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Abstract Attention to nutrition continues to grow. The recent
surge in interest has included widening agreement on two
major issues: first, nutrition goals cannot be achieved through
targeted actions alone; nutrition-sensitive interventions are
needed as well. Second, the multiple actions required to ad-
dress all forms of malnutrition through the lifecycle cannot be
proxied by a single target or metric. Although the Millennium
Development Goals included one concrete measure of nutri-
tion (children underweight), the post-2015 Sustainable Devel-
opment Goals will include multiple measures that better in-
form a diversity of policy and programming actions. This
suggests a need for improved understanding of how multiple
forms of malnutrition are linked, how public investments may
affect one form of malnutrition but possibly not others, and
how best to measure progress on multiple nutrition fronts,
including through nutrition-sensitive actions, such as invest-
ments in agriculture. This paper proposes a composite index
that highlights the state of nutrition across six separate nutri-
tion goals endorsed by the World Health Assembly in 2012,
allowing for ranking (comparison among countries) and mon-
itoring of change (within countries) over time. Establishing an
index that captures gains or losses in nutrition across all six
goals simultaneously highlights the complexity of nutrition
problems and required solutions. Such an index can be used
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Introduction
Background

The world faces many different food-related nutrition and
health problems, including obesity and diet-related non-com-
municable diseases as well as undernutrition and widespread
vitamin and mineral deficiencies. Universal access to diverse
high quality diets has to be a key element of policies and
targeted interventions that seek to tackle all such forms of
malnutrition (Global Panel 2014). Quality diets represent the
bridge between policymakers focused on food and agriculture
and the separate community of public health and nutrition
specialists, both of which are paying increased attention to
the complexity of global nutrition problems. The Scaling Up
Nutrition (SUN 2010) movement, the 2013 Lancet series pa-
pers on maternal and child nutrition (which included attention
to nutrition-sensitive agriculture), the World Health
Assembly’s endorsement in 2012 of a Comprehensive Imple-
mentation Plan on Maternal, Infant and Young Child
Nutrition and the second International Conference on Nutri-
tion in 2014, all reflect an increasing convergence of thinking
on priority nutrition problems and growing agreement on
evidence-based solutions that span a range of important sec-
tors. An important element of this revitalized agenda has been
recognition that because there are many kinds of nutrition
concerns through the lifecycle, no single policy or program
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can alone resolve them all. The corollary of such recognition
is that nutrition problems cannot be distilled into a single
metric. Just as ‘health’ is not defined as the absence of a single
disease or medical condition, ‘nutrition’ is about more than the
absence of one or more manifestations of nutrient deficiency.

The complexity of nutrition nomenclature has hindered the
international community for many decades as it sought to
promote government and donor investments. The Millennium
Development Goals (MDGs) were notably weak in this re-
gard; that is, they were based on a single metric of undernu-
trition (the prevalence rate of children underweight) to repre-
sent all forms of nutritional compromise. As that metric was
embedded within MDGI1, which also included multiple mea-
sures of poverty and food supply, the nutrition target became
largely invisible (UNHLP 2013). For example, there was
much self-congratulation in 2014 when it was reported that
MDGI had been achieved several years ahead of schedule
(World Bank 2014). However, success in that case was only
measured in relation to the poverty reduction target of MDG1;
progress on the nutrition target (halving the proportion of chil-
dren under 5 years of age who are underweight) will not be
met by countless developing countries despite being a com-
ponent of MDG1 (UN 2014; 2005).

The slow and uneven progress on nutrition across nations
has raised concern among those tasked with defining new
goals for the post-2015 era (IFPRI 2014). The UN’s High
Level Panel, for example, argued that poverty should be seen
not only in economic terms but also in terms of malnutrition
(UNHLP 2013). They therefore recommended that three sep-
arate measure of child undernutrition be included to track
progress on “food security and good nutrition” in the post-
2015 era. Going further still, the World Health Assembly’s
(WHA) comprehensive plan proposed six separate nutrition
targets based on their individual and collective epidemiologi-
cal and public health relevance. The WHA’s message was that
nutrition goals cannot be met in piecemeal or one-at-a time
fashion — they are all important and must all be addressed
immediately (De Onis et al. 2013). As most governments reg-
ularly track few if any nationally representative nutrition indi-
cators, very few pay attention to the range of manifestations of
malnutrition that affects their country. As a result, most nutri-
tion policies and strategies are either blunt instruments (poorly
tailored to address the multiple forms of malnutrition found in
most countries) or too broadly cast to offer concrete guidance
on the many policy and program levers that can be marshalled
to tackle nutrition problems.

This paper presents a new single-metric index of nutrition
that captures ‘net’ progress across all six WHA targets: the Net
State of Nutrition Index (NeSNI). This metric adopts the
methodological approach promoted by the Human Develop-
ment Index because it is widely understood, transparent, easy
to use and has been influential in highlighting the relative
rankings of nations for several decades. Collating data from
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89 low and middle income developing countries (those with
standardized and comparable data across all six indicators),
the NeSNI presents a) individual country outcomes, b) how
they rank against all other nations, and ¢) how groups of coun-
tries cluster together in terms of the similarity of their nutrition
problems. The paper has four sections. The first, following
this introduction, lays out key aspects of the current global
nutrition situation as a basis for explaining the targets set by
the World Health Assembly and adopted as part of the Second
International Conference on Nutrition Framework (FAO/
WHO 2014). It then describes existing indices or scores for
tracking nutrition globally, and how the new proposed index is
different. A third section explains the methodological ap-
proach used here and sources of data. The fourth presents
results and discusses implications of the results in terms of
data quality and policy relevance. A final section offers con-
clusions and recommendations.

Global problems and global goals

Recent estimates suggest that 161 million children under the
age of 5 years are stunted worldwide, at least 51 million suffer
wasting, while another 42 million children are overweight or
obese (Black et al. 2013; UNSCN 2014)." In addition, there
are billions of people (children and adults) deficient in one or
more vitamins or minerals.” Faced with such significant chal-
lenges, governments around the world have been urged by the
United Nations and by nutrition champions to commit the
resources and political vigor necessary to significantly im-
prove nutrition globally by 2025. Many governments have
made public their intent to bring about major changes, with
over 50 developing nations signing up to a global platform of
action under the Scaling Up Nutrition movement (SUN 2010).
Many more signed up to the Declaration of the Second Inter-
national Conference on Nutrition (FAO/WHO 2014). In other
words, most developing country governments are committing
themselves to meeting multiple nutrition targets in the coming
decades, and such targets are framed by the six indicators
endorsed by the WHA (WHO 2012). To be achieved by
2025, those WHA targets are as follows:

1. A 40 % reduction of the global number of children under
five who are stunted (against 2010 global estimates);

! According to WHO (2013), stunting is defined as height-for-age<—2
standard deviations below the WHO child growth standard median for
children aged under 5 years. Stunting becomes a public health problem
when>20 % of the population is affected. Wasting is classified as weight-
for-height<—2 standard deviations below the WHO child growth stan-
dard median for children aged under 5 years. Wasting becomes a public
health problem when>5 % of the population is affected.

2 Empirical data on micronutrient deficiencies are very difficult to come
by as few governments conduct nationally representative surveys of mi-
cronutrient deficiencies, and even if they do, they usually only include
one or two nutrients.
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2. A 50 % reduction of anaemia in women of reproductive
age;

3. A 30 % reduction of low birth weight;

4. No increase in childhood overweight;

5. Increase the rate of exclusive breastfeeding in the first
6 months up to at least 50 %.

6. Reduce and maintain childhood wasting to less than 5 %.

These six targets pay attention to chronic as well as acute
conditions, to undernutrition as well as obesity, indirectly to
quality of diet issues (framed by the micronutrient status of
children and adults), and to birth outcomes (relating to mater-
nal and in utero nutritional status of the fetus). Thus, the WHA
targets frame ‘nutrition’ broadly as a multi-faceted challenge
that includes several kinds of problems manifesting at differ-
ent periods of the lifecycle.

Each of these relates in different ways not just to health but
to the food and agricultural systems underpinning developing
and middle income country diets. For example, the first indi-
cator (child stunting) relates to the prevalence (proportion) of
children under 5 years of age who are shorter for their age in
relation to a WHO-defined child growth median (WHO
2006). Stunting has become the ‘metric of choice’ for a grow-
ing number of decision makers and analysts in the nutrition
and public health domain who seek a measure that reflects
long-term (chronic) nutritional compromise. Roughly one in
four children under five were stunted in 2013, and 80 % of
those 161 million stunted children live in just 14 countries
(IFPRI 2014). Most of those countries have large populations
still reliant on agriculture (as producers or as people engaged
in rural service industries), and agricultural productivity con-
tributes significantly to the incomes and food choices of the
poor. The process of stunting typically starts early (at birth or
even in utero) and is associated with impaired physiological
and cognitive development, both of which can have long-
lasting consequences for learning, productivity, and life-time
earnings (Hoddinott et al. 2013). Stunting starts in utero with
undernourished mothers whose diets and health are poor, and
who may be heavily engaged in the labor of agriculture or
other income-earning activities that generate relatively limited
purchasing power.

Severe and moderate stunting carry elevated morbidity and
mortality risks that should not be ignored (Black et al. 2013).
A 40 % reduction in stunting by 2025 (from 2012) would
represent an average annual relative reduction (ARR) rate of
4 %; between 1995 and 2010 the rate of reduction for 100
nations averaged 1.8 % per year (De Onis et al. 2013). In other
words, this target alone represents a significant challenge. It
has been noted that even if all evidence-based targeted inter-
ventions known to be effective in tackling undernutrition were
implemented at scale (90 % coverage) in the countries of
highest burden, only 20 % of stunting would be resolved
(Bhutta et al. 2013). While the investments needed to make

this happen are essential, the data suggest a role for non-health
based nutrition-sensitive actions in agriculture, water and san-
itation, social protection systems, etc. to resolve a greater
share of the stunting problem worldwide (UNSCN 2014).?

Anaemia, the second indicator, focuses not on children but
on the prevalence of women of reproductive age suffering iron
deficiency anaemia (defined as a haemoglobin level below
120 g/1 (WHO (World Health Organization) 2008b). Roughly
120,000 deaths per year are attributed to iron deficiency (Lim
et al. 2012), while it is also highlighted as a “substantial cause”
of disability-adjusted life years (DALYs) lost due to anaemia
(Murray et al. 2012). Resolving anaemia has proven to be dif-
ficult, despite interventions such as iron and folic acid supple-
mentation of adult women, iron fortification of grain flours,
multi-micronutrient fortification of commercial foods or sup-
plementation via powders (UNICEF 2006). Biofortification
(conventional cross-breeding and/or genetic modification for
high iron traits) of crops such as beans, cassava, wheat and
pearl millet is increasingly promoted as a food-based approach
to addressing anemia through the diet (Petry et al. 2014). How-
ever, even with all kinds of interventions combined, a halving
of the global rate of iron deficiency anaemia by 2025 would
require an ARR of 5.3 %. As individual country experiences,
where reduction has been sustained over many years, have been
in the range of 4 to 8 % per year the target rate is possible; but it
will require significant and sustained investments across many
sectors to be achieved (WHO 2013).

The third measure, Low Birth Weight (LBW), represents
weight at or near birth below 2,500 g (WHO/UNICEF 2005).
Low birth weight usually represents poor nutrition and health of
both mother and baby, and can result from birth small for ges-
tational age (SGA) or born prematurely and small. It has been
found that a considerable share of child stunting by age 3 can be
attributed to SGA and other perinatal complications associated
with LBW (Black et al. 2013). Both SGA and premature birth
can be related to high workload of women (in agriculture or
other activities requiring heavy lifting) late in their pregnancy.
Indeed, interventions in agriculture that raise demand for
household labour, particularly of women, may increase produc-
tivity and output at the expense of women’s opportunity costs
of time for childcare, own-health seeking and even commit-
ment to exclusive breastfeeding. Such trade-offs need to be
better understood as a 30 % reduction in LBW from a 2006—
2010 base period up to 2025 would require an ARR of almost
4 %. Such reductions have been reported from several countries
in Africa and Latin America, but so far few countries of South
Asia (where half the world’s cases of LBW are found) have
matched such gains (WHO 2013).

3 According to Ruel et al. (2013), nutrition-specific interventions are in-
dividually targeted to resolve immediate determinants of nutrition prob-
lems, while nutrition-sensitive interventions address underlying causes of
poor nutrition more broadly.
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Overweight, the fourth WHA indicator, relates to an equal-
ly important threat to child nutrition and health; namely, over-
weight. The indicator focuses on the prevalence of children
under the age of five who are heavier in relation to their height
(more than two standard deviations) in relation to the WHO
benchmark child growth median (WHO 2006). Attention to
overweight and obesity in global nutrition targets is a new
development. The UN High Level Panel tasked with propos-
ing post-2015 Sustainable Development Goals discussed the
growing public health and economic costs linked to over-
weight and obesity, but it did not include any metric for such
conditions among their proposed targets for nutrition. Rates of
overweight continue to rise across all regions of the world:
already by 2011, roughly 69 % of the global burden of over-
weight children under five was in low- and middle-income
countries (UNICEF 2013). This is significant, as overweight
and obesity are associated with 3.4 million deaths annually
and with 3.8 % of disability-adjusted life-years (DALYSs)
worldwide (Ng et al. 2014). The association between early
child under nutrition and later overweight and obesity is im-
portant in this regard. As noted by Sunguya et al. (2014),
“children born with low weight or those who succumb to
undernutrition in their early childhood have a high risk of
early adulthood obesity and NCDs, including diabetes and
heart diseases.” Hence the importance of taking an holistic
view of nutrition, particularly in countries undergoing a rapid
economic, dietary and nutrition transition (Uauy et al. 2011;
Norris et al. 2012).

However, there are three main problems relating to this
particular metric of (over)nutrition: a) very few developing
countries systematically monitor trends in child overweight,
b) there is as yet no empirically-documented intervention that
has prevented an increase in overweight and obesity at a
population-wide level anywhere in the world (which also rep-
resents an important opportunity for innovation and better
documentation of potentially impactful practices), and c) there
is a strong statistical inverse association over the long run
between poverty reduction per capita in developing countries
and the rise of child overweight — that is, while a policy of
support for agriculture in poorer economies, for example, may
be associated with a decline in stunting over time, that same
policy may be associated with an increase in child obesity
(Webb and Block 2012).* That association appears to be driv-
en by rapidly changing diets associated with growth in dispos-
able incomes, urbanization and lifestyle changes (UNSCN
2014). This suggests that the WHA target of a 0 % increase
in overweight in the coming decade will be hard to achieve.

“ It is not suggested that there is a direct or linear relationship between
policy support for agriculture and rising obesity, but that greater attention
should be paid to which kinds of agricultural support are more or less
supportive of both stunting reduction and improving access to higher
quality diets that could contribute to obesity prevention.
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Exclusive breastfeeding during the first 6 months of a
child’s life, the fifth indicator, is also a challenge to measure
as it seeks to enumerate infants 0 to 5.9 months who were only
fed breast milk in the previous 24 h (WHO 2008a). The WHA
goal is to increase the global prevalence of exclusive
breastfeeding to more than 50 %, up from 37 % in the
2006-2010 period (WHO 2013). The ARR to achieve such
a goal would be around 2.3 %, which has certainly been
exceeded by many countries in the past and hence is relatively
achievable (UNICEF 2013). However, mothers require appro-
priate information and support to be able to exclusively
breastfeed for 6 full months. That can be a challenge in rural
areas (where many women engaged in agriculture leave their
children at home in the care of siblings) as well as in urban
settings (where many women work far from home in jobs that
are also unconducive to the presence of an infant) (FAO
2011).

Finally, the sixth WHA indicator is child wasting, mea-
sured as the prevalence of children under five who weigh
too little for their length (weight-for-height less than two stan-
dard deviations below the child growth median (WHO 2006)).
While wasting has long been seen as a problem linked to
humanitarian emergencies (rather than a development issue),
it is increasingly realized that even moderate and mild forms
of wasting carry a high mortality risk, and that the number of
wasted children in countries not affected by humanitarian di-
sasters is large (Bhutta et al. 2013; Webb et al. 2014). For
example, during the second half of the 2000s, 53 countries
reported wasting rates exceeding 5 % (WHO 2013). While,
there are proven interventions for treatment which, if taken to
scale, would significantly reduce both prevalence rates and
incidence (Bhutta et al. 2013), wasting has been rising in
many parts of Africa and some areas of South Asia in recent
years (IFPRI 2014). While dietary inadequacy does play a role
in wasting, major drivers also include diseases, poor hygiene,
and lack of health care. In other words, the multiple causality
involved in wasting demands a multisectoral response.

The six WHA targets are presented in no order of priority;
they represent a combined set of goals that together acknowl-
edge the compounding of effects of multiple burdens of mal-
nutrition.” The Declaration of the second International Con-
ference on Nutrition made explicit that malnutrition should be
understood as including “undernutrition, micronutrient defi-
ciencies, overweight and obesity, as well as non-
communicable diseases” (FAO/WHO 2014). It also acknowl-
edged that governments cannot afford to pick and choose
which form of malnutrition they want to focus on, as
“different forms of malnutrition co-exist within most

> 1t should be noted that child underweight (low weight-for-age), which
served as the single nutrition target in MDG1, was not included as part of
the WHA set of indicators. This is largely because underweight represents
a composite measure reflecting elements of both stunting and wasting,
and hence poses problems in defining causes and appropriate solutions.



Measuring multiple facets of malnutrition simultaneously

483

countries.” (FAO/WHO 2014) For this reason, a number of
attempts have been made to derive multi-indicator scores or in-
dices of nutrition to help encourage policymakers to think more
holistically when they prioritize investments relevant to nutrition.

Multi-indicator nutrition scores

While the international community has come to accept the
need for a more comprehensive, multifaceted approach to
dealing with the complexity of nutrition throughout the
lifecycle (UNHLP 2013; Habicht and Pelto 2014; Black
et al. 2013), it remains unclear how progress (or lack thereof)
will be adequately documented. Several options have been
proposed, aside from tracking progress towards MDG1
(Fanzo and Pronyk 2011). These include a Global Nutrition
Index (Rosenbloom et al. 2008), an International Nutrition
Index (Wiesmann et al. 2000) which has become more widely
known as the Global Hunger Index (von Grebmer et al. 2013),
and the Global Hidden Hunger Index (Muthayya et al. 2013).
Each of these is briefly considered below.

Rosenbloom et al. (2008) proposed a composite index to
measure “overall nutrition status, and not just hunger.” This
was an important step in seeking to standardize global metrics
for nutrition (rather than any poorly defined concept of ‘hun-
ger’), in such a way that data could be helpful to, and guide,
national policies. Modeled on the Human Development Index,
the authors used three measures relating to what they called a)
nutritional deficit, b) nutritional excess, and c) food security.
The metric for ‘nutritional deficit’ was an age-standardized
statistic for disability adjusted life years (DALYs) lost “due
to nutritional factors” (Rosenbloom et al. 2008). In practical
terms, this means using the estimated DALY's lost per 100,000
population attributable to protein-energy malnutrition and mi-
cronutrient deficiency.

This was a novel approach, but it relied on modelled esti-
mates of DALY's lost due to deficiencies rather than actually
measured deficiencies, and the micronutrient deficiencies in-
cluded in the estimates was not reported.® The second of the
three measures (excess) refers obliquely to rates of obesity — in
this case not of children (because the 2005 global dataset for
obesity used did not have sufficient data on children), but for
women aged 15 to 100 years with a Body Mass Index (BMI)
greater than or equal to 30.” The third metric, ‘food security’,
used the much-critiqued FAO metric of chronic undernourish-
ment, which represents a national food disappearance account-
ing approach often used as a proxy for nutritional deficiency
(Smith and Haddad 2014). The three indicators were combined
(equally weighted), and scaled from O to 1 in order to achieve

® The authors refer to WHO death and DALY estimates for 2002 (avail-
able online at the WHO website) without further detail.

7 The age range 15 to 100 years is no typo — that is the range in WHO’s
database: https://apps.who.int/infobase/report.aspx

standardization. The scaled measures were then averaged for
each country, resulting in a ranking of 192 nations for which
data were available (including industrialized countries). The
results put Japan, France and Denmark at the top of the list,
and Liberia, Haiti and Sierra Leone at the bottom.

The Rosenbloom et al. (2008) index has elements in com-
mon with the von Grebmer et al. (2013) Global Hunger Index
(GHI). The latter, a long-standing index widely used for ad-
vocacy purposes by civil society organizations, is presented as
a tool to “comprehensively measure and track hunger
globally”. The original nomenclature of ‘nutrition index’ fell
by the wayside in the early 2000s. The GHI also aggregates
three separate indicators: i) the same FAO measure of chronic
undernutrition, ii) child mortality and iii) the prevalence of
underweight among under 5 s (the same metric as used for
MDGT1). The GHI is calculated by taking the percentage of the
population in each country that is undernourished, the percent-
age of children younger than 5 years old who are underweight,
and the percentage of children dying before the age of five.
Each indicator is standardized to provide a single data point on
a 100-point scale (where zero is the best score representing
zero ‘hunger’). For 2013, the top (best) countries (of 120 for
which data were available) were Albania, Mauritius and Uz-
bekistan; at the bottom were Comoros, Eritrea and Burundi.
While the GHI has the advantage of being in relatively wide
use for a decade or more, it suffers from the inclusion of both
the FAO measure (of food availability) and child mortality as
proxy ‘contributors’ to nutrition - neither is a proximate metric
of any nutritional outcome or deficiency.®

The most recent composite index is the Hidden Hunger
Index (Muthayya et al. 2013). Also designed as an advocacy
tool, the HHI focuses on preschool children, and also averages
data for three equally-weighted indicators standardized on a
scale of 0 to 100: namely, prevalence rates of child stunting,
iron deficiency anaemia, and vitamin A deficiency (defined as
low serum retinol levels). Using data from 149 countries with
alow HDI (<0.9), the HHI lists Hungary, Cuba and Croatia as
the countries with the best hidden hunger status, while Benin,
Kenya and Niger sit at the bottom of the rankings.

Each of the above indices offers various benefits and in-
sights. They are simple to explain (transparent) and perform
few transformations on what are publically-available data. As
such, they are flexible enough to communicate with
policymakers about issues that can be framed variously as
hunger, food insecurity or malnutrition depending on the au-
dience. What is more, as they are applied in a standardized
way across countries they represent useful entry points for
dialogue on nutrition priorities and possible actions.

8 Of course, child undernutrition and child mortality are correlated
through the morbidity and mortality effects of nutritional deficiencies
interacting with diseases, but they are not proximate indicators of
nutrition.
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Then why would another index offer value-added?
Ravallion (2010) points out that “mashup indices exist be-
cause theory and rigorous empirics have not given enough
attention to the full range of measurement problems faced in
assessing development outcomes.” In other words, indices
have traditionally been created with a view to bringing more
attention to bear on the multifaceted nature of various devel-
opment problems (be they ‘poverty’ or ‘hunger’ or ‘develop-
ment’). For nutrition this is important given the WHA'’s clear
acknowledgement that “global nutrition challenges are
multifaceted.” (WHO 2013). But Ravallion (2010) also right-
ly cautions against combining ‘apples and oranges’; that is, he
criticizes approaches that mix an eclectic set of indicators that
offer a semblance of inter-connectivity, but for which there is
limited theoretical basis for aggregation. In this, he singles out
the Alkire and Foster’s (2007) multi-dimentional index of
poverty, which uses ten indicators to represent health, educa-
tion and living standards.

The Net State of Nutrition Index proposed here is different.
First, this index is the first to explicitly acknowledge that
nutrition has ‘over and under’ dimensions to it that must be
taken into account by policymakers; in other words, it repre-
sents an aggregate of ‘like’ metrics that all relate directly
(empirically) to observable nutrition outcomes. Second, it is
the first to construct a nutrition index tied to formal targets that
governments have committed to. The index forces attention to
the ‘net’” gains made at national levels and heads off potential
cherry-picking of data among the six nutrition targets sepa-
rately. None of the nutrition-specific indices reviewed above
proposes a ‘net’ nutrition perspective that empirically ac-
counts for lost ground in one area of nutrition as a conse-
quence of making progress in another area; such as, for exam-
ple, not acting to prevent an increase in obesity because of an
overly narrow focus on treating wasting. The index proposed
here addresses each of these problems.

Materials and methods

Like most other nutrition indices, the statistical approach
adopted here to construct the Net State of Nutrition Index
(NeSNI) rests on the United Nations Development
Programme’s Human Development Index (UNDP 2013).° This
choice is based on the fact that most governments already know
of and understand the HDI, and because of its transparency (not
relying on subjective or econometric weighing schemes). The
HDI ranks countries based on three dimensions aimed at

? The HDI was originally created to encourage a more nuanced under-
standing of the multi-faceted nature of poverty. Its value and limitations
are discussed in Alkire and Foster (2007) and by Alkire and Santos
(2013).
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characterizing human development: a) life expectancy at birth;
b) achievements in education; c) GDP per capita. A maximum
and minimum value is assigned to each indicator, and the three
are equally weighted, resulting in the following equation:

3
HDI = Z[(xi — min;)/(max; — min;)] x 1/3

i=1

where i indicates an individual HDI dimension; x is the value of
that dimension; and max and min are the assigned maximum
and minimum values for each dimension. The HDI values
range from 0 to 1, where one indicates the best case (a country
with the highest levels of human development), while 0 indi-
cates a country with the lowest human development.

The NeSNI follows the same structure, but combines the
six WHA indicators. Minimum and maximum values are cho-
sen based on the lowest and highest value of each indicator
across all countries, and indicators are equally weighted
(Table 1). Unlike the HDI, the NeSNI includes indicators
which seek change in two directions, and ‘no change’ in a
third; one indicator needs to rise to meet the defined target
(exclusive breastfeeding), one should not increase (over-
weight), while the other four are expected to decline (stunting,
anaemia, low birth weight, and wasting). Thus, the NeSNI is
constructed using the following three steps:

Step 1  for indicators such as stunting, anaemia, low birth

weight, overweight, wasting:

5
A= Z(maxi — x;)/(max; — min;)
i=1
As with the HDI, i is the pool of these 5
indicators; x is the value; max and min are the
range of possible values for that indicator.

Step 2 for exclusive breastfeeding (EBF):

B = (xgpr — minggr)/(maxggr — mingsr)

Table 1  Net state of nutrition index: range of outcome data points per
indicator

Indicator Max Min
Stunting 58 4
Anaemia 66.7 9
Low Birth Weight 32 3
Overweight 26 1
Exclusive Breastfeeding 85 1
Wasting 20 1

'For 89 low and middle income countries for which data on all six
indicators could be collated
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xgpr 1s the actual value of the exclusive
breastfeeding; maxggr and minggp are the
maximum and minimum values of breastfeeding.

Step 3  aggregates steps 1 and 2

NeSNI = A+ B

The data sources used are identified in Table 2. A sensitiv-
ity analysis was conducted to determine the degree to which
co-linearity may be present, given that many nutrition prob-
lems co-exist within countries, within households and even by
individuals. Table 3 shows that there are, as expected, statis-
tically significant correlations among several of the indicators,
most notably between anaemia and several physiological out-
comes, because poor anthropometric status and micronutrient
deficiencies are known to coexist in many instances, and un-
dernourished mothers (including those suffering iron deficien-
cy anaemia) often have undernourished babies. There is also a
negative correlation between child overweight and manifesta-
tions of underweight, and between low birth weight and
wasting in children under 5. While statistically significant in
some instances, none of the correlations is so strong as to
represent a like-for-like substitute. As such, all six variables
are retained for the composite index. While the statistical cor-
relation of other composite nutrition indices with the Human
Development Index is high (R=0.88 in the case of the
Muthayya et al. (2013) Hidden Hunger Index), the NeSNI’s
correlation is only R=0.56. This suggests that the other nutri-
tion indices rely more heavily on food supply, mortality and
poverty measures as part of their scoring than elements more
proximal to nutritional status.

Results

NeSNI scores were computed for 89 low and middle income
countries for which data on all six variables could be collated
(Table 4). At the top of the rankings are Uruguay, Colombia
and Mongolia, while at the bottom are India, Niger and Ye-
men. Several countries widely considered to have made sig-
nificant progress in tackling nutrition in recent years rank near
the top, including Brazil, China and Costa Rica (UNICEF
2013; FAO/IFAD/WFP 2014). By contrast, none of these
countries enter the top 10 of the rankings of the other index
scoring approaches so far developed. Brazil, a poster-child for
public sector-driven progress in reducing stunting (now only
in single digits), does well to come in 5th in the NeSNI, but
does not top the rankings in part due to suboptimal rates of
exclusive breastfeeding (EBF) and continued problems with
anaemia (almost one in four women are still affected by iron
deficiency anaemia). Similarly, China has very low levels of
EBF despite doing relatively well on the other indicators

(except for child overweight which, while only 7 %, is
climbing rapidly).

There is also a reality check in terms of the list of countries
at the bottom of the NeSNI ranking. While it is often expected
that countries facing crises (such as Niger, Yemen, and Sierra
Leone) would rank lowest on a scale of progress on nutrition,
the appearance in the bottom 10 of India, Nigeria and Pakistan
(with Ethiopia, Indonesia and Bangladesh also in the bottom
20) underscores the reality that many nations with large pop-
ulations have made little concrete progress on the broadly-
framed dimensions of nutrition despite significant agricultural
and macroeconomic growth over recent decades. Indeed, the-
se large countries (in terms of population, size of economy and
geography) are all among the 34 countries with the ‘highest
burden of malnutrition’ according to the Lancet series on ma-
ternal and child nutrition (Black et al. 2013). As such, the
NeSNI offers a credible ranking approach that closely mirrors
the reality of existing multiple burdens of malnutrition.

Elsewhere in the rankings, many countries do well on one
indicator but poorly on most others. For example, while there
are some questions about the quality of data used, Nicaragua
has one of the lowest rates of maternal anemia globally
(around 9 %) due to a set of investments that, according to
Mora (2007), included, “clear policies; updated technical
guidelines; incorporation of iron and iron/folic acid supple-
ments in the official list of essential medicines; addressing
supply issues by establishing effective systems for procure-
ment and logistical management of supply, as well as demand
and compliance issues; and conducting operational research to
address key constraints to implementation.” None of these
interventions is particularly innovative, but together, along
with significant improvements in food availability,'° they ap-
pear to have made in-roads into a nutrition problem that con-
tinues to challenge most other countries around the world.
That said, Nicaragua still has high levels of child stunting
(22 %) and low exclusive breastfeeding (31 %), which high-
lights domains requiring prioritization going forward.

Many other countries can point to successes in one domain
of nutrition but significant failure in at least one other. For
example, Belarus has a low prevalence of child stunting (at
6 %), but reports extremely poor rates of exclusive breast
feeding (15 %). Mongolia appears near the top of the rankings
despite relatively high rates of stunting and overweight thanks
to high rates of exclusive breastfeeding and low levels of
anaemia. And Nepal records very low rates of child over-
weight, yet two-thirds of adult women are classified as anae-
mic (the highest rate among the 89 countries in this index),
and stunting stands at around 40 %, although this has been
falling in the past decade (FAO/IFAD/WFP 2014).

19 Nicaragua’s rate of chronic undernourishment (the FAO metric of en-
ergy available at national level) declined from 54 % in 1990-92 to 17 %
in 2012-14 (FAO/IFAD/WFP 2014).
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Operational definition and data sources

Table 2

Data source'

Definition

Age range

Year

N

Indicator

No

UNICEF Childinfo http://www.childinfo.org/

Height-for-age<—2SD

0.5-4.99 years

20002011

119

Stunting

-php
WHO Global Database on anemia http://www.who.int/vMINIs/

malnutrition_nutritional status

Haemoglobin threshold (g/1) <120

Female 15-49.99

1993-2005

Anaemia

database/anaemia/countries/en/index.html
UNICEF Childinfo http://www.childinfo.org/low_birthweight table.php

years

Weight at birth<2,500 g
Weight-for-Height>2SD

184 1997-2012 New born
20002011

Low Birth Weight

Overweight

UNICEF Childinfo http://www.childinfo.org/malnutrition_nutritional status.php

UNICEEF Childinfo http://www.childinfo.org/breastfeeding_iycf.php

0.5-4.99 years
0—5 months

110
125

Children were only fed on breast milk

19972011

Exclusive Breastfeeding

5

in previous 24 h
Weight-for-height<—2SD

UNICEEF Childinfo http://www.childinfo.org/undernutrition_nutritional status.php

0.5-4.99 years

20002011

106

Wasting

! Data source were accessed on 15 Aug 2014

At the bottom end of the ranking, large economically
strong countries, like India and Nigeria, in which agriculture
contributes a large share of economic activity, demonstrate
that gains in poverty reduction and agricultural productivity
do not automatically translate into good nutrition. India still
has a relatively low prevalence of child overweight, but it rates
badly on all five other measures (including wasting, which
still stands at roughly 20 % — one of the highest in the world).
Nigeria also rates relatively well on one of the six indicators
(LBW), but poorly on the other five (especially on anaemia
and children overweight). The two countries at the very bot-
tom of the rankings, Niger and Yemen, fare badly on all six
variables. These are countries that have faced one crisis after
another over several decades, but they even fare poorly on the
metric of child overweight. In this case, huge efforts are need-
ed not only to treat malnutrition that results from chronic
emergency conditions but to resolve and prevent all other
forms of poor nutrition from persisting into post-crisis years.

That several countries do well (or poorly) on one or more of
the same indicators allows us to consider the clustering of
nations into groups that share common characteristics. This
is different from an application of arbitrary cut-offs in the
ranking data to group countries as having mild, moderate,
severe or alarming nutrition problems, as done by Muthayya
etal. (2013). Instead, it is possible to use k-mean clustering to
associate countries into four categories based on the common-
ality of their nutrition challenges. K-mean clustering groups
observations based on the distance to the mean of each vari-
able, in this case using their standardized Z-Score. Table 5
presents the results in terms of country aggregations, while
the descriptives underpinning these four groupings are pre-
sented in supplementary material.

Table 5 indicates that countries having very different pro-
files in terms of size of population - both Bangladesh (popu-
lation 155 million) and Nauru (population 10,000) are in
group 1- size of economic activity (Nigeria and Haiti are to-
gether in group 2), or natural resource wealth (Botswana and
its diamonds and Iraq with its oil are clustered in group 3 with
Sao Tome which has limited natural resources) share common
nutritional profiles. The first group is characterized by a high
prevalence of stunting (average of 39 % across the 17 nations
making up this group), despite high rates of exclusive
breastfeeding (averaging more than 64 %) and low child over-
weight (less than 5 %). Group 2 has the highest average rate of
anaemia (averaging 51 % across 30 countries), the highest
rates of LBW (more than 16 % average), and the highest
wasting (averaging over 9 %). The third group has the highest
average prevalence of overweight (17 % across 13 states),
while the fourth grouping has the lowest rates of exclusive
breastfeeding (averaging 27 % across 29 countries), but also
the lowest prevalence of LBW.

Such clustering underscores the fact that nutrition policy
and investment priorities cannot all be the same for every


http://www.childinfo.org/malnutrition_nutritional_status.php
http://www.childinfo.org/malnutrition_nutritional_status.php
http://www.who.int/vMINIs/database/anaemia/countries/en/index.html
http://www.who.int/vMINIs/database/anaemia/countries/en/index.html
http://www.childinfo.org/low_birthweight_table.php
http://www.childinfo.org/malnutrition_nutritional_status.php
http://www.childinfo.org/breastfeeding_iycf.php
http://www.childinfo.org/undernutrition_nutritional_status.php
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Table 3 Sensitivity Analysis of

indicators used in the analysis Stunting Anemia LBW Overweight EBF Wasting
(N=89 countries)"
Stunting 1.00
Anaemia 0.57##* 1.00
(0.0000)*
LBW 0.48%** 0.51%%* 1.00
(0.0000) (0.0000)
Overweight —0.38%** —0.26%* —0.34%** 1.00
(0.0001) (0.0062) (0.0003)
EBF 0347 0.10 0.07 —0.27%* 1.00
(0.0003) (0.2608) (0.4766) (0.0077)
Wasting 0.56%** 0.52%%* 0.59%** —0.24* 0.09 1.00
(0.0000) (0.0000) (0.0000) (0.0170) (0.3336)

!'For 89 low and middle income countries for which data on all six indicators could be collated

*The data are significant at the 0.05 level

**The data are significant at the 0.01 level
***The data are significant at the 0.001 level

country, but learning across nations with similar problems is
possible. It is of course important for all governments to focus
on the first 1,000 days and to promote best practices support-
ive of population-wide gains in nutrition (including high qual-
ity service delivery, institutions capable of implementing
evidence-based interventions, and individuals appropriately
trained for their responsibilities). Yet, nutrition problems tend
to manifest as a mosaic of processes and symptoms that differ
in ways that are not entirely predicted by national wealth, size
or form of government.

This suggests that the NeSNI can be useful to donors and
policymakers as they seek to define priority needs, and track
progress in addressing those needs. The index alone does not
tell the whole story — it is change over time in each of the
component parts that matters. But combining these six fea-
tures of nutrition that are tied to measurable time-bound goals
can allow governments to have a more nuanced understanding
of potential trade-offs among various nutrition-specific and
nutrition-sensitive actions depending on net outcomes (that
is, progress on one indicator of nutrition does not guarantee
progress on all others, and can in fact co-exist with regression
in the others). Countries will only climb in the rankings and
meet the goals set if they consciously address nutrition across
the lifecycle, invest in prevention but also treatment of
existing problems, and think through potential negative side-
effects of any policy or programme intervention that could
improve one indicator while unintentionally worsening anoth-
er (Webb and Block 2012).

Conclusions

The World Health Assembly targets set for improving nutri-
tion by 2025 represent a major but tangible challenge to

policymakers worldwide. They require governments and their
development partners to pay much more attention to the mul-
tiple manifestations and underlying causes of poor nutrition,
and to invest in interventions that promote gains while doing
no unintended harm. It will take a concerted and coordinated
effort by governments if they are to make the required net
gains across all inter-related domains of nutrition. That is,
unlike with the MDGs, where victory on MDGI1 was
proclaimed when just one of its component targets was
reached, no country can record success on the NeSNI scale
if they focus on just one or other of the individual targets. The
complex causes of the world’s nutrition challenges calls for a
comprehensive response. The 21st century’s food-related nu-
trition problems include obesity and diet-related non-commu-
nicable diseases, in addition to various forms of undernutri-
tion, including widespread vitamin and mineral deficiencies.
Access to high quality diverse diets is an essential basis for
tackling all forms of malnutrition, thus attention to the quality
and sustainability of agricultural systems is key to supporting
multiple nutrition goals (Global Panel 2014). Food and agri-
culture policy makers should at the very least consider how
their activities can support the WHA nutrition outcomes
through impacts on diets, food prices, gendered resource con-
trol, women’s energy and time demands and farm-based in-
come use. As noted above, while nutrition-sensitive interven-
tions are distal to the nutrition outcomes of immediate con-
cern, their contribution to improving such outcomes can be
significant (Bhutta et al. 2013).

Documenting national progress in tackling nutrition has
risen high on the list of policy makers’ demands. As every
country’s situation is different, the precise approach to inte-
grating nutrition-specific and nutrition-sensitive interventions
must be country driven, and these have to pay attention to
potential unintended effects. A nuanced understanding of this
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Table 4 Net State of nutrition index (NeSNI) rank and values'

Rank Country NeSNI Stunting(%) Anaemia (%) LBW (%) Overweight (%) EBF (%) Wasting (%)
1 Uruguay 4.8 15 16.9 9 9 65 2
2 Colombia 4.8 13 23.6 6 5 43 1
3 Mongolia 4.7 16 13.6 5 14 59 2
4 China 4.7 10 19.9 3 7 28 2
5 Brazil 4.7 7 23.1 8 7 41 2
6 Nicaragua 4.6 22 9.0 9 6 31 1
7 Tuvalu 4.6 10 26.3 6 6 35 3
8 Republic of Moldova 4.5 10 23.4 6 9 46 5
9 Costa Rica 4.5 6 18.9 7 8 15 1
10 Belarus 4.5 4 19.4 4 10 9 2
11 Bolivia® 44 27 329 6 9 60 1
12 Republic of Macedonia® 44 5 12.2 6 16 23 2
13 Georgia 44 11 22.7 5 20 55 2
14 Paraguay 4.4 18 26.2 6 7 24 1
15 El Salvador 44 19 26.8 9 6 31 1
16 Honduras 43 29 14.7 10 6 30 1
17 Mexico 43 16 20.8 7 8 19 2
18 Solomon Islands 42 33 39.2 13 3 74 4
19 Nauru 42 24 257 27 3 67 1
20 Romania 42 13 20.1 8 8 16 4
21 Togo 4.2 30 384 11 2 62 5
22 Jordan 4.2 8 28.6 13 7 22 2
23 Uganda 4.2 33 28.7 14 3 62 5
24 Tunisia 4.2 9 26.3 5 9 6 3
25 Thailand 42 16 17.8 7 8 15 5
26 Guatemala 4.1 48 20.2 11 5 50 1
27 Armenia 4.1 19 12.4 7 17 35 4
28 Suriname 4.1 11 20.4 11 4 5
29 Dominican Republic 4.1 10 27.1 11 8 2
30 Sri Lanka 4.0 17 31.6 17 1 76 15
31 Kyrgyzstan 4.0 18 38.0 5 11 32 3
32 Lesotho 4.0 39 273 11 7 54 4
33 Serbia 4.0 7 26.7 5 16 14 4
34 Swaziland 39 31 36.5 9 11 44 1
35 Rwanda 39 44 59.4 7 7 85 3
36 Morocco 39 15 32.6 15 11 31 2
37 Burundi 39 58 28.0 11 3 69 6
38 Zambia 38 45 29.1 11 8 61 5
39 Papua New Guinea 3.8 43 43.1 11 3 56 5
40 Algeria 37 15 314 6 13 7 4
41 Ghana 37 28 43.1 13 6 63 9
42 Sao Tome and Principe 3.7 29 26.2 8 12 51 11
43 Bosnia and Herzegovina 3.7 10 213 5 26 18 4
44 Tanzania® 3.6 42 472 8 6 50 5
45 Malawi 3.6 47 439 13 9 72 4
46 Guyana 3.6 18 539 14 6 33 5
47 Guinea-Bissau 35 32 529 11 3 38 6
48 Kazakhstan 35 17 355 6 17 17 5
49 Albania 35 19 21.1 7 23 39 9
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Table 4 (continued)

Rank Country NeSNI Stunting(%) Anaemia (%) LBW (%) Overweight (%) EBF (%) Wasting (%)
50 Cambodia 35 40 573 11 2 74 11
51 Kenya 35 35 46.4 8 5 32 7
52 Equatorial Guinea 35 35 384 13 8 24 3
53 Gabon 35 25 36.7 14 6 6 4
54 Bhutan 34 34 54.8 10 8 49 6
55 Belize 34 22 31.2 14 14 10 2
56 Myanmar 34 35 449 9 3 24 8
57 Gambia 34 24 59.1 10 2 34 10
58 Namibia 34 29 35.0 16 5 24 8
59 Egypt 34 29 27.6 13 21 53 7
60 Uzbekistan 33 19 64.8 5 13 26 4
61 Cameroon 33 33 44.3 11 6 20 6
62 Philippines 33 32 42.1 21 3 34 7
63 CAR‘ 33 41 49.8 14 2 34 7
64 Botswana 33 31 32.7 13 11 20 7
65 Laos® 32 48 46.1 11 1 26 7
66 Senegal 32 27 48.4 19 3 39 10
67 Liberia 32 42 58.0 14 4 34 3
68 Bangladesh 32 41 332 22 2 64 16
69 Maldives 32 19 49.6 22 7 48 11
70 Syrian Arab Republic 3.1 28 334 10 18 43 12
71 Azerbaijan 3.1 25 40.2 10 14 12 7
72 Mozambique 3.1 43 482 16 7 41 6
73 Nepal 3.1 41 66.7 18 1 70 11
74 Ethiopia 3.0 44 523 20 2 52 10
75 Iraq 3.0 26 453 15 15 25 6
76 Indonesia 3.0 36 33.1 9 14 32 13
77 Eritrea 3.0 44 52.1 14 2 52 15
78 Congo 2.9 30 52.8 13 9 19 8
79 Haiti 29 29 54.4 25 4 41 10
80 Djibouti 2.8 31 46.4 10 10 1 10
81 Timor-Leste 2.8 58 31.5 12 6 52 19
82 Benin 2.7 43 63.2 15 11 43 8
83 Sierra Leone 2.6 44 62.9 11 10 32 9
84 Pakistan 2.4 44 27.9 32 6 37 15
85 Chad 22 39 524 20 3 3 16
86 Nigeria 2.1 41 62.0 12 11 13 14
87 India 2.1 48 52.0 28 2 46 20
88 Niger 2.0 51 62.2 27 4 27 12
89 Yemen 1.5 58 51.0 32 5 12 15

! For 89 low and middle income countries for which data on all six indicators could be collated
#Plurinational State of Bolivia

° The former Yugoslav Republic of Macedonia

¢ United Republic of Tanzanzia

9 Central African Republic

¢Lao People’s Democratic Republic
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Table 5  Groups of countries by using K-mean Clustering'
Group 1 (n=17) Group 2 (n=30) Group 3 (n=13) Group 4 (n=29)
Togo Kenya Albania Uruguay
United Republic of Tanzania Cameroon Georgia Belarus
Zambia Bhutan Indonesia Jordan
Nauru Haiti Syrian Arab Republic Tuvalu
Guatemala India Iraq Gabon
Burundi Central African Republic Kazakhstan Swaziland
Timor-Leste Mozambique Egypt Kyrgyzstan
Solomon Islands Pakistan Bosnia and Herzegovina Mongolia
Malawi Benin Azerbaijan Republic of Moldova
Cambodia Sierra Leone Botswana Algeria
Lesotho Eritrea Armenia Brazil
Ghana Nepal Sao Tome and Principe Costa Rica
Uganda Senegal Uzbekistan The former Yugoslav Republic of Macedonia
Sri Lanka Chad Tunisia
Bangladesh Equatorial Guinea Paraguay
Rwanda Maldives Belize
Papua New Guinea Namibia Thailand
Nigeria China
Djibouti Dominican Republic
Philippines Mexico
Guinea-Bissau Morocco
Guyana Serbia
Lao People’s Democratic Republic Romania
Yemen El Salvador
Ethiopia Honduras
Myanmar Colombia
Liberia Suriname
Congo Bolivia (Plurinational State of)
Niger Nicaragua
Gambia

! For 89 low and middle income countries for which data on all six variables could be collated.

complex problem can be supported by an index that assesses
net nutrition outcomes. In future, additional measures of nu-
trition could be added to the NeSNI (such as iodine deficiency
or adolescent girl BMI). Similarly, improved and validated
metrics of dietary quality and diversity would enhance the
existing set of physiological indicators of nutrition and could
also be included in future index formulations.

However, the coverage and quality of such data would have
to be significantly improved. Problems of poor data quality
and inadequate periodicity of data collected bedevil all at-
tempts to track progress towards global targets. That only 89
countries currently have comparable data on all six WHA
indicators means that investments in data collection and data-
base construction remain a priority if global tracking of the
effectiveness of investments made is to be taken seriously. In
the post-2015 era, governments must pay much more attention
not only to the evidence-base for making appropriate policies,
but to the evidence base generated that documents subsequent
outcomes.

The number of indicators aggregated matters less than the
understanding gained that all manifestations of poor nutrition
require equal attention. The NeSNI tool is unique in aggregat-
ing so many facets of malnutrition and in linking these to a

@ Springer

target-setting agenda. Use of NeSNI may allow governments
and their partners to monitor progress against WHA and other
global commitments (such as the nutrition targets within the
Sustainable Development Goals), while also helping policy
makers better under understand that their own nutrition prob-
lems are multidimensional, often co-existing, and worthy of
equal, urgent attention.
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