas Bliithner, Bill & Melinda Gates Foundation, high-
lighted that there has been enormous progress in supplemen-
tation, biofortification and scaling up of large-scale fortification.
However, lessons should be taken from oil and flour fortification,
and how social safety schemes can transform nutrition. Bliithner
mentioned that more work in dietary diversification is still needed,
and pointed out that the donor community should also be unified.
In Bliithner’s own words: “We need to align as donors in strategy
and implementation because there is no single bullet for nutri-
tion; in complementarity lies the beauty of a holistic strategy that
is sustainable and impactful.” He noted that 10 years ago the nu-
trition community was even more fragmented, but progress has
been made since then.

Gerda Verburg, Scaling Up Nutrition (SUN), emphasized the
need for the nutrition community to have the correct knowledge
and experience for making social and economic cases. She high-
lighted the need to understand the distinction between nutri-
tion and food security. Verburg suggested that there is a need for
convergence and coherence with all other initiatives and actions
to fight and prevent malnutrition. She also suggested that the
nutrition community should put themselves in the shoes of the
policymakers and advisors, ensure the audience is part of the
conversation and encourage ownership of the programs. Fur-
thermore, she emphasized that we should sit at the table and be
ready to support thinking and conversations about how to get
food systems right.

To prevent the ‘nutrition voice’ from fading and also that of
funding and investment, panelists proposed several recommen-
dations:

 Spicer suggested we concentrate on what works and build
our tools and evidence base. He proposed we should
focus on prioritizing low-cost, high-impact evidence-based
interventions that save lives and build resilience. He
emphasized that we need to recognize the difference between
things that are ready to scale now and those that will be ready
in five or 10 years’ time. He suggested we look at how to bring
primary healthcare, social protection and food systems
together for nutrition. Lichtner agreed with this point, and
mentioned that breastfeeding should remain a priority
and multiple micronutrient supplementation (MMS) should
be integrated into the 1,000-day approach.
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e In this session, all panelists were in agreement that there is
a need to move from evidence to action, and to connect
nutrition science with policy.

* Panelists agreed on the need for the nutrition community
to speak with one voice; as Spicer noted, the messaging and
approach of the nutrition community is sprawling, lacking
prioritization and focus. This fragmentation may lead to
confusion at the country level about how and what to prioritize
on when resources are scarce - a sentiment that was
echoed by Verburg.

* Lichtner agreed with Subandoro that there is a need for
the nutrition community to build a good business case and
financing model.

 Spicer suggested that we should take a ‘no missed
opportunities’ approach by looking at other platforms into
which we can integrate nutrition, such as social safety net
programs, education investments and contact points with
people who have the potential to advance nutrition.

* The need to have bridging organizations that disseminate
research for policy and action was mentioned by Lichtner.
Bliithner agreed and commented that platforms and
institutions that disseminate research towards concrete policy
and subsequent action, such as SUN and the Micronutrient
Forum, are needed.

* The need to engage with and involve the private sector
was addressed. Panelists agreed that the nutrition community
should not be hostile towards the private sector and food
manufacturers. The key, according to Brownell, is to empower
the consumer so that he or she can make the right healthy diet
choices. This approach will lead to the reformulation of
products to deliver healthier options. All of the panelists agreed
that nonengagement with the private sector is not the solution.
Bliithner recommended that more emphasis should be placed
on creating an interface between scientific research and
the private sector, as this will help to inform policy. He
reminded the panelists of the positive role that industry has
played in the past, citing the examples of salt iodization
and flour fortification. According to Bliithner, the key is to
change the perspectives of the private sector. He recommends
helping the private sector to see the opportunity in
empowering populations, and also reminding them of the
beauty that adequate nutrition can unfold. Brownell made
the important observation that: “Industry will not move
unless they have too.”

Supporting country-led policy decisions to

implement multiple micronutrient supplementation

during antenatal care

This session chaired by Gilles Bergeron, New York Academy of
Sciences, provided an overview of evidence available as to why
countries should implement and adopt MMS in national programs
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rather than iron and folic acid (IFA) as standard in antenatal care
(ANC) programs.

Emily Smith, George Washington University, gave a brief
background on evidence to support the use of MMS. Decades of
research have revealed that inadequate maternal nutrition is a
driver of adverse birth outcomes such as small for gestational age

(SGA), stunting, preterm birth, and infant morbidity and mortal-

ity. In 2015, 14.6 percent of births globally were low birth weight
(LBW), totalling 20.5 million, and mainly occurred in sub-Saharan
Africa and Southeast Asia. During the past three decades, child
mortality has been reduced by 58 percent, and while this progress
has been astounding, Smith suggested it is not fast enough. From

2000 to 2015, the annual rate of reduction was just over 1.23 per-
cent. She recommended that this rate needs to triple in some ar-

eas to meet global goals by 2030. Furthermore, she noted that the
causes and timing of child mortality are changing. This is a huge
public health problem because, as she said, we have so few tools
in our toolbox to address the causes of death.? Solid evidence has

been put forward to show the benefits of MMS use over IFA sup-

plements during pregnancy. Babies of women who receive MMS
during pregnancy have a lower risk of LBW and SGA compared
with those of women receiving IFA supplements. To acknowledge
the new evidence, the World Health Organization (WHO) revised
the 2016 ANC guidelines in August 2020.> WHO recommend that
countries aiming to adopt MMS and not IFA should do so within

certain parameters. The updated 2020 WHO ANC guidelines were
informed by two systematic reviews that included 17 randomized
trials conducted in low- and middle-income countries (LMICs)*:>
(Figure 4.1). Smith showed that everyone benefits from the use
of MMS,5 especially undernourished women. Furthermore, Smith
showed that MMS reduces the risk of mortality for female infants
during the first year of life, and that there was an overall reduction
in neonatal mortality for the general population.

Reina Engle-Stone, University of California, Davis, presented
the economic rationales for the adoption of MMS over IFA. The
costs of MMS tablets relative to IFA tablets have been calculated in
an analysis from Bangladesh, India, Pakistan and Burkina Faso.6~#
Cost-effectiveness analyses conducted for WHO state that the
switch from IFA to MMS can cost US$3-47 per disability-adjusted
life year (DALY) averted, or up to US$113.° Engle-Stone added that
the abovementioned cost analyses do not account for population
change over time, gradual transition from IFA to MMS, and dif-
ferences in tablet distribution, consumption and adherence. She
stated that the tablet cost depends on how the tablets are pur-
chased and distributed. Using models that account for program
transitions and tablet distribution patterns, the cost for MMS in
Bangladesh and Burkina Faso was US$3-15 per DALY averted or
US$6-105, respectively.®

The WHO guideline recommends that when a country is adopt-
ing the MMS program, implementation research is important to

FIGURE 4.1: Meta-analyses summarizing data from high-quality randomized trials and showing the benefits

of multiple micronutrient supplementation (MMS)
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ensure acceptability, feasibility, equity and cost-effectiveness.
Megan Bourassa, New York Academy of Sciences, presented on
lessons learnt from countries implementing MMS. The dramatic

impact of COVID-19 on the quality of diets and access to ANC ser-

vices during pregnancy was acknowledged. Bourassa pointed out
that MMS can be used to respond to the pandemic, especially in
contexts of high nutritional deficiencies and disruptions to food
distribution. Bourassa emphasized that an enabling environment

to support implementation research must be created through ad-
vocacy of the use of MMS and the creation of MMS policies that ev-

eryone is supportive of and understands. She also highlighted the
importance of improving coverage and adherence to maximize

the cost-effectiveness of MMS. In conclusion, Bourassa empha-
sized that: “In settings where dietary quality is poor, micronutri-

ent deficiencies are common and anemia and low birth weight are
significant public health problems, daily MMS with iron and folic

acid can contribute to improved micronutrient intakes in preg-

nancy, prevent maternal anemia, and reduce adverse pregnancy
outcomes, including low birth weight.”

Thereafter, Nita Dalmiya, United Nations Children’s Fund
(UNICEF), presented lessons learnt from IMPROVING: Improving
Maternal and Pregnancy Outcomes through Vital Interventions for
Nutrition and Growth. The objective of this initiative is to establish

proof of concept in Burkina Faso, Tanzania, Madagascar and Ban-

gladesh for MMS introduction. Results from these four countries

will later inform the national scale-up and expansion of MMS in-

troduction in other countries. These lessons were:

Introducing MMS requires global and national planning

and coordination. Dalmiya presented how UNICEF collaborated
with the Supply Division, Nutrition International, Sight and Life
and the Global MMS Technical Advisory Group to introduce
MMS into these four countries.

Country-level planning and coordination are important for

the successful introduction of MMS. Dalmiya stated that
countries in IMPROVING benefited from clear messaging that
MMS is low-cost (US$0.02 per tablet), good value for money
and equitable. This approach was instrumental in securing
government buy-in based on the message that MMS is a

social equalizer that offers all women the same standard of
care during pregnancy, which resonated with policymakers.
Introducing MMS needs clear context-specific advocacy.
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MMS planning and implementation should be designed for
scale-up. In IMPROVING countries, MMS is embedded in
ongoing ANC programs and not as stand-alone programs.
MMS is part of a systems-strengthening approach and should
be planned for as such.

The supply chain should be at the country level to ensure
uninterrupted supplies of quality MMS. Dalmiya highlighted
that a clear understanding of political and policy context is
important to inform advocacy and the introduction of MMS
into countries.

Lwin Mar Hlaing, National Nutrition Centre, Department of
Public Health, Ministry of Health and Sports, presented on the
successful reduction in Myanmar of the prevalence of iron defi-
ciency anemia in pregnant women from 71 percent in 2003 to 56
percent in 2016. As the Myanmar Government target for anemia
prevalence is 35.5 percent by 2025, anemia is still a public health
concern. With the support of UNICEF, Myanmar shifted from IFA
to MMS use in 2016. This is because of a possible coexistence
of multiple micronutrient deficiencies (MNDs) in women and
the benefits of MMS over IFA. During MMS implementation, the
Myanmar Government faced challenges that included: shortfalls
in MMS supplies, limited government budget, domestic produc-
tion that could not fulfill demand at the initial stage, the use of
different MMS specifications by suppliers, data gaps on MMS ad-
herence, and the ability to supply MMS only to pregnant women.
The Myanmar Ministry of Health has now received commitment
and support from the government to proceed with MMS, and will
receive MMS donations from Kirk Humanitarian until 2023.

This session was chaired by Scott Dowell, Bill & Melinda Gates
Foundation. It aimed to address malnutrition as a cause of child-
hood mortality. Dowell remarked how surprisingly hard it is to un-
derstand the causes of child mortality as they are often grouped
into large categories such as neonatal or perinatal mortality, or
into syndromes such as pneumonia or diarrhea mortality. These
are usually not the specific causes that allow interventions to pre-
vent death. Neural tube defects are a good example of a specific
cause of child mortality that is preventable.

Dianna M Blau, Centers for Disease Control and Prevention,
Child Health and Mortality Prevention Surveillance (CHAMPS),
gave an overview of child mortality and methods used to deter-
mine cause of death. She presented how under-5 mortality rates
have decreased by almost 60 percent since 1990. The SDG 3 target
is to end the preventable deaths of newborns and children under
the age of 5 years by 2030. Blau noted that most countries have
met the goal to reduce under-5 deaths to at least 25 per 1,000 live
births. Despite this global progress in reducing child mortality, 5.2
million children died in 2019 (~14,000 under-5 deaths per day),



and more than half of these deaths occurred in sub-Saharan Af-
rica. Currently, death certificate, clinical records, verbal autopsy,
complete diagnostic autopsy (CDA) and minimally invasive tissue
sampling (MITS) are the methods used to estimate cause of death.
The importance, strengths and weaknesses for each of these meth-
ods were presented. Blau pointed out that there are inconsisten-
cies between countries in the accuracy and details provided on
death certificates and the quality of information collected.** There
is also a lack of correlation between clinical and pathological
data.
forms for children include only two questions about nutrition sta-

Furthermore, she highlighted that current verbal autopsy

tus. She emphasized that diagnostic autopsy is the gold standard
for cause of death determination but that in LMICs cultural and
religious reasons, scarcity of pathologists, histologists and related
consumables, and limited laboratory capacity limit its use. MITS
is an alternative to CDA because of its acceptability and feasibil-
ity. An example of a surveillance program that uses MITS is the
CHAMPS program.

Jay Berkley and Moses Ngar, from KEMRI/Wellcome Trust
Research Programme, presented on the Childhood Acute Illness
and Nutrition Network, or CHAIN Network.* The CHAIN cohort
included children (aged 2-23 months) from Bangladesh, Burkina
Faso, Kenya, Malawi, Pakistan and Uganda, who were admitted
into hospital with acute illness. The study showed that regardless
of nutrition status, the risk of death in children was high during
the first 30 days of admission. When compared with non-wasted
children, severely wasted kwashiorkor (SWK) children were six
times more likely to die after all adjustments. Abnormal discharge,
HIV exposure, signs of illness severity at admission, high signs of
illness at discharge and medium to high underlying conditions
were associated with a high risk of post-discharge mortality. In
this study population, hospital admission duration was not asso-
ciated with discharge characteristics, and presenters recommend-
ed that longer hospital stays are not necessary. Discharge signs
were associated with post-discharge mortality, and this discovery
may lead to the development of biomarkers that can help to prior-
itize children that need follow-up. The point of discharge in terms
of mortality was equally as important as the point of admission in
terms of assessment and planning. Caregiver characteristics were
directly associated with post-discharge mortality, suggesting that
improvement of the mothers’ characteristics may directly reduce
mortality. The presenters also highlighted the use of mid-upper
arm circumference (MUAC) as a good measure of all underlying
factors and household factors.

Designing an Enabling Environment for Micronutrients

Malnutrition is considered to be the cause of 50 percent of all
child mortality.** However, there are gaps in the determination
of malnutrition. Parminder Suchdev, Emory University, present-
ed preliminary results from the CHAMPS network to address
these gaps.

How to best measure malnutrition. In 2019, anthro-
pometric data quality gaps, such as rounding, digit preference
and high standard deviations, were found in the data of 783
children that had undergone the MITS examination. A lack of
standard equipment and training on its use as well as difficulties
in conducting anthropometry postmortem due to rigor mortis
were the reasons cited for this. To improve postmortem anthro-
pometry, a pilot study was conducted in Kenya, which showed
that anthropometric data quality, precision and accuracy could
be improved by training and the use of standard equipment.
Furthermore, standard anthropometry is possible in a post-
mortem setting. However, Suchdev highlighted that further
adjustment of 3D-imaging technology is needed.

Assignment of cause of death. From extracted post-
mortem anthropometric data, it was found that among children
aged 0-59 months wasting appeared to be a contributor to child
mortality. However, more guidance is needed to standardize
when malnutrition should be included as a cause of death.

Accounting for malnutrition in all its forms.
A pilot study to assess vitamin A liver samples and the role of
vitamin A deficiency in child mortality is still to be conducted.
Suchdev introduced the MITS Surveillance Alliance Under-
nutrition Committee, whose goal is to develop guidelines for
the systematic integration of undernutrition into the casual
chain of events leading to child death.

Michael Dibley, University of Sydney, presented results from
the Shonjibon study, Bangladesh. The aim of this study was to de-
termine whether the use of antenatal IFA supplements improved
neonatal survival. The primary hypothesis was that daily 60 mg
iron/400 pg folic acid supplements starting during the first tri-
mester of pregnancy and continuing for at least 180 days would
reduce neonatal mortality by 25 percent (from 33 to 24.8 per
1,000 live births) compared with the usual IFA supplementation
program. Compared with the control group, the community-based,
cluster-randomized controlled trial approach revealed that no
side effects were experienced in the intervention group. Unbe-
known to the Shonjibon study group, the groundwater in Ban-
gladesh contains highly bioavailable iron. This discovery posed
a problem because, in groundwater areas with high levels of iron,
women who consume 2-3 liters of water daily can have an iron
intake of 60 mg. Although the group did not stratify randomiza-
tion by groundwater iron, they measured groundwater iron levels
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and planned subgroup analyses. In their study population, 20
percent of households had no iron in their groundwater. In the
intervention group, rates of early neonatal mortality and neonatal
and infant deaths were slightly lower, and there was no difference
between the perinatal deaths and stillbirth outcomes. Dibley re-
ported that, in rural Bangladesh, daily antenatal I[FA supplements
with 60 mg iron starting during the first trimester of pregnancy
reduced neonatal mortality by 13 percent compared with usual
antenatal programs. There was a larger protective effect on peri-
natal mortality outcomes, including neonatal mortality, among
women from households with no groundwater iron. Finally, he
concluded that to maximize reductions in neonatal mortality in
pregnant women in settings where iron deficiency anemia and
neonatal mortality are high, there is a need for 60 mg of iron in
nutrient supplements.

Early life micronutrient interventions:

Short- and long-term outcomes

In this session, presenters aimed to show evidence for addressing
MNDs in the first 1,000 days to prevent or reduce noncommunica-
ble disease (NCD) risk. Furthermore, they presented results from
their studies to determine whether early life nutrition interven-
tions increase the risk of adiposity and/or NCDs.

Chittaranjan Yajnik, King Edward Memorial Hospital & Re-
search Centre, presented on the developmental origins for health
and disease. He presented on the concept of developmental ori-
gins of health and disease (DOHaD), and gave examples of micro-
nutrients affecting the DOHaD phenomenon. The DOHaD concept
came about because of an understanding that fetal undernutrition
was associated with increased risk of long-term hypertension, di-
abetes and heart disease. He presented how NCDs are a result of
epigenetic factors and challenged the conventional idea that NCDs
are the result of only genetic predisposition and lifestyle-precip-
itating factors. Yajnik highlighted that it is never too early, and
never too late, to intervene. He presented results of neural tube
defect predisposition by MNDs.**> He also presented results from
the Pune Maternal Nutrition study - a follow-up study that fol-
lowed infants from birth to 24 years of age.16-20

In the same session, Kristen Hurley, Johns Hopkins University,

presented on results from a study conducted in Malawi. Research-
ers were tasked by the Malawian Government to evaluate the im-

pact of a comprehensive nutrition program (monthly distribution
of a lipid-based nutrient supplement [LNS] for 6-23 months) plus

social and behavior change communication (SBCC) in reducing un-

dernutrition in children aged 6-23 months.?* The objectives of the
study components were to assess the impact of: (1) the programs

on the nutritional status of children aged 6-23 months, (2) full pro-

gram exposure from 6 to 23 months on growth, and (3) the extended

effects of early program exposure on growth later in childhood. Re-

sults from the first study indicated that, at baseline compared with
the comparison district, the program improved weight indicators
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and reduced the prevalence of wasting and moderate acute malnu-
trition at a population level; however, there were no differences at
the population level for indicators of child linear growth or stunting
across the districts.22 For the second study, the prevalence of stunt-
ing was higher in the program (44.8 percent) versus the compari-
son (39.5 percent) district at enrollment, with corresponding lower
length-age-z (LAZ) scores. However, growth velocities favored pro-
gram children such that LAZ scores, weight-age-z (WAZ) scores and
MUAC increased, leading to comparable distributions across the
districts by 23 months of age. Program exposure after 18 months
reduced child morbidity (fever and malaria) and improved child
diet (minimum dietary diversity). In the third study, by the age
of 3-4 years, children in the program district had higher weight-
height-z (WHZ) scores and BMI-z scores and lower height-age-z
(HAZ) scores than those in the comparison district - i.e., they were
heavier and shorter. The reasons for these post-program changes
are unknown, but may be related to sustained increases in appetite
and continued gains in fat tissue over lean body mass, as children
rapidly transitioned at 24 months from a nutritionally balanced
diet to a low nutrient-dense maize-based diet. Hurley suggested
that in order to promote sustained linear growth, future research
might consider developing and evaluating nutrition programs that
target the first 2,000 days (conception to 5 years) and continue to
focus on dietary quality past the age of 23 months.
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Jessica Fanzo, Johns Hopkins University, presented on the eth-
ics surrounding research, and highlighted the four core principles
of ethics: autonomy, beneficence, non-maleficence and justice.
Her first ethical question was: “Do we really know the true number
of people who suffer from micronutrient deficiencies (MNDs) and
what those deficiencies are?” She pointed out that the statistics
and data used in research on MNDs are outdated estimates such
as zinc deficiency prevalence data. Other ethical questions were:
“Are we potentially causing harm by not knowing who is suffering
from MNDs?” and “Who are the women targeted in the women
nutrition interventions?”2324

“Are we potentially causing
harm by not knowing who is
suffering from MNDs?”

Fanzo emphasized the need to use the right words and terms
in nutrition, for example vulnerability versus marginalization
(Figure 4.2).25 This is important because each term when put
into context influences the types of programs and priorities that
are made. Reconciliation of these terms and kinds of programs is

FIGURE 4.3: Ethics framework for public health
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therefore important to ensure that no one is left behind. The ques-
tion of whether we are aiming for either equality or social change
when we are implementing programs and policy was discussed.
Fanzo also discussed whether interventions to address MNDs are
sufficient/appropriate, and if they should be scaled up or out and
taken as the best approaches for addressing MNDs.2¢ She gave
examples of ethical questions surrounding food fortification,?7.2#
ready-to-use therapeutic food (RUTF) and the long-term health
complications that may result from their intake,2?-3? and the pri-
oritization of biofortification over hiodiversity.>* She encouraged
us as the nutrition community to take an ethical framing in deci-
sion-making before undertaking an intervention. The framework
involves asking whether effectiveness, proportionality, necessity,
least infringement and public justification will be addressed by an
intervention (Figure 4.3).32:33

Fanzo posed Nisbett and colleagues’ 2014 question to the nu-
trition community: “Shifting agendas in nutrition: Do they help us
as nutritionists? Do they leave policymakers confused?”*# Fanzo
then pointed out that regardless of nutrition requiring multisec-
toral commitment, there is an absence of fixed responsibilities
and accountability. Perhaps nutrition is not visible enough for
actors to care if they have other competing priorities, she said.
To conclude her presentation, Fanzo asked: “How do we better
position nutrition in international development, how do we stay
focused and not confuse policymakers, how do we make nutrition
everyone’s responsibility, and when responsibility is acknowl-
edged, how do we hold them accountable?”

Anne Walsh, Power of Nutrition, presented on the donor
perspective on early micronutrient interventions and the chal-
lenges faced. She highlighted the barriers to the scaling up of
MMS, which include communicating the benefits of MMS on birth
outcomes in LMICs, which in turn makes it difficult to justify the
additional cost to governments and funders with constrained
budgets and competing priorities. Another barrier highlighted
by Walsh was that of compliance with current IFA supplemen-
tation: although many countries are managing good coverage,
compliance is still low. She cited Liberia as a case study. In this
study, a survey performed in 2018 found ANC visits to be high,
which resulted in 81 percent of pregnant women receiving IFA.
However, the consumption of supplements by these pregnant
women for more than 90 days was low (33 percent). A repeat
survey in 2019 revealed that although ANC visits were high, the
consumption of IFA for more than 90 days had decreased to 30
percent. Walsh recommended that the nutrition community
must continue working collaboratively to generate evidence of
impact, improve IFA compliance (i.e., not just in supply but also
in demand), and involve government from the start - as govern-
ment buy-in ensures long-term sustainability. In addition, Walsh
emphasized that we need to engage with the private sector and
other suppliers to ensure MMS is more accessible and push for
collaborative solutions.
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In a session chaired by Saskia de Pee, World Food Programme
(WFP), panelists presented examples of how estimates of the cost
of a nutritious diet (COD) and essential needs assessments were
used in programming and in determination of support packages.

Nora Hobbs, WFP, emphasized that food security and nutri-
tion objectives can be met only if other essential needs (food, wa-
ter, hygiene, shelter, medical care and education) are adequately
met. She introduced the two assessment tools that are used to
assess the food needs of populations: cost and affordability of a
nutritious diet (COD) and minimum expenditure basket (MEB).
When COD and MEB assessments are combined, they provide
complementary information from different perspectives that
inform policy and promote advocacy and programming to meet
essential needs. Hobbs suggested that a systems approach to food
and nutrition should be adopted. She also highlighted that in
households that face a wider gap to meet nutrient requirements,
there is a need to help individuals with the highest nutrient re-
quirements. Looking first at specific interventions that can miti-
gate the nutritional risks of vulnerable groups by reviewing all of
the health services that are available to them (including access to
IFA, and other options such as school meals, optimal breastfeed-
ing and household interventions) was suggested. To inform co-
ordinated, complementary programming and responses, Hobbs
recommended the use of assessment tools that work across sec-
tors, because meeting essential needs requires a multisectoral
approach.

Piet Vochten, WFP, presented the results of a 2019 Fill the Nu-

trient Gap (FNG) analysis conducted in Bangladesh. The aim of
the study was to investigate barriers to adequate nutrient intake,
and inform WFP and government policy decisions. Results from

the analysis demonstrated that, at the national level in Bangla-

desh, the cost of meeting nutrient requirements throughout the
life cycle is twice that of meeting energy-only requirements; it
is three times higher in Cox’s Bazar. Additionally, one in eight
households at the national level and one in two households in

Cox’s Bazar cannot afford a nutritious diet. An important find-

ing was that the inclusion of fortified rice in social protection
programs has the potential to reduce the COD. By comparing the
COD with the MEB, the study found that, compared with the local
population’s access to 50 commodities, Rohingya refugees have
access to 20. Vochten also noted that interpretation of the results
to inform programs and policies must consider that people do not
make perfect choices for many reasons. He suggested that further

studies are needed to understand the efficiency factor of trans-

fers and to consider contextual factors such as nonfood costs that
are not covered by other interventions or own income, existing

market inefficiencies, time constraints and food preferences be-

yond staples. Vochten further showed how key findings from the
FNG analysis were used to support the Bangladeshi Government

Sight and Life Special Report /| MNF CONNECTED 2020

to develop a SBCC strategy to promote nutritious diets, limiting
the consumption of snacks and the high intake of rice. Results
were used to advocate for higher transfer values in social safe-
ty net programs and to revise the composition of food packages
for emergency responses. Furthermore, findings strengthened
national school feeding programs by designing and piloting rec-
ipes that maximized micronutrient intake. In addition, results
from the analysis were used to respond to, and ease pressures
from, the COVID-19 pandemic. Vochten concluded that the FNG
analysis helped the WFP and Bangladesh to better understand
key barriers and limitations to availability and access in meeting
nutrient needs. Additionally, it helped them to better understand
and anticipate changes to packages of interventions.

Raisul Haque, Save The Children, presented results from the
COD analysis that was conducted in the Suchana graduation prog-
ress model. This analysis aimed to quantitatively assess the effect
of livelihood interventions in Bangladesh on improving people’s
affordability of, and access to, a nutritious diet. From standard
analysis based on a six-member household, the cost of four diet
types was assessed. The energy-only diet and macronutrient diet
did not meet all nutrient requirements but were the cheapest.
The most expensive diet was the food habits diet, which met all
nutrient requirements. The analysis indicated that an afford-
ability gap exists, as Bangladeshi families could not afford their
food and nonfood costs on their existing incomes. The analysis
showed that project interventions such as home food production
packages improved household-level accessibility to nutritious
foods, as they affected the cost of the diet, reducing affordability
gaps and annual diet costs. In poor households, the affordabili-
ty gap reduced from 17 percent to 1.5 percent, and in very poor
households from 57 percent to 14.4 percent, between 2013 and
2018. In addition, households that received income-generating
interventions had lower affordability gaps compared with house-
holds that received home food interventions only.

In the question and answer session, Tracy Dube, WFP, dis-
cussed how the WFP is using results from the FNG analysis to
provide e-vouchers to households that include children aged 3-5
years and pregnant women so they can procure acceptable local-
ly produced food. Additionally, exploration programs resulted in
the development of a program called ‘a farmers’ market.” Dube
emphasized that they are moving from in-kind targeted assis-
tance to cash assistance, so that targeted households have the
option to choose what they want to buy and consume. During the
COVID-19 pandemic, results from the 2019 FNG analysis helped
the WFP to lobby the government at national level to include for-
tified rice in open-market sales at a subsidized price for lower-
income households, and to pilot programs to inform national
social protection programs. In Cox’s Bazar, they adjusted food
rations and provided fortified high-energy biscuits and super
cereal. To counter international supply problems, they explored
local production of nutrition commodities.
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Cost and affordability of healthy and nutrient-adequate
diets: Impact of COVID-19 pandemic and data needs for
design of interventions to protect the most vulnerable

The question of food security in terms of the cost and affordability
of nutrient-adequate diets was addressed in this session chaired
by Jane Badham, JB Consultancy.

“Existing food systems and
assistance programs do not fulfill
long-standing aspirations for
global food security”

Anna Herforth, Harvard TH Chan School of Public Health,
said it is important to monitor the cost and affordability of nutri-

ent-adequate diets in order to design response options. Healthy

diet monitoring metrics are needed, and because nutrient-rich,

non-staple foods tend to be high-cost, there is need to invest in
more affordable food sources. She emphasized the need during
emergencies to protect access to nutritious foods because any

disruption and deprivation may have long-term consequences,

especially in vulnerable populations. Herforth noted that existing
food systems and assistance programs do not fulfill long-standing
aspirations for global food security. Before COVID-19, more than
3 billion people, mainly in sub-Saharan Africa and Southeast
Asia, could not afford a healthy diet, and 1.5 billion of them could

not afford a nutrient-adequate diet as recommended by nation-
al dietary guidelines.?> Three diets were described: the energy-

sufficient (US$0.79 per day), nutrient-adequate (US$2.34 per day)

and healthy (US$3.75 per day) diets. On average, the cost of a nu-

trient-adequate diet is nearly 63 percent of the cost of a healthy
diet. Herforth also noted that changes in affordability during the

COVID-19 pandemic resulted in a 17 percent increase (+220 mil-
lion) in people who cannot afford a nutrient-adequate diet, result-
ing in more and more households getting further from the afford-

ability line for nutrient-adequate diets. Herforth highlighted the

fact that because of the magnitude of the non-affordability gaps,

poverty lines may need to be adjusted if we as a community are
serious about food security.

De Pee showed how a food systems approach can be used to as-
sess the impact of COVID-19 on nutritious diet accessibility. Con-

sideration of the characteristics of food systems in fragile settings
should be considered when designing a response to mitigate the
impact of non-affordability of healthy diets. De Pee emphasized

the need to look not only at the proportion of people who can-

not afford a diet but also at the gap - i.e., by how much they fall
short of being able to afford the diet. She highlighted that the cost
of a healthy diet sets an economic benchmark at which people
can afford to get a healthy diet. This economic benchmark helps

in understanding the extent to which the needs of people can or
cannot be met, and what kind of support is required to get people
closer to meeting a healthy diet. She presented results from the
FNG assessment in East Africa. During the pandemic, there was a
10 percent increase in costs in Burundi, and a 15 percent (rural)
and 12 percent (urban) increase in Rwanda. In Uganda, the yearly
increase of the COD was twice as high in April 2020 as in previous
years, while an 11 percent increase from February to May 2020
was noted in Ethiopia. De Pee noted that the impact of COVID-19
on an essential diet was exacerbated by a greater loss of income
in urban areas than in rural areas. She showed how scenario mod-
eling can help to understand the proportion of people unable to
afford a nutritious diet, where the vulnerabilities may be greater
and where actions are required to protect the consequences of in-
creased unaffordability of nutritious diets.

As presented by Aregash Samuel, Ethiopian Public Health In-
stitute, lack of affordability in Ethiopia was already high before
the COVID-19 pandemic. In Ethiopia, the cost of an energy diet
(US$4.30 per month) is four times less than the cost per capita of
a nutritious diet (US$16.60 per month). She noted that 93 percent
of Ethiopian households can afford an energy-only diet and only
26 percent can afford a nutritious diet. Filipe da Costa, SUN Move-
ment Focal Point Prime Minister Office, addressed the question
of affordability of a nutritious diet. He highlighted that in Timor-
Leste, the cost of an energy-only diet is 3-5 times less than that
of a nutritious diet. He noted that one in four households could
afford a nutritious diet, which costs ~US$177 per month.

In the panel discussion, de Pee and Samuel emphasized the
need for concise country-based bulletins that can be used as ad-
vocacy tools in multisectoral environments. Numbers can be used
for sensitization and to create awareness as well as for program-
ming during emergency shocks. De Pee further suggested the need
to engage civil society and the private sector, and to inform parlia-
mentarians of the importance of nutrition. Finally, she suggested
that we need to convince people at all levels and ensure everyone
is aware of the importance and centrality of nutrition. Samuel
mentioned that nutrition is not a one-organization task and that it
is everyone’s responsibility. De Pee also highlighted that, to cope
with an increase in food prices and a reduced income, households
increased their intake of calorie-dense food and reduced their in-
take of micronutrient-dense food; they also consumed less food
away from home.?¢ David Laborde, International Food Policy
Research Institute, added that coping mechanisms during the
pandemic included: the use of savings to stabilize intake, reduced
purchase of perishable food, shopping differently and increased
intake of cheaper calorie sources.

Emergency nutrition and nutrition in emergencies:
Rethinking our approach in extreme cases

In this session, presenters showed how interventions can be
adapted to effectively meet nutritional needs in the most extreme
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cases. The session assessed how services can be adapted to pre-

vent nutritional deficits in extreme contexts (e.g., humanitarian
emergencies), and how services in more developmental contexts

can be adapted to routinely care for children with extreme nutri-

tional deficits (e.g., wasting).

Luz Tagunicar, Department of Health, Government of the
Philippines, presented the Philippine Integrated Management
of Acute Malnutrition (PIMAM) program. The Philippines is a
disaster-prone country, and wasted children are at a higher risk
during times of disasters and emergencies. During the integration
of PIMAM, challenges included the decentralized health system in

the Philippines, the change in local chief executives and legisla-

tors every 3 years, other health programs competing with PIMAM
for national funding, and a lack of wasting data disaggregated

by province or municipality. The challenges faced during scale-

up were reporting delays in the procurement of, and delivery of,
community-based management of acute malnutrition (CMAM)

commodities and the delayed approval of moderate acute malnu-
trition guidelines in 2017. A rigorous consultation and data collec-

tion process at all implementation levels was conducted in 2018.

To counter challenges faced during scale-up, a bottleneck analy-

sis for PIMAM was initiated in 2019. Two laws were passed while
CMAM was being scaled, thus ensuring sustainability of CMAM
within the healthcare system. Despite the many challenges, the
PIMAM program managed to reduce the prevalence of wasting

from 7.1 percent in 2015 to 5.6 percent in 2018. Lessons learnt in-

clude: severe acute malnutrition and moderate acute malnutrition
guideline development must go hand in hand, as limitations in
one will affect implementation of the other; and because PIMAM is

a multisectoral program, it is paramount that stakeholders are in-

volved in the development process as early as possible. Tagunicar
pointed out that comprehensive stakeholder consultation can be
a long and drawn-out process, but that it is vital to get the support
and collaboration of all stakeholders.

Mohamed Yattara, Helen Keller International, presented the
results of the PROMIS project conducted in Mali and Burkina Faso.

In children aged 6-23 months, the aims of the study were to investi-
gate if integrating a preventive intervention package (small-quan-

tity lipid-based nutrient supplements [SQ-LNS]) into a platform
for screening and treating acute malnutrition increased screening

coverage and treatment coverage. The study also aimed to inves-

tigate whether the preventive intervention package reduced the
prevalence and incidence of global acute malnutrition as well as
child anemia, improved infant and young child feeding practices,
and led to better child linear growth. The study revealed a lack of
improvement in the coverage of treatment for acute malnutrition,
which could be due to the many barriers to seeking treatment at
health facilities. There was a program difference between Burkina
Faso and Mali, which could reflect variations in the potential to
benefit versus the potential to respond as well as differences in

the management of infections and inflammation in young chil-
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dren. Yattara concluded that the preventive package implemented
in PROMIS was an important motivator that helped to improve
participation in preventive counseling and services. In addition,
SQ-LNS had an important impact on child growth and anemia. He
noted, however, that further efforts are needed to strengthen the
use of CMAM.

“Further efforts are needed
to strengthen the use of
community-based management
of acute malnutrition”

Saul Guerrero, UNICEF, presented on UNICEF’s new integrated,
systems-based approach to addressing wasting in all contexts. The
systems approach to nutrition aims to make national systems bet-
ter equipped, and more accountable, for improving the nutrition of
children, adolescents and women, and for addressing malnutrition
in all its forms. He highlighted that during the past 10-15 years,
stunting and overweight have been reduced but the proportion
of the world’s children who are wasted has remained persistently
high. Guerrero suggested that this is due to the unsustainable ap-
proach of treating wasting only in humanitarian and emergency
settings. He highlighted that the increased number of wasted chil-
dren results in an imbalance between the need and the financial re-
sources available. In 2019, UNICEF started to shift their approach
to wasting towards prevention. This preventive approach will be
possible if there is an improvement in early detection together with
the optimization and simplification of treatment protocols for child
wasting. To this end, on 18 September 2020, UNICEF and WHO
agreed to update global and national guidelines on child wasting by
the end 0f 2021 and 2023, respectively. These updates are expected
to lead to an increase in demand for RUTE. UNICEF will therefore
support governments to determine demand based on the number
of wasted children at the greatest risk of dying, strengthen supply
chain systems, and increase domestic and long-term financing for
RUTE. To address the financing of RUTF, UNICEF donors and part-
ners will set up a multi-donor Match Fund focused solely on RUTF,
expand UNICEF’s Bridge Fund for RUTF and provide support to 10
priority countries for supply chain strengthening.

What’s the value proposition? How to engage

new partners along the value chain for micronutrient
nutrition outcomes

In this session, presenters showed the importance of attracting
new partners into the nutrition value chain as well as ways in
which to engage them. In addition, presenters showed how to
successfully leverage social protection systems, the retail sector,
technical partners and innovation platforms.



In his presentation, Paul Newnham, SDG2 Hub, noted that the
ease with which information is shared and consumed through so-
cial media often results in competing claims and vested interests.
He noted that it is not only vital that new partners should be en-
gaged in the micronutrient value chain, but also that the nutrition
messaging should be credible, understandable, relatable and con-
text-specific. He suggested four areas to consider for strengthening
communication across the value chain: (1) clear and consistent
messaging, (2) information must be context-specific, (3) invest-
ment in the rollout of communication, and (4) language that peo-
ple can understand.

Kalpana Beesabathuni, Sight and Life, presented on the en-
gagement of new partners through competitions such as the El-
evator Pitch Contest. From running the contest for several years,
five learning experiences have been discovered: (1) investment
in young entrepreneurs is important, (2) connecting youth with
multidisciplinary experts improves their chances of success, (3) it
is better to frame the competition around a specific need, (4) the
pitch format compels innovators to focus only on the key features
required to build, pilot and scale-up solutions, and (5) the contest
offers an environment for collaboration.

Janosch Klemm, WEP, presented on how cash-based trans-
fers (CBT) can contribute to improving micronutrient intakes. He
showed the different types of cash programming, and how to con-
ceptualize the value-add of CBT within a food systems framework,
for example using market functionality assessment, needs estima-
tion, modality comparison and gap analysis. He gave the example
of the social protection program (PSNP) in Ethiopia.3” To conclude,
he said: “It’s important to ensure that a nutrition objective is includ-
ed in CBT programming. When transfer amounts are calculated,
there is a need to reflect nutrition and modality choices. Include
nutrition-sensitive targeting criteria for vulnerable individuals. As-
sess the market situation from a nutrition perspective, including
retailers’ interests, then consider what households prefer and how
they utilize the transfer. Lastly, use social behavior change (SBC)
models to support community engagement, empowerment, gen-
der, and demand creation to make the most of the CBTs.”

David Cummings, Partners in Food Solutions, presented on
their aim to expand and increase the competitiveness of the food
processing (forgotten middle) sector by linking food businesses
that need technical/business assistance with cooperative volun-
teers. This is because food processors are the economic engine that
provides markets for the farmers and provides affordable and nu-
tritious foods for the consumers. Strengthening the processing sec-
tor improves the whole system, and thereby helps programs such
as fortification. Cummings gave the example of the Strengthening
African Processors of Fortified Foods (SAPFF) program, which aims
to improve the compliance of mandated food fortification regula-
tions in Nigeria, Kenya and Tanzania. With the help of corporate
volunteers, this program builds processor commitment by utilizing
the Trojan Horse Change Model.

Designing an Enabling Environment for Micronutrients

Small and medium-sized enterprises (SMEs) are essential for the
provision of affordable, safe and nutritious food, but the policy
environment does not usually provide the required incentives
for them. Exploration and creative solutions with SMEs can set a
transformative agenda to increase the demand for, and supply of,
nutritious foods for all. In this session chaired by Patrizia Fracassi,
Food and Agriculture Organization, policies, incentives, enablers
and barriers (including market failures) to support investment
and the production of safe and nutritious foods in an ethical and
sustainable way were addressed. This session also looked at what
has worked and how these successes can be scaled up.

Uduak Igbeka, Global Alliance for Improved Nutrition, noted
that SMEs are the backbone of the food system in Africa. Igheka
presented results from a rapid online assessment conducted in
17 countries in May 2020 to determine the impact of COVID-19-
associated control measures on businesses and SME support
needs. The survey revealed that lockdown measures, while nec-
essary, had negative effects on access to safe nutritious foods.
The measures reduced production, increased food prices, limited
access to markets, and resulted in food waste/losses and disrup-
tion of the supply and distribution chains, all of which ultimate-
ly impact consumption. Igheka recommended that governments
should support food systems in production sectors and SMEs by
providing tax breaks for input and food production. Productive
capacity can be facilitated through grants to SMEs or subsidies,
lower interest rates, or policies that facilitate or incentivize in-
vestment. In distribution, governments and other stakeholders
can support market links for SMEs that provide nutritious food.
Support initiatives will result in the reduction of food loss and
waste, technology adoption and minimal disruptions in the dis-
tribution chain. For import countries, trade disruptions should be
minimized, as this will affect access to food. In retail, market links
can be established between nutritious food-producing SMEs and
community or government feeding programs to provide safe nu-
tritious food to vulnerable populations. In addition, raw materials
suppliers and processors can partner with logistics providers and
retailers to ensure that food is kept on the move in order to reach
low-income consumers. In conclusion, Igbeka recommended that
governments and other development partners should take steps to
support these crucial yet vulnerable SMEs, and to ensure that they
remain in a position to provide nutritious, safe foods in the future.
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Daniel Amanquah, Sight and Life, presented on the OBAASIMA
seal, which was created as a trusted symbol for fortified foods in
Ghana, in an attempt to increase the availability of, and access
to, affordable, nutritious fortified foods. He noted that in order to
create demand, deep consumer knowledge is required. In Ghana,
the key component of demand creation for particular products was
good branding that was grounded in the local context. To create in-
terest in the fortified products and increase demand for them, the
OBAASIMA scheme conducted above-the-line teaser campaigns
on digital platforms and ran below-the-line campaign market ac-
tivation programs. Amanquah also noted that to create an effective
demand activity, there must be a consistent supply of products on
the market.

Maya Stewart, Lenziemill, presented on how to create a sustain-
able value chain in the poultry industry through the egg hub model.
Inthisintegrated model, Lenziemill works with smallholder farmers
to achieve commercialization. Lenziemill provides a holistic cycle
whereby the ecosystem works flawlessly, and results in the farmer,
processor and consumer all being content. They use an innovative
business model to organize smallholder farmers into groups of five
with a 3-year break-even. These farmers receive training, extension
services, high-quality input and consistent market support. The
support helps smallholder farmers because they usually cannot
compete with commercial farmers on quality, price and efficiency
of production. Through the program, smallholder farmers have in-
creased their flock sizes and turnover, and increased their income
as a result. Stewart noted the challenges faced by Lenziemill during
the pandemic. As in most organizations, core activities were dis-
rupted, and in order to survive uncertainties, business decisions
had to be made quickly and realistically. Fortunately, they managed
to transition into shift operations and lobbied the Malawian Gov-
ernment to ensure that their business was considered an essential
service. Transition was easy, as the system was already in place. The
lessons Lenziemill learnt were that SMEs should be open to new
ideas and learn from other examples. Stewart remarked that sus-
tainability should make room for dynamism: what is sustainable
today might not be sustainable tomorrow.
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Introduction

COVID-19 and food systems

The COVID-19 pandemic has negatively affected the ability of
current food systems to provide nutritious food to populations
around the globe. The pandemic has influenced all sectors that

are part of the food system (agriculture, nutrition, health, trans-

portation, education), and triggered a global economic and social
crisis. The economic collapse is destabilizing people’s income and
increasing food prices. Moreover, global lockdowns have led to

food systems disruptions by reducing the affordability and acces-

sibility of healthy food. Likewise, social protection mechanisms
such as school feeding programs and antenatal care services are
being interrupted.

The impact of the COVID-19 pandemic on food and nutrition
security is enormous. The most recent projections by the Food and
Agriculture Organization (FAQ) indicate that an additional 83-132

million people will suffer from food insecurity as a direct conse-
quence of the current pandemic.* The use of a food systems ap-

proach is key when estimating the impact of COVID-19 on people’s
nutritional status. Data from economic, health and food systems
services are being brought together by numerous experts to fully
understand the impact of the pandemic on people’s health and
wellbeing. A systems approach is essential to understand how to
best mitigate the short-, medium- and long-term consequences of
the current pandemic on people’s nutritional status, and how to
get back on track to meet the 2030 SDG agenda.

“Food system transformations to
fight micronutrient malnutrition
are high on everyone’s agenda”

Insights and challenges from the Micronutrient

Forum 2020 CONNECTED conference

The complexity of food systems with their numerous players and
the dynamic linkages between sectors is not easily represented in

a conference. However, there is no doubt that food system trans-
formations to fight micronutrient malnutrition are high on every-
one’s agenda. The UN Food Systems Summit is approaching fast,
and a couple of takeaway messages should be kept in mind when
moving the food systems agenda forward.

First, there are no magic bullets. Food systems are complex,
diverse and highly context-specific. There is no single solution or
intervention that will transform ‘the’ food system. Multisectoral
programs are needed to implement and integrate simultaneous
interventions in a specific context. Leaders and decision-makers
need to be prepared for this task.

Second, we need to work together. Nutritionists alone cannot
fix failing food systems, and neither can agronomists, econo-
mists or climate experts. Also, governments cannot do it alone,
and neither can civil society or the private sector. However, by
combining our knowledge, skills and expertise, it is possible
to tackle the complex and multifaceted challenges we are cur-
rently facing.

However, as we move toward the UN Food Systems Summit, we
should be aware of certain challenges that remain. These include,
for instance, micronutrient malnutrition related to the rising lev-
els of overweight and obesity around the world and the affordabil-
ity of healthy diets. Although these challenges were recognized by
many, there were few discussions about practical tools, as well as
examples of how to address these issues. In general, more atten-
tion to the translation of scientific knowledge into practical tools
and concrete actions might facilitate the uptake of this knowledge
by policymakers and other action-oriented players.

A major challenge when working within food systems is to
be inclusive and to involve all stakeholders equally. Although
the MNF CONNECTED conference engaged a wide range of stake-
holders with different backgrounds, the presence of the less vis-
ible stakeholders in the food system should be recognized. These
include representatives from the retail sector, the transportation
sector and small and medium-sized enterprises (SMEs).

Moreover, an often-neglected stakeholder in the food systems
dialogue is the consumer. During the conference, several speak-
ers mentioned constraints and difficulties faced by the consumer.
However, consumers are not yet fully recognized as active play-
ers in the food system, especially in low- and middle-income
countries (LMICs). Emerging consumer consortia or associations
should be acknowledged and integrated as soon as possible into
the food systems conversation.
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Lastly, when working with a food systems approach, one

should be able to clearly identify the ‘winners’ and ‘losers’ of im-

plemented actions in order to ensure that these actions achieve
the desired outcomes. That is, overseeing all actors involved in
a food system, their interrelations and the inevitable trade-offs
that may exist might be challenging. It is therefore crucial to
recognize who is benefiting from a certain intervention or policy,
and who is not. This needs to be considered in both research and
policymaking.

“Track 5 aimed to connect and
inspire key experts all working
toward a common goal: improved
micronutrient status for all”

Aim of Track 5 and rationale
As stated above, current global challenges regarding malnutrition
and other development goals call for integrated and multisectoral

approaches that focus on the entire food system. Moreover, trans-

forming the food system to address the current challenges will
require many people working in nutrition to do things differently.
Track 5 of the MNF CONNECTED conference aimed to connect

and inspire key experts all working toward a common goal: im-

proved micronutrient status for all.

The broad and complex nature of food systems was well pre-

sented in Track 5, with presentations ranging from climate change
to food environments for children and biofortified rice. For this
reason, the report on this track was approached differently from
those covering the other tracks. Rather than reporting on each of
the different sessions, the overarching themes that emerged from
Track 5 were identified. These themes include: current gaps and

challenges, key stakeholders, multisectoral linkages and innova-

tions in food systems. By doing so, an attempt was made to refer to
the latest insights and challenges in food systems thinking, from a
systems perspective.

Food systems: Current gaps and challenges

Introduction

Our understanding of food systems is rapidly growing, and a
broad range of stakeholders are committed to the positive trans-
formation of these food systems. During the conference, speak-
ers pointed out several existing gaps and challenges that hinder
the development of healthy and sustainable food systems. These
gaps relate to our current understanding of food systems and the
enabling environment, to data, or to the policy/governance level
needed to support and implement innovations.
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However, the direction of this transformation and the priori-
ties given to different elements within food systems vary. Moreo-
ver, food systems contain many elements and interconnections
that we need to understand more deeply. Because of the complex-
ity of food systems, all actors (and their diverse areas of expertise)
are required to commit to this challenge.

“Several challenges
hinder the development
of healthy and sustainable
food systems”

Challenges of current food systems

During the session ‘Efficacy and effectiveness of food system value
chain interventions, Inge Brouwer pointed out that there is a broad
agreement that current food systems are not sustainable. Moreover,
despite many innovations and complex interventions designed to
transform food systems, many challenges still need to be addressed.
For instance, definitions of food system components, boundaries
and interactions differ across stakeholders and sectors. The prior-
ities as seen from a nutritional point of view differ from those seen
from an agricultural perspective. Furthermore, highly cited reports
and frameworks often approach food systems from a supply (pro-
duction)-, midstream (markets)-, demand (consumers)- or system
(governance)-oriented angle. Few reports on sustainable food sys-
tems focus primarily on diet and nutrition. This is a huge gap in
the current work on food systems. Brouwer proposed that diets
should, in fact, be the starting point of food systems analyses. This
reversed analysis, from diet to impact, helps to better understand
some of the key trade-offs. According to Brouwer, these trade-offs
include: (1) healthy diets and consumer demand, (2) healthy diets
and profitability, and (3) healthy diets and affordability.

Data and evidence

During the same session, Brouwer mentioned a gap in context-
specific evidence for food systems interventions. According to
Brouwer, very little evidence is available on the dietary impact of
successful food systems innovations or interventions in low- and
middle-income contexts. The main reason for this gap is the lack
of rigorous evaluation of such interventions at the local level. Fur-
thermore, for interventions that are successful in a high-income
setting, we often do not know whether they are also effective in
a low- or middle-income setting. Similarly, there is very little evi-
dence of the potential of scaling these interventions and related
challenges. This last point was confirmed by Francesco Branca,
who emphasized the lack of monitoring within food fortification
programs. According to Branca, this lack of data poses serious
constraints to innovation and scale-up.



Another data gap hindering innovation was indicated by
Mourad Moursi. He pointed out that in many LMICs the food
composition databases are incomplete and outdated (or else com-
pletely absent). These databases are used in nutrition research to
translate consumed food to the actual nutrient intake. Develop-
ing these databases is an intensive task, but with climate change
altering the nutrient composition of foods, there is a huge need to
update these databases. Similarly, Ashley Aimone called for more
updated nutritional data collection in the light of the changing
nutrient content of staple foods due to climate change. Aimone
stressed the importance of collecting real-time data to assess nu-
trient alterations in staple foods. This data could aid the devel-
opment of adaptation strategies and help evaluate the effects of
climate change on nutritional issues.

During the on-demand session ‘Measuring progress and im-
pact of actions to improve food systems for nutrition,” Christopher
Turner focused on evidence from food environment research
in LMICs. He stated that during recent years global interest has
grown in food environments and in drivers of food choices in re-
sponse to the need for improved dietary and health outcomes.
This is reflected in the development of several conceptual frame-
works for food environments. Despite the existence of these
frameworks, there are many gaps in our knowledge and under-
standing of the food environment in LMICs. A systematic scoping
review showed that food environment studies generally focus on
overweight and obesity rather than undernutrition.> Also, food
environment research covering the African continent appeared to
be largely absent. We should improve theoretical concepts, study
design methods and metrics to assess the food environment in
LMICs. Improving the quality of food environment research will
be critical to the design of feasible interventions to improve public
health nutrition.

Finally, during the session ‘How socio-economic factors in-
fluence dietary patterns and nutrient intakes, it was suggested
that dietary intake data is collected from a wider range of family
members than is current practice. Jaya Jumrani discussed how col-
lecting dietary data from only women and children fails to allow
the detection of intra-household and food distribution inequities.
Without fully understanding these inequities, it is difficult to tar-
get interventions that could ensure a healthy diet for all house-
hold members.

Despite the many data gaps, a significant amount of data is at
our disposal. As pointed out by Aimone, it is important that this
data is used, translated into knowledge and delivered to decision-
makers who can take concrete actions where needed.

Food Systems

One of the identified gaps in food systems governance became
apparent in the session ‘Exploring the intersection of climate/
environmental change, food systems, nutrition and health.
During this session, Wolfgang Pfeiffer discussed conventional
plant breeding with the purpose of raising mineral and vitamin
densities in staple food crops. He stressed that biofortification
should be mainstreamed into the food system to improve the
nutrient density of staple crops, and mentioned a successful
example from India. Mandatory iron and zinc levels for a pearl
millet variety were implemented by the Government of India in
March 2018.

According to Pfeiffer, the biggest challenge in mainstreaming
biofortification into the food system is not on the technical side
(once the ‘parent’ plants are biofortified, the offspring will also
be biofortified), but rather on the policy side. He stressed the im-
portance of investing in biofortification and advocating scale-up
at all levels. Biofortification should be included in public and pri-
vate policies and programs. Finally, when aiming to mainstream
biofortification into the food system and to improve micronutri-
ent density, a regulatory framework for biofortified crops is neces-
sary. Donald MacKenzie additionally emphasized that technical
solutions and a supporting policy environment are necessary
for the development of climate-resilient crops. Climate change
is affecting food production as a result of floods, droughts and
other natural disasters, as well as affecting the nutrient content
of crops. Lastly, he explained that only four breeding cycles are
left to develop nutrient-dense and climate-resilient rice varieties
before 2050.

During the same session, Adeghola Adesogan pointed to a gap
in policy that might improve micronutrient availability in LMICs.
He discussed the role of animal-source food in meeting micro-
nutrient requirements, especially in LMICs. Animal-source food
production in Africa remains low, while the evidence of the impor-
tance of this food source for many nutrition outcomes in children
is growing. Adesogan recommended the promotion of sustainable
intensification of livestock production in LMICs, using existing
strategies. For instance, feeding seaweed to cows results in a 50
percent decrease in methane production.® Efforts in (bio)fortifi-
cation have been effective, but at the same time we should pro-
mote the production and consumption of animal-source foods in
LMICs. This will require animal-source food subsidy programs. For
instance, programs promoting the consumption of animal-source
foods (especially milk) have enriched children’s diets in high-
income countries for decades, and similar efforts are urgently
needed in LMICs.

Brouwer pointed to the need for food systems governance.
Food systems are complex, and interventions are generally tar-
geted toward a single component of the food system or else aim to
improve a single specific factor (i.e., behavior change, diversified
agricultural production). Food systems governance should create
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the possibility for coherent, connected and simultaneous inter-
ventions, addressing many components of the food system at once
to create a multiplier effect.

“Food systems governance should
create the possibility for coherent,
connected and simultaneous
interventions”

Everyone has a role to play

Introduction

The MNF CONNECTED conference enabled a wide range of stake-
holders with different areas of expertise to come together to ad-
dress the multisectoral challenges of micronutrient deficiencies.
Bringing stakeholders together is the first step to meet this chal-
lenge. In addition, the Food Systems Summit and Nutrition for
Growth events are expected to strengthen partnerships and en-
gage more stakeholders to transform the food systems. Experts
from multiple disciplines therefore need to work together. Multi-
stakeholder and multisectoral partnerships need to amplify food
system transformations that are inclusive of the most vulnerable
people and that also ensure healthy and sustainable diets, for peo-
ple and planet.

As important as celebrating successes is the ability of all
stakeholders to acknowledge and communicate failures. Sharing
failures with relevant stakeholders might speed up our learning
process and greatly contribute to achieving SDG2: Zero Hunger.

According to Sufia Askari (CIFF), maternal nutrition is one of
the major challenges of the nutrition community in which more
progress needs to be made. In fact, the inability of the nutrition
community to scale up maternal micronutrient supplementation
(MMS) was pointed out as a failure by Askari. Despite MMS being
more effective than iron and folic acid (IFA) supplements, IFA re-
mains the most delivered supplement. Askari referred to Jim Kim,
the World Bank’s President, as saying that: “The world has in-
vested too much in what to deliver and too little in how to deliver

it, with the result that ‘it’ often fails to reach and benefit people.”

Askari closed her speech by stating that as a scientific community
we are ready to shift our focus toward implementation strategies
based on the abundance of data and knowledge we have acquired.

Multisectoral experts

During the live session ‘Strengthened food systems and food envi-
ronments for children, several experts with different backgrounds
shared concerns about children’s diets. The session, facilitated by
Corinna Hawkes, involved different stakeholders and discussed
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how to integrate child nutrition into the food system instead of
addressing it as a separate component.

During the live session ‘Transforming the food system for nu-
trition while progressing on the unfinished agenda of nutrition-
specific actions,” the speakers highlighted two key concepts re-
garding stakeholder engagement. Askari opened her speech by
reminding the attendees of the need to celebrate the successes
achieved so far. In fact, 59 million fewer children were stunted in
2019 compared with 2000. The numbers of stunted children are
still unacceptable. However, emphasizing and acknowledging the
progress made can motivate stakeholders to be further engaged
and to address this multisectoral global burden.

Furthermore, Purnima Menon (IFPRI) underlined the impor-
tance of stakeholders sharing the same goal. We aim to provide
diverse and nutritious food for every human being, every meal
and every day of her/his life. From this long-term goal, we should
extrapolate simple actions that can be achieved by the various
stakeholders. Menon provided an example from India. The Indian
National Nutrition Guidelines were recently translated into ‘My-
Plate guidelines.” This easy format can better support people and
stakeholders in everyday food choices.

Public-private partnerships
Public-private partnerships represent a key pathway to help de-
liver sustainable and healthier diets.

Hana Yemane Wodajo presented a case study from Ethio-
pia on how to leverage public-private partnerships to deliver
healthy diets for children and adolescents. Wodajo emphasized
how purchasing power and consumer behaviors are changing
because of increasing urbanization. For instance, in Ethiopia
83 percent of food is purchased in urban areas, whereas only
43 percent is purchased in rural areas. Local SMEs are involved
in 70-100 percent of total food sales in urban settings. These
local SMEs therefore play a crucial role in the food system that
cannot be neglected. We should embrace them as contributors
to healthy dietary solutions. Engagement with SMEs should aim
to reduce sales of unhealthy food as well as to provide opportu-
nities to build public-private partnerships that support the de-
livery of healthy food. The main challenges that emerged from
the case study included the differing priorities and timescales
between private and public sector partners, and the low prepar-
edness on the part of the Ethiopian Government to provide tech-
nical assistance to SMEs.

Lastly, Alan de Brauw discussed the importance of trust be-
tween stakeholders of the food systems. Lack of trust on the part
of consumers can inhibit the purchase of healthy food. For in-
stance, the trade-off between ‘safe’ processed food and ‘unsafe’
fresh food can affect people’s food choices.” Among produc-
ers, trust can influence input purchases, certification schemes,
methods of selling crops and choices regarding which foods to
produce. Interventions should therefore increase and ensure
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trust across the food system, especially regarding the output of
the markets to achieve healthier diets.

“Local SMEs play a crucial role
in the food system that
cannot be neglected”

4. Connecting the silos: How multisectoral linkages could
transform food systems

Why do we need multisectoral linkages?

Nutritional problems are broad and complex, and without ad-
dressing the underlying determinants of nutrition we will not
achieve SDG2: Zero Hunger. These underlying determinants of
the many forms of malnutrition are, for instance, embedded in
agricultural, climate and economic sciences. As pointed out by
Daniel Raiten (NIH): “How do we make sure that while advancing
on one issue we do not unintentionally worsen another? This is a
challenge that requires a multisectoral approach.”

The importance of linking different sectors that have diverse
perspectives on malnutrition became apparent in the session
‘Biofortification from discovery to delivery: A case study of rice
for Bangladesh.” The session provided both a nutritional and
an agricultural perspective on the potential of rice fortification.
Two researchers, Joanne Arsenault and Rita Wegmiiller, shared
their findings on the effects of biofortified rice on either nutrient
adequacy or plasma zinc concentration. Overall, rather modest
effects of iron- and/or zinc-fortified rice on nutrient inadequacy
or plasma zinc were found. However, Khairul Bashar showed
the elaborate implementation and delivery strategies for zinc-
fortified rice that have been implemented in Bangladesh since
2013. These efforts appear to be based on the beneficial agricul-
tural properties of zinc-fortified rice, such as early maturation
and high yields, rather than on the impact on micronutrient
malnutrition in the population. This example demonstrates that
stakeholders might approach the same problem from a different
angle, and shows the importance for these stakeholders to coor-
dinate their efforts to tackle malnutrition in the most effective
way possible.

What kind of linkages became apparent?

Nutrition - agriculture

Linkages between nutrition and agriculture were mainly discussed
during the on-demand session ‘Agriculture and nutrition: recent
learnings and future directions.” The objective of this session was
to present new evidence on how agricultural interventions across
the food value chain can improve micronutrient status and other
nutritional outcomes.

Marie Ruel shared the findings from the International Food
Policy Research Institute (IFPRI)’s review (2018) on nutrition-
sensitive agriculture.® On the basis of this review, she concluded
that, although lots of learning is still to be done, nutrition-sensitive
agriculture programs do work. Such programs improve a variety of
dietary and nutrition outcomes, especially when programs also
include behavior change communication, women empowerment,
WASH or micronutrient-fortified product components. She recom-
mended that programs should focus on increasing the intake of
high-quality diets for all household members (rather than focus
on childhood stunting), and that they should be carefully tailored
to the local context.

The need for more nutrition-sensitive agriculture was also
expressed by Ismail Cakmak. He stated that: “Crop production
and farming systems are not designed with the aim of improv-
ing human health.” Consequently, current crop production and
farming systems fail to meet human needs for micronutrients,
and there is a need for them to become more nutrition-sensi-
tive. As stated by Cakmak, human-induced depletion of nutri-
ent reserves in the soil might be responsible for micronutrient
deficiencies in populations, especially in African countries.?-10
Cakmak discussed the HarvestZinc program, which explores
the potential of various micronutrient-containing fertilizers to
increase micronutrient concentrations in various staple crops.
Ultimately, this approach should contribute to an increased di-
etary intake of micronutrients. Foliar zinc fertilization of wheat
(involving the application of liquid fertilizer to the leaves of the
crop) was found to positively affect grain zinc concentrations
in the crop.** Furthermore, soil fertilization with nitrogen was
found to significantly increase zinc and iron concentrations in
wheat grain.'? This effect has also been demonstrated in field
experiments in China and Turkey.** Cakmak concluded that to
combat malnutrition, hidden hunger programs should be com-
plemented with plant nutrition solutions.

Gordon Prain discussed the contribution of urban agriculture
to nutrition. He described how, in several large cities in Africa,
women are found to be important players in urban agriculture.
In five large cities in Latin America, sub-Saharan Africa and Asia,
own-food production through urban agricultural practices was
perceived to contribute to household food security. Respond-
ents from these cities indicated that own-food production saves
money for food purchases and provides extra food.** However,
there seems to be an ideological opposition between ‘urban’ and

‘agriculture.’ Urban and rural areas are subject to sectoral policies

and divided mandates of ministries and donors. This is affecting
urban food production and the potential of urban agriculture in
general.

Nutrition - climate
The effects of climate change on nutrition and health were widely

discussed during two live sessions. As pointed out by Kristie Ebi,
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rising CO, concentrations in the atmosphere affect all forms of
malnutrition. Although CO, promotes plant growth, it alters the
nutritional quality of many crops by increasing the proportion
of carbohydrates and reducing the proportion of protein and
essential micronutrients. She presented a study that estimated
the global availability of dietary iron, protein and zinc in 2050,
while considering the effects of climate change. A decrease in
the availability of protein (19.5 percent), iron (14.4 percent) and
zinc (14.6 percent) in 2050 was predicted.'® Besides causing a
decrease in nutrient density, climate change could also increase
food safety risks. For instance, elevated soil temperatures in-
crease arsenic uptake in rice. The challenge is to manage the
decline in nutrient density, and Ebi presented four options that
could help to achieve this: (1) biofortification, (2) dietary diver-
sity, (3) oral nutritional supplements, and (4) postharvest forti-
fication. Finally, the importance of maintaining a focus on the
quality of children’s diets was stressed (manuscript in prepara-
tion by Ebi and colleagues).

Stuart Gillespie (IFPRI) presented a recent study that mapped
the relationship between climate change, equity and nutrition
outcomes.'® In this study, the trends in interdisciplinary lit-
erature were mapped, equity dimensions were characterized
(fairness, justice, inclusion) and the findings were applied to a
conceptual framework. As stated by Gillespie: “We don’t know
enough on how the different dimensions of equity (especially
justice and inclusion) affect the relationship between climate
and nutrition outcomes. This is something we need to know
when responding and adapting to climate change from a nutri-
tional point of view.”

“In many African and
Asian countries, the cost
of the EAT-Lancet
diets is not affordable
for most of the population”

Nutrition - economics

In the session ‘How socio-economic factors influence dietary pat-
terns and nutrient intakes,” the key economic factors influencing
dietary patterns were discussed. Derek Headey (IFPRI) explained
the relationship between income and prices as drivers for food
consumption patterns. A meta-analysis of studies in Africa (Colen
et al. 2018) showed that as income increases, the consumption
of animal-source foods is likely to increase as well. However, de-
mand for fruits, vegetables and nuts only weakly increased with
rising income.*” This means that income increases are not neces-
sarily followed by an increase in nutritious food intake. Headey
referred to a study by Hirvonen and colleagues demonstrating that
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in many African and Asian countries, the cost of the EAT-Lancet
diets is not affordable for most of the population, as presented in
Figure 5.1.2% Based on the relationship between income, food
prices and food choices, Headey invited nutritionists to pay more
attention to the relative costs of different foods and recommended
diets. At the same time, Headey encouraged economists to rethink
the poverty line and social protection strategies, based on the real
costs of healthy diets.

Innovations in food systems

Introduction

Innovations can appear in many forms, large or small. The confer-
ence saw a high interest in innovative frameworks, data, tools and
indicators to accelerate progress among the stakeholders. It fol-
lows that innovations should always consider the possible trade-
offs within the food system to avoid compromising the work of
other actors. Innovations could fill existing gaps with new tools
or methodologies, but could also simply serve to improve the ex-
isting programs, interventions or methodologies. In recent years,
innovations have mainly focused on the food supply chains, aim-
ing to increase production. However, the focus has since shifted,
and it is recognized that innovations should aim to deliver high-
quality and sustainable diets for all.

Key innovations for food system transformations

During the conference, the necessity of reaching out to vulner-
able population groups emerged as a key part of the SDGs’ strate-
gies. Today, because of the global COVID-19 pandemic, the num-
ber of vulnerable people has sharply increased. It is estimated
that in 2020 an additional 7 million children will suffer from
acute malnutrition.

Children are a vulnerable group. In 2019, more than one in
three children under 5 years old did not grow well because of
the burden of some kind of malnutrition. Besides, at least one in
two children suffered from hidden hunger.*® During the session
‘Strengthened food systems and food environments for children,’
Roland Kupka explained the steps that led the United Nations
Children’s Fund (UNICEF) and the Global Alliance for Improved
Nutrition (GAIN) to launch the innovative Innocenti Framework?2?
(Figure 5.2). This conceptual framework sought to overcome the
general lack of focus on the special needs of children and ado-
lescents in food systems. The Innocenti Framework builds on the
Agriculture, Nutrition and Health Academy’s Food Environment
Framework (2017)2* with an additional determinant, the behavior
of caregivers, children and adolescents. This particular considera-
tion covers the specific influencers of children’s and adolescents’
diets. Overall, the Innocenti Framework better addresses the de-
terminants of children’s diets, thereby improving our understand-
ing of the drivers of child malnutrition worldwide.
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FIGURE 5.1: The cost of the EAT-Lancet diet*

The cost of EAT-Lancet diét is. unaffordable for the very poor

3

Cost of EAT-Lancet diets

as a percentage of household income
Lowest quintile (4-11%)

Second quintile (11-26%)

Third quintile (26-43%)

Fourth quintile (43-71%)

Fifth quintile (71-174%)
In countries shaded dark red, the cost of the EAT-Lancet
No data "as reference diet is > 70% of total expenditure per person

*Presented by Derek Headey during the session ‘How socio-economic factors influence dietary patterns and nutrient intakes’. Reproduced with permission.

FIGURE 5.2: The Innocenti Framework on food systems for children and adolescents*
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*Presented by Roland Kupka during the session ‘Understanding the determinants of child diets’ and reproduced with permission of UNICEF
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“Only 18.9 percent of
children worldwide meet the
Minimal Acceptable Diet”

In the same session, Elizabeth Fox shared the latest data on
child diets. Only 18.9 percent of children worldwide met the Mini-
mal Acceptable Diet (MAD).22 Fox pointed out the urgent need for
food system innovations to match the special needs of children
and adolescents, especially in two areas. The first refers to the pe-
culiar dietary needs essential to satisfy healthy growth. The sec-
ond relates to the dynamic and different interactions of children
with the food systems, which are highly influenced by age group
and the choices made by caregivers. Acknowledging the special
needs of children and adolescents in the food system is the first
step to accelerate innovations that should aim to build a food
environment capable of delivering healthier diets for this vulner-
able category. Fox highlighted some opportunities for innovations,
which included raising awareness of marketing techniques and
creating innovation to support the development of preferences for
healthy food from the earliest years of life.

Lastly, Shauna Downs provided a package of actions required
to create a child-centered food system. The novel six-step assess-
ment tool includes questions (Table 5.1) and methodologies
designed to achieve healthy diets that are affordable, appealing,
available and aspirational (AAAA) in support of children’s needs.“

Data and tools to accelerate innovation

Data is essential to spark innovation and transformations that
address the multifactorial crisis (climate, nutritional, environ-
mental). Currently, nutrition emergency responses caused by, for
example, natural disasters are largely limited to focusing on the
treatment of acute malnutrition rather than focusing on improv-

ing the diet quality of vulnerable groups, as described by Joan
Matji. She presented innovative approaches implemented by
UNICEF to address the consequences of climate change on nu-
trition. These included a social protection system to strengthen
the resilience of mothers and children in Kenya, and a climate-
informed country program approach in Madagascar. Moreover,
Matji pointed out the need to improve the quality of diets by
making use of a climate-informed approach. That is, past and
future context-specific climatic trends need to be analyzed. This
will increase the amount of contextualized data on the impact of
climate change on food security, and will allow for more effective
program design and decision-making.

“The process of decision-making
can be made more effective through
the use of tools that present data
in a clear and concise manner”

The process of decision-making can be made more effective
through the use of tools that present data in a clear and concise
manner. Some of these innovative tools were discussed during the
conference. For instance, GAIN and Johns Hopkins University, in
collaboration with partners, developed the Food Systems Dash-
board. The dashboard combines data from multiple sources to
help users visualize and understand different components of food
systems worldwide.

Mourad Moursi presented two other new initiatives: the Global
Diet Quality Project and the Global Diet Quality Score. Initiated by
Harvard University, GAIN and the Gallup World Poll, the Global
Diet Quality Project aims to monitor diets worldwide. The project
will generate data and tools that facilitate routine, valid and com-
parable data collection on diets across different countries. The

TABLE 5.1: Steps to identify a package of actions to create a child-centered food system*

Steps Assessment question

Step 1 What is the prevalence of underweight, stunting, overweight, obesity and micronutrient deficiencies
in the population of concern?

Step 2 Which foods should child-centered food systems make more AAAA* to address the relevant forms
of malnutrition, and which ones less so?

Step 3 Why are children eating, or not eating, these foods, and how does this relate to the food
environment they are in?

Step 4 Taking account of these contexts, which aspects of food environments should be changed
to make these foods more or less AAAA* in the short and long term?

Step 5 What incentives and disincentives are needed in the food supply chain, and where, to create
healthier food environments for children?

Step 6 What is the package of mutually complementary actions, and what are implementation opportunities and challenges?

*AAAA: affordable, appealing, available, aspirational
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Global Diet Quality Score, developed by Intake and partners, is

a new metric of diet quality that is appropriate for use in LMICs.
Both initiatives integrate the relationship between diets and diet-

related noncommunicable diseases.
Furthermore, Rahul Rawat (BMGF) stressed how we need tools

to assess and optimize the cost-effectiveness of interventions in
the food systems and health arena. The example of the Optima
Nutrition tool (launched by the World Bank in 2019) was men-
tioned. This tool can assist governments by providing practical

advice on how a given budget can be allocated across programs
and geographical regions to minimize malnutrition.

Fortification: A food system game-changer
hiding in plain sight?

Correspondence: Chiara Ferraboschi and Kris Woltering,
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Second Global Summit on Food Fortification:
Launch event

Food fortification and biofortification are two important

public health strategies to address micronutrient malnutrition.
With COVID-19 further compromising people’s access to
healthy diets, the scale-up of food fortification and
biofortification has become essential in order to deliver
essential nutrients to populations. The aim of this event was
to mobilize high-level political will to pursue the unfinished
agenda on large-scale fortification and biofortification,

and to show high-level attention and commitment to the
fortification agenda across sectors and stakeholders.

Andreas Bliithner (BMGF) set the scene with some opening
remarks during the first panel of the event. He emphasized
that this event was a moment to celebrate large-scale food
fortification. Governments and their partners have achieved
great successes since the introduction of food fortification
programs in the 1920s, as is reflected by the fact that ~130
countries have mandatory salt fortification, ~80 countries
have mandatory wheat fortification and 35 countries (and
counting) have edible oil fortification. However, challenges
surrounding regulatory frameworks, the delivery of fortified
products to the ‘base of the pyramid, and compliance and
quality control remain. The large-scale food fortification
agenda is still unfinished and, especially in times of COVID-
19, it is important to highlight and rethink this agenda.

The panel members each presented a short statement,
addressing many aspects of the unfinished agenda of food
fortification. One aspect that several panel members pointed
out was the importance of social protection programs (e.g.,
school feeding programs), which reach 1.8 billion people
worldwide. There is a great opportunity to link social protec-
tion programs with food fortification programs. Further-
more, it was stressed that to further impact populations, food
fortification should be rolled out on a large scale. Axton Salim
(Indofood) stressed that food fortification has been around
for nearly 100 years, and that it is time to speed the process
up. The experience in Rwanda with fortified high-iron beans
was mentioned many times as a successful example.

When asked what, in one word, is needed to scale up food
fortification, the panelists mentioned the following aspects:
(1) leadership (at governmental, private and societal level),
(2) political will, (3) contributions from the private sector, (4)
partnerships, and (5) diversifying the food basket. Lawrence
Haddad (GAIN) concluded that: “Successful scaling requires
constant innovation,” a theme that was further elaborated on
during the second panel of this event.

Pursuing the unfinished fortification agenda:
Opportunities and innovations

This panel was moderated by Saskia Osendarp, and
discussed the key opportunities presented by large-scale
food fortification and biofortification. Where is more
investment and more attention needed to overcome barriers
and maximize impact?

Penjani Mkambula discussed who should invest in
the scale-up of fortification. He pointed to two main stake-
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holders: national governments and their partners, and the
private sector. That is, investments from national govern-
ments and donors are necessary to get a project started.
Investment should be made in monitoring and evaluation
(M&E), digital technologies, standards and regulations, and
overall program management. As a program matures, the
biggest investor should be the private sector. It is seen that
generally 90 percent of the ongoing program costs are borne
by the private sector. These costs relate, for instance, to

the procurement of premix and quality control.

Alok Ranjan shared the key enablers influencing the
effectiveness of innovations in food fortification. These
included: (1) social safety net programs, (2) coordination
between partners in the entire development sector, and
(3) a government approach focusing on engaging, exciting
and enabling the involved stakeholders. He mentioned that
although COVID-19 is a huge barrier to current programs, it
can also be an enabler for the scale-up of food fortification. It
forces us to rethink the system, especially regarding the use
of digital technologies.

Ekin Birol shared innovative technologies, tools and
mechanisms used by HarvestPlus for the scale-up of bio-
fortification. These included: (1) mobile apps to enhance the
spread of information among farmers, or to link farmers to
input suppliers, (2) working with local SMEs and supporting
them with capacity-building and financing opportunities,
and (3) blockchain technology.

As a concluding remark, Osendarp stated that: “If you are
stubbornly pursuing a dream of innovation, then you can over-
come technical barriers, skepticism and funding challenges,
and can impact the lives of millions.” Haddad closed the
panel by stating that: “Innovation, sometimes glamorous but
often unglamorous, can help the scale-up of fortification.”

The final panel discussion of the event revolved around

the role of national leadership in the scale-up of food
fortification. This panel included high-level representatives
from Bangladesh, the African Union, The Gambia, Mozam-
bique, India, Nigeria, Indonesia and Kenya. The panelists
represented a broad range of sectors, from industry to health
and agriculture, and highlighted the importance of adequate
nutrition and the efforts made in food fortification and
biofortification. As mentioned by Josefa Leonel Correa Sacko,
scaling up biofortification to mitigate malnutrition is a
strategy endorsed by many African heads of state. The impor-
tance of national standardized food fortification guidelines
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was recognized by most of the panelists, and commitments
and progress related to this matter were shared. As observed
by Haddad: “The willingness of these leaders to navigate traffic
is a telling indication of their commitment to this issue.”
Haddad closed the session by raising the question of
how food fortification and biofortification could be better
integrated in the Nutrition for Growth Summit and the Food
Systems Summit in 2021. How can we help governments to
make strong commitments? Finally, he stressed that to move
forward on the fortification agenda: “Everyone, no matter
who they are or where they are, needs to show leadership.”

Committee on World Food Security High Level Panel of Experts

on Food Security and Nutrition. Impacts of COVID-19 on food security
and nutrition: developing effective policy responses to address

the hunger and malnutrition pandemic. Rome: FAO; 2020.

Internet: http://www.fao.org/3/cb1000en/cb1000en.pdf

(accessed 30 November 2020).

Béné C, Oosterveer P, Lamotte L, Brouwer ID, de Haan S, Prager SD,

et al. When food systems meet sustainability - Current narratives and
implications for actions. World Dev. 2019 Jan 1;113:116-30.
Brouwer ID, McDermott J, Ruben R. Food systems everywhere:
Improving relevance in practice. Glob Food Secur. 2020 Sep
1;26:100398.

Hawkes C, Fox E, Downs S, Fanzo ], Neve K. Child-centered food
systems: Reorienting food systems towards healthy diets for children.
Glob Food Secur. 2020 Dec 1;27:100414.

Turner C, Kalamatianou S, Drewnowski A, Kulkarni B, Kinra S, Kadi-
yala S. Food environment research in low- and middle-income coun-
tries: a systematic scoping review. Adv Nutr. 2020;11(2):387-97.
Roque BM, Salwen JK, Kinley R, Kebreab E. Inclusion of Asparagopsis
armata in lactating dairy cows’ diet reduces enteric methane emission
by over 50 percent. ] Clean Prod. 2019 Oct 10;234:132-8.

De Brauw A, Kramer B. Improving farmer trust and seller

reciprocity in agricultural input markets: A lab-in-the-field
experiment in Bangladesh (conference paper presented at 2018
Agricultural & Applied Economics Association Annual Meeting,
Washington, DC, 5-7 August 2018). 2018. Internet:
https://ageconsearch.umn.edu/record/274139

(accessed 13 January 2021).

Ruel MT, Quisumbing AR, Balagamwala M. Nutrition-sensitive
agriculture: What have we learned so far? Glob Food Secur.

2018 Jun 1;17:128-53.

Mikkelsen R. Nanofertilizer and Nanotechnology: A quick look.

Better Crop. 2018;102(3):18-9. doi: 10.24047/BC102318.

Henao J, Baanante C. Agricultural Production and Soil

Nutrient Mining in Africa: Implications for Resource Conservation

and Policy Development. Alabama: The International Fertilizer


http://www.fao.org/3/cb1000en/cb1000en.pdf
https://doi.org/10.4060/cb1000en%20%20

TRACK 5: Food Systems

11

12

13

14

15

16

Development Center; 2006. Internet: https://pdfs.semanticschol-
ar.org/chf2/de738c6e5b862a56d963d71d0ac0ash7002a.

pdf? ga=2.99760985.677709427.1610534620-
174486585.1610534620 (accessed 13 January 2021).

Zou CQ, Zhang YQ, Rashid A, Ram H, Savasli E, Arisoy RZ, et al.
Biofortification of wheat with zinc through zinc fertilization in
seven countries. Plant Soil. 2012;361:119-30.

doi: 10.1007/s11104-012-1369-2.

Kutman UB, Yildiz B, Ozturk L, Cakmak I. Biofortification of durum

wheat with zinc through soil and foliar applications of nitrogen.
Cereal Chem. 2010;87(1):1-9.

Chen XP, Zhang YQ, Tong YP, Xue YF, Liu DY, Zhang W, et al.
Harvesting more grain zinc of wheat for human health. Sci Rep. 2017
Aug 1;7(1):7016.

Jyotishi A, Amerasinghe PH, Archarya S, Kumar V, Yadava CBG,
Deshpande RS. Urban agriculture: a sustainable solution to
alleviating urban poverty, addressing the food crisis, and adapting to
climate change - Case study, Bangalore, India. India: Amrita School of
Business, International Water Management Institute, Resource
Centres on Urban Agriculture and Food Security; 2011.

Internet: https://cgspace.cgiar.org/handle/10568/39985

(accessed 30 November 2020).

Beach RH, Sulser TB, Crimmins A, Cenacchi N, Cole ], Fukagawa NK,

et al. Combining the effects of increased atmospheric carbon dioxide

on protein, iron, and zinc availability and projected climate change
on global diets: a modelling study. Lancet Planet Health. 2019 Jul
1;3(7):e307-17.

Salm L, Nisbett N, Cramer L, Gillespie S, Thornton P. How climate
change interacts with inequity to affect nutrition. Wiley Interdiscip
Rev Clim Change. 2020 Dec;e696. doi:10.1002/wcc.696.

17

18

19

20

21

22

Colen L, Melo PC, Abdul-Salam Y, Roberts D, Mary S, Gomez Y Paloma
S. Income elasticities for food, calories and nutrients across Africa:
A meta-analysis. Food Policy. 2018 May 1;77:116-32.

Hirvonen K, Bai Y, Headey D, Masters WA. Affordability of the
EAT-Lancet reference diet: a global analysis. Lancet Glob Health.
2020]Jan 1;8(1):e59-66.

United Nations Children’s Fund (UNICEF). The State of the

World’s Children 2019. Children, Food and Nutrition: Growing well
in a changing world. New York: UNICEF; 2019. Internet:
https://www.unicef.org/media/60806/file/SOWC-2019.pdf
(accessed 12 January 2021).

UNICEF, Global Alliance for Improved Nutrition. Food Systems

for Children and Adolescents. Working Together to Secure Nutritious
Diets (interim meeting report; Florence, Italy, 5-7 November 2018).

2018. Internet: https://www.unicef.org/nutrition/files/UNICEF GAIN
Food_Systems_Children_Adolescents.pdf (accessed 12 January 2021).

Turner C, Kadiyala S, Aggarwal A, Coates ], Drewnowski A, Hawkes C,
et al. Concepts and methods for food environment research in

low and middle income countries. Agriculture, Nutrition and Health
Academy Food Environments Working Group (ANH-FEWG).
Innovative Methods and Metrics for Agriculture and Nutrition Actions
(IMMANA) programme. London, UK: 2017. Internet:
https://www.anh-academy.org/sites/default/files/FEWG_Technical-

Brief low.pdf (accessed 24 January 2021).

Independence Expert Group. 2020 Global Nutrition Report:
Action on equity to end malnutrition. The Global Nutrition
Report Independent Expert Group; 2020. Internet:
https://globalnutritionreport.org/reports/2020-global-nutrition-
report/ (accessed 12 January 2021).

81

Sight and Life Special Report /| MNF CONNECTED 2020


https://www.unicef.org/media/60806/file/SOWC-2019.pdf%20
https://www.unicef.org/nutrition/files/UNICEF_GAIN_Food_Systems_Children_Adolescents.pdf
https://www.unicef.org/nutrition/files/UNICEF_GAIN_Food_Systems_Children_Adolescents.pdf
https://www.anh-academy.org/sites/default/files/FEWG_TechnicalBrief_low.pdf
https://www.anh-academy.org/sites/default/files/FEWG_TechnicalBrief_low.pdf
https://globalnutritionreport.org/reports/2020-global-nutrition-report/
https://globalnutritionreport.org/reports/2020-global-nutrition-report/
https://cgspace.cgiar.org/handle/10568/39985

Translating Science.

Nurturing Lives.

Sight and Life uses evidence to
change the way nutrition is delivered to
people who need it the most.

sightandlife.org

aghtandiifé}':}:’



